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Background of the Invention

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

been implicated as the major causative agent in non-A, non-B hepatitis (NANBH),

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

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

Recently, an HCV protease 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

20  amino terminus to the carboxy terminus, a nucleocapsid protein (C), envelope
proteins (E1 and E2) and several non-structural proteins (NS1, 2, 3, 4a, 5a and
5b). NS3 is an approximately 68 kda protein, encoded by approximately 1893
nucleotides of the HCV genome, and has two distinct domains: (a) a serine
protease domain consisting of approximately 200 of the N-terminal amino acids;

25 and (b) an RNA-dependent ATPase domain at the C-terminus of the protein. The
NS3 protease is considered a member of the chymotrypsin family because of

similarities in protein sequence, overall three-dimensional structure and
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mtramolecularly (i.e., 013) wh|Ie the other cleavage sites are processed

intermolecularly (i.e., trans).
Analysis of the natural cleavage sites for HCV protease revealed the
presence of cysteine at P1 and serine at P1’ and that these residues are strictly
15 conserved in the NS4a/NS4b, NS4b/N85a and NS5a/N85b junctions. The
NSB/NS4a junction contains a threonine at P1 and a serine at P1’. The Cys—Thr
substitution at NS3/NS4a is postulated to account for the requirement of cis rather
than trans processing at this junction. See, e.g., Pizzi et al. (1994) Proc. Natl.
Acad. Sci (USA) 91:888-892, Failla _et al. (1996) Folding & Design L35-427 The
20 NSB3/NS4a cleavage site is also more tolerant of mutagenesis than the other sites.
See, e.4., Kollykhalov et al. (1994) J. Virol. 688:7525-7533. It has also been found
that acidic residues in the region upstream of the cleavage site are required for
efficient cleavage. See, e.9., Komoda et al. (1994) J. Virol. 68:7351-7357.
Inhibitors of HCV protease that have beep reported include antioxidants

25 (see, International Patent Application Publication No. WO 98/14181), certain
peptides and peptide analogs (see, International Patent Application Publication
No. WO 98/17679, Landro et al. (1997) Biochem. 36:9340-9348, Ingallinella et al.
(1998) Biochem. 37:8906-8914, Llinas-Brunet et al. (1998) Bioorg. Med. Chem.
Lett. 8:1713-1718), inhibitors based on the 70-amino acid polypeptide eglin ¢

30 (Martin et al. (1998) Biochem. 37:11459-11468, inhibitors affinity selected from
human pancreatic secretory trypsin inhibitor (hPSTI-C3) and minibody repertoires
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is currently poor. HCV infection is more difficult to treat than other forms of

hepatitis due to the lack of immunity or remission associated with HCV infection.

Current data indicates a less than 50% survival rate at four years post cirrhosis
15 diagnosis. Patients diagnosed with localized resectable hepatocellular carcinoma

have a five-year survival rate of 10-30%, whereas those with localized

unresectable hepatocellular carcinoma have a five-year survival rate of less than

1%.

Reference is also made to WO 00/09558 (Assignee: Boehringer Ingelheim

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

formula: -
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therapies for hepatitis Cinclude interferon-a (INFa,) and conbination
therapy with ribavirin and interferon. See, e.g., Berenguer et al. (1998)
Proc. Assoc. Am Physicians 110(2):98-812. These therapies suffer from a

| ow sust ai ned response rate and frequent side effects. See, e.g., Hoofnagle
et 5al. (1997) N Engl. J. Med. 336:347. Currently, no vaccine is

avai | abl e for @ljg\r/entitﬂéfa%tléso%r hepatitis C include interferon-o. (INFg) 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
5 al (1997) N. Engl. J. Med. 336:347. Currently, no vaccine is available for HCV
infection.

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

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

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

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

Summary of the Invention

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

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

25  polypeptide with HCV protease. Among the compounds provided herein,
compounds that inhibit HCV NS3/NS4a serine protease activity are preferred. The
presently disclosed compounds generally contain about three or more amino acid

residues and less than about twelve amino acid residues.
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enmbodi ment, the preserft i nveniy cro I ¢ conpound of
Formula 1: M

Formula |
wherein:
X and Y are independently selected from the moieties: alkyl, alkyl-aryl,
heteroalkyl, heteroaryl, aryl-heteroaryl, alkyl-heteroaryl, cycloalkyl, alkyl ether,

10  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 suilfone, alkyl-
alkyl 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,

15  alkyl-aryl hydrazide, alkyl hydroxamide, alkyl-aryl hydroxamide, alkyl sulfonyl, aryl
sulfonyl, heteroalkyl sulfonyl, heteroaryl sulfonyl, alkyl carbonyl, aryl carbonyl,
heteroalkyl carbonyl, heteroaryl carbonyl, alkoxycarbonyl, aryloxycarbonyl,
heteroaryloxycarbonyl, alkylaminocarbonyl, arylaminocarbonyl,
heteroarylaminocarbonyl or a combination thereof, with the proviso that X and Y

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

25 alkyl carbamate and alkyl-aryl carbamate;



WA\/ER4/ZNR R35 Formula | wherein: X and Y are independently
selected fromthe noieties: alkyl, alkyl-aryl, heteroalkyl, heteroaryl,
aryl - het avoar/yi113 al kyl - het eroaryl, cycl oal kyl, al kyl ethePCT/USQ/@BdYyI| - ary
ether, aryl ether, alkyl amno, aryl am no, alkyl-aryl am no, alKkyl

sul fide, alkyl-aryl sulfide, aryl sulfide, alkyl sulfone, alkyl-aryl

sul fone, aryl sulfone, al kyl- alkyl suBfoxide, alkyl-aryl sulfoxide, alkyl
am de, al kyl-aryl am de, aryl am de, al kyl sulfonam de, alkyl-aryl

sul fonam de, aryl sul fonam de, al kyl urea, alkyl-aryl urea, aryl urea,

al kyl car bamat P = éj(p,(d a@eﬁﬁﬁs‘ghg;@ﬁﬁs _a,r_ly H BHRaTRRy e dKYE g hydeazi de, 15

al kyl -aryl roxam de, alkyl-ary hydrow'am!dié saf kyl
sul fonyl ClaR?IRG BOROWherelitREER M ORH CoR”, be NP Whéralf RIS, al kyl

car bonyl , aryl garbonyl het er oall kyf carbonyl heteroaryl carbonyl

al koxyca fand R &fseum@wldmﬂylseleqt@d Eponihg @roppaaansising of H, alkyl, aryl,

ooy am REREERRON erBlpHrh RA6BA Plctortlt o 8RYY YRR BRERIRATY onat 1 be
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of aromat c | k al k het er aIk ar het eroaryl, al kyl -
heteroar I Cé‘ﬁﬂ@b' X)QCIWEWE’E QHFg)QQKU‘KFWﬁ/eﬁer al kgl sulfiyde,

kol - ﬁHﬁb@%ﬁ@ﬁ%@Hﬁxﬁ%@bﬂ ‘i amnes, al kyl Jaryl an nes
al kyl - ar )GH@N‘)CQIMHCHI@R CBNHO.!-I(E{é)C@NIHHR%F yl ur ea, 25 al kyl carbamat e and
al kyl - aryl cg 3 PCT/ USO1/ 1086 , ,
(R )CONHCH(R )CONHCH(R JCONHCH(R )COO R",
10 CH(R‘)CONHCH(FF)CONHCH(F{3)CONHCH(R4')CONR‘2R‘3, CH(R")CONHCH(R?
YCONHCH(R®)CONHCH(R*)CONHCH(R*)COO R",
CH(R" YCONHCH(R* )CONHCH(R®)CONHCH(R*)CONHCH(R®) CONR"R",
wherein R", R?, R%, R*, R®, R", R, R"®, and R’ are independently selected from a
group consisting of H, alkyl, aryl, heteroalkyl, heteroaryl, cycloalkyl, alkyl-aryl,
15  alkyl-heteroaryl, aryl-alkyl and heteroaralkyl;
Z is selected from O, N, or CH;
W may be present or absent, and if W is present, W is selected from C=0,
C=S, or SO,;
Q maybe present or absent, and when Q is present, Q is CH, N, P, (CH,),,
20 (CHR),, (CRR),, O, NR, S, or SO,; and when Q is absent, M is also absent, and
A is directly linked to X;
Ais O, CH,, (CHR),, (CHR-CHR’), (CRR’),, NR, S, SO, or a bond;
E is CH, N or CR, or a double bond towards A, L or G;
G may be present or absent, and when G is present, G is (CH,),, (CHR),
25 or (CRR)

connected to the carbon atom where G was connected to;

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



R = COR5 or B(OR)2, wherein R5 = H OH, ORB, NROR , CF3, C2F5, C3F7,
CF2R6, R5, COR7 wherein R7 = H OH ORB, CHROR , or NROR , wherein Re, RB,
R9 and Rwapg7iimtlependent|ly sel ected fromthe group consiBCT/w§010f08dd, al kyl ,
aryl, heteroal kyl, heteroaryl, cycloal kyl, cycloal kyl, arylal kyl,
heteroaryl al kyl, 5 CH(R1l')000R', CH(R ') CONR12R13, CH(R1') CONHCH(R2' ) COO
R', CH(R ') CONHCH(R2') CONR12R13, CH(R3' ) CONHCH( R2) R,

CH( R1" ) CONHCH( R2" ) CONHCH( R3' ) 000 R",

CH(R ') CONHCH( R2' )CO\IHCH(RB ) CONR12R13,

CH(RL' ) CONHCH( R2!

CHg R gCO\IHCHg R' W %Wﬁﬁ%‘% %%%M% UG- 3NoNHCH( Re:

) CONHCH( R3" ) CG\IHCH(iIR&’e (iRked EOE, Bhd JGbl(dﬂ'e):ﬂWH@Hﬁ(Eﬁoendently linked

) CONHCH( R3' )CO\IHCH(tR4 )CONH (R5') CONRL2R13, wherein R, R2', R3', R4',

R5', R', Rl12, R13, R are independently sel ected froma group

conS|st|ng of I Y,
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sel ecsed from O, N,(C#1; )qumn*@m-lReCHHe)?,erm(aﬁRybsent and if Wis present,
Wis selected from C—é) or. SO2; Q maybe present or absent, and when Q

i s present, in§809+lmherﬁ0n(@fl@ﬁ,aﬂ 20 (CHR)P, (CRR)P, 0, NR S, or SC2:
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absent, and when G is present, Is (CH (CHR) P, 25 or (CRR)P,; and
when G i & eﬁwlow,@éky;&m&@fwltm%a@nos am'%c@ﬁtw ceimlic@6id o the carbon

at omyphergamar, tredaesse, [ Qdehyde, cyano, nitro; oxygen, nitrogen, sulfur, or

phosphorus atoms with said oxygen, nitrogen, sulfur, or phosphorus atoms
numbering zero to six;
(cycloalkyl)alkyl and (heterocycloalkyl)alkyl, wherein said cycloalkyl is made of
three to eight carbon atoms, and zero to six oxygen, nitrogen, sulfur, or

15  phosphorus atoms, and said alkyl is of one to six carbon atoms; aryl; heteroaryl;
alkyl-aryl; and alkyl-heteroaryl;
with said alkyl, heteroalkyl, alkenyl, heteroalkenyl, aryl, heteroaryl, cycloalkyl and
heterocycloalkyl moieties may be optionally substituted, with said term
“substituted” referring to optional and suitable substitution with one or more

20 moieties selected from the group consisting of alkyl, alkenyl, alkynyl, aryl, aralkyl,
cycloalkyl, heterocyclic, halogen, hydroxy, thio, alkoxy, aryloxy, alkylthio, arylthio,
amino, amido, ester, carboxylic acid, carbamate, urea, ketone, aldehyde, cyano,
nitro, sulfonamide, sulfoxide, sulfone, sulfonyl urea, hydrazide, and hydroxamate.

Unless defined otherwise, all technical and scientific terms used herein

25 have the same meaning as is commonly understood by one of skill in the art to
which this invention belongs. Thus, for example, the term alkyl (including the alkyl
portions of alkoxy) refers to a monovalent group derived from a straight or
branched chain saturated hydrocarbon by the removal of a single atom having
from 1 to 8 carbon atoms, preferably from 1 to 6;

30 aryl — represents a carbocyclic group having from 6 to 14 carbon atoms

and having at least one benzenoid ring, with all available substitutable aromatic



J maybe absent or present, and when J is present, Jis (CH2)P, (CHR P, or
(CRR)P, S, NH, NR or O0; and when J is absent, Gis present and E is
directlywonkedizo N, 30 L may be present or absent, and nOBUS@1/10869r esent,
LisCH CR 0, Sor NR and when L is absent, then M nay be absent or
present, and if WD 01/77113 PCT/US01/ 10869 9 Mis present with L being
absent, then Mis directly and indepemdently linked to E, and J is
directly and i ndependently linked to E; Mmy be present or absent, and
when Mis present, Mis 0, NR S S, 5 (CH2) P, (CHR) P (CHR-CHR )P, or
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wheresn shylt cycl oal kyl is rrade of three to eight carbon atons, and zero
to six oxygen, nitrogen, sulfur, or 15 phosphorus atons, and sald al kyl is
of one to si x adeHiayh— é@or@enﬁr@mowt@m@nmg a loyyanyalkyd dipked yjiggan aryl
al kyl - t[g? ‘gyryl with said al kyl, heteroal kyl, al kenyl, heteroal kenyl,
aryl, erdaryl, cycloal kyl and heterocycloalkyl noieties may be
optional |y sulegtictikybd repigsentsaa datmamd é'a'bbe}tdlbutr@ﬁa\n@g éomt Bgoi80 opti onal
and suitable substltut*on W th one ¢
carbon atoms, preferably 5 or 6, optlonally substltuted
10 heterocyclic — represents, in addition to the heteroaryl groups defined
below, saturated and unsaturated cyclic organic groups having at least one O, S
and/or N atom interrupting a carbocyclic ring structure that consists of one ring or
two fused rings, wherein each ring is 3 to 9-membered and may or may not have
double bonds that lack delocalized pi electrons, which ring structure has from 2 to
15 8, preferably from 3 to 6 carbon atoms, e.g., 2- or 3-piperidinyl, 2- or 3-piperazinyl,
2- or 3-morpholinyl, or 2- or 3-thiomorpholinyl;
halogen — represents fluorine, chlorine, bromine and iodine;
heteroaryl — represents a cyclic organic group having at least one O, S
and/or N atom interrupting a carbocyclic ring structure and having a sufficient
20 number of delocalized pi electrons to provide aromatic character, with the
aromatic heterocyclic group having from 2 to 14, preferably 4 or 5 carbon atoms,
e.g., 2-, 3- or 4-pyridyl, 2~ or 3-furyl, 2- or 3-thienyl, 2-, 4- or 5-thiazolyl, 2- or
4-imidazolyl, 2-, 4~ or 5-pyrimidinyl, 2-pyrazinyl, or 3- or 4-pyridazinyl, etc.
Preferred heteroaryl groups are 2-, 3- and 4-pyridyl; Such heteroaryl groups may
25 also be optionally substituted.
Also included in the invention are tautomers, enantiomers and other optical
isomers of compounds of Formula I, as well as pharmaceutically acceptable salts
and solvates thereof.
A further feature of the invention is pharmaceutical compositions
30 containing as active ingredient a compound of Formula | (or its salt, solvate or

isomers) together with a pharmaceutically acceptable carrier or excipient.



20 noieties selected fromthe group consisting of al kyl, alkenyl, alkynyl,
aryl, aral kyl, cycloal kyl, heterocyclic, halogen, hydroxy, thio, alkoxy,
aryl oxy, vabkyttind o, arylthio, am no, am do, ester, carboRgTUSI1ZIOBE,
carbamat e, urea, ketone, aldehyde, cyano, nitro, sulfonam de, sulfoxide,
sul fone, sulfonyl urea, hydrazide, and hydroxamate. Unl ess defi ned
otherwi se, all technical and scientifipiterns used herein 25 have the sane
meani ng as i s commonly understood by one of skill in the art to which this
i nvention belongs. Thus, for exanple, the termal kyl (including the alkyl

branched chai i ealvehfageRytalaPR A BoRie hMRUHS oo R TR oy i ng
from1 to & welllematious foptrebtiigbiseabessudh tae, for sXan@ily| HOCVr & Rsigteds a
car bocycl | c aé%u having from®6 to 14 carbon atonms. and having at | east one

benzenoi disar Hngthodg\far iraaling samprise @dapnistelinghier 2 patienteuiferings

PCT/ US01/, & : I i i ded as
possi bl o 531 Seis edds BEIBRR0E ahelAib ERRPCHEUNE, B O ESmRBGH

1- napht hylf FoPmuokpl) tdhyphaamdceutivdh Bgmposhidne tioawp ridiny apvemdurahef Ferbailat ut ed
phenyl ; aral kyl - represents a noiety containing an aryl group |inked vial
a lower Is5 al kyl; alkylaryl - represents a noiety containing a |ower alkyl
| i nked via an : : \VA cyclic
Fing havi ng. 1Ay Jiseeghts 16 B0 BiCorn R BEEBIA T8k Henauf R
subst i t utoéa. méfichaiert doyiedating HCRpams esitited disoatddst i on to the heteroaryl
groups defined below saturated and unsaturated cyclic organic groups
having at |least one 0, S and/or N atominterrupting a carbocyclic ring

struggure that consi pietaitdd PRSclipHONCS Preferred Embodiments

In one embodiment, the present invention discloses compounds of

Formula | as inhibitors of HCV protease, especially the HCV NS3/NS4a serine
protease. Among the compounds encompassed by Formula |, preferred
compounds are those which have the Formula Il

15

X
AN,

Vo]
[ 5[
R4/ z \ N R’

Fe © R

Formula il
or a pharmaceutically acceptable derivative thereof, where the various definitions
are given above. Some of the preferred embodiments include, but are not limited
20 to, the following definitions of the various functionalities in the above-noted
general formulas | and Il. Thus, for example, R? in formula | may be selected from

the following moieties:



two fused rings, wherein each ring is 3 to 9-nenbered and may or nmay not
have doubl e bonds that |ack delocalized pi electrons, which ring structure
has fromwooo771$3 8, preferably from3 to 6 carbon atons, BCTUSO12H086r
3-piperidinyl, 2- or 3-piperazinyl, 2- or 3-norpholinyl, or 2- or

3-t hi onorphol i nyl; hal ogen - represents fluorine, chlorine, bromne and

i odi ne; heteroaryl - represents a cycliz organic group having at | east one
O, S and/or N atominterrupting a carbocyclic ring structure and having a
sufficient 20 nunber of delocalized pi electrons to provide aromatic
character, with the aromatic heteromxclrc group hawi ng from2 to 14,
preferably 4 or 5 carbon ato e. ., or 4-pyri - or 3-furyl,
2- or3th|enyl 27" 4-Vor 5 iaz 4|mda 4- or

5- pyri midi nyl, 2. py azi s, 3- r| dazr ef erred

het eroaryl groups are 2-, 3- a?rd 4C'I’Wr|d¢l-r3 Su¢h hete oaryl groups may 25
al so be optionally substi tuted. Al so included €CHsthe invention are

taut omers, enantionmers and ot her optical isonmers of conpounds of Formula

I, as well as pharmaceutigally cept e salls and,,,‘sol vates thereof. A
further feature o?wthe i ntro |s ph rmaceu Fcal osi tigns 30
containing as ac edi e ound p a i: (or yJts salt,

solvate or isomners) t ge her 'wi t h har maceut i calcli_y accEgtabl e carrier or
excipient. WO 01/77113 PCT/ USO1/ 10869 11 The i nvent ion al so provi des

met hods for preparing corrpounds of F , as well as nethods for
treating di seases f or vgxanpl HCV and rel.ated dnsorders. The

met hods for treati% conpili se ahgr stg\rrngtoaparent ffering from
sai d disease or dise@ses a hera ?cal $(Oxfof ecthve armunt of a compound 5

of Formula I, or phacnaceut Ig'al osrtrcqmos conptli si ng=7Z
For mul a

conmpound of

o= N L 5’2_ Ng

CH3 CH3 CH3

O——-

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



Al so disclosed is the use of a conpound of Formula | for the manufacture
of a nedicanent for treating HCV and rel ated disorders. 10 Detail ed

Descri pt ivomoof71% ef erred Enbodi nents I n one enbodi nent, tPET/PRESBBEI

i nvention discloses conpounds of Formula | as inhibitors of HCV protease,
especially the HCV NS3/ NS4a serine protease. Anong the conpounds
enconpassed by Fornmula |, preferred cgpounds are those which have the
Formula Il: 15 FI R4/Z ~ NRL Rg R2 Formula Il or a pharmaceutically
acceptabl e derivative thereof, where the various definitions are given
above. Some of the preferred enbodi nents include, but e not limted 20
to, the fol | guwr@g definitions ofthg various functionalitiesh\{n the
above- not ed generalA fernmul as | and RI .R,les, for exanple, R2_ix, formula I
may be selected fro fol | owi ng yoi\erT es: WO 01/ 77118
12 HCH3 | CH3

o
o
o

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

AN \/R

™~
(Olo-2
yd &O/ v /LN 7

5  Other additional preferred embodiments are, for example, where the moiety:
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M
\L/E\
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CHCHC 3 CH3 33 CH3 CH3 CH3 CH3 CH3 CH3 n=0-3 Sone preferred
representations for the noiety "N\ MO are, for exanple, the follow ng
structuresoay7bi3dor c: 5 WO 01/77113 PCT/US01/ 10869 13 PCRUSKH/f@849 RA R
RR ANR RRNNab The structure a may be selected fromthe foll ow ng
non-limting types of structures: /R N~ ~ N (0OO0-2 5 Oher additional
preferred enbodi nents are, for exanpl ej4 where the noiety: A

is sometimes the following structures, where the definitions for the various
positions are exemplified in the structures of compounds shown later in this

section:

In some more preferred compounds, the moieties G and J are independently
selected from (CH,),, (CHR),, (CHR-CHR),, and (CRR’),, and the moiety A-E-L-M-
Q is an aromatic ring consisting of two to eight carbon atoms, zero to six hetero

atoms with X and J being ortho, para or meta with respect to each other.



I ME L'\ OG \ J\ NO W 01/77113 PCT/US01/ 10869 14 is sonetines the
follow ng structures, where the definitions for the various positions are
exenpl i fivedoi/mithe structures of compounds shown | ater inPCHUSO/®EE I on: M
R MR ERGR R ORNNG=--1i OOor N5OIn sone nore preferred
compounds, the noieties G and J are independently selected from (CH2)p,
(CHR)P, (CHR-CHR )P, and (CRR )P, and {de noiety A-E-L-M Qis an aromatic
ring consisting of two to eight carbon atons, zero to six hetero atons
with X and J being ortho, para or nmeta with respect to each other.

In other preferred embodiments, R® in formula | is selected from the following

structures:

annn e

A goT

kﬁ )n=0-2 @
COR®! cor®



WO 01/77113 PCT/ US01/ 10869 15 In other preferred enbodi nents,
is selected fromthe foll ow ng

formul a |

structures: [|J

R3 in
i"™ R30 R30 R30 H

n = 0-4 VvoOloBO71B F COCH3 )n=0-2 COR31 COR31 COR31 R32 RBGTN@I10MAG7113

PCT/ USO01/ 10869 16 wherein R30 =
O al kyl, NH2 or N al kyl;
i ndependently sel ected fromH,

(CH2)0-2 (CH2)2 0-(CH2) 3 O-

(CH2)3 O (CH2)3 I .

H, CH3 or other alkyl groups;

CH2)3 cO (CH2)24 0-(CH2) 4
[jvl

wherein R* = H, CH, or other alkyl groups;

R* = OH, O-alkyl, NH, or N-alkyl;

R* and R* may be the same or different and are independently selected from H,

F, Cl, Brand CH,;

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

O_?Hz)s
O—(CHa)z.4 e P
7~ (CHzlo2 o L' (CHa)-
o— CH2)3 ©/0—(CH2)3 O_$CH2)3
; e
Me o— (CHz)s O}%
\EP/ e E?/ Mé Me
'JJJ" 'JJJ‘ H‘z/ (CH2)2 4
O~ o &
~ e <we >
(N
\
fl\l/l% ,I\I/ZLS N‘L
O\\ /z"e.a il
N //O 05 A,
S\Jrr' O—/_/ O/
o—/__/ J—/_F
as/(CHz)A» %/(CHz)z 4 e §

R31
R32 and R33 may be the sane or different and are
F, d,18r and CH3; 5 and the noiety X-Y is
selected fromthe follow ng structures:

0- (\

CH,



HN MNO M O(CH2)3 0,,,-, OA M M (CH2)2-4 Me Me Nomi N M M2 9\A
So" A3 ~t,/ (CH2)4 /] (CH2)2-4 ~; r WD 01/77113 PCT/ USO1/ 10869 17 Sever al
addi ti onavoandriiairt her refinenents of the above-noted var PODESO1d®RGINI t i ons
for the conpounds represented by Formula | are noted in the Clains section
of this application. They are also represented by the various conpounds
listed in the specification and cl ai nst7 Such refinenents, definitions and
limtations 5 are to be considered as representing the entire invention of
this application. Representative conpounds of the invention which exhibit
excel l ent HCV A nhibidt TV | ) g wth
their activi tyS © g%'g%@%éﬂ;agh\fgﬁﬁ%gf‘e}f'hgnmaér%%rg{ré, éé}@% R%@@@?ﬁ%l e nunbers

refer to ddfinitiongtier thef cumpdends mprosenist byFarmra | Brd hetddiAlvis Etaimest i on
found in the later parts of this 10 application. Table 1. HCV protease

cont i nuo$echer & thie agplicationk They ara@gseiepresentadpy the various compounds
listed in the specification and claims. Such refinements, definitions and limitations

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

Table 1: HCV protease continuous assay results

Example Number Ki* (nM)
1A
1B

2
3
4A
4B
5
6
7A
7B
8
9
10A
10B
11
12A
12B
13A
13B
14
15
16
17
18
19
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1Aa 1Bb 2b 3b 4Aa 4Bb 5b 6b 7Aa 7Bb 8a 9b 10Aa 10B
b 11 a 12A a 12Bb 13A a 13Bb 14 b 15 b 16 b 17 b 18 b 19 b WO
01/ 77113 WRTo1/US03L/ 10869 PCT/US01/10869
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20A
20B
21
22
23
24
25
26A
26B
27A
27B
28A
28B
29A
29B
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31
37A
37B
38A
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44B
46
53A
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56B
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59A
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64
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18 20Aa 20Bb 21 a 22b 23 a 24 a 25 a 26A a 26Ba 27A a 27B Db
28A a 28B b 29A a 29Bb 30b 31 b 37Aa 37Ba 38A a 38Ba 39 a
40 a 41 w0 otd271a3 PCT/US01/10869
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65
66A
66B
67A
67B

68
69A
69B
70A
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71
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74A
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75A
75B

76
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43 b 44A a 44B a 46 a 53A a 53Ba 56A a 56Ba 57A a 57B b 58 a
EOA b 59B b 60 a 61 a 62 a 63 a 64 a W 01/77113 PCT/ US01/ 10869 19
65 b o66AV@II/BAB D 67A a 67B b 68 Db PCT/US01/10869

20

102
103
104
105
106
107
108
109
110
111

TIT||0|0|0 (000D

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

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

Ha
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69A a 69B b 70Aa 70Bb 71 b 72b 73 a 74A a 74B b 75A a 75B D
76b 77a 78a 79a 80b 8la 82a 83b 8 a 8 a 86 a 87 a 88
a 89 a ve0o0H77113 PCT/US01/10869
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9 a 92 b 93 a 94a 95 b 96 a 97 a 98 b 99 a 100 a 101 b WO

01/ 77113 PCT/US01/ 10869 20 102 a 103 a 104 a 105 a 106 a 107 a 108 a
109 a 1™MOby771i b HCV continuous assay Ki* range: Cateporyst/tsd- 100 nM
Category a = 101 nM 100 pM5 Sone of the inventive conpounds and the

met hods of synthesizing the
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various types of the inventive conpounds are |isted bel ow, then
schematically described, followed by the illustrative Exanples. HH H ?Hs
N, N N NNWOou/CHBO OOH O CH3 1AHOHOHO/ ?H3 N RCNuBINOGHIS3 O\ O
0 CH3 1B WO 01/77113 PCT/US01/10869 21 NNNNN OOOOHO H3 2 NNN
NJNH O0OOHOCH3 3n\ CNN I N N
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01/ 77113 WVRCW1/US03L/ 10869 25 NN N N 0 OH PCT/US01/10869
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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
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.

In another embodiment, this invention provides pharmaceutical
compositions comprising the above-described inventive macrocycles as an active
ingredient. The pharmaceutical compositions generally additionally comprise a
pharmaceutically acceptable carrier diluent, excipient or carrier (collectively -
referred to herein as carrier materials). Because of their HCV inhibitory activity,
such pharmaceutical compositions possess utility in treating hepatitis C and
related disorders.

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

elixirs, dispersible granules, syrups, suspensions, and the like, and consistent

CH3
OH
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with conventional pharmaceutical practices. For example, for oral administration
in the form of tablets or capsules, the active drug component may be combined
with any oral non-toxic pharmaceutically acceptable inert carrier, such as lactose,
starch, sucrose, cellulose, magnesium stearate, dicalcium phosphate, calcium
5 sulfate, talc, mannitol, ethyl alcohol (liquid forms) and the like. Moreover, when
desired or needed, suitable binders, lubricants, disintegrating agents and coloring
agents may also be incorporated in the mixture. Powders and tablets may be
comprised of from about 5 to about 95 percent inventive composition.
B Suitable binders include starch, gelatin, natural sugars, corn sweeteners,
10 natural and synthetic 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
15  and preservatives may also be included where appropriate. Some of the terms
" noted above, namely disintegrants, diluents, lubricants, binders and the like, are
discussed in more detail below. 4
Additionally, the compositions of the present invention may be formulated
in sustained release form to provide the rate controllied release of any one or
20 more of the components or active ingredients to optimize the therapeutic effects,
i.e. HCV ihhibitory activity and the like. Suitable dosage forms for sustained
release include layered tablets containing layers of varying disintegration rates or
controlled release polymeric matrices impregnated with the active componenis
and shaped in tablet form or capsules containing such impregnated or
25 encapsulated porous polymeric matrices.

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

30 for intranasal administration.
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parenteral administration. Such liquid forms include solutions, suspensions and
emulsions.

The compounds of the invention may also be deliverable transdermally.
The transdermal compositions may take the form of creams, lotions, aerosols

15  and/or emulsions and can be included in a transdermal patch of the matrix or
reservoir type as are conventional in the art for this purpose.

Preferably the compound is administered orally.

Preferably, the pharmaceutical preparation is in a unit dosage form. In
such form, the preparation is subdivided into suitably sized unit doses containing

- 20 appropriate quantities of the active components, e.g., an effective amount to
achieve the desired purpose.

The quantity of the inventive active composition in a unit dose of
preparation may be generally varied or adjusted from about 1.0 milligram to about
1,000 milligrams, preferably from about 1.0 to about 950 milligrams, more

25 preferably from about 1.0 to about 500 milligrams, and typically from about 1 to
about 250 milligrams, according to the particular application. The actual dosage
employed may be varied depending upon the patient's age, sex, weight and
severity of the condition being treated. Such techniques are well known to those
skilled in the art.

30 Generally, the human oral dosage form containing the active ingredients

can be administered 1 or 2 times per day. The amount and frequency of the
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| ayered tablets containing |ayers of varying disintegration ra
contr ol | dlpstisizeszsangddirgs@vRtivemt ri ces i npregnated with the active

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

15  granulation or by compaction. A

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

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

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

25 composition, preferably from about 25 to about 75%, more preferably from about
30 to about 60% by weight, even more preferably from about 12 to about 60%.

Disintegrant - refers to materials added to the composition to help it break
apart (disintegrate) and release the medicaments. Suitable disintegrants include
starches; "cold water soluble" modified starches such as sodium carboxymethyl

30 starch; natural and synthetic gums such as locust bean, karaya, guar, tragacanth

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

sodium carboxymethylcellulose and hydroxypropylmethylcellulose;

15  polyvinylpyrrolidone; and inorganics such as magnesium aluminum silicate. The
amount of binder in the composition can range from about 2 to about 20% by
weight of the composition, more preferably from about 3 to about 10% by weight,
even more preferably from about 3 to about 6% by weight.

Lubricant - refers to a substance added to the dosage form to enable the

20 tablet, granules, etc. after it has been compressed, to release from the mold or
die by reducing friction or wear. Suitable lubricants include metallic stearates such
as magnesium stearate, calcium stearate or potassium stearate; stearic acid; high
melting point waxes; and water soluble lubricanis such as sodium chloride,
sodium benzoate, sodium acetate, sodium oleate, polyethylene glycols and d'l-

25 leucine. Lubricants are usually added at the very last step before compression,
since they must be present on the surfaces of the granules and in between them
and the parts of the tablet press. The amount of lubricant in the composition can
range from about 0.2 to about 5% by weight of the composition, preferably from
about 0.5 to about 2%, more preferably from about 0.3 to about 1.5% by weight.

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



Preferably, the pharnmaceutical preparation is in a unit dosage form In
such form the preparation is subdivided into suitably sized unit doses
cont ai ni mgO 0RQT1&ppropri ate quantities of the active conpoR€MISOI/®8EY. , an
effective anmount to achieve the desired purpose. The quantity of the
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smal i 0 anpugyesiet off YiesrapeDad widietyad ebbsrbed into the systemic circulation from an
administered dosage form as compared to a standard or control.

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

15 Conventional methods for making other forms for administration such as, for
example, capsules, suppositories and the like are also well known.

Another embodiment of the invention discloses the use of the
pharmaceutical compositions disclosed above for treatment of diseases such as,
for example, hepatitis C the like. The method comprises administering a

20 therapeutically effective amount of the inventive pharmaceutical composition to a
patient having such a disease or diseases and in need of such a treatment..

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

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

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

30 following illustrative schemes describe the preparation of macrocycles
predominately derived from 4-cis-hydroxyproline (“cis-HYP”) or 7-
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EDCI: 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
NMM: N-Methylmorpholine
ADDP: 1,1'-(Azodicarbobyl)dipiperidine
DEAD: Diethylazodicarboxylate
15  MeOH: Methanol

EtOH: Ethanol

Et20: Diethyl ether

Bn: Benzyl

Boc: tert-Butyloxycarbonyl
20 Cbz: Benzyloxycarbonyl

Cp: Cylcopentyldienyl

Ts: p-toluenesulfonyl

Me: Methyl

PyBrOP: Tris(pyrolidino)bromophosphonium hexafluorophosphate
25 DMSO: Dimethyl sulfoxide

TFA: Trifluoroacetic acid

HOBt: Hydroxybezotriazole

Hiinigs base: Diisoprpylethyl amine

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

Ph3P: Triphenyl phosophine



m xtures. The anmpbunt of disintegrant in the conposition can range from
about 2 5 to about 15% by wei ght of the conposition, nore preferably from
about 4 twoabout3 10% by wei ght. Binder - refers to substpoar@so/tosdd bi nd or
"glue" powders together and mneke them cohesive by form ng granul es, thus
serving as the "adhesive" in the fornulation. Binders add cohesive
strength already available in the diluwnt or 10 bul ki ng agent. Suitable

bi nders include sugars such as sucrose; starches derived fromwheat, corn
rice and potato; natural guns such as acacia, gelatin and tragacanth;
derivati Qﬁi'%tl’ﬁtﬁﬁ")ﬁﬁﬁ\irﬁﬂﬁ ﬁid@l ginic acid, sodiumal ginate and anmonium
calciumal ginate; cellulosic naterials such as nethylcellul ose and sodium
car boxy m&MpPc d-Dimhethpl santhopyridinexypr opyl nethylcel | u | ose; 15

pol yvi nyl rglidone; and inorganics such as magnesi um alum num silicate.
The armﬁé&'o '%Pwyﬁcﬁrqunﬁaﬂposi tion can range from about 2 to about

20% by Wbﬁpg‘\:%e@r@h's@%g%@i&e pre preferably fromabout 3 to about

10% by wel g even nor erably from about 3 to about 6% by wei ght.
Lubr i antBINAR:252'Bis (@iphenyisteaphingdti¢ dbihaphtod dosage formto enabl e the
20 tabl etw?ghanul es, .etc. after it has been conpressed, to release fromthe
mol d or bocetopittieng friction or wear. Suitable lubricants include
metal lic gt es such as nagnesium stearate, cal cium stearate or

pot assi um stedrate; stearic acid; high nelting point waxes; and water

sol ubl e |IAdhAcedyit s such as sodiumchloride, sodium benzoate, sodium

acet at e, ch um ol eat e, pol yethyl ene glycols and d'| 25 | eucine. Lubricants
are usuaﬁsrlr at the very | ast step before conpression, since they
nust 18e present on the surfaces of the granules and in between them and

t he part &enenahPreparativeBehemeshe anount of |ubricant in the conposition

can range frqom about 0;2 to about 5% by wei ght of the_coq‘po i tion,
preferably frdiie Rieparatpnotthe semmound offgralls th.avberein RloRFaRdaren. 3 to

about 1. HfeBuqUod8t 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
15  is alkyl, aryl, or alkylaryl groups; n is from zero to five; X is (CH,),, where m is one
to five, oxygen atom, NY where Y is hydrogen atom, alkyl, aryl group; and PG’
and PG® are appropriate protecting groups (PG' = t-boc, cbz and PG® = H, Bn etc)
is outlined in Scheme 1. The protected 4-hydroxyproline acid (1a) is alkylated at
the 4-position by an alkyl bromide in the presence of sodium hydride. The product
20 1bis then converted to an ester either with an alcohol under acidic conditions, or

with trimethylsilyldiazamethane. After deprotection, the resulting amine is coupled

to a Boc-protected amino acid in the presence of HOOBt, EDCI-HCI and NMM.
After removal of the Boc group from product 1d, the dipeptide is reacted with a
substituted hydroxyphenyl! acetic acid using the same coupling conditions.

25  Catalytic hydrogenation of the benzyl ether gives the precursor for the
macrocyclization. The macrocyclization is achieved under Mitsunobu conditions
by using triphenylphosphine and ADDP. (The Mitsunobu reaction is reviewed by
D. L. Hughes, Org. Reactions, 42 (1992) 335, John Wiley & Sons, New York, L.
Paquetie, ed.) After the ester is hydrolyzed to an acid with lithium hydroxide, it is

30 coupled to an amine intermediate to afford 1h.



30 dident - material that prevents caking and inprove the flow
characteristics of granulations, so that flowis snmooth and uni form

Sui t abl e o bdents i ncl ude WO 01/ 77113 PCT/ US01/ 10869 60 BCT/Usariosésoxi de
and talc. The anmount of glident in the conposition can range from about
0.1 %to about 5% by wei ght of the total conposition, preferably from about
0.5 to about 2% by weight. Coloring aggmts - excipients that provide
coloration to the conmposition or 5 the dosage form Such excipients can

i ncl ude food grade dyes and food grade dyes adsorbed onto a suitable

adsor bent such as clay or aluninunvg 'g he anount of the col oring agent
can vary fromabout 0.1 to about 5% g;j%i ht of the conposition
preferably from aboutQ0.1 to about 1 oavdjl@bility -refers to the rate
and extent to which t active drug 10 ingredi enA~or therapeutic noiety is
absorbed into the sygtenichgi resatpen froman (adhi npgt eTed ddsage form as
conpared to a st agng control. Conventi op@al— ds for preparing

tabl ets are known. Such thods include dry nethod® such as direct
conpression and conpigssi on of granulation ptduced by conpaction, or wet
met hods or other special procedures. 15 Conventional nethods for making
other fornms for adm nistration such as, for | e, capsul es,

ex
suppositories r?,nd ike are also well I?m. f Yeer enbodi nent of the
@%s cq

i nvention di s€fos e of the pharnaceuti cal positions ydi scl osed

above for treatnent of dydgases Such a3, for exa ‘fng hepatitis C the
| i ke. The net hod corrBriﬁé;&i'%giqni stering a g@rtheraggdt ARy effective
amount of the invent Pée Wharlfmceuti cal conpositi ﬁ@ to ag pati ent havi ng
such a disease or diseases &d in need of such a treatment. As stated

earlier, the inventi &ﬁ i ncl udes t autoners, enanﬂorrers and ot her

The preparation of the compound of Formula 2e, wherein R1, R2, R3, R
5 and R' are defined above, is outlined in Scheme 2. The protected 3,4-
dehydroproline 2a is diastereoselectively dihydroxylated to afford cis-diol 2b. The

acetal formation between 2b and an aldehyde can be accomplished in the



stereoi sonmers of the conpounds al so. Thus, as one skilled in the art knows,
sone of the inventive conpounds may exist in isoneric fornms. Such

vari ati om0 2867A1E contenpl ated to be within the scope of POBUSIIVIEBEI On

Anot her enbodi nent of the invention discloses a nethod of making the
macrocyclic conpounds di sclosed herein. The conpounds may be prepared by

several techniques known in the art. Rgpresentative illustrative procedures
are outlined in the follow ng reaction schenes. It is to be understood
that while the 30 following illustrative schenmes describe the preparation

of maCt oGyl et PLAIOI ALK B el deRrdri6 i e BEPIR frfind " C! - HYP")
hydr oxyt efdrvligs 2t598bhveted iy theCbbReytlicester 8d(ant Sibsecpiehtipid RICY

substitution of "any of both the natural and unnatural am no acids wll
resul t i rinhibitorf 2e Aacordingto therreqienice editlireskioBehamedased on such
substi tuté'%p. A%)Ir evi ations which are used in the descriptions of the
schenes, &P€5ar ati ons and the exanples that follow are: THF:
TetraBgydrofuran DMF: N, N-Di met hyl formam de EtQAc: Ethyl acetate AcOH:
Acetic acid 10 HOOBt: 3-Hydroxy-1, 2, 3-benzotriazin-4(3H)-one EDCl :
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The preparation of the compound of Formula 3, wherein R1, R2, R3, R, R'
and n are defined above, is outlined in Scheme 3. When treated with
10  trifluoroboron diethyletherate, the protected 4-hydrbxyproline 3a and alkene 3b
are converted to proline ether 3¢, which undergoes the same sequence of
transformations outlined in Scheme 1 to give the macrocyclic ester 3e and

subsequently, to the desired final product 3f.
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The preparation of the compound of Formula 4f, wherein R1, R2, R3, R,
and n are defined above, is outlined in Scheme 4. The coupling between amino

ester 4a and a Boc-protected amino acid was realized in the presence of NMM,

HOOBt, and EDCI-HCI. After removal of the Boc group from 4b, the dipeptide is
coupled to a terminal alkene carboxylic acid to give 4¢. The double bond was
then converted to an alcohol through hydroboration. The macrocyclization of the
phenol alcohol is accomplished under Mitsunobu conditions by using
triphenylphosphine and ADDP. After the resulting ester 4e is hydrolyzed to an
acid with lithium hydroxide, the acid is coupled to an amine intermediate to afford
4f.

30

MCPBA: net a- Chl or oper benzoi c



Ph: Phenyl 10 General Preparative Schenmes: The preparation of the conpound
of formula 1 h, wherein RlL, R2, R3 are defined above, R is alkyl,
het er oal WO 0{/OR13 SR', NR'R'' wherein R' and R +' are al Rgl/ugoiop®), hal o
substituent at ortho, neta, or para -position to oxygen atom R 15 is
al kyl, aryl, or alkylaryl groups; nis fromzero to five; Xis (CH2) mwhere
mis one to five, oxygen atom NY whe3& Y is hydrogen atom al kyl, aryl
group; and PG and P& are appropriate protecting groups (PG = t-boc, cbz
and PG = H, Bn etc) is outlined in Schene 1. The protected
4- hydroxyproline acid (1 a) is alkylated at the 4-position by an al kyl
brom de in the presence of sodium hydride. The product 20 1 b is then
convert e@cheme dester either with an al cohol under acidic conditions, or
with trinmethylsilyldiazanethane. After de tecti on, the resulting amne is
coupled to a -protected amno acid in e_presence of HOOBt, EDCI HCI
and NMM  After r al of the Boc group fr oduct id, the dipeptide is
reacted with a s ituted hydroxyphenyl ac acid using the sane
coupl i ng condition¥y \25 Cafalytr e hydro ifonyof the berzy—ether gives
t he precursor for r@gr ocycl |%at/o malr gowycl i zation is achi eved

[

under M t sunobuHg by us phenprhphl ne and ADDP. (The

M t sunobu reaction is gevi ewed by Righes, @rg. Reactions, 42 (1992)
335, John Wley & Sgns, New York, L. Paque;uge, ed.) After the ester is
hydrol yzed to an acid with lithiumhydroxide, it is 30 coupled to an am ne
internmediate to afford 1 h. WO 01/77113 PCT/US01/ 10869 63 Schene 1 HO
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The preparation of the compound of Formula 5h in Scheme 5 where in R,

5 R, R’ R are defined in Scheme 1, R* being alkyl, cycloalkyl, aryl, heteroaryl, and
heteroalkyl and R® is OR, NR,, or OH. The compound 5b was obtained by a Wittig
reaction of 5a with tert-butyl phosphonoacetate and NaH. The compound 5b was
converted to 5¢ by the treatment of MCPBA. The epoxide 5¢ was further opened

with NaN, to give compound 5d which was reduced with Pd/C/ H, to the amine

10  and Cbz protected using Cbz-Cl, Ei,N to obtain compound of the formula 5e. The
compound 5e was deprotected with TFA and further elaborated to 5f. The Cbz
group of 5f was hydrogenolyzed and then coupled with compound of formula 1g
using EDCI, HOOBt, NMM to obtain 5g. The compound of the type 549 is oxidized

with Dess-Martin reagent to generate compounds of formula 5h.
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5 The compound of formula 6m is synthesized as outlined in Scheme 6
wherein R', R’, R’ and n are defined in Scheme 1 and R’ being alkyl, aryl, ester,
carboxylic acid and carboxylamides. The compound of type 6b is synthesized
from 6a by a Wittig olefination using Ph,PCH,l and BuLi. The compound 6b is
further aminohydroxylated to synthesize compound of the type 6¢, which was

10  reduced using Rh/C, and H, to afford compound of type 6d. The compound 6d

was oxidized to compound of type 6e using RuCl, and H,O,. The compound 6e



OR3 OR2 1h The preparation of the conpound of Fornula 2e, wherein R1,

R2, R3, R 5 and Rare defined above, is outlined in Schene 2. The protected
3, 4- dehwdoopruhi ne 2a is diastereosel ectively di hydroxyl BCBESM1610869 or d
cis-diol 2b. The acetal formation between 2b and an al dehyde can be
acconplished in the WD 01/ 77113 PCT/ US01/ 10869 64 presence of catalytic
anount of p-toluenesul fonic acid. The 88 cyclic proline derivative 2c is
converted to the macrocyclic ester 2d and subsequently to HCV inhibitor 2e
according to the sequence outlined in Scheme 1. Scheme 2 5 HO;OH R PG N

R> 0 Pd¥ Blapdfatél 18 cdthpbuhd Bi by cdigint RwittRaB5rotb&8d%h using NMM,
EDCI, and HOOBt. Extension of compound 6i to 6j was again achieved by
coupling deprotected 6i and appropriately substituted phenyl acetic acid using
EDCI, HOOBt and NMM. The compound 6k obtained after hydrogenolysis of

5 benzyl group in 6j_was cyclized to 6l using the Mitsunobu conditions. 6l was

further elaborated to compounds of type 6m as outlined in Scheme 1.
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O2c2d 0 R NNRL NY O R30R2 2e The preparation of the conpound
of Formula 3f, wherein R, R2, R3, RR, R and n are defined above, is

outli ned waoStheie 3. Wien treated with 10 trifl uorobor onpdi/@séiylogsoher at e,
the protected 4-hydroxyproline 3a and al kene 3b are converted to proline
et her 3c, which undergoes the sane sequence of transformations outlined in
Schene 1 to give the macrocyclic estergge and subsequently, to the desired
final product 3f. WO 01/77113 PCT/US01/10869 65 Schene 3 HOn ()yOR +
Pt>*O~- M\ > OR PGNnPGNOO 3a3b 3c PW'O"nRH

HQ P N0
——
OH > OH
PG— PG—N
0 o)
6f 6g
N
PR 0N
P00 n 2 _

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

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



PGNRNOR 3C00J'~r R 3d3 _J4.111 RO NNYRL OR300 R 3f 5
The preparation of the conmpound of Fornula 4f, wherein Rl, R2, R3, R, and
n are defWaed7alb®dve, is outlined in Schene 4. The coupl i nBCDhESNE®BGYAN NO
ester 4a and a Boc-protected am no acid was realized in the presence of
NVM  HOOBt, and EDC -HCl . After renoval of the Boc group from 4b, the

di peptide is coupled to a term nal alk®ne carboxylic acid to give 4c. The
doubl e bond was 10 then converted to an al cohol through hydroboration. The
macrocycli zation of the phenol alcohol is acconplished under M tsunobu

conditio i : ' r@PPP I 39 ester
de is hyﬁo gge 2?80351&1{0' %QM%QWP%I%J%&%Iroxqoggghgﬁéﬁggpﬁl%?ghgodapl ed to
an am ne typd Zbrtodype Zci whithf was furtier\daisdraietlbscdrap 6uisiEl7d @8autlitdd inSchene
4 HHO OR OYN R HC HN
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The preparation of the compound of formula 8e, wherein R1, R2, R3 are

defined above, R' is alkyl, heteroalkyl (OR", SR", NR"R" wherein R" and R" are

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

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

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



OORIO 4a4b HHHNR NJL~oRN"'L 3 RBOOO 4c4dn>nA O
\/RL NNRNNOR3SOORIOTR2 4e M The preparation of the conpound of
Formul a 3oon78ehene 5 where in R 5 R2, R3, R are definpdrioroiBoke@ne 1, R4
bei ng al kyl, cycloal kyl, aryl, heteroaryl, and heteroalkyl and R5 is OR
NR2, or OH The conpound 5b was obtained by a Wttig reaction of 5a with
tert-butyl phosphonoacetate and NaH The conpound 5b was converted to 5c
by the treatnent of MCPBA. The epoxide 5¢c was further opened wth NaN3 to
gi ve compound 5d which was reduced with Pd/C H2 to the am ne 10 and Cbz
pr ot ect e%cg_.s%ixﬁgBCbz C, Et3N to obtain conmpound of the fornmula 5e. The
conpound depr ot ect ed with TFA and further el aborated to 5f. The Cbz
group of 5f was hydrogenol yzed and then coupl ed with conmpound of formula
using EDCI, HOOBt, NW to obtain 5 g. The conpound of the type g is

oxidized  H Bs HO" s
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5 The preparation of the compound of formula 9d, wherein R1, R2, R3 are

defined above, R' is alkyl, heteroalkyl (OR", SR™, NR"R" wherein R" and R" are
alkyl groups), halo substituent at ortho, meta, or para -position to oxygen atom; R
is alkyl, aryl, or alkylaryl groups; n is from zero to five; X is (CH,)_, where m is one
to five, oxygen atom, NY where Y is hydrogen atom, alkyl, aryl group; and LG is
10  leaving group (e.g., OTs, Br) is outlined in Scheme 9. The protected 4-
hydroxyproline derivative 1a is converted to 9a via formation of 1d (which is
described in Scheme 1). Removal of the benzyl ether followed by conversion to
an appropriate leaving group and unravelling the N protecting group provided 9b.
Conversion to the macrocyclic ester 9¢ was carried out by treatment with sodium
16 carbonate/sodium iodide in refluxing acetone. Subsequent processing to the

desired target 9d was accomplished as outlined in Scheme 1.



wi th Dess-Martin reagent to generate conpounds of formula 5h. WD 01/77113
PCT/ US01/ 10869 67 Schene 5: OO Bu ROOR RR2 > > R2 0 5a R2 5b 5¢ RR2
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5 The preparation of the compound of formula 10e, wherein R1, R2, R3 are

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

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

15 10e was accomplished as outlined in Scheme 1.



NOO OO5h OR35 The conmpound of formula 6mis synthesized as outlined
in Schene 6 wherein R, R2, R and n are defined in Schene 1 and R6 being
al kyl , amwo pr/gater, carboxylic acid and carboxyl am des. ForUsamosend of
type 6b is synthesized fromé6a by a Wttig ol efination using Ph3PCH3l and
BuLi . The conpound 6b is further am nohydroxylated to synthesize conpound
of the type 6¢, which was 10 reduced uggng Rh/C, and H2 to afford conpound
of type 6d. The conpound 6d was oxidized to conpound of type 6e using
RuCl 3 and H6106. The conpound 6e WD 01/ 77113 PCT/US01/ 10869 68 was

el aborated to conpound 61 by coupling it with deprotected 6h using NW
EDCI, and HOOBt. Extension of conpound 61 to 6j, was again achieved by
coupl i ng Stheméedot ed 61 and appropriately substituted phenyl acetic acid
using EDCI, HOOBt and NMM The conpound 6k obtai ned after hydrogenol ysis
of 5 benzyl group in 6was cyclized to 61 using the Mtsunobu conditions. 61
was further elaborated to corrpounds ol ty m as outlined in Schene 1.
Schene 6: BocHNHo OH BocHN~~ % 6a 6b 6¢c 6d BOCHN~j COH

R6 6e PGZ/
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5 The preparation of the compound of formula 11g, wherein R1, R2, R3 are

defined above, R is alkyl, aryl, or alkylaryl groups; X is (CH,),,, (CH,) O, (CH,)_ NY
where m is one to five, and Y is hydrogen atom, alkyl, aryl group; A is hydrogen
atom or appropriately positioned halogen atom; PG' is appropriate protecting
groups (PG’ = t-boc, cbz, etc) is outlined in Scheme 11. The protected 4-

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

afforded 11e as a mixture of isomers which was hydrogenated to provide
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macrocyclic ester 11f. Subsequent conversion to the desired target 11g was
accomplished as outlined in Scheme 1.
Scheme 11
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The preparation of the compound of formula 12d, wherein R1, R2, R3 are
defined above, R is alkyl, aryl, or alkylaryl groups; n is from zero to five; X is
(CH,),, where m is one to five, oxygen atom, NY where Y is hydrogen atom, alkyl,
aryl group; A is hydrogen atom or appropriately positioned halogen atom; and PG'

10 and PG’ are appropriate protecting groups (PG' = t-boc, cbz and PG’ = H, Bn etc)
is outlined in Scheme 12. The protected 4-aminoproline derivative 11a is
converted to 11¢ as described in Scheme 11. Conversion of 11¢ to the
macrocyclic ester 12¢ and subsequent conversion to the desired target 12d was

accomplished as outlined in Scheme 1.



HHNRL NYOpR Q% 6mThe conpounds of type 7d are synthesized
using the arene ruthenium chem stry wherein the substituents Rl, R2, R3,

R are defonediinh Schene 1, and n=0 to 3. The synthesi s PETAURE/We69pound of
formula 7b was obtained fromb5 conpound of type 7a by an EDCI, HOBt, Hunigs
base coupling. The treatnment of WD 01/77113 PCT/ US01/ 10869 70 7b with
Cs2CA and photol ytic renoval of ruthem um converted the conpound of type
7b to type 7c, which was further elaborated to conpounds 7d as outlined in
Schene 1. Scheme 7 5 p HOu HOC P R+C ?N)' COOR + N OOR R H Cl H3NCR1
N_.AO R%él';el‘{leEiZO R3 CCOON7a p~ PF6 7Tb RL R~/ NRL

Q
H VAP
i AL NS
_/ =
R —
PG'—N H\j\(l'(o'* g
o) PG Y N x
'R3
11a 11e
P
r\—o

/nJL' o g '/HJL' o :
)k'r > N X\n/ Y N
O R O o R o}
12a 12b
— A
] Ay,
e J s s
1 oy
X\N/N . NQ(OR X\H/N . \ NYH
O -Pis (@] e} 'ﬁ3 O R2
12¢ i2d
5 Preparation of Intermediates:
Intermediate A:
Step 1:
H
O.N H
OgN/\/\ > I

10



HNORNOR2 NOONORI n OA3 7c 7d The preparation of the conpound
of fornula 8e, wherein Rl, R2, R3 are defined above, R is alkyl,

het er cal WO O{/OR13 SR'', NR'R'' wherein R'" and R'' are 10pral/kgo1/gseups),
hal o substituent at ortho, nmeta, or para -position to oxygen atom R is

al kyl, aryl, or alkylaryl groups; nis fromzero to five; and Xis (CH2)m
where mis one to five, oxygen atom MY where Y is hydrogen atom al kyl,
aryl group is outlined in Schenme 8. The protected cis-4-hydroxyproline
derivative 8a is converted to the brosylate (Bs = 4-bronobenzenesul fonyl)

derivative 8b Twhaskirréd sehsion ¢pl- ﬂm@ﬂ;umﬁ&gtm ggpplrenrmbl)airw giporgietawid cohol
under sodi um h&%l de conditions t nversion to the macrocyclic

ester 8diRRLQ (R4 §:H305 mal) anghi |(?%%I miaray & Cee’ Cnaiasaaddn b Arovese as
e TR b T R 4 e s B8 7
temperature, stirred overnight and concentrated to dryness to give an oil. The oil
5 was then dissolved in H20 and acidified to pH =1 with 10% HCI, followed by
extraction with EtOAc. The combined organic solution was washed with brine,
dried over Na2S0y4, filtered and concentrated to dryness to give the product ii (
28.1 g, 99% yield)

Step 2:
10

O2N OH HaN OH

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

Step 3:
20

HoN H BocHN H

iii iv

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



X~N-NOR XNNRL 011 R3OOR3OR 8d 8 5 The preparation of the

conpound of fornula 9d, wherein Rl, R2, R3 are defined above, R is alkyl,
het er cal WO O{/OR13 SRI", NR'R wherein R' and R'' are al kpCT/gsounpsgy, hal o
substituent at ortho, neta, or para -position to oxygen atom R is alkyl,
aryl, or alkylaryl groups; nis fromzero to five; Xis (CH2)mwhere mis
one to five, oxygen atom NY where Y 7% hydrogen atom alKyl, aryl group;
and LGis 10 leaving group (e.g., OIs, Br) is outlined in Schenme 9. The

protected 4 hydroxyproline derivative 1 a is converted to 9a via formation

of 1 d (eS| ifiin %%ﬁﬁfdrp\ﬁgs e 1670 gﬁiréutlg ”fb‘fl@l/veaf Q&dlﬁ S8y bi-gt her

fol | owed by convePS|on an appropri avl ng up an unravel ling the

N pr ot ectouhddigarpomape wnde(y 94.0 nﬁoasWanaismrredmttd"t@ fua¢5mymie|scThet er 9c was
carried ouhﬁby treat ment with sodi um 15 car bonat e/ g}fg)di um i odi de i n
ref | uxi n§OBHINoWAS thep yajmast togpatieampriaiuse: siTed iy 4osninuipg and derhas

acconpl i /4
Senome o TG HRP R pueifbr g RREBpkatefiadiitdseih Ol s ke TR T,
5  the solution of this crude material in EtOAc (100 mL) and ice, was added KHSO4
(3.36 g) and H20 (32 mL) and stirred for 4-6 minutes. The organic layer was then

separated and the aqueous layer was extracted twice with EtOAc and the

combined organic layer was washed with water, brine, dried over NagSO4,

filtered and concentrated to dryness to give the product as a clear gum (3.0 g,
10  89% yield).

Step 4:
H 0
H H
BocHN OH BocHN N\/U\O/\
—_—
O
CHs CHs
iv v
15 To a stirred solution of starting material (3.00 g, 12.0 mmol) in DMF (15

mL) and CH2Cl2 (15 mL) at -20°C was added HOOBt (1.97 g, 12.0 mmol), N-
methyl morpholine (4.0 mL, 36.0 mmol) and EDCI (2.79 g, 14.5 mmol) and stirred
for 10 minutes, followed by addition of HCI-HoN-Gly-OBn (2.56 g, 13.0 mmol).

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

20 overnight and concentrated to dryness, followed by dilution with EtOAc (150 mL).
The EtOAc solution was then washed twice with saturated NaHCO,, H,0, 5%
H3P04, brine, dried over Na2S04, filtered and concentrated to dryness to give the

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



LG PGNHn R'" 1 HN Rj HNNORN- OR ORZ OXIpl R3O 9a 9p RN R
rNQ Z/ Hfl HH N-NOR N NRL OR3OOR3 R9c 9d 5 The preparation
of the compourdidf formula 10e, wherein Rl, R2, R3 are de€imsad/mbeve, R
is alkyl, heteroalkyl (OR', SR'', NR'R'" wherein R'" and R'' are al kyl
groups), halo substituent at ortho, neta, or para -position to oxygen atom
R is alkyl, aryl, or alkylaryl group#8 n and q is any conbi nation of zero
to five; Vis oxygen atom NY where Y is hydrogen atom al kyl, aryl group;
Wis al kyl, aryl, 10 alkylaryl, heteroaryl; PG and P& are appropriate
protecti kgeggoups (PG = t-boc, cbz and P& = H, Bn, etc) is outlined in

Schene 10 protected 4- hydroxyprollne derlvatlve 1 ais converted to
10b as described in Schene 1. Renoval of the protecti ng group (10c)
foll owed by treatnent with phosgene equival ent resul in the macrocyclic
ester 10d. Conversi ot oyt h& desired target 15 10e a9|c Ilshed as
outlined in Stvekl 51&\"‘13 PCT/ uso1/ 10%@
o
CHj CHs
v Vi
5 The solution of starting material v (7.00 g, 17.8 mmol) in absolute ethanol

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

10 MH+= 305.1.

Step 6:
s
OH —_—>
BocHN BocHN N‘CH3
O 0]
vii viii
15 To a solution of dimethylamine hydrochloride (1.61 g, 19.7 mmol), N-Boc-

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

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



Schene 10 HO( On O PG -V PGL-NH > PGL-NHOO 1a 10a (q 0~~0 (rjgOn O
P&1-V HV PGL'NN HZNNN R R3 OR3 10b 10c 0'*' ' ~n (On H NR~NN O2 R3
O O R3 OWD 010d130e 5 The preparati on of the conmpound of PEDURUI/BSHL1],
wherein Rl, R2, R3 are defined above, Ris alkyl, aryl, or alkylaryl

groups; Xis (CH2)m (CH2)nDO (CH2)nmNY where mis one to five, and Y is
hydrogen atom al kyl, aryl group; A isfhydrogen atomor appropriately
positioned hal ogen atom PG is appropriate protecting groups (PG =
t-boc, cbz, etc) is outlined in Scheme 11. The protected 4 10 am noproline

derivatiyg &éni]"i‘afe% iRQA Béttggfﬂ)ﬂjbase [%edhéﬁfﬁlrffﬁ Q}t% SiitePOAIRL, whic

benzenesul onyl “chlori e an nova |ng group an
coupl i ng was usediwjthotefuriber porificationd deri vati ve gave 11 c. This was
converted, to_11 d using simlar deprotection, coupling strategy.
Pal | adi u%@?——eat al yzed cycli zation

?Hg - . CHs

N
BocHN Nachg HCIH,N “CHs
0O 0]

viii ix

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

solution was concentrated in vacuo to yield a white solid which was used in the

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

Step 8:
oL A
=00 OH  + OHg
0 HCIH N AT
CHs o)

H H ?Hs
——>  BocHN N N No CH
3
o) H 9
CHs

The desired compound x was prepared according to the coupling

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



afforded 1le as a m xture of isoners which was hydrogenated to provide WO
01/ 77113 PCT/USO01/ 10869 74 macrocyclic ester 11f. Subsequent conversion to
t he desi medot/zmget jig was acconplished as outlined in Seopwsollos®chene 11
H2d NHSHRRHOR PGL--NPG-NPGL~-N OR3 0 1la 1111 11c Ate! \ s H
S HORHOIly /X(NN NNNROR3 0 OR3 O 11d 11e 4SH\'NNHHO HRi
X<f HOR NNNNY OR30O0R3O0OR 3B0ll f iQ The preparation of the
conpound of forrmula 12d, wherein Rl, R2, R3 are defined above, R is alkyl,
aryl, or alkylaryl groups; nis fromzero to five; Xis (CH2)mwhere mis
one to fis{gp goxygen atom NY where Y is hydrogen atom al kyl,

soarn_L._H L T
0oC u \CHS -
0] 0
CHs
X
HCIH2N " H\i ﬁHS
2 El \CHS
0] 0]
CHs
A

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

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

Intermediate B:

Step 1
1 R
> L
O O HCI. HoN O\K
. . 0
A" X1

’ W’“’gj%u%‘*

The desired product xii was obtained by the procedure described for

10

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



aryl group; A is hydrogen atom or appropriately positioned hal ogen atom
and PG 10 and P& are appropriate protecting groups (PG = t-boc, cbz and
P& = H vBnoetua)3 is outlined in Schene 12. The protect edrdr/asiiopeol i ne
derivative 1la is converted to 11 ¢ as described in Schene 11. Conversion
of 11 ¢ to the macrocyclic ester 12c and subsequent conversion to the
desired target 12d was acconplished aBloutlined in Scheme 1. WD 01/77113
PCT/ US01/ 10869 75 Scheme 12 H2ly A O P "~ S NH R PGL-N PG'" NOR O
R3 O 1l1a 11c P O- (,~)OAHXD® A P nnRRr// tpHHNj4 ORN-NOR O

R3 O o R¥He crhda raderiaPwad\shificiently pure for further studies. A portion of the
product was purified by flash chromatography using 97/3 dichloromethane/MeOH.

HRMS (FAB) Calcd for CogH40N307: 494.2866 (M+H)*. Found: 494.2863.

Step 2
OH O
H H
>y A K
O O O
Xii
vl
OH H O
HCI. HoN N\/u\m o)
Q 0O
5 B

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

Intermediate C:

10 Step 1:

» H
BocHN BocHN N\CH3
O 0
vii Xiii

The desired compound xiii was prepared similar to the coupling
procedures described in Step 6 for intermediate A except for substituting
methylamine for dimethylamine.



RR H_HH NNORX(INNRLR3IOR2 0 R30O12c 12d 5 Preparation of
Internediates: Internediate A: Step 1: H 2N H p2N-/\ O ii 10 WO

01/ 77113 WRC1/US@3L/ 10869 76 To a stirred solution of 1-niPeDbEMIANEY 16.5 Q,
0.16 nol) and glyoxylic acid in H2O (28.1 g, 0.305 nol) and McOH (122 nl)
at 0CG-5C, was added dropwi se triethyl _amne (93 nL, 0.667 nol) over 2 hrs.
The solution was warned to room tenp ture, stirred overnight and
concentrated to dryness to give an oil. The oil 5 was then dissolved in H20
and acidified to pH =1 with 10% HCO, followed by extraction with EtOAc.
The conbiStepl2or gani ¢ sol uti on was washed with brine, dried over Na2S4,
filtered and concentrated to dryness to give the product ii 28.1 g, 99%
yield) Step 2:

H > N
No HCIH2N “CHs
BocHN CH3 o)
O .
xiii Xiv
5 The desired compound xiv was prepared from xiii according to the

procedures described in Step 7 for intermediate A.

Step 3:
H H 0
. BocHN N\/”\OH
H 0
HCIHoN “CHj
o) CHs
xiv - vi

BocHN

y
L
ZT
I=
/ZI
Q
I
&

CHa
Xv

10
The desired compound xv was prepared according o the coupling

- procedures described in Step 6 for intermediate A, except for substituting amine

xiv for amine ix. LRMS m/z MH+= 451 1.



10 HH 02N OH H2ZN OH 0 Oii iii  To a stirred solution of starting
material i1 (240 g, 1.35 nol) in acetic acid (1.25 L) was added 10% Pd/ C
(37 g). Weor/zamwd ti ng sol uti on was hydrogenated at, 15 59P@BUS10N08® hrs and
then at 60 psi overnight. The acetic acid was then evaporated and
azeotroped 3 tinmes with toluene, then triturated with MeOH and ether. The
solution was then filtered and azeotr@gsd twice with toluene to give an off
white solid (131 g, 0.891 nol, 66%. Step 3: 20 HH H2ZN HBocHNH OO

iii iv To a stirred solution of the amno acid iii (2.0 g, 13.6 nmmol) in
di oxane gk, 4 -) and H2O (5nL) at OC, was added IN NaOH solution (4.3 i,
14. 0 mmol)~ 01/ 77113 PCT/USO01/ 10869 77 The resulting solution was

stirred for 10 minutes, followed by addition of di-t- butyldicarbonate
(0.110 g, 14.0 mmol ) and stirred at Qefor 15 mnutes. The solution was
then warned to roomtenperature, sti for 45 mnutes and kept at

refrigerator overni ght and centrpategfto dryness to give a crude
material. To 5 the sqjihon lof Hgﬁcr

defmaterial _in EtOAc (100 ni) and
ice, was added KHSO4 N CHz
H
o} O
CHs
Xv
womav L R Tk
2 H \CHS
O o
CH3
c
5 The desired intermediate C was prepared according to the procedures

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

Intermediate D:

BocHN N 0~~Ph » HCIH2N N O/\Ph
O O
CHs CHs

v D

10

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



(3.36 g) and H20 (32 nmL) and stirred for 4-6 mnutes. The organic |ayer was
then separated and the aqueous | ayer was extracted twice with Et OAc and
the conmwe@ed7anyani c | ayer was washed with water, brine, PAT/USH/ 08"
Na2SO4, filtered and concentrated to dryness to give the product as a
clear gum (3.0 g, 10 89%yield). Step 4: HH H O BocHN OH BocHN N ~, AO Ph
OO0CH3 CH3 ivV 15 To a stirred solg4tion of starting material (3.00 g,
12.0 mmol) in DW (15 m-) and CH2CI 2 (15 nlL) at -20C was added HOOBt (1.97
g, 12.0 mmol), N nethyl norpholine (4.0 niL, 36.0 mml) and EDCl (2.79 g,
14.5 mol isEged for 10 mnutes, foll owed by addition of
HG-HZN&@%#%%%G g, 13.0 mmol). The resulting solution was stirred at
-20C for S2eprls, then kept at refrigerator 20 overni ght and concentrated to
dryness, followed by dilution with EtQAc (150 nL). The Et OAc sol ution was
t hen washed twice with saturated NaHCO3, H2O, 5% H3PO4, brine, dried over
Na2SO4, filtered and concentrated to dryness give the product (4.5 g,
94% . LRVMS mz MH= 395.1. WO 01/77113 PCT/ 10869 78 Step 5 HH
BocHN NJO Ph BocHN NJOH O O

H PH oy
>ro\g/N N\J\H

Xvi

H oy
TFA.HoN N N OH
O H O
Xvii

To a solution of xvi (5g) in dichloromethane (20 mL) was added TFA (20
mL) and stirred at ambient temperature for 4 hrs. Another portion of TFA (10 mL)

was added and left standing for additional 3 hrs. All the volatiles were evaporated
and it was dried in vacuo to provide quantitative yield of xvii. This material was
10  carried further. (Note: The starting material xvi was obtained by a similar protocol

described for B, using nitropentane as precursor).



H3 CH3 V vi 5 The solution of starting material v (7.00 g, 17.8 mol) in

absolute ethanol (300 m-) was stirred at room tenperature under a

hydr ogen vaonogphere in the presence of Pd-C (300 ng, 10%CT/URé/ve&@cti on

progress was nmonitored by TLC. After 2h, the mxture was filtered through

a celite pad and the resulting solution was concentrated in vacuo to give

t he product vi (5.40 g, quantitative) 88RVS mz 10 M+= 305.1. Step 6: CH3

BocHN OH BocHN NCH3 OO0 vii viii 15 To a solution of dinethylam ne

hydrochl oride (1.61 g, 19.7 nmmol ), N Boc- phenylglycine (4.50 g, 17.9

mol ), H%(S.O? g, 18.8 mmol) and EDCl (4.12 g, 21.5 mmol) in anhydrous
0

DVF (20 =) and CH2CI 2 (150 nlL) at -20C was added NWM (5.90 nL, 53.7
nol ). After being stirred at this tenperatu or 30 mn, the reaction
m xture was kept in a freezer overnight (18 It was then 20 allowed to
warmto rt., and EtOAc ( 450 ni), boHe, (1 and 5% H3PO4 (100 nl)

e t He aprc sol uti on was washed
with 5% H3PO4 (100 nmlL), saturated hquBpous soHi urff bi carbonate solution (2 X
150 m.), water (150 ni), and bri (180 L), driGd (MgSO4), filtered and WO
01/ 77113 PCT/ US01/ 10869 79 concgntrated in vacuo to afford crude product
viii (4.86 g) as a white solid,which wasiiused wi thout further
purification.

were added. After |ayers wefm. sigRar

xviii
The desired compound xviii was obtained by the method described for

Intermediate A, Step 3. Sodium carbonate was used as the base instead of

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

Step 3
H O
>|/O\n/n H\/U\N; _OH '
H
O 0O

)

xviii

Y
SIS E
>INy Y S
0] 0] 0
xix



Step 7: I~ I\ ~H3 H3 BocHN N'CH3 HCIH2ZN N "CHs O Owviii ix 5 The
N- Boc- phenyl gl yci ne di nethylam de viii (4.70 g, crude) was dissolved in 4
N HCl (60voh1/724D mol ) and the resulting solution was stPET/@E8012108¢900M
tenperature. The progress of the reaction was nonitored by TLC. After 4 h,
the solution was concentrated in vacuo to yield a white solid which was
used in the 10 next reaction without f&8 ther purification. LRVMS mlz MH=
179.0. Step 8 H BocHNNJ OH+ fH3 O HOCHZN NCH3 CH3 O vi ix HH YH3
BocHN N NCCH3 O H CH3 x The desired conpound x was prepared according to
the coupling 15 procedures described in Step 4. LRM5S nfz M#= 465.1. WO
01/ 77113 PCT/ USO1/ 10869

To a cold (-20°C) solution of xviii (4.8 g, 10.7 mmol) in

dichloromethane/DMF (4/1, 25 mL) was added dimethylamine hydrochloride (959
mg, 11.77 mmol), diisopropylethylamine (4.2 mL, 24.1 mmol) and BOP (6.14 g,

5 13.89 mmol). It was left standing at -8°C overnight. The reaction mixture was
diluted with dichloromethane and washed with 10% citric acid solution, saturated
NaHCQOg3 solution and brine. The organic layer was dried (Na2SO4) and
concentrated. The residue was purified by flash column chromatography using

97.5/2.5 dichloromethane/MeOH to afford 2.4 g of xix (47% yield). HRMS (FAB)
10  Caled for C24H39N406: 479.2870 (M+H)*. Found: 479.2862.

Step 4
H 0
H H |
XO\"/N N i N
H
o) 0.

0]

Xix

\J
a1,
HCI. HoN N N N
0] H o)
"

The desired product E was obtained by the procedure described for

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



80 Step 9@ HH ?H3 BocHN NJNNCH3 OHOCH3 x HH?H3 HC'H2N NJN NCH
3 OHOCH3 A The desired internediate A was prepared fromtripeptide X
accordi ngvoor/thes 5 procedures described in Step 7. LRVS PCPUMA08B65. 1.
Internediate B Step 1 NHN% ,YYHO + OOHCO. H2N O Vi xi H

87
Intermediate F
Step 1
HO, HO,
>L q)\cozH _— 9\ N~ “COsCH3
Ao Ao
XX XXi
5 To a cold (0°C) solution of xx (20.0 g, 86.5 mmol) in benzene (300 mL)

and MeOH (50 mL) was added trimethylsilyl diazomethane (2M in hexanes, 56
mL, 112 mmol) dropwise till the solution remained yellow. The reaction mixture

was concentrated o provide 21 g of xxi (99% yield) which was pure enough to be

carried further. HRMS (FAB) Calcd for C11H20NO5: 246.1341 (M+H)*. Found:

10 246.1347.
Step 2
" o
>L CN)\COQCH3 —_— > >L N CO5CH3
S Ao
XXi XXii
15 To a cold (~5°C) mechanically stirred mixture of triphenylphosphine (31.97

g, 121.9 mmol) and methanesulfonic acid (7.66 mL, 118.1 mmol) in toluene was
added DEAD (26.47 g, 152 mmol) slowly while maintaining the reaction
temperature below 35°C. After the addition was complete, the reaction mixture
was cooled to 20°C and a solution of xxi (23.71 g, 96.8 mmol) in toluene was
20 added followed by triethylamine (5.39 mL, 38.7 mmol). The mixture was heated
to 70-75°C for 6 hrs and cooled to 5-10°C for 1 hr. All the solid material were
filtered off and the filtrate was washed with 5% KH2PQO4 solution and brine. The

organic layer was dried (Na2S0O4), and concentrated. Flash column

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



NNNOHOOO xii 10 The desired product xii was obtained by the
procedure described for Internmediate A Step 8 using comrercially

avai | abl avan1/2813 he coupling partner. WO 01/ 77113 PCT/ USORCT/08G2108®1 The
crude material was sufficiently pure for further studies. A portion of the
product was purified by flash chromatography using 97/3

di chl or onet hane/ MeOH. HRMS (FAB) Cal &8 f or C25HA0N307: 494. 2866 ( MtH) +.
Found: 494.2863. Step 2 HOHHOONOOOHO vI OHHOHA. H2N NLN O
OH 5 B The desired product B was obtai ned by the procedure described for

pur 11 catd ST 83% il HRBSlrAR) GG TSRS RDTS "SR A7 W H)#!

Found: 324.1115.

Step 3
MsQ, N;'
>Lz_N>\COZCH3 —_— >|\ CN) ~CO,CH3
Ao Ao
5 xxii Xxiii

The mesylate xxii (26 g, 80.4 mmol) was dissolved in DMF and all the
volatiles were evaporated in vacuo. (CAUTION: Trace amounts of
dichloromethane must be removed by this process). To the remaining solution

10 was added sodium azide (5.75 g, 88.4 mmol) and warmed to 70°C over 5 hrs.
The reaction mixture was cooled, diluted with EtOAc and washed with saturated
NaHCO3. The organic layer was dried (Na2SO4) and concentrated to afford 18 g
(83% vyield) of xxiii which was sufficiently pure for further studies.

Step 4
15

Ny . HoN,

-

QCOZCH3 _— Qcochg
1L AL

F

The desired product F was obtained by the procedure described for

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



BocHN H BocHN N'CH3 O Owvii xiii The desired conpound xiii was prepared
simlar to the coupling procedures described in Step 6 for internediate A
except fovosubmidtuti ng nethylam ne for dinethylam ne. VWXDUAH7DED

PCT/ US01/ 10869 82 Step 22 H HHC'H2N N CH3 BocHN N~CH3 O xiii xiv 5

The desired compound xiv was prepared fromxiii according to the procedures
described in Step 7 for internmediate 89 Step 3: HH O BocHN N~-CH + O
HCIH2ZN N,CH3 O CH3 xiv vi | H BocHN NJN N-CH

Examples

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

5
J_\Q
0 0 0 CHa
H H H |
I RIS,
o = o) 0 Ho 6
O CHs
1A
c{'_\\g-
o/ 0 o) CHs
H H H |
1 TR,
o o 3 H 0
O CHz
1B
Step A:
HQ_ ©/\O/\/\O
AL ot ——— T Sl T2 o
o) N 0
o O
1a 1b
10

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

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



OH3 CH3 xv 10 The desired conpound xv was prepared according to the
coupling procedures described in Step 6 for internediate A except for
substi tutwegrartihe xiv for amne ix. LRVMS nlz MH+= 451. 1PCTNOS@110360113
PCT/US01/ 10869 83 Step 4: H BocHNNv "NNCH3 OHOCHs xv H HC'H2N
NN NCH 3 OHCH3 C 5 The desired internediate C was prepared accordi ng
to the procedures described in Step ®0or internmediate A LRVE mz M=
351.1. It was used wthout further purification. Internediate D

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

HCI solution (20 mL). After addition of ethyl acetate (800 mL.), brine (150 mL) and

more water (150 mL), the formed two layers were separated and the organic layer

was washed with 5% H3PO4 (3X200 mL). It was then dried with MgSOg4, filtered
5 and concentrated in vacuo to afford 1b as an oil which was used in Step B

without further purification.

Step B:

©/\0/\/\Q /\/\9
0 ; —_— Q\OO

>Lo Jj\{lg/OH JLN OMe
@)

1c

10
The acid 1b from Step A was dissolved in benzene (25 mL) and methanol
(28 mL). To this solution at room temperature was added a solution of
trimethylsilyl diazomethane (27 mL, 2.0 M in cyclohexane) with caution. After
being stirred at room temperature for 1 h, it was concentrated in vacuo to yield the
15 methyl ester. Flash chromatography (8 to 20 % EtOAc-CH2Clo) afforded 1¢ (5.15

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

0 ©/\O/\/\Q
7 _—
>|\Oj\g>\'(OMe HorHN~y OMe
X 0

ic 1d
20
The Boc-amino methyl ester 1¢ (5.83 g, 14.8 mmol) was dissolved in 4 N
HCI in dioxane (80 mL, 320 mmol) and the resulting solution was stirred at room

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



10 BocHN H NJO-Ph HCIl ZNHN Ph OO CH3 CH3 v D The desired

I ntermedi ate D was prepared from conpound v according to the procedures
descri beavony/Btep 7 for internediate A It was used w t hor€TAUSo 10869 15
purification. WO 01/77113 PCT/USO1/ 10869 84 Internediate E Step 1 H yN N
JNOOHO xvi HTFA H2ZNJ(OH O HO xvii 5 To a solution of xvi (59)
in dichloromethane (20 ml-) was added 9FA (20 nl) and stirred at ambient
tenperature for 4 hrs. Another portion of TFA (10 m-) was added and | eft
standing for additional 3 hrs. Al the volatiles were evaporated and it

was dri edolutionagad coRceritmatedén qaand ahatihe eesided daefkeptundedGacuumt eri al was
10 carried further. (Note: The starting material xvi was obtained by a
si milar vefrighl to yield a white solid which was used in the next coupling reaction

without further purification.
Step D:

SRS
©/\O/\/\9 . *YHV&QW e
HCI Hgl{)(o“"e o O o)

5 1d 1e

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

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

10 added NMM (6.50 mL, 59.1 mmol). After being stirred at this temperature for 30
min, the reaction mixture was kept in a freezer overnight (18 h). It was then stirred
in‘ air and allowed to warm to room temperature in 1h. EtOAc ( 450 mL), brine
(100 mL) and 5% H3PO4 (100 mL) were added. The separated ofganic solution
was washed with 5% H3PO4 (100 mL), saturated aqueous sodium bicarbonate

15  solution (2 X 150 mL), water (150 mL.), and brine (150 mL), dried with magnesium
sulfate, filtered and concentrated in vacuo. Flash chromatography (10 to 20 %
EtOAc-CHoClo) afforded 1e (6.60 g, 84% 2 steps) as a white solid. TH NMR (400
MHz, ds-DMSO) 5 7.36-7.25 (m, 5 H), 6.87 (d, J=8.9 Hz, 1 H), 4.46-4.40 (m, 2
H), 4.25 (t, J=8.3 Hz, 1 H), 4.11 (s, 1 H), 4.05-4.04 (m, 1 H), 4.03-3.94 (m, 1 H),

20 3.60 (s, 3H), 3.50-3.41 (m, 4 H), 2.25-2.20 (m, 1 H), 1.95-1.88 (m, 1 H), 1.77-
1.55 (m, 9 H), 1.35 (s, 9 H), 1.19-0.90 (m, 4 H); "*C NMR (100 MHz, d-DMSQ) &
172.0, 170.7, 155.6, 138.8, 128.2, 127.4, 127.3, 78.0, 77.1, 71.9, 66.6, 65.1, 57 4,
56.3, 51.8, 34.5, 29.6, 28.6, 28.2, 25.9, 25.6, 25.5.



described for B, using nitropentane as precursor). WO 01/77113
PCT/US01/ 10869 85 Step 2 H TFA. ?XBJ1OH O HO xvii H/NNJN CH

H O xviiwodhendesi red conmpound Xxviil

~0 0

was obt ai ned by thepartkadios@scri bed

for Internediate A, Step 3. Sodium carbonate was used as the base instead
of 5 NaOH The crude material xviii was carried further w thout
purification. Step 3HHHO yNN 'N¥H 00 HO xviii HNNNN-~

O 0 Ax WO 01/77113 PCT/ USO1/ 10869 86

Step E:

©/\o/\/\? :
¥YH}@0Me - HCIH zN\ijf\(lgOMe
0 O o) O

1e

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

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

15 52.0, 34.0, 29.8, 27.7, 27.0, 25.6, 25.5, 25.48; HRMS m/z 433.2702 [calcd for
Co4H3N205, 433.2702].

Step F:

: ]

. R H
HCI HzNiiNQ(OMG N\iNQ(OMe
Q O

1f 19

@AO/\/\O O/\OH/\/\

OH



To a cold (-20C) solution of xviii (4.8 g, 10.7 nmol) in

di chl oronet hane/ DVF (4/1, 25 nl) was added di net hyl am ne hydrochl oride (959
ng, 11. 7wWomobt)y3 dii sopropyl ethylamne (4.2 ni, 24.1 nmmol PCEOSIIRORY 6. 14 g,
5 13.89 mmol ). It was left standing at -8C overnight. The reaction m xture

was diluted with dichloronethane and washed with 10%citric acid sol ution,
saturated NaHCO3 solution and brine. 9%he organic |ayer was dried (Na2SO4)

and concentrated. The residue was purified by flash col um chromat ogr aphy

using 97.5/2.5 dichloromethane/ MeOH to afford 2.4 g of xix (47%yield).

ERI\H/BO( EAEI) 10 T%aé §9|Jti6h &%Hé%%ﬁ@ﬁf (ﬁl&% %E& d)wtﬁyﬂrofygldﬁgrglég Tczh%gﬁem rsggp

product Kl @@sg dt&falnmadl)bbi()%t @wgdm?.@ mhesad) e &I (2.85get40dnatod) iA, St ep
T/ Uso1 Arasgs st (8B mbRAce Enetiipabl i oy 80°C, wasaadea Nk ¢/ 49
mL, 38.2 mmol). After being stirred at this temperature for 30 min, the reaction
5 mixture was kept in a freezer overnight (18 h). It was then stirred in air and
allowed to warm to room temperature in 1h. EtOAc ( 500 mL), brine (100 mL) and
5% H3PO4 (100 mL) were added. The separated organic solution was washed
with 5% H3PO4 (100 mL), saturated aqueous sodium bicarbonate solution (2 X
150 mL), water (150 mL), and brine (150 mL), dried with magnesium sulfate,
10 filtered and concentrated in vacuo. Flash chromatography (10 to 20 % EtOAc-
CH2Clp) afforded 1g (6.30 g, 11.1 mmol, 90 % (2 steps)) as a white solid. TH
NMR (400 MHz, ds-DMSO) §9.26 (s, 1 H), 8.19 (d, J = 8.5 Hz, 1 H), 7.36-7.25 (m,
5 H), 7.05-7.01 (m, 1 H), 6.66-6.64 (m, 1 H), 6.60-6.57 (m, 1 H), 4.46-4.39 (m, 2
H), 4.34 (t, J= 8.3 Hz, 1 H), 4.29-4.25 (m, 1 H), 4.09-4.08 (m, 1 H), 3.91 (d, J=
15  11.0 Hz, 1 H), 3.66-3.58 (m, 1 H), 3.61 (s, 3 H), 3.50-3.39 (m, 5 H), 3.30 (d, J=
13.7 Hz, 1 H), 2.24-2.18 (m, 1 H), 1.95-1.89 (m, 1 H), 1.74-1.57 (m, 8 H), 1.18-
0.89 (m, 5 H); "C NMR (100 MHz, d-DMS0) § 172.0, 170.3, 170.0, 157.1,

138.6, 137.6, 128.9, 128.2, 127.4, 127.3, 119.6, 116.1, 113.2, 76.9, 71.8, 66.6,
65.2,57.4,54.7,51.9, 51.8, 41.8, 34.4, 29.6, 28.5, 28.0, 25.5, 25.5; HRMS m/z
20 567.3073 [calcd for C3oH42N207, 567.3070].

Step G:

Q/\OH/\/\) I-lo?:\/\?
A Ao T
0 @



01, H>0," CH NQC2H23 ~00-)~10-0Oxx xxi 5 To a cold (0C) solution
of xx (20.0 g, 86.5 mmmol ) in benzene (300 n.) and McOH (50 m -) was added
trimet hylwod byt71ds azonmet hane (2M i n hexanes, 56 ni, 112 npol/uSadrops se till
the solution remained yellow. The reaction m xture was concentrated to
provide 21 g of xxi (99%yield) which was pure enough to be carried
further. HRVMS (FAB) Calcd for Cll1 H20N¥&b: 246.1341 (M+H) +. Found: 10
246.1347. Step 2 HO Ms NCOCH COCH N 23 N2 3 xxi xxii 15 To a cold
(-.5C) nechanically stirred m xture of triphenyl phosphine (31.97 g, 121.9

mrol ) and et Rgne syl e ¢ tRE benkyi-difeMtg (8.28 . 1TBmmbI) ih QlHeRE (s  added
%% mmﬁ) sﬁ%w{ I'le p {

DEAD (26.47 g, 1 y I'ntaihing the reaction tenperature
bel ow 35@L)Airidar ritnegenidt tocmn tevaperaior wae added 10%cPd@) ( TExY) waatiously.

cool ed tq_ 20C apd a sol utjon of xxi@iﬁ%& 71 g, . 96.8 nmol %@i n toluene was 20
added f ol INGHEUBOSUSPERFICAW AR Vige! YrEE'”%@??fQﬁFBIt?mP? Urg Wadefe was

heat ed t 9@}?}{ t Tere i I d

mat eri al (P]\Xé[r% Io{r?grrgﬁ%f@agﬁfg? ? ﬁjeaﬁg M ?‘reg?&e%ﬁs%g;c ﬁ@ge%ﬁ%‘%dé@?@%m

sol ut b on Fash thionmatogrephydedars % Ma@H-CkipCld) affdrdddaPvCiLb4 ¢319d52 mmol,
concentrated. Flash colum chromatography of the residue using 95/5

di chl or o7t %hne/EtSMdess oifi dEINRIR (100OVIBE, GZ-DMSEYY USBL(s1 0849 8.22 (d, J
=8.6 Hz, 1 H), 7.06-7.02 (m, 1 H), 6.66-6.58 (m, 3 H), 4.42-4.40 (m, 1 H), 4.35-
4.31 (s, 1 H), 4.27 (t, J= 8.3 Hz, 1 H), 4.10-4.09 (m, 1 H), 3.92 (d, J= 11.2 Hz, 1
H), 3.64 (dd, J = 11.2, 4.3 Hz, 1 H), 3.61 (s, 3 H), 3.59-3.43 (m, 5 H), 3.40-3.38

10 (m, 1 H), 2.26-2.21 (m, 1 H), 1.97-1.90 (m, 1 H), 1.74-1.55 (m, 8 H), 1.18-0.89 (m,

5 H) ; *C NMR (100 MHz, d-DMS0) § 172.0, 170.3, 170.1, 157.1, 137.6, 129.0,
119.6, 116.0, 113.3, 76.9, 65.2, 57.6, 57.4, 54.8, 51.9, 51.8, 41.7, 34.4, 32.6,
28.5, 28.0, 25.9, 25.52, 25.49; HRMS m/z 477.2606 [calcd for CosHagNoO7,

477.2601].
15 Step H:
: : HO
H'\/\O O/—\o
H\/ﬁ\gl‘(OMe ~ E;H\j\g)\"/oMe
o) O o) 0 : o)

1h 1i

A solution of the phenol alcohol 1h (4.50 g, 9.43 mmol) and ADDP (8.60 g,

26.2 mmol) in anhydrous CH,CI, was bubbled with argon through a frit glass
20  bubbler for 20 min. To this solution at 0°C was added triphenylphosphine (4.10 g,

16.3 mmol). After stirring at 0°C for 20 min, a second portion of
triphenylphosphine (3.40 g, 13.5 mmol) was added. The solution was then
warmed to room temperature and stirred overnight (24 h) under nitrogen until TLC
indicated the complete consumption of the starting material. After removal of

25 solvent in vacuo, the residue was partially purified by flash chromatography (1 to



88 of xxii (83%yield). HRM5 (FAB) Calcd for CL2H22NO7S: 324.1117 ( M+H) +.
Found: 324.1115. Step 3 MsON? CO2CH 3 ~ NCO2CH3 OOOO5 xxii xxiili
The mesylve®er/xni3 (26 g, 80.4 mmol) was dissol ved i n DVF padusbéi1oséve

vol atiles were evaporated in vacuo. (CAUTION:. Trace amounts of

di chl oronet hane nust be renoved by this process). To the renaining solution
10 was added sodium azide (5.75 g, 88.96mmol) and warned to 70C over 5 hrs.
The reaction mxture was cooled, diluted with Et OAc and washed wth
saturated NaHCO3. The organic | ayer was dried (Na2SO4) and concentrated to

Studi es. CorerePHLCRAIRG adria G YAhaT g oGV OB AR 2 05 S i1
!t er ot ety iohifprinde3id8” f RfAR 1o REEIGISHICH EER7 U TH o Phi, 1
purifi cat)pr.1 AR 18U L L3, ECH/(YSPH)16F89d, L 1E3 #FpHEs), 6.71 (d, J=1.8 Hz, 1
H), 4.50-4.45 (m, 1 H), 4.24 (dd, J= 10.3, 7.6 Hz, 1 H), 4.17-4.06 (m, 4 H), 3.68
5 (d, J=15.1Hz, 1 H), 3.63 (s, 3 H), 3.60-3.51 (m, 2 H), 3.37 (d, J = 15.1 Hz, 1 H),
3.35-3.27 (m, 1 H), 2.51-2.43 (m, 1 H), 1.85-1.47 (m, 9 H), 1.22-1.12 (m, 3 H),
0.97-0.88 (m, 2 H) ; "°C NMR (100 MHz, d-DMSO) § 172.0, 170.0, 169.8, 158.4,
138.1, 129.1, 121.8, 115.4, 112.2, 77.0, 64.9, 63.6, 57.0, 54.3, 53.4, 51.8, 41.3,
33.2, 28.9, 28.5, 28.2, 26.0, 25.2; HRMS m/z 459.2495 [calcd for CosH34N20g,
10 459.2495].
Step I:

9 /_\\9
Tt — Gy
O O

1i 1j
An aqueous lithium hydroxide solution (0.45 g in 30 mL H,O) was added to
15 a 0°C solution of the methyl ester 1i in THF (30 mL) and methanol (30 mL). The
mixture was stirred in an ice bath and warmed to room temperature along with it
in 4 h. The progress of the reaction was monitored by TLC. After the volatiles
were removed in vacuo, EtOAc (150 mL) and water (30 mL) were added and the
two layers separated. The aqueous solution was exiracted again with CH2Clo
20 (150 mL), after which it was acidified to pH = 1. EtOAc (200 mL) was then added
and the aqueous solution was saturated with solid sodium chloride. After
separation of the layers, the aqueous layer was extracted with EtOAc (2 X 150
mL). Organic solutions were combined, dried with magnesium sulfate, filtered and

concentrated in vacuo to afford 1j (1.45 g, 3.26 mmol, 35 %, 2 steps) as a pale



Exanpl e 1: Preparation of conpounds of Fornulas 1A and 1 B 5 HOHOHO
CH3 NNN,KHNIH OOOOCH3 1A/ HOHOHOCH3 NNM I /N ~AH
fCH3 O WwWoor1n1G3 0 1CH3 1B Step AA HOI 0~~9 HOH Cre¢r/0Os@/108@ 1b 10
To a solution of Boc-Hyp-OH (7.0 g, 30.3 nmol) and benzyl 3-bronopropyl
ether (7.8 g, 34.0 mmol) in anhydrous DMF (400 nl-) at roomtenperature was
added sodi um hydride (3.5 g, 60% di spe#&ion in mneral oil, 87.5 nmmol) and
sodiumiodide (0.5 g, 3.33 nmols) with stirring. The resulting suspension
was 15 vigorously stirred at roomtenperature overnight (18 h). The

reaction was, MO 1 NiRT200 Wid2! d2BRi50) 5 12.32 (bs, 1 H), 8.45 (d, J=9.5
Hz, 1 H), 7.17-7.13 (m, 1 H), 6.73-6.70 (m, 1 H), 6.79 (s, 1 H), 6.73-6.70 (m, 2 H),
4.47 (t, J=9.7 Hz, 1 H), 4.17-4.00 (m, 5 H), 3.68 (d, J = 15.1 Hz, 1 H), 3.58-3.45
(m, 2 H), 3.39-3.21 (m, 2 H), 2.47-2.41 (dd, J = 13.4, 7.6 Hz, 1 H), 1.85-1.56 (m, 9

5 H),1.19-1.11 (m, 3 H), 0.93-0.87 (m, 2 H) ; "*C NMR (100 MHz, d-DMSO) 5

173.2, 170.2, 170.0, 158.4, 138.1, 129.3, 122.0, 115.5, 112.2, 7.3, 65.1, 63.8,
57.3,54.2, 53.7, 41.5, 33.6, 29.0, 28.6, 28.4, 26..1, 25.4; HRMS m/z 445.2335
[calcd for CogH3oNo0Og, 445.2339].

Step J:
10

y 0 ' OH 0 CHg
N\_,J\Q(OH +  HOmN N\/U\H “CHj
o = o} o) o)
O
1j A

o/—\\g
o/ OH 0 CHs
H H H i
A LT
o ; o) O 0
O CHs
1k

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

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



90 quenched carefully with a slow addition of water (50 m-) and acidified
with 6 N HClI solution (20 nL). After addition of ethyl acetate (800 ni),
brine (130nm/7Nn1:and nore water (150 nli), the fornmed two PEAVESE/WE%e
separated and the organic |layer was washed with 5% H3PO4 (3X200 ni). It
was then dried with MpSO4, filtered 5 and concentrated in vacuo to afford
1 b as an oil which was used in Step B%ithout further purification. Step
B: O )o!OWw ]4)TOH O 1b 1c 10 The acid 1 b from Step A was di ssolved in
benzene (25 m-) and nethanol (28 nL). To this solution at room

tenper at yhie Bﬁﬁeiﬁ@%ﬁ. yarkP5% H P021f SGhL?TWéSé! 'a%lUbM'THé%éBHP&tQ@BQe(rﬁ@ m,

2.0 Min cyclohexane) W th cau Ion. Afte eing stirred at roo

t enper at wotutionrwds Wwashedy@scoeesively, nathesho M3ROqUBO0trL) isatitatsteadieotst hyl
ester. Flash chromatography (8 to 20 % Et OAc- CH2Cl 2) afforded 1 c¢ (5.15 ;
13. 1 mmolsodagpicaroraie)schsicam(2oX180 Bl ppvater §80-mbypamthbringl (BMnL)OdNed O i1c
1d 20 . . . .

with magnesium sulfate, filiered and concentrated in vacuo. Flash

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

diastereomers (0.59 g, 0.75 mmol, 56%) as a white solid. TH NMR (400 MHz, d-
DMSO) & 8.54-8.35 (m, 2 H), 7.95-6.98 (m, 8 H), 6.79-6.77 (m, 1 H), 6.72-6.70 (m,
2 H), 5.96-5.73 (m, 2 H), 4.53-4.45 (m, 1 H), 4.35-3.61 (m, 11 H), 3.54-3.41 (m, 1
H), 3.40-3.22 (m, 1 H), 2.93-2.92 (m, 3 H), 2.84 (s, 3 H), 2.42-2.17 (m, 1 H), 1.87-

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

15 64.9,64.8,63.2,58.7, 58.5, 57.9, 57.8, 54.6, 54.5, 54.48, 53.8, 53.78, 53.7,
53.66, 53.0, 52.9, 51.0, 50.8, 50.7, 41.6, 41.5, 41.4, 41.3, 36.6, 35.3, 33.9, 33.86,
33.5, 32.9, 32.1, 29.9, 29.0, 28.9, 28.5, 28.4, 28.3, 26.0, 25.9, 25.3, 25.25, 25.2,
18.6, 18.56, 18.5, 13.8, 13.7; HRMS m/z 791.4339 [calcd for C42H58Ng0g,
791.4344, error = 1 ppm].



The Boc-am no nmethyl ester 1c (5.83 g, 14.8 mml) was dissolved in 4 N HC
in dioxane (80 nL, 320 mml) and the resulting solution was stirred at room
t enper at we01/The3 progress of the reacti on was nonitored bpcTuShi/Beser 5 h,
the WO 01/77113 PCT/ US01/ 10869 91 solution was concentrated in vacuo and
the resi due was kept under vacuum overnight to yield a white solid which
was used in the next coupling reacti o®8 wthout further purification. Step
DI '"~~9 HOuUNNOWwW Ow 11Ol 0 HGQ). HNO 5 1d 1le To a solution of
the amne ester 1 d (fromStep 1 B), N Boc cycl ohexyl glycine (4.10 g, 14.9
mol ), HOIK(2.60 g, 15.9 nmmol) and EDCI  (3.41 g, 17.8 nmol) in anhydrous
DMF (150 m-) and CH2ClI 2 at -20C, was 10 added NMM (6.50 m_, 59.1 nmol).
After being stirred/at\this tenperature for 30 mn, the reaction mxture

was kept in a @ then stirred in air and
al l onwed to war t enper at P ﬁ_ﬁ: ( 450 nmL), brine (100
-y welre . elsepériat ed organi c solution was
HQ:*N > 80 Cﬂidi um bi carbonate 15
ne (

m-) and 5% H3

0 50 nL), dried with
magnesi um sul fate, tered andYoncentrated in vacuo. Flash

chromat ography (10 0 % EtOAGHH2Cl 2) afforded 1 e (6.60 g, 84% 2
steps) as a white solid. 1 H1kNI\/R (400

/—\\9
o L o o s
Y N \ N “CHg
o J 0 0 H o
O CHg
1A

F
- Quabaaate,
0 O 0 -\ 0 H o

CHs

1B

To a mixture of the hydoxy amide 1k (0.57 g, 0.72 mmol) and Des-Martin
5 reagent (0.76 g, 1.8 mmol) at 0°C was added anhydrous CH2Cl2. The resulting
white suspension was vigorously stirred at 0°C and warmed to room temperature
along with the ice bath in 4 h. Saturated aqueous sodium bicarbonate and sodium
bisulfite solutions (50 mL each) were added and the mixture was vigorously
stirred for 10 min before layers were separated. The aqueous solution was
10  extracted with (2 X 150 mL). Combined organic solution was dried with

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



MHz, d6-DMBO) 6 7.36-7.25 (m 5 H), 6.87 (d, J
(m 2 H, 4.25 (t, J =8.3 H, 1 H, 4.11 (s
4.03-3.9av@Qm/m1H), 20 3.60 (s, 3 H), 3.50-3.41 (
H, 1.95-1.88 (m 1 H), 1.77- 1.55 (m 9 H), 1.35 (s, H, 1.19-0.90 (m 4
H)y; 13C NWR (100 MHz, d6-DVSO) S 172.0, 170.7, 155.6, 138.8, 128.2, 127.4,
127.3, 78.0, 77.1, 71.9, 66.6, 65.1, ®BB. 4, 56.3, 51.8, 34.5, 29.6, 28.6,
28.2, 25.9, 25.6, 25.5. WD 01/77113 PCT/ US01/ 10869 92 Step E uH- Owe
HCCH2ZN NMe O Il NOO1le if 5 The Boc-amno nethyl ester le (6.53 g,

12.3 mo ) ing
sol uti onk%\?yg?fﬁgkg@?yoﬁﬁd%n@gg(tagfr%ég@ﬁgé gﬁgg? gsrrs]g?l 3?@6&?&% on was
noni t or eq gogp 17'—r§g dfdsanintbl 829D mISIAbY ik yewhreeRAs rated in vacuo and
t he residue ept under vacuum _over night to give a white solid which

was usedEBExampie 2:1Pnepasation o pound 2:0 wi t hout further purification. 1 H
NMR (400 MHz, d6- DVBO) 8736727(m 5 H, 4.43 (s, 2 H), 4.35-4.31 (m

=8.9 Hz, 1 H), 4.46-4.40
1 H, 4.05-4.04 (m 1 H),
m 4 H),PCT/BSe121028® (m 1

9

1 H, 3.88 (d, J = 11.7 Hz, 3.62 (s, 3 H), 3.62- 3.57 (m 2 H),
3.53-3.41 (m 3 H), 2.32- m 1 H, 1.97-1.91 (m 1 H, 1.79- 1.60 (m
8 H), 1.17-1.07 (m 5.4); (100 Mz, d6- 8 171.5, 167.4,

138.6, 133.3, 129.1, 8 128 2, 127 4 77 1,

54.9, 52.4, 15 52.0, .6
433.2702 [cal cd for 4 6 43 27

, 66.5, 65.3, 57.8,
25.5, 25.48; HRMS nlz

Y

.
H ‘ HCHH,N " H\/ﬁ\
N\/ﬁ\N H o+ 2 N \I<
I 5 0 0
O

1j B
WIS
Y N N \F
o 0 0 H o
O CHs
2a
10 The desired compound 2a was prepared according to the method of

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

of a white solid in 60 % yield.



Step F: '),, H HCO H2ZN N Ow NYi O fN 0 OOO if 1g WO 01/77113
PCT/ US01/ 10869 93 To a solution of the amne if (from Step 1 D), 3-hydroxy
phenyl acavoovaaid (1.90 g, 12.5 mmol ), HOOBt (2.10 g, l1l2rormsulios@nd EDCI
(2.85 g, 14.9 mol) in anhydrous DVF (250 m-) and CH2ClI 2 (100 ni) at
-20C, was added NW (4.20 nl, 38.2 mml). After being stirred at this
tenperature for 30 mn, the reaction 508 xture was kept in a freezer
overnight (18 h). It was then stirred in air and allowed to warmto room
tenperature in 1 h. EtOQAc ( 500 nL), brine (100 nL.) and 5% H3PO4 (100 nl)
were add@iep Bie separated organic solution was washed w th 5% H3PO4 (100
m.), saturated aqueous sodi um bi carbonate solution (2 X 150 niL), water
(150 nL), and brine (150 nlL), dried with magnesium sulfate, 10 filtered and
concentrated in vac Fl ash chromat ography (10 to 20 % Et OAc- CH2Cl 2)
afforded 1 g (6,30 1.1 mol, 90 % (2 spaRs)) as a white solid. 1 H NW
(400 MHz, dé6- = 8.5 Hz, 1H),736725

(m 5H, 7 660657§?
9-4.25 (m

4.09-4.08 (m 1 Y 3.66-3.58 (m lH), 3.61
(s, 3 H), 3.50-3.89 5 HO 3%30Q(d, J £ 13. 1 H, 2.24-2.18 (m 1
H),195189(m1@174157}5msH) 1.18- 0.89 (m 5 H): 13C NMR
(100 MHz, d6- DMBO) 2.0, 170.%M170.0, 157.1, 138.6, 137.6, 128.9,
128.2, 127.4, 127.3, 119.6, 1}6.1, 113.2, 76.9, 71.8, 66.6,

Tl
@

2
The desired ketoamide was prepared from the hydroxy amide 2a according

5 to the method of Example 1, Step K. The product was obtained as a mixture of

inseparable diastereomers in the form of a white solid in 78 % yield. TH NMR (400
MHz, ds-DMSO) 6 8.69-8.57 (m, 1 H), 8.45- 8.36 (m, 1 H), 7.95-7.72 (m, 1 H),
7.64-7.53 (m, 1 H), 7.41-7.31 (m, 5 H), 7.16-6.97 (m, 1 H), 6.79-6.70 (m, 3 H),
5.97-5.75 (m, 1 H), 5.31-5.27 (m, 1 H), 4.52-4.44 (m, 1 H), 4.35-3.61 (m, 11 H),

10 3.54-3.41 (m, 1 H), 3.39-3.21 (m, 1 H), 2.42-2.16 (m, 1 H), 1.85-1.54 (m, 9 H),
1.49-1.05 (m, 16 H), 0.95-0.70 (m, 5 H); *C NMR (100 MHz, dg-DMS0) & 172.3,
172.2,172.0,171.9, 170.9, 170.7, 170.5, 170.5, 170.4, 170.1, 169.9, 169.7,
169.5, 168.6, 168.5, 158.5, 158.4, 138.2, 138.2, 138.1, 136.7, 132.1, 131.6,
131.5, 129.2, 129.1, 128.8, 128.7, 128.1, 127.7, 127.6, 127.6, 127.5, 127 .4,

15 127.4,121.7,116.4, 115.4, 115.4, 113.3, 112.1, 112.1, 112.0, 81.3, 77.0, 76.9,
76.9,73.4,72.3,72.0, 64.9, 64.8, 63.3, 58.8, 56.9, 56.8, 54.7, 54.6, 54.6, 53.9,
53.9, 53.8, 51.1, 50.8, 41.6, 41.4, 41.3, 34.0, 33.9, 29.1, 29.0, 28.6, 28.5, 28.4,



65.2, 57.4, 54.7, 51.9, 51.8, 41.8, 34.4, 29.6, 28.5, 28.0, 25.5, 25.5;
HRVS nfz 20 567.3073 [cal cd for C32H42N207, 567.3070]. Step G HO HOH H
HON MWIMTIIN O OO0 OO0 1g 1h WO 01/77113 PCT/ USORCT/08G9108@4 To a
solution of the benzyl ether 1g (6.23 g, 11.0 mmol) in ethanol (200 ni-)
under nitrogen at roomtenperature was added 10 % Pd-C (1.5 g) cautiously.
The resul ting suspensi on was vi goroushpistirred at room tenperature under
hydrogen for 23 h. After careful filtration, the solution was concentrated
in vacuo. 5 Flash chromat ography (2 to 5 % MeOH CH2Cl 2) afforded 1 h (4.54

(s, "1 ry Thzp i, BEENI0E 8 o5 5 157508 0, Fysi 8.0, ‘*éﬂ‘@ﬁ?mg 3

H, 4. 42-m/4BA014493 [cba.lcd4f035344l4-le$lil5®$@, 8120‘21497'] 27 (t, J = 8.3 Hz,

4.10-4.09 (m 1 H), 2 (d, J = ,364(dd J:112 4.3
Hz, 1WMWE@WOW¢MMM(m 1 H,

2.26-2.21 (m 1 H), 1.97-1.90 (m 1 H), 1.74-1.55 (m 8 H), 1.18-0.89 (m

f 1\
g X I T
bty

5 3

gy
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O CHs

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

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



.5 H ; 13C NWR (100 MHz, d6-DMSO 8 172.0, 170.3, 170.1, 157.1, 137.6,
129.0, 119.6, 116.0, 113.3, 76.9, 65.2, 57.6, 57.4, 54.8, 51.9, 51.8,
41.7, 34wWQ 082163 28.5, 28.0, 25.9, 25.52, 25.49; HRVS nPeTAIN/@666 [ cal cd
for C25H36N207, 477.2601]. 15 Step HH HOO HH N O N~M T1 N 00O
OQ 0 1h 1i A solution of the phenol alcohol 1 h (4.50 g, 9.43 mml) and
ADDP (6.60 g, 26.2 nmol) in anhydrougo€H2Cl 2 was bubbled with argon
through a frit glass 20 bubbler for 20 min. To this solution at 0C was
added tri phenyl phosphine (4.10 g, 16.3 nmmol). After stirring at OC for 20

_In_ihg sol u'?‘i";Igi ge\ﬁ;gnp Cg\f)\g?{r% tla)h&w}%gmﬁf\}?&]"!db o(a?ffo‘H] a91'do f}é\fhieerg(?ﬁ bzﬁer nl%ﬁ? d((324

ature an

o ai‘??’lﬁ% %%%iﬂﬁﬁ"dﬁﬂ%btﬁﬁwe{'/iﬂh@?@%f%e%@%&i W&a@/@g‘iﬁﬁ? g tehlﬁas
05 2 o6 M T LPRCA DFT ParPRSTe P PO oot g aiaog o B 10869

t ri phenyl7pm5:€’ph’=n% 8odz,de H) 16 180N (1) B NHS. 3516dd)MS€))7 B B944z, (1dH) JS 6:4-9 7 Hz,

(o, a5=1 G5edm. 1 s s fnaBHiTe st-ie G it ds B 1 W e 1y
3. 17-4. 06 ey, 308 70 (2715, 26 Mo (10b iz, 3, Blase) 31887, - o0 5 51
171.7,171.4,171.3, 170.0, 169.7, 167.5, 161.0, 160.7, 158.5, 158.5, 158.4,

138.2, 138.2, 137.1, 137.0, 132.1, 132.1, 131.6, 131.5, 131.5, 129.2, 128.8,
128.7, 128.7, 128.6, 128.0, 127.7, 127.5, 127.5, 121.8, 115.4, 112.2, 76.9, 76.8,
10 65.0,64.9,63.4,63.3,58.2,5 7.4, 56.3, 56.2, 56.2, 54.6, 54.5, 53.8, 53.4, 53.2,
41.5, 41.5,41.4,40.2, 33.9, 33.7, 31.9, 31.7, 29.2, 29.0, 28.6, 28.3, 26.1, 25.3,
18.7, 18.6, 13.5; HRMS m/z 762.3705 [calcd for C40Hs1N5019, 762.3714]."

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

¢
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O 2 O O
N\;_/Ko r
O -
O e
15

Step A:




3.35-3.27 (m 1 H, 2.51-2.43 (m 1 H, 1.85-1.47 (m 9 H, 1.22-1.12 (m 3
H, 0.97-0.88 (m 2 H) ; 13C NWR (100 MHz, d6-DMSO 8 172.0, 170.0, 169. 8,
158.4, M@ow771129. 1, 121.8, 115.4, 112.2, 77.0, 64.9, 63P6T/USI/M86954. 3,
53.4, 51.8, 41.3, 33.2, 28.9, 28.5, 28.2, 26.0, 25.2; HRVS niz 459. 2495
[cal cd for C25H34N206, 10 459.2495]. Stepl: H WM NM YYOH O=0000
1li 1) An aqueous |ithium hydroxide sqbgtion (0.45 g in 30 nL H20O was
added to 15 a OC solution of the nethyl ester 1i in THE (30 m-) and

met hanol (30 nL). The m xture was stirred in an ice bath and warnmed to room
tenperature along with it in 4 h. The progress of the reaction was
nonitored by TLC. After the volatiles vvere renmoved i n vacuo, EtQAc (150

m-) and water (3OH51-) wer e added and Wseparat ed. The
aqueous sol ution was~extracted again cl2 20 after which
it was acidified to 1. EtOAc (20 was then a the aqueous
sol ution was saturat elN'wi%Petsol i d sodi um chI oride. ﬁgt e se‘bar ation of the
| ayers, the aque I er was extracted with Et OAC 0O nb). Oganic
sol uti ons were conbi®ed® dried with magnesiumsulfate, filtered and
concentrated in vacuo ﬂm afford 1j (1.45 g, 3.26 mmol 4a35 % 2 steps) as a
pal e WO 01/ 77113 PCT/ US01/ 10869 96 yellow foam 1 H NVR (400 MHz, d6-DMSO
5 12.32 (bs, 1 H, 8.45 (d, J= 9.5 Hz, 1 H, 7.17-7.13 (m 1 H), 6.73-6.70

(m 1H, 6.79 (sThd d'é)swe@ p?@dlfbtzﬁi \ﬁ/&@; oBteH%eoll_i) bt tHef n{éthod degcﬁbéﬁ?forl H,

4.17-4.00 (m 5 H), (r
5 Example 1, Step A. The crude materlal was carrled to the next step as it was.
Step B:

4a ab

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

15

4b 4e



(m 2 H, 3.39-3.21 (m 2 H, 2.47-2.41 (dd, J = 13.4, 7.6 Hz, 1 H),
1.85-1.56 (m 95H, 1.19-1.11 (m 3 H), 0.93-0.87 (m 2 H) ; 13C NWR (100
MHz, d6- Bx@®O)/7813 173.2, 170.2, 170.0, 158.4, 138.1, 129. 3pCT/PR010L086015. 5,
112.2, 77.3, 65.1, 63.8, 57.3, 54.2, 53.7, 41.5, 33.6, 29.0, 28.6, 28.4,
26..1, 25.4; HRVMB m z 445.2335 [calcd for C24H32N206, 445.2339]. Step J:
100 HHOCH3 1J4~OH+ HCOI RN ONH Ci#igg O OO0 CH3 1) A ~OQ\ HOH
OHHOCH3 NN NNJLH-CH3 OOOCH3 1k To a solution of the acid 1j
(0.59 g, 1.33 nmmol ), amne A (H2ZN-Nva- CH(OH) - CO G y- Phg- Nve2, 0.55 g, 1.37

anny b ous. D TE8ates sl s ek ARPalcby 1 o SRR 0”0

4. 55 molpxamléar Stép O, eThé@mdiblial waseatiatyovardais BWagi n, the reaction
m xture was kept in a freezer for 40 h. Then EtOAc ( 200 WO 01/77113

PCT/ US01/Sieg#l 97 nL), brine (50 m-) and 5% H3PO4 (50 m-) were added.
The separated organic

©/\0/\/\/O,_’
©/\o/\/\/o‘-, y (N->\0020H3
(oo - >|/OYN\5;/kO
0

HHCI
4c O

4ad

5

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

next step. HRMS (FAB) Calcd for C30H47N207: 547.3383 (M+H)*+. Found:
547.3372.
Step E:

15

>r0\ﬂ/N5 . _ HCL HaN_ Ay,

O O

ad de

The desired product 4e was obtained by the method described in Example 1,

20 Step E. The crude material was carried to the next step as was.



sol ution was washed, successively, wth 5% H3PO4 (80 nL), saturated aqueous
sodi um bi carbonate solution (2 X 80 nL), water (80 niL), and brine (80 nL),
dried wwaoonegmesi um sulfate, filtered and concentrated POTVWS&8CUS69F| ash 5
chromat ography (4 to 7.5 % MeOH CH2Cl 2) afforded 1 k as a m xture of four
di astereonmers (0.59 g, 0.75 mml, 56% as a white solid. 1 H NWVR (400 Mz,
dé- DMSO S 8.54-8.35 (m 2 H), 7.95-6088 (m 8 H), 6.79-6.77 (m 1 H),
6.72-6.70 (m 2 H), 5.96-5.73 (m 2 H), 4.53-4.45 (m 1 H), 4.35-3.61 (m
11 H, 3.54-3.41 (m 1 H), 3.40-3.22 (m 1 H, 2.93-2.92 (m 3 H, 2.84
(s, 3 H.gt 4:2217(m 1 H, 1.87 10 1.55 (m 10 H), 1.49-1.06 (m 7 H),
0.98-0.7 5 H; 13C NWR (100 MHz, d6- DVMBO) 6 172.1, 171.9, 171.8,
170.8, 170.7, 170.4, 170.4, 170.3, 170.0, 169.8, 169.7, 169.6, 169. 2,
169.2, 167.9, 167.8. 167.8, 158.4, 158.3, 138.2, 138.15, 138.11, 138.07,
137.6, 137.50, 137.48, 129.1, 128.5, 128.3, 127.8, 127.7, 121.7, 121.6,
115.4, 115. 3 112. 09 112 07, 112.0, 111.9, 76.9 7W, 72.1, 71.9,
15 64.9, 64 6 : 58.5, 57.9, 578[%604., 4@28

53. 78, 53 5 707, 9 51.0, 50.8 7, 41.6, 41 1.4, 41.3,

36. 6, 35 3 0, 33 86, 33 32.9, 32.1, 29.9, 29.0, 28,9 N5809:LCHg 4
28.3, 26. o 25.9, 25.3, 25 9Hs ' 18.6 1846 . 8L 13.7: HR\B
mz 791. 4339 [cal cHHOi.dfN 8N609 791 4344, err Vio 1/77113
PCT/ US01/ 10869 98 Step K WHHH ?Hs N-N N N 0O HO OB

@ .

4e

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

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

Step G:
[::]/Awy/\\/ﬁ<vxltf) HO NN
N~ CO2CH3 QCO?_CH 3

poaselnndncese
o = S :

15
The desired product 4g was obtained by the method described in Example

1, Step G. The crude material was carried to the next step as was. HRMS (FAB)
Calcd for C2gH39N207: 491.2757 (M+H)+. Found: 491.2761.



1k C r N-NN NHHBNN-CH OO0OOOHO CH3 1A+ N NN NH3 NN CH3
O00OHO CH3 1B To a m xture of the hydoxy amde 1k (0.57 g, 0.72
mmol ) andv@es7NE¥tin 5 reagent (0.76 g, 1.8 mmmol) at 0C paBUsd®E69
anhydrous CH2ClI 2. The resulting white suspension was vigorously stirred at
0C and warned to roomtenperature along with the ice bath in 4 h.

Sat ur at ed aqueous sodi um bi carbonate gpg sodium bisulfite solutions (50 nL
each) were added and the mi xture was vigorously stirred for 10 mn before
| ayers were separated. The aqueous solution was 10 extracted with (2 X 150
n). Conty, .organic solution was dried wth magnesiumsulfate, filtered
and conc ‘ed in vacuo. Flash chromatography (2 WO 01/77113

PCT/ US01/ 10869 99 to 4 % MeOH CH2Cl 2) afforded two diastereoners 1 A (250
ng, 0.32 nmmol) and

HO SN Q
HO, H\i\j)\c e % QCOZCHG
S O

4g 4h

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

10  mixture was taken to the next step.

Step I:

¢ | |
g N CO2CH3 @ — H N‘ CO2H
N\/Ko N No
O = O -
O 4h O 4i
15

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



1 B (217 ng, 0.28 mmol, 82% conbined yield) as white solids. Exanple 2:
Preparation of Conmpound 2. HOHOHO NNNN 90e OtoHO OCH3 5
2 Step AWO01/O131 / HH+ HOHZN NN O HO OO O CH3 1] BCT/MHSH/t88¢49 NN N
NJIJNA~I~ 000 HO CH3 2a 10 The desired conpound 2a was prepared
according to the nethod of Exanple 1, Step J, except for substituting the
amne B for the amne A The 107

(m, 1H), 3.62-3.68 (m, 2H), 3.91-3.99 (m, 3H), 4.04-4.08 (m, 2H), 4.46 (i, 1H),
6.67-6.72 (m, 3H), 7.13 (app. t, 1H), 8.36 (d, 1H), 12.40 (br. s, 1H); *C NMR
(DMSO-dg) & 25.26, 25.31, 25.97, 26.62, 28.42, 33.28, 39.75, 41.49, 53.50,
54.28, 57.45, 67.57, 67.98, 77.25, 111.07, 115.23, 121.48, 129.11, 137.99,

5 158.33, 170.07, 172.92; HRMS (FAB) Calcd for Co5H35N20g: 459.2495

(M+H)*. Found: 459.2494.

Step J:
L R
N7 ~CO.H + HCL HoN N ! “CHy

b
10 O 4

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

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



hydoxy am de was obtained as a m xture of inseparable diastereoners in the
formof a white solid in 60 %yield. WO 01/77113 PCT/USO1/ 10869 100 Step
B: HNNWON//YIINOOOHO OCH3 2a HO HOHO NN N RTUS@Q/@84 O O
CH3 2 The desired ketoam de was prepared fromthe hydroxy am de 2a
according 5 to the nmethod of Exanple 1, Step K The product was obtained
as a mxture of inseparable diasteregpgrs in the formof a white solid in
78 %yield. 1 HNW (400 Miz, d6-DVsO) 5 8.69-8.57 (m 1 H), 8.45- 8.36
(m 1 H, 7.95-7.72 (m 1 H, 7.64-7.53 (m 1 H), 7.41-7.31 (m 5 H),
7.16-6.9 é A H, 6.79-6.70 (m 3 H, 5.97-5.75 (m 1 H), 5.31-5.27 (m
1H, 45424 (m 1 H, 4.35-3.61 (m 11 H), 10 3.54-3.41 (m 1 H),
3.39-3.21 (m 1 H), 2.42-2.16 (m 1 H), 1.85-1.54 (m 9 H), 1.49-1.05 (m
16 H, 0.95-0.70 (m 5 H); 13C NMR (100 MHz, d6-DVMSO) 8 172.3, 172.2,
172.0, 171.9, 170.9, 170.7, 170.5, 170.5, 170.4, 170.1, 169.9, 169.7,
169.5, 168.6, 168.5,-158.5, 158.4, 138.2, 138.2, 138.1, 136.7, 132.1,
131.6, 131.5, 129.(2,—1\}29. 1, 128.8, 128.7 8.1, 127.7, 127.6, 127.6,
127.5, 127.4, 0

. H e § i
—
\* 0 0 O
O

' CHa

O =
O 4j

2T

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

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



15 127.4, 121.7, 116.4, 115.4, 115.4, 113.3, 112.1, 112.1, 112.0, 81.3,
77.0, 76.9, 76.9, 73.4, 72.3, 72.0, 64.9, 64.8, 63.3, 58.8, 56.9, 56.8,
54.7, 54ve0ob721163 53.9, 53.9, 53.8, 51.1, 50.8, 41.6, 41rdT/U8dI/B86934. 0,
33.9, 29.1, 29.0, 28.6, 28.5, 28.4, WD 01/77113 PCT/US01/ 10869 101 28. 4,
28.3, 27.5, 26.0, 26.0, 25.4, 25.3, 25.2, 18.7, 18.6,18.5,13.9,13.8; HRVS
m z 820.4493 [cal cd for C441-161 N501Q09820. 4497]. Exanple 3: Preparation
of the Compound of Forrmula 3 below NN NNNH OOHOOCH3 5 3 Step
A NNNNJIJNOOOHO OCH32 NNNNNH OOHCH3 3 10 A solution of

e GpOHRVE (FAB) GABA4eT aakeaNetm ees At M Fotndk, 544239 (e
! ) ) ) ] o
\C/)(i} ?;Hagiﬂﬁ;%ﬁﬁ%@%@n vacuo, the residue was di ssolved in 50% MeOH WO

Example 5: Preparation of Compound 5:

5
o
'-' O
H H
SO
0 o o)
N Ao
} O
5
Step A:
10
Q
BN B!
| COH  +  HCLH.N N \ o\|<
N 0 o)

O
4i B

*
L s.N ' HHJ\%\K
| H\é_/(:;ggj\g H o
O

ba



102 CH2Cl 2, and concentrated to dryness in vacuo to afford an off-white
solid (24 ng, 0.032 mol, quant.). 1 H NVR (400 MHz, d6-DMSO) 6 8.73-8.65
(m 2 H) we@otgriiydd, J = 9.5, 2.6 Hz, 1 H), 8.24-8.05 (1 PyT/UR0IBUS®. 55 (m
1H, 7.41-7.32 (m 5H), 7.15 (t, J =7.8 Hz, 1 H, 6.80-6.71 (m 3 H),
5.35 (dd, J =7.5, 1.9 Hz, 1 H, 5.04 5 4. 96 (m 1 H, 4.48-4.43 (m 1 H),
4.37-4.22 (m 1 H, 4.16-3.27 (m 11 ko 2.35- 2.31 (m 1 H), 1.84-0.70 (m
21 H); 13C NMR (100 MHz, d6-DMSO) 6 196.7, 171.7, 171.4, 171.3, 170.0,
169.7, 167.5, 161.0, 160.7, 158.5, 158.5, 158.4, 138.2, 138.2, 137.1,
137.0, 132.1, 132.1, 131.6, 131.5, 131.5, 129.2, 128.8, 128.7, 128.7,
128.6, 128.0, 127.7, 127.5, 127.5, 121.8, 115.4, 112.2, 76.9, 76.8, 10

65.0, 64.9, 63hé eXpdoled pfbdlct Ba ivas syﬁﬁhémzé@a% deetriBed edrifer f&dthe, ©3. 8,
53.4, 53.2, 41.5, 41.5 41 4, 40.2, 9, 33.7, 31,9, 31.7, 29.2, 29.0,

28. 6, 28Examme 2, Step A. Thamateria. eétery@rs-ummoﬁﬁuﬁlmmtwuw odg cd for
oA and agnis RERAEHY e ot SRR HAME PRR) B8 st oN 0 6 0000
4B 1 St f853 (M+H)*. Found: 834.4648.

Step B:

OE
O -

10

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

15 31% yield (for 2 steps). HRMS (FAB) Calcd for C45Hs2N5010: 832.4497

(M+H)*. Found: 832.4497.



WO 01/77113 PCT/US01/10869 103 Ho__ Qhi-.. cCO2H f)-CO2H )-010 la 4a
The desired product 4a was obtained by the nethod described for 5 Exanple
1, Step AVOOh#71e3 ude material was carried to the next stepCEESINIBES. Step
B: N CO2CH 3 CO2H O O O-O 4-1 4a 4b 10 The desired product 4b was

obtai ned by the nmethod described for Exanple 1, Step B. The material was
purified by flash columm chromat ographyqjusing 80/20 to 75/25 hexanes/ et hyl
acetate to provide 4b in 50%yield as a colorless oil. Step C 15 N CO2CH3
CN)---CogCHg HHCC OO 4b 4c W 01/77113 PCT/US01/ 10869 104

Example 6: Preparation of Compound 6:

Step A:

10



The desired conmpound 4c was prepared by the protocol described for Exanple
1, Step C. The nmaterial was carried forward as it was. Step D 51 / O3
AV _ CO2&D01/11E) - CO2CH3 >Coy HHCI 4d 0 4c O The desirpdr/psodwssd 4d was
obtai ned by the nmethod described in Exanple 10 1, Step D. The nmateri al
after work-up was sufficiently pure to be carried to the next step. HRMS
(FAB) Calcd for C30H47N207: 547.3383 (WrH) +. Found: 547.3372. Step E: 15
Q CRCH3 (?C2CH3 N HC. HZNNO O O O 4d 4e The desired product 4e was
obtai ned by the nethod described in Exanple 1, 20 Step E. The crude

rlfgger Al WRSGRIAPH SRt BSAS St S Bs Wokcril Yhtief FaPte Exaro/ 3.086°
Step A in quantitative yield. HRMS (FAB) Calcd for C41H54N5010: 776.3871

(M+H)*. Found: 776.3865.

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

5
O\/M
o / 0 o) CHs
H H H ]
o A o] o) 0
O CHs
7A
O\% ,
o / o) 0 CHs
H H H |
NJ\@E(N.QH(N\)I\” "coHs
o = O o]
O \éHa
7B
Step A:
10

"9 @\/O\/\o
AL o —— S AL o

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

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



Step F: ~ 01'~-O~nJ' tiRCH3 HO N HCLH2ZN O --A0 O O 4f 4e 5 The desired
product 4f was obtai ned by the nethod described in Exanple 1, Step F. The
mat eri al wastpund fi ed by flash col unm chronmat ography usi nBCBOA®@0108¢%0 60/ 40
di chl oronet hane/ et hyl acetate to provide 4f in 85%yield. HRVS (FAB) 10

Cal cd for C33H45N207: 581.3227 (MH) +. Found: 581.3222. Step G HO CN,
02CH 3 N CO2CH 3 N C HO NLO HO rNI -, ~@134f 4g 15 The desired product 4g
was obt ai ned by the nethod described in Exanple 1, Step G The crude
material was carried to the next step as was. HRVMS (FAB) Calcd for
C26H39N2Q. (491. 2757 (M+H) +. Found: 491.2761. WO 01/77113 PCT/ US01/ 10869

©\/o\/\9 <j\/0\/\(_3
oj\glﬁ’” >‘\oj\g>ﬁg’0'\’k:"

7

5 The desired compound 7b was prepared from 7a according to the
procedure of Example 1, Step B.

Step C:

©\/O\/\O \/\Q
E ()\,(o
Me
oM .
>|\oj\g>\[( o HCI'HN
o
7b

10
The desired compound 7¢ was prepared from 7b according to the
procedure of Example 1, Step C. The product was used in Step D without further
purification.

Step D:
15

<8 oy
o\/\o 0] /
(l'(OMe O z O
HCIHN O

o)

7c 7d



106 Step H HO 00) f)-.CO2CH3 HO N 'N' C%2CH3 NO O O4g O 4h 5 The
desired product 4h was obtai ned by the nethod described in Exanple 1, Step

H. Puri fiwabi/onidy col utm chr omat ogr aphy using 99/ 1 PCT/US01/10869
di chi or onet hane/ net hanol afforded 4h along with triphenyl phosphi ne oxi de.
This 10 m xture was taken to the next step. Step|l: QQ i. i. 0-1 1 01,

NN C2CH 3 N~ cCO2ZHO OOO0 4h O 41 115 The desired product was obtai ned
by the nethod described in Exanple 1 Step |I. Yield of 4i (for 2 steps) =
24% 'H NWR (DMSO-d6) 8 0.90-0.95 (m 2H), 1.10-1.16 (m 3H), 1.51-1.79
(m 11 H), 2.43 (dd, 1 H), 3.29-3.32 m 2H), 3.50-3.54 WO 01/ 77113
PCT/ US01/ 10869

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

procedure of Example 1, Step D.
Step E:

SN SV

%%JH\EJ\%OMG — HC|-H2N\§j\<>\gOMG
O O

7d 7e

The desired compound 7e was prepared from 7d according to the
procedure of Example 1, Step E. The product was used in Step F without further
10  purification.

Step F:

©\/O\/\9

H

. Me — » H

HCI HzN\:j\gl'ro N\j\@(OMe
> ) :

O O

7e 7f

15 The desired compound 7f was prepared from 7e according to the

procedure of Example 1, Step F.



107 (m 1 H), 3.62-3.68 (m 2H), 3.91-3.99 (m 3H), 4.04-4.08 (m 2H), 4.46
(t, 1 H, 6.67-6.72 (m 3H, 7.13 (app. t, 1 H), 8.36 (d, 1 H, 12.40 (br.
s, 1 H,; Wwaa/NviBB (DVSO d6) 8 25.26, 25.31, 25.97, 26.62, PCBUA®/108D. 28,
39.75, 41.49, 53.50, 54.28, 57.45, 67.57, 67.98, 77.25, 111.07, 115.23,
121.48, 129.11, 137.99, 5 158.33, 170.07, 172.92; HRMS (FAB) Cal cd for
C25H35N206: 459. 2495 (M+H)+. Found: 4%9§.2494. Step J: 00 HH CH3 NM--C
HO2H + HCIl. HZN NN CH3 NOHCH3 041 A POHOHHO CH3 YN N~N NCH3
NFNOOHO =CH3 O4" 10 The expected product 4] was synthesized as
describegéirﬁ,i er for the Exanple 1 Step J. The material after work-up was
of suffi *purity to be carried forward to 15 the next step. HRMS (FAB)
Cal cd for C43H61 N609: 805.4500 (M+H)+. Found: 805.4492.

o

7f 79

5 The desired compound 7g was prepared from 7f according to the

procedure of Example 1, Step F.
Step H:

2T
jz?
=
@
‘V

10
A solution of the phenol alcohol 7g (830 mg, 1.79 mmol) and ADDP (1.36
g, 5.39 mmol) in anhydrous CH2Cl2 (200 mL) was bubbled with Argon through a

frit glass bubbler for 20 min. To this solution at 0°C was added triphenylphosphine
(1.41 g, 5.38 mmol). After stirring at 0°C for 20 min, the solution was warmed to

15  room temperature and stirred overnight (20 h) under nitrogen. After removal of
solvent in vacuo, the residue was purified by flash chromatography (1 1o 3 %
MeOH in CH2Cl2) to afford a mixture of the desired product 7h and

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



WD 01/ 77113 PCT/US01/ 10869 108 Step K ~ | \
QLYYTCH3 | 00O 0=CH3 04" 1 OHOHO
Np O OMWOIWPIBCH3 4A C~ 00 \ O" O CH3
HO p = CH3 4B

116

Step I:

Y

I
/

T
O

7h

/

0O OH~-YHOHHO/ C'3
CH3/ NN I 3 °~ NN-CH
N jIlrPeE/NS@H®86® Nip O O

5 The desired compound 7i was prepared from 7h in 36 % vyield (2 steps)
according to the procedure of Example 1, Step |.
Step J:
\/\9
H\/ﬁ\ H HCIH2N ’ H\j\ &43
T N ' ‘ N CHs
O A~ 0 O O
O CH3
7i A
O\/\Q
SUISINRE
- N N N
H N CHs
o ~ O 0 0
O
7j
10

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

according to the procedure of Example 1, Step J.



5 The desired products 4A and 4B were obtai ned by the oxidation protocol
descri bed previously for Exanple 1 Step K. Purification by flash colum
chr omat ogv@phy7iusi ng 100/ 0 to 99/ 1 di chl or onet hane/ met hanpCT/@kd1or8ed
separate 10 isoners 4A and 4B, and sonme m xture. Conbined yield = 34% (for
2 steps). WO 01/77113 PCT/USO1/ 10869 109 HRVS (FAB) Cal cd for C43H59N609:
803. 4344 (M+H) +. Found: 803.4339 (4Aj447803.4347 (4B). Exanple 5:

Preparation of Compound 5: 5 ~1 \ O\ HOHO d NN~KN NOOOHDO
O5 Step A 10H CO2H+ HO. HZNN O Hv NNOHO Ov 4i B
Step K:
o)
\/\9
SUISIE DG
N N N N >
Y N N CHs
0 ~ o) 0 0]
O CHs
7j

0

SIS
Y N N “CHs
g O o H
O CHs
7A

q JLQW iw AR,

CH3
7B

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

procedure of Example 1, Step K.

Example 8: Preparation of Compound of Formula 8:

f‘@ JL%
ob“ Oh.i? Y




QHHHI OCN~y NNJN NOOHOaO 0 Ob5a W 01/77113 PCT/ US01/ 10869
110 The expected product 5a was synthesized as described earlier for the
Exanpl e 3yo8t/ep1A. The material after work-up was of suffPCT/@Rt1/pP86%i ty to
be carried forward to the next step. HRVS (FAB) Cal cd for C45H64N5010: 5
834. 4653 (M+H) +. Found: 834.4648. Step B: ~QH~ NNJ N NNy H 0 On
05a CQ~~ C _NYHHN NN 118

Step A:

gé
o
20
D

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



N~00 OO O5 10 The desired product 5 was obtained by the oxidation

prot ocol described previously for Exanple 1, Step K. Purification by flash
col um chworatags aphy using 99/ 1 dichl or omet hane/ net hanoPCrUSarWeed 5 as a
m xture of diastereoners in 15 31 %yield (for 2 steps). HRVMS (FAB) Cal cd
for CA5H62N5010: 832.4497 (MtH)+. Found: 832.4497. WD 01/77113

PCT/ US01/ 10869 111 Exanpl e 6: Preparagtigon of Conpound 6: Q N NJN OH N~O
OHO O6 5 Step A 00 ¢,~YNHOHO NNNAO OOHO O 5 C-~

Step B:

IS INNS
CRA

Q:E@ A

8

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

Example 9: Preparation of Compound of Formula 9:

N\j\ H
N

ZT
=z
o
ZT
T
T

10 9



O OONNNMNNOH NNOOHO O10 6 W 01/77113 PCT/US01/ 10869 112 The
expected product 6 was synthesized as described earlier for the Exanple 3,
Step A i w@uoantiiz ati ve yield. HRVE (FAB) Calcd for C41 HoBQBO$O/108606. 3871
(MtH) +. Found: 776.3865. Exanple 7: Preparation of conpounds 7A and 7B: 5
/ HOHOHOCH3 NNNNtHNH O0OO CH3 7A1HO 0O O/ CH3 N,
J'-Ir JN HNCH3 OOOO0 )H3 76 Step2od: 10 HO

Step A:

‘V

9

5 The desired compound 9 was prepared quantitatively from 8 according to

the method of Example 3, Step A.



\ O\ -)’0INCHH O-N 0 0O 1c 7a The desired conpound 7a was prepared
froml c according to the procedure of Exanple 1, Step A The crude
product we@ousaMd in Step B without 15 further purificatiPaT/US0/108¢977113
PCT/ USO01/ 10869 113 Step B OHMe ~O-N O N 7b 7a OS5 The desired
conpound 7b was prepared from 7a according to the procedure of Exanple 1,
Step B. Step C ROW M O'NHCl HN @€ 7b 7c 10 The desired conpound 7c
was prepared from 7b according to the procedure of Exanple 1, Step C. The
product was used in Step D without further

Example 10: preparation of Compounds of Formula 10A and 10B:

10B

Q
Z_)\c 0
J\OL OzCH3 > N OsCHg
o >LOJ§O

10a 10b

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

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



"NOw OO HO HNOO 7c
I fi ion. Step Dr 15\ | O-\9 HOON Owe v
%r{/\g 8?} |7$213 PC'Ip'/ USO01l/ 10869 114 The desi rfad (iorrg;)ggdggermg;m%ro;pgr (Ca)do
i f Exanple 1, )

from 7c aceordiimy to the procedure o & oy orep D POTER0I0SeS

HJO H2ZNNOw 00 O=0 0 7d 7e The desi np
nge;?g‘rBed from7d according to the procgdure of Exanple 1, St g{)eE. I:TI'he
product was used in Step F without furt 10 purification. p F:

dichloromethane, washed with saturated sodium bicarbonate solution, and 10%
aqueous citric acid solution. The organic layer was dried (NapS04) and

concentrated. The crude mixture was purified by flash column chromatography
using 100/0 to 95/5 dichloromethane/ethyl acetate to provide 18.4g (97% vield) of

5 the brosylate 10b as a white solid; 'H NMR (mixture of rotamers, CDCls) 8 1.41
and 1.45 (2s, 9H), 2.40-2.50 (m, 2H), 3.59-3.69 (m, 5H), 4.33-4.37 and 4.46 (2dd,
1H), 811 (m, 1H), 7.72-7.74 (m, 4H); "°*C NMR (mixture of rotamers, CDCly) §

28.18, 28.27, 36.01, 36.98, 51 59, 562.03, 52.20, 52.35, 56.95, 57.22, 57.28,
78.35, 79.53, 80.66, 129.10, 129.26, 132.66, 135.66, 135.81, 153.25, 153.64,

10 171.45,171.78; HRMS (FAB) Calcd for C17H23NO7SBr: 464.0379 (M+H)*,
Found: 464.0375.

Step B:

q

0 )

>L N COQCH 3 >l\ N COQCH 3
CT/L%D Cri§0

10b 10¢c

15
To a suspension of sodium hydride (60% dispersion in mineral oil, 187 mg,

4.68 mmol) in DMF at 0°C was added 3-mercaptopropanol (0.42 mL, 4.85 mmol)
under argon atmosphere. The mixture was stirred for 30 min while maintaining
the temperature. A solution of brosylate 10b (1.5 g, 3.23 mmol) in DMF (total

20  volume = 10 mL) was added slowly and the mixture was warmed to ambient
temperature over 2 hrs. The reaction was quenched by pouring into cold 10%
citric acid solution. The aqueous layer was extracted with ethyl acetate, the
organic layer was dried (Na2504) and concentrated. The crude material was
purified by flash column chromatography using 85/15 dichloromethane/ethyi

25  acetate to provide 800 mg (78% vyield) of the sulfide 10¢ as an oil; 'H NMR
(mixture of rotamers, CDCl,) § 1.41 and 1.47 (2s, 9H), 1.83-1.89 (m, 2H), 2.13-



SH HJI'"HZNFN M NOW Np O 7e W15 The desired conmpound 7f was
prepared from 7e according to the procedure of Exanple 1, Step F. WD

01/ 77113 WAC#1/USM3L/ 10869 115 Step G gq Nl -C~ H O OHo peT/USer/#d8¢4 N Ove N
M O0OO- O7f 7g 5 The desired conmpound 7g was prepared from 7f
according to the procedure of Exanple 1, Step F. Step H H OH HH NN
M NNM OCOO- O 123

2.34 (m, 2H), 2.69 (t, 2H), 3.23-3.49 (m, 2H), 3.73-3.78 (m, 5H), 3.86-3.95 (m,
1H), 4.33-4.37 and 4.42-4.46 (2dd, 1H); "*C NMR (mixiure of rotamers, CDClg) &

28.21, 28.30, 32.15, 32.23, 36.65, 37.27, 40.45, 40.89, 52.16, 52.35, 52.50,
52.84, 58.32, 568.55, 61.22, 61.41, 80.35, 153.49, 153.99, 173.05, 173.23; HRMS

5 (FAB) Calcd for C14H26NO5S: 320.1532 (M+H)*. Found: 320.1528.

Step C:
HO\/\/S"._ HO_~_-S.
>l\ /I\L COQCH3V - N  CO.CH3
oo H. HCI
10c 10d
10 The desired compound 10d was prepared by the protocol described for

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

Step D:

HO\/\/S—.
HOA~S { &
y CO2CH 3

N
(N > g
CO2CH N\/k
Nucr o2 >|/0701/ A
10d O
15 10e

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

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

20 80% yield; HRMS (FAB) Calcd for CooH3gN20gS: 459.2529 (M+H)*. Found:
459.2523.



79 7h 10 A solution of the phenol alcohol 7g (830 ng, 1.79 mmol) and ADDP
(1.36 g, 5.39 mol) in anhydrous CH2CI 2 (200 m -) was bubbled with Argon
t hrough avobritiiyl ass bubbler for 20 min. To this sol uti oPCRUSAA0SES added
tri phenyl phosphine (1.41 g, 5.38 mmol). After stirring at 0C for 20 m n,
the solution was warnmed to 15 room tenperature and stirred overnight (20 h)
under nitrogen. After renoval of solye2at in vacuo, the residue was
purified by flash chromatography (1 to 3 % MeOH in CH2Cl2) to afford a

m xture of the desired product 7h and triphenyl phosphi ne oxi de, which was

used in
116 St e%t[

. Without further purification. WO 01/77113 PCT/ US01/ 10869
‘m. O0-~\9 I~ ~~4 NOvw NOH NN O- 00OO0 7h 7i 5 The

desired conpound 7i was prepared from7h in 36 %yi eld (2 steps) according
to the procedure of Example 1, Step I. Step HHZH3 N H+ HC .H2N NJN
cH3 0- 00 HE M A

‘ CO2CH3 CO2CH3

N

ﬁ/owg/ \é_)%o HCI. HQN\Q/KO
O Q

10e 10f

Y

5 The desired compound 10f was prepared by the protocol described for
Example 1, Step E. The material was carried forward as it was.
Step F:
HOL A~ HO A~
[l\:)\COQCHS N OQCH3
H
HCI. H ZN\:/kO HO. N\r/ko
H (- o) H
10f 10g
10

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

Example 1, Step F. The crude product was purified by flash column

chromatography using 98/2 of dichloromethane/methanol to provide 10g in 40%
yield as a white solid; 'H NMR (mixture of rotamers, CDCly) § 0.90-1.26 (m),

15 1.66-1.88 (m), 2.22-2.31 (m, 2H), 2.73 (t, 2H), 3.47 (s), 3.5-3.55 (m), 3.65-3.75
(m), 3.88-3.94 (dd, 1H), 4.07-4.12 (dd, 1H), 4.53 (t, 1H), 4.62 (t, 1H), 6.73-6.80
(m, 4H), 7.17 (t, 1H); '*C NMR (mixture of rotamers, CDCl;) & 25.80, 25.89,

26.14, 27.71, 28.55, 29.22, 31.88, 35.46, 40.58, 42.44, 43.16, 52.32, 52.90,
55.49, 58.46, 60.30, 114.59, 116.27, 121.01, 130.02, 135.90, 156.73, 171.25,



HHHHH N NNv _NzCH3 O- OOHOCH 7] 10 The desired conpound
7] was prepared from7i and Ain 56 %yield according to the procedure of
Exanpl e Wwost/egp1d. WO 01/ 77113 PCT/ USO1/ 10869 117 Step KCT/USOINOB6OH
NIJN'~Jr NH3 "CH3 OO OHO CH3 7] HB NNNNvVv 'NNCH HO- Opo 3
CH3 7ANNNHS33

125

171.87, 171.96; HRMS (FAB) Calcd for Co5H37N206S: 493.2372 (M+H)t.
Found: 493.2364.
Step G:

HO\/\/S,_’ q

:N CO2CH3 { S
HO C
oY

H »

N
N H
O o
109 O 10h

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

Q2CH3

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

10 hexane/acetone to yield 22% of 10h as a solid. 'H NMR (CDCls) & 0.98-1.30 (m),
1.64-1.90 (m), 2.06-2.14 (m, 1H), 2.16-2.21 (dd, 2H), 2.62-2.70 (m, 2H), 3.38-3.46
(m, 2H), 3.60-3.66 (m, 3H), 3.71 (s, 3H), 3.88-3.94 (dd, 1H), 4.07-4.15 (m, 1H),
4.22-4.29 (m, 1H), 4.48 (t, 1H), 4.60 (t, 1H), 5.97 (br t, 1H), 6.76-6.81 (m, 2H),
6.99 (br s, 1H), 7.20 (dd, 1H); HRMS (FAB) Calcd for CosH35N205S: 475.2267

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

M M)
I S
QCOQCH 3 QCOZH
H H
N\;_/Ko N\/Ko

Y

10h 10i



~NJNCH NO- OoHo3 CH3 7B 5 The desired conmpound 7A and 7B were
prepared from 7) according to the procedure of Exanple 1, Step K Exanple
8: Prepameopurmiead Conpound of Forrmula 8 NN N NN O p =PCr/0SH/@EGH3 8 WO
01/ 77113 PCT/ USO1/ 10869 118 Step A p HHOO NH+ HO-H2ZNNO NOOO
H CH3 71 BHOHOdAHOI NNNAN pp H CH3 8a

126

The advanced intermediate 10i was synthesized as described for Example
1, Step H, in quantitative yield as a white solid; 'H NMR (DMSO-dg) & 0.88-0.96
(m, 2H), 1.10-1.14 (m, 3H), 1.59-1.76 (m, 7H), 1.88-1.94 (m, 1H), 2.09 (app.

5 1H), 2.61 (dd, 1H), 3.32 (app. d, 1H), 3.40-3.45 (m, 2H), 3.61 (app. d, 1H), 3.83
(q, 1H), 4.13 (app. t, 1H), 4.19 (t, J = 7.32 Hz, 1H), 4.40 (t, J = 9.52 Hz, 1H), 6.76-
6.79 (m, 2H), 6.89 (s, 1H), 7.16 (app. , 1H), 8.39 (d, 1H), 12.5 (or. s, 1H); °C
NMR (DMSO-dg) 6 25.33, 25.41, 26.01, 26.44, 28.09, 28.62, 29.24, 34.90, 39.50,
41l.40, 42.30, 53.18, 54.44, 58.06, 66.94, 114.88, 115.25, 122.28, 129.20, 137.84,

10  157.90, 169.25, 170.29, 172.59; HRMS (FAB) Calcd for Co4H33N205S:
461.2110 (M+H)*+. Found: 461.2104.
Step I

10i A
S
PP BY
» HoN N >
l o} o}
NE o
10

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



5 The desired conpound 8a was prepared according to the nethod of Exanple
1, Step J, except substituting amne B for am ne A The product was

obt ai ned ve@ 087Xt ure of i nseparabl e diastereoners in theP€DURIIONSE®@ Whit e
solidin 57 %yield. WO 01/77113 PCT/US01/10869 119 Step B: N Ni N JN
HHO- 0OOH CH3 8a NNNNv 'NO O0O- OOHCH3 8 5 The desired
conpound 8 was prepared in 72 %yvyiel dibyom 8a according to the nethod of
Exanple 1, Step K Exanple 9: Preparation of Conpound of Forrmula 9: N-N N
Nv NH OOOHOCH3 10 9 W 01/77113 PCT/ US01/ 10869

workup was sufficiently pure by TLC for further manipulations; HRMS (FAB)
Calcd for C42H59Ng08S: 807.4115 (M+H)*. Found: 807.4103.
Step J:

O s
a OH o)
H H |
\ N\/%o o o
4z
O "

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

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



120 Step A NNNJN9, ~0OH 0OOOCH3 8 NNNNv 'NH O 00OH CH3
9 5 The desired conpound 9 was prepared quantitatively from8 according to
t he met hodo of/7Hxanpl e 3, Step A. WD 01/ 77113 PCT/ US01/ 108BOT/US@110B69anp| €
10: preparation of Conpounds of Fornula 10A and 10B: S NNJNNO OO O
10A-. SNNINNo OO H O

128

material was filtered off, and the filirate washed with saturated sodium
bicarbonate solution and brine. The organic layer was dried over NapSO4 and
solvent removed in vacuo. The crude material was purified by flash column
chromatography using 100/0 to 98/2 dichloromethane/methanol to yield 105 mg
5 (60%) of 10A and 10B as a mixiure of diastereomers. A part of the mixture (36
mg) was subjected to column chromatography again to provide pure isomer 10A
(more polar, white solid, 8 mg) and pure isomer 10B (less polar, white solid, 6
mg), the rest being mixture. HRMS (FAB) Calcd for C42H57Ns0OgS: 805.3959

(M+H)*. Found: 805.3958 (10A), 805.3950 (10B).

10 Example 11: Preparation of Compound of Formula 11:

15

O
Y
@)




c:12) 10B Step A 50 HOBr / \' S O ~rN 102CHN O2CH3 )--0-O 10a 10b
To a 0C solution of 10a (10 g, 41 mmol) in dichloronmethane (60 nm) was
added triveohytam ne (28.68 nL, 204 mmol) sl owy. 4-bronobropesaseéoonyl 10
chloride (20.91 g, 82 mml) and DVAP (few crystals) were then added and the
tenperature was nmaintained at 0OC for 30 mn. The reaction m xture was |eft
standing in the refrigerator (--5C ovegenight foll owed by slow warm ng to
anbient tenperature over two hours. At this tine TLC anal ysis reveal ed
conpl ete consunption of the starting nmaterial. The reaction m xture was
diluted with i/ : 14 BQ.8 2n GinChj : d with
saturat ed sodﬁﬁar# %?paﬁg%gﬁyt 'gﬁl(aljwibg‘né%gn'ﬁ 18%!29@5@935?@?}?&%&2%?%

sol uti on.(17heL)owgnatded MCPBAXB0%, 381 a3 FBNnnadlyl TheneadtionahidureThe crude
m xture was purified by flash col utm chromat ograp usi ng, 100/0 to 95/5

di chl or o@sHAWhewayNed te paikienidepisraise ogen b (ﬂg&?%f e seagtiony mixtuige

br osyl at 0 AN s L ) 1.41

and 1. a5 e gen Yitf gttt fiant g aas Bt i odledi 388 piEiaNad 1 Tl
(2dd, 5 1 arld sddidrh Hisuliite $dlutioh.72hée orgaditlaybiwas 3GedNia, S0 tande of

rotaners, CDCl3) 6 28 18  28.27, 36.01, 36.98, 51.59, 52.03, 52.20, 52.35,
56. 95, 5)cpgg,en1x\r,at_eglg,Purlflca’tlon by flash column chromatography using 98/2

dichloromethane/methanol provided 11a (138 mg, 65% yield). HRMS (FAB)
Calcd for Cog5H35N207S: 507.2165 (M+H)*. Found: 507.2158.

Step B:
10

M
O O;%?o O dé%fo

(N BN

COsCH3 N CO-H

S ‘ e

11a 11b

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

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



78.35, 79.53, 80.66, 129.10, 129.26, 132.66, 135.66, 135.81, 153. 25,

153.64, 10 171.45, 171.78; HRMS (FAB) Calcd for Cl7H23NO7SBr: 464.0379
(MtH) +. Wouondr113164. 0375. Step B: Br HO~~ -ai _1 N CO2BEI/BSN/108032CH3
1-40 O O 10b 10c 15 To a suspension of sodi um hydride (60% di spersion in
mneral oil, 187 ng, 4.68 mml) in DVF at 0C was added 3-ner capt opropanol
(0.42 m., 4.85 mmol) under argon atnudgphere. The m xture was stirred for
30 min while maintaining the tenperature. A solution of brosylate 10b (1.5
g, 3.23 mol) in DV (total 20 volunme = 10 nlL) was added slowy and the

m xture gp¥@rmed to anbient tenperature over 2 hrs. The reaction was
quenchedﬁgygpduring into cold 10% citric acid solution. The aqueous | ayer
was extracted with ethyl acetate, the organic |layer was dried (Na2SO) and
concentrated. The crude material was purified by flash col um

chr omat ogr aphy usigig™85/ 15 di chl or omet hane/ et hyl 25 acetate to provi de 800
my (78%yield) of othessplfide 10c as an oil; 1H NMR (m e of rotaners,

CDCI3) 6 1.41 1.047.[(_§i, 9H), 1.83-1.89 (m 2H), 2.1301/77113

PCT/ USO1/ 1086 3 H |
N COaH HCI. HaN N\j\
H -2 N
N\S/go * 0 H

0] ::
11b

NS

N
: 11c

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

C4q2H59Ng0O10S: 839.4013 (M+H)*. Found: 839.4019.



2.34 (m 2H), 2.69 (t, 2H), 3.23-3.49 (m 2H), 3.73-3.78 (m 5H), 3.86-3.95
(m 1 H, 4.33-4.37 and 4.42-4.46 (2dd, 1 H); 13C NVMR (m xture of rotaners,
CDCl 3) 8wa@81/2m3 28. 30, 32.15, 32.23, 36.65, 37.27, 40.45pCHOS@208®2. 16,
52.35, 52.50, 52.84, 58.32, 58.55, 61.22, 61.41, 80. 35,

153. 49, 153-99, 173. 05, 173. 23; HRMS 5 (FABR), Cal cd for Cl4H26NCBS: 320. 1532
(MtH) +. Found: 320.1528. Step C HO,,J- , HOBS: )0 CO2CH3 f) CO2CH3
-)--OILOH HCG 10c 10d 10 The desired compound 10d was prepared by the
pr ot ocol ggﬁrd’_bed for Exanple 1, Step C. Reaction conditions were 0C, 1
hr. The & was carried to the next step as it was. Step Di HO, ~. ~.
HO-~,$ C02CH 3 HI NNC2CH3 O HHC >y 0 15 10d O 10e The desired
conmpound 10e was prepared by the method described for Exanple 1, Step D
The coupling reacti oana? carried out at -8C for 2 days.

2S=0
(O H
H H l
N N N N
H
N A 0 !

N >
0
o)

11

11

(_N)YH H\/EN h
H\_/&o 0 0 0
O

The desired product 11 was obtained by the oxidation protocol described

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

98/2 dichloromethane/methanol afforded 11 in 4% vyield (2 steps). HRMS (FAB)
Calcd for C42H57N6010S: 837.3857 (M+H)*. Found: 837.3865.



After workup the product 10e was sufficiently pure by TLC and was obtai ned
in 20 80%vyield;, HRVS (FAB) Cal cd for C22H39N206S: 459. 2529 (M+H) +. Found:
459. 2523 woWm/omA¥ 7113 PCT/ US01/ 10869 124 Step E ¢) CORCPBT/QNO2@B ~N~O
HCl. H2ZNI~O 0 0 10e 1 O 5 The desired conpound 10f was prepared by the
protocol described for Exanple 1, Step E. The material was carried forward
as it was. Step F: HO-~ HOB, ?C02CH348pl H 2 3 HC. H2ZN.O HON A0 Nzt O
01 O 10g 10 The desired conpound 10g was prepared by the procedure
described for Exanple 1, Step F. The crude product was purlfl ed by flash
col um o'l 1S4: QG f g ! .to provide
10g in 40N 1] : RV (e OF-TGHAARS, CDCI3) 6
0.90-1.26 (m, 15 1 66- 1. 88 (n) 2 22-2.31 (m 2H) 2 73 (t 2H), 3.47 (s),
3.5-3.55 (m, 3.65-3.75 3.88-3.94 (dd, 1 H), 4.07-4.12 (dd, 1 H),

4.53 (t, 1 H, 4.62 (t, 1ﬁ)’\6 73-6. 80
sUBYPeY
oA T
0 0 o)
N\:.)\o
O -

12A

M

SEETL AR

.Vkoo
0 /'I\ 123

O,
@\/O\/\/o- H N COLHs
y L OYN\é/kO
™

The desired product 12a was obtained by the method described for
Example 1, Step D using N-boc-tert-butylglycine as the coupling pariner. The
10  material was purified by flash column chromatography using 90/10
dichloromethane/ethyl acetate to provide 12a in 73% yield. '°C NMR (mixture of
rotamers, CDCl3) 6 26.20, 28.31, 29.07, 30.06, 34.94, 35.86, 37.06, 51.21, 52.186,
52.84, 57.78, 58.33, 65.95, 66.92, 72.97, 75.48, 79.45, 127.55, 127.66, 128.35,



(m 4H), 7.17 (t, 1 H; 13C NWR (m xture of rotamers, CDClI3) S 25. 80,
25.89, 26.14, 27.71, 28.55, 29.22, 31.88, 35.46, 40.58, 42.44, 43.16,

52. 32, 52¥Q01/77155. 49, 58.46, 60.30, 114.59, 116.27, 121. ORCT/USQ/O29 135. 90,
156. 73, 171.25, WD 01/77113 PCT/US01/ 10869 125 171.87, 171.96; HRVS ( FAB)
Cal cd for C25H37N206S: 493.2372 (M+rH)+. Found: 493.2364. Step G HO S,
f)-CO2CH3 N NCXRCH3 HO C.~ = ON-O13®@ OO0 10g 10h 5 The desired
conpound 10h was prepared by the protocol described for Exanple 1, Step G
The crude product was suspended in 80/20 ethyl acetate/hexane, and the

lid matey i d £ | :
pur! 11 ed 105 -oe2, 10508 151 15, TPE e AN FIGH CABRTRRLEPLAINGT T (s
ield 229 e CDCI 3) 5 0.98-1.30 , 1.64-1.90
z”rr)e 2.oé@ﬁﬁ@%%ﬁs%w%ﬁwg}ﬁéd, 2H§, 2.62-2.70 (Ean)ZH), 3.38-3. 46
(m 2H), Step®:3.66 (m 3H), 3.71 (s, 3H), 3.88-3.94 (dd, 1 H), 4.07-4.15

(m 1 H), 4.22-4.29 (m 1 H), 4.48 (t, 1 H), 4.60 (t, 1 H), 5.97 (br t, 1
H, 6.76-6.81 (m 2H), 6.99 (br s, 1 H, 7.20 (dd, 1 H; HRVS (FAB) Cal cd

for C25H35N205S: 475. 2267
O~A, @\/0\/\/0

N O2CH3 » (N-)\COP_CH:;
H
YTNE/J\O HCL. HQN\E/&O
0O = =
0 0
5 12a 12b

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

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

Step C:

10
@\/O\/\/o—. @\/O\/\/O—

CO2 > N7 “CO2CH3
C)\ CHy ———— ’ (—)\ 02C
HCI. HQN\/KO Ho\©/YN\_/KO

> © AN

12b 12¢

The desired product 12¢ was obtained by the procedure described for
15 Example 1, Step F. The material was purified by flash column chromatography
using 99/1 dichloromethane/methanol to yield 12¢ in 91%. *C NMR (CDCl) &
26.24, 29.93, 34.95, 35.96, 43.48, 52.18, 53.09, 57.06, 58.06, 66.10, 66.92,
72.93, 77.43, 114.59, 116.14, 120.87, 127.58, 127.64, 127.74, 128.37, 130.02,



15 (M+H) +. Found: 475.2260. Step H n O cCXRCH3 cCO2H \Ne, ~O O NyLO O O -
0 O 10h 10i WO 01/77113 PCT/US01/10869 126 The advanced internedi ate 101i
was synt ve@oredias described for Exanple 1, Step H, in gpe@nuUstizsee yi el d
as a white solid; 1H NVR (DMSO-d6) 6 0.88-0.96 (m 2H), 1.10-1.14 (m 3H),
1.59-1.76 (m 7H), 1.88-1.94 (m 1H), 2.09 (app. t, 51 H, 2.61 (dd, 1 H,
3.32 (app. d, 1 H), 3.40-3.45 (m 2H) 133.61 (app. d, 1 H, 3.83 (g, 1 H,
4.13 (app. t, 1 H, 4.19 (t, J =7.32 Hz, 1 H, 4.40 (t, J = 9.52 Hz, 1 H),
6.76- 6.79 (m 2H), 6.89 (s, 1 H, 7.16 (app. t, 1 H), 8.39 (d, 1 H, 12.5

29 62, 23395 05" 55 179, 796 Tep 38 HAMIEAR) Cagl *070,
114. 88, %%@&Naﬂ(?% 284 'ﬂ@‘%&%@%@;??‘:%dﬁ?‘éi%@zqo’ 169. 25, 170. 29, 172. 59;

HRVS ( FAB or C24H33 461. MrH) +. Found: 461.2104. Step
l: H HBtg9Pd HCl. H2ZN NN NYKOO H O 10i A N H N

HO Q
@\/O\/\/Q., NN

CN>\CO CHy —» H\/I\LD COxCH3

5 12¢ 12d

The desired product 12d was obtained by the procedure described for
Example 1, Step G. The product obtained after filtering off the catalyst was pure

enough for subsequent manipulations. 3C NMR (CDCly) 6 26.27, 32.09, 35.44,

10 35.67,43.19, 52.21, 52.74, 57.60, 58.21, 58.75, 65.78, 77.74, 114.74, 116.02,
120.68, 130.07, 135.66, 157.11, 170.59, 172.05, 172.51; HRMS (FAB) Calcd for

C23H35N207: 451.2444 (M+H)*. Found: 451.2436.

Step E:
@
HO A, Q
Y q)\cozCHs _— H L—N>\002CH3
HO\©/YN\:/I§O N\:/ko
0 z ]
™ °

15 12d 12e

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



N 0OO0OOHO O110) 15 The desired conmpound 1 O was prepared as descri bed
earlier for Exanple 1, Step 1, in quantitative yield as a pale yellow
solid. Tweomatsrd al obtained after WO 01/77113 PCT/ USO1/ 1P8H®S011@I6Mm0r kup
was sufficiently pure by TLC for further manipul ations; HRMS (FAB) Cal cd
for CA2H59N608S: 807.4115 (M+H) +. Found: 807.4103. Step J;: OCH OHH OH N
NNHN NOOO Oly O10) NONOiB HN~H\ NOOOOOI10A S(, O
N

process once again, the filtrate was concentirated and applied on the column as a

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

5 StepF:

! !
Qcochs —_—> [Nj “CO.H
A B

12e ‘ 12f

)

The advanced intermediate 12f was synthesized as described for Example

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

15 63.36, 64.96, 76.84, 111.94, 115.25, 121.73, 129.13, 138.36, 158.27, 169.85,
170.15, 173.04; HRMS (FAB) Calcd for C22H31N20g: 419.2182 (M+H)+.
Found: 419.2180.



NONHI ~N + NHNyHOOOQOO 5 10B To a solution of 19 (180 ng, 0.22
nmol ) in dichloronmethane was added sequentially DMSO (0.313 i, 4.4 nmmol),
DCC (908w /#1143 nmol ), and di chioroacetic acid (36.4 L, POT/A80wnwed9) . The
reaction mxture was stirred 10 overnight at ambient tenperature. It was
guenched by addition of aqueous 5% citric acid solution (5nL) and MeOH (1
m-) and stirred for 30 mn. The soligqggD 01/77113 PCT/US01/ 10869 128
material was filtered off, and the filtrate washed with saturated sodi um

bi carbonate solution and brine. The organic |ayer was dried over Na2SO4 and
sol vent r, d in vacuo. The crude nmaterial was purified by flash col um
chr onmat ogﬁgﬁ\@ using 100/0 to 98/ 2 dichl oronet hane/ met hanol to yield 105 ny
5 (60% of 10A and 10B as a m xture of diastereoners. A part of the mxture
(36 ngy) was subjected to colum chromat ography again to provide pure

i soner 10A (nore r, white solid, 8 ng) and pure isorrer 10B (I ess
pol ar, white soli ¢ 60 ng) the rest being m xture. FAB) Cal cd for
C42H57N608S: 8052959 = H)+ Found: 805. 3958 (10A) 950 (10B). 10

Exanpl e 11: Pr atl o Conpound of Formul a ?=|1 n N Y N 49"e NO
OO0 OO0 11 » N cozH . HCL. HaN
N N0
© A~
A
12f
o_
ngY V?L
N
P
5 ‘ The expected product 12g was synthesized as described earlier for the

Example 1, Step J. The material after work-up was of sufficient purity to be.
carried forward to the next step. HRMS (FAB) Calcd for C4oH57Ng0O9: 765.4187

(M+H)*+. Found: 765.4175.



15 n n SSO N~ CO2CH3 N~ C02CH3 O OO O 10h 11a WO 01/77113

PCT/ US01/ 10869 129 To a cold (0C) solution of 10h (200 ng, 0.42 mmol) in
di chl orome® hara13 (10 m -) was added MCPBA (60% 364 ng, 1pCEHURMoI0$69 The
reaction mxture was slowy warnmed to anbient tenperature over 16 hrs. The
reaction m xture was diluted with dichioronmethane and washed with
saturated sodi um bi carbonate 5 and sodigym bi sul fite sol ution. The organic

| ayer was dried (Na2SO4), and concentrated. Purification by flash colum
chr omat ogr aphy using 98/ 2 di chi oromet hane/ net hanol provided 11a (138 ng,
65% vyi el c§ HRVS (FAB) Cal cd for C25H35N207S: 507.2165 (MtH) +. Found:

507. 2158. rB: 10 0 A=00 A0 QCX2CH3 'N' C2ZHH N~NON O.O 0 O 11la
11b The expected product 11 b was synthesi zed as described for Exanple 1,
Step | in 90%vyield as a white solid; HRVS (FAB) Cal cd for C24H33N207S:

o]
- H 0]
H H |
H H ol

N o) o)
Y O
O -
/]\ 124
Q
- 0] 0]
H H |
N 0 0] O
Y (0]

AN

12A

)
+ A—)\( : N\/U\%

N\/&o
/l\

12B

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

steps). HRMS (FAB) Calcd for C40H55Ng509: 763.4031 (M+H)*. Found:
10 763.4040 (12A), 763.4047 (12B).



493. 2008 (MtH) +. Found: 493.2012. WO 01/77113 PCT/US01/ 10869 130 Step C
1=0to HH~N" C®2HHCO. HNNH+ 2 JIN NOH 1lbn=0~~ H NC HH
N N JN NwOloO1G3 O O 0 1lc 5 The desired conpound 11 c weeT/prepms@d as
described earlier for Exanple 1, Step J, in quantitative yield. The

materi al obtained after workup was sufficiently pure by TLC for further

mani pul ati ons. HRVMS (FAB) Cal cd for @4gH59N60105: 839. 4013 (M+H) +. Found:
839.4019. WO 01/77113 PCT/ USOL/ 10869 131 Step D. S=0O

Example 13: Preparation of Compounds of Formulas 13A and 13B:
H
N

Os.. ?
\/J%o 0 e
o /l\

13A

&

H \/i};(i\l/\-/ﬁ\gﬂ\/ﬁ\%h‘\
X

13B

5 StepA:

&

Q

H
K)\ H |
o\ CoH HC. HoN N\/?L Ne_
N\/& + N
Y 0 0 H o
O /:l\
E

12f

!
'L_N)\Bk}jﬂ(ﬂﬂ%m
> ',(}\_/goo 0 Ho o
© /]\ 13a



H HH HNNNJHOpNs ~OO0O0 11c SSO -YHNN- NNOOOHO O 11

' ' ' tocol described
' ct 11 was obtained by the oxidation pro
; Tree?e%ﬁgxg;ng?g 1, Step K Purification by flash col _uPrﬂT/UIS;lmttmie%g; aphy
Egir n:g 98/ 2 di chl or omet hane/ net hanol affor8c51$d(§ﬁlkH|)E 4‘|’:/ooﬁ|n§! d8§%7 3862 V\D
Cal cd for C42H57N6010S: 837 ) +. : : :
3%7(1598?3&/ USO01l/ 10869 132 Exanpl e 133 SPrepar ati oln/ of “C'?;rPOlldlmleNO]lc\f'.
Formul as 12A and 12B: N NJ HCN, HO OO 0 12A Q N)

The expected product 13a was synthesized as described earlier for the
Example 1, Step J. The material after work-up was of sufficient purity to be
carried forward to the next step. HRMS (FAB) Calcd for C41H59Ng0g: 779.4344

(M+H)+. Found: 779.4350.
5 StepB:

13B

The desired products 13A and 13B were obtained by the oxidation protocol
10  described previously for Example 1, Step K. Purification by flash column
chromatography using 100/0 to 96/4 dichloromethane/methanol afforded separate
isomers 13A and 13B, and some mixture. Combined yield = 50% (for 2 steps).



N~o 00 HO O12B Step A/ 5\ | 0~~0 H QC2CH OyNv 'O CI\I)--COZCI—BbOd
H HCQ | d 12a The desired product 12a was obtained by the nethod describe
for Exampder/17115tep D using N-boc-tert-butylglycine as theT/UsmmOs@ﬁ _
partner. The 10 material was purified by flash colum chronatography using
90/ 10 di chl oronet hane/ ethyl acetate to provide 12a in 73%yield. 13C Ng/g
(m xture of rotaners, CDCl3) 8 26.20,148.31, 29.07, 30.06, 34.94, 35.86,
37.06, 51.21, 52.16, 52.84, 57.78, 58.33, 65.95, 66.92, 72.97, 75.48,
79.45, 127.55, 127.66, 128.35, WO 01/77113 PCT/US01/ 10869 133

.45, 15 0 : ( l,ed for C27HA3NZ07:
égg. 3070 ?% %ﬁﬁéggﬁ&%?%ﬁ%?m7 '{%@@é&:) COWRG g7 Ao HCl . |
H2NLO O ' (18A)22772.2085Th8Byesi red conpound 12b was prepared by the protoco

i bed_f or
descri be Example 14: Preparation of Compound 14:

(7)
p OSSN
w N N N\
N H
H 0 0 o)
N\._/KO
O -
o’\\
5 Y 14
Step A:
= 7
y
0% “OH o Oj\
14a 14b

10

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

mL) was treated with ditert-butylacetal of DMF (69 g, 340 mmol, 5.0 equiv.) and
heated at reflux for 4h. The reaction mixture was concentrated in vacuo and
diluted with aq. NaOH (1M, 300 mL). The reaction mixture was extracted in diethyl

15 ether (3x100 mL). The combined organic layer was extracted with ag. NaOH (1M,
100 mL), H20 (2x100 mL), brine (1x100 mL) dried (Na2S0Q4), filtered and
concentrated in vacuo. The residue was distilled under reduced pressure to yield
14b 9.2 g (66.2 %) of a colorless oil.



Exanple 1, Step E. The material was carried forward to the next step. Step
C 10 N C02CH3 cCO2CH3 HCI. H2NJO HO N~O O 12b 12c The desired product
12c was ovwoai/mad3 by the procedure described for 15 Exanpl BCL/USBI®R6I-. The
material was purified by flash colum chromatography using 99/1

di chl oronet hane/ met hanol to yield 12c in 91 % 13C NWR (CDCI3) S 26. 24,
29.93, 34.95, 35.96, 43.48, 52.18, 534Q9, 57.06, 58.06, 66.10, 66.92,
72.93, 77.43, 114.59, 116.14, 120.87, 127.58, 127.64, 127.74, 128.37,

130. 02, WO 01/77113 PCT/US01/ 10869 134 135. 95,

138. 39,1 170.65,171. 06, 172. 38; HRMS (FAB) Calcd for C30H41N207:

541. 2914%. Found: 541.2921. Step D HO-~, Q QCO2CH3 H HO N CN'-' C02CH3
HOI*I \ N C**~ O5 12c 12d The desired product 12d was obtai ned by the
procedure described for Exanple 1, Step G The product obtained after
filtering off the catal yg# was pure enough f@?cwnt mani pul ati ons.
13C NMR (CDCl 3) 8 26.27,] 32.09, 35.44, 10 35.67, 43.19, 52.21, 52.74,

57.60, 58.21, 58.75, , (7.74, 114.74, 116.0 20. 68, 130.07, 135.66,
157.11, 170.59,172. 05, 51; HRVB(FAB)y—®al cd f
o) o>|\ 0 og\
14b 14c
5 A solution of tert-butyl carbamate (5.96 g, 50.9 mmol) in 1-PrOH (68 mL)

was treated with ag. NaOH (128 mL, 0.41 M) and tert-butyl hypochlorite (5.5,
50.9 mmol). The reaction mixture was cooled to 0° C and (DHQ)2Phal (780 mg,

1.00 mmol) in 1-PrOH (64 mL) was added. A solution of tert-butyl-4-vinylbenzoate
14b in 1-PrOH (119 mL) was added followed by K2OsO4eH20 (248 mg, 0.7

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

reaction mixture was concentrated in vacuo and the residue was diluted with H20

(300 mL) and extracted with EtOAc (3x100 mL). The combined organic layer was
extracted with aq. HCI (200 mL), brine(100 mL) dried (Na2S0O4) filtered conc. in

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

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

20 15), 338 ((M+1]t, 15), 282 (85), 225 (50), 165 (100); HRMS calcd for
C18H28NO5 (M+1): 338.1887; found 338.1967.



C23H35N207: 451. 2444 (M+H) +. Found: 451.2436. Step EE HO- ~Q _ Q C31, N
CO2CH 3 NC2CH 3 HON-ON OO 15 12d 12e The desired product 12e was
obt ai ned w9 oi/fra1pr ocedur e descri bed for Exanple 1, Step HPCTS01ICI08EIE

materi al was suspended in ethyl acetate/ hexane (approx. 1/1) and the

undi ssol ved solid material was filtered off. Repeated this WO 01/77113

PCT/ US01/ 10869 135 process once agai nga2the filtrate was concentrated and
applied on the colum as a dichioronethane solution. The col um was el uted
with 75/ 25 hexane/acetone to yield 29% of 12e. HRVS (FAB) Cal cd for

C23H33N2QG; 3. 2339 (MtH) +. Found: 433.2339. 5 Step F: 0 9 4 H
CN)~-' Q0 CO2H N N O O 12e 12f The advanced internedi ate 12f was
synt hesi zed as described for Exanple 10 1, Step I, in quantitative yield,

1H NVR (DMBO-d6) 8 0.96 (s, 9H), 1.66-1.70 (m 1 H), 1.75-1.82 (m 2H),
2.43 (dd, 1 H), 3.3283cH6 (M. 2H . 3.48-3.52 ( BPeHNNY™~NG 55

— 0
BEN AN

14c 14d

5 A solution of aromatic compound 14¢ (1.0 g, 2.96 mmol) in CH30H (20
th) was treated with Rh/C (10% w/w 100 mg) and hydrogenated (60 psi) for 2d.

The reaction mixture was filtered through a plug of celite and the residue was -
concentrated in vacuo to yield 14d. The crude product was purified by

chromatography (SiO2, EtOAc/Hex 2:3) to yield the c¢is compound 14d (830 mg,

10  83%) which was further purified by crystallizing from hexanes. 1H NMR (CD30D,
d) 6.31 (d, 1 H, J=6.9 Hz), 3.58-3.49 (s, 2 H), 3.40 (bd, 1 H, J=4.8 Hz), 2.48-2.46
(m, 1 H), 2.1-1,98 (m, 2 H), 1.61-1.2 (m, 7 H), 1.45 (s, 9 H), 1.42 (s, 9 H); 13C
NMR (CD30D, 75 MHz) 176.2, 158.5, 81.2, 79.8, 63.1, 57.2, 41.8, 38.8, 28.8,
28.3, 27.7, 27.5, 25.9. MS (FAB) 687.2 ([2M+11t, 5), 344 ([M+1]+, 20), 232 (40),

15 188(100), 107 (13); HRMS calcd for C18H34NO5 (M+1): 344. 2437; Found:
344.2444., CHN calcd for C1gH33NO5 C=64.07%, H= 8.07%,N= 4.15% Found
C=64.32%, H=8.21%, N=4.32%.
StepE :

BocHN\/\OH BOCHN\/\OH

2T R

20 14d 14e



(dd, 1 H), 3.84 (app. d, 1 H), 3.99 (app. d, 1 H), 4.06-4.10 (m 3H), 4.16
(dd, 1 H, 4.69 (d, 1 H, 6.70-6.72 (m 3H), 7.15 (app. t, 1 H), 8.42 (d,
1 H, 12wgoybnizs, 1 H); 13C NMR (DMSO d6) 6 26.25, 28.BdT/USB /B89 34. 97,
41. 22, 53.96, 56.11, 56.97, 15 63.36, 64.96, 76.84, 111.94, 115.25, 121.73,
129. 13, 138.36, 158.27, 169.85, 170.15, 173.04; HRVS (FAB) Cal cd for
C22H31 N206: 419.2182 (MrH)+. Found: 4439. 2180. WD 01/ 77113 PCT/ US01/ 10869
136 Step G Q~\ NN C2HHHH+ HOL ZNNj NOH OO OA 12f 0 NH
HIN ~YH HO OHO O 12g 5 The expected product 12g was synt hesi zed

as descri bed iar for t | , J. The. nater] ft

wor k- up was o?f1 éé‘*"ﬁ{)e i°zﬁ{‘q'ﬁ§raf%%%ﬁ4§éé-3 g’SHa'BB mmoB In %y ?HFanO% mEf
was cooled to -78 °C (dry ice/acetone, internal temperature -68°C) was treated
with LDA (44 mL, 2M soln in heptanes, 88 mmol, 8.0 equiv.). The reaction mixture
was stirred at -78° C for 2 h and quenched with CH30H (20 mL). The reaction

5 mixture was treated with aq. HCI (150 mL, 1 M) and extracted with ether (3x100
mL). The combined ether layer was extracted with brine (50 mL) dried (MgSO4),

concentrated in vacuo and purified by crystallization from boiling hexanes. The

solid separating out from the mother liquor was predominantly cis stereo isomer,

where concentration of the mother liquor gave the pure trans isomer. The above
10  sequence was repeated twice more to obtain 2.7 g of the trans compound and

600 mg of cis/trans mixture. 13C NMR (CDCI3, 75 MHz) 175.3,156.6, 79.8, 63.6,

57.0,44.1, 38.3, 37.7, 28.9, 28.6, 28.4, 28.1, 26.6, 26.1. MS (electron spray) 344
(M*, 50), 288 (50) 232 (90), 188 (100).

Step F:
BOCHN\_/\OH BOCHN\Zj\OH
B E—
A A
15 14e 14¢

A solution of alcohol 14e (2.6 g, 7.6 mmol) in CH3CN (150 mL) and CClg
(150 mL) was treated with H2O (22 mL), cooled to 0°C, treated with periodic acid
(7.05 g, 30.92 mmol, 4.0 equiv.) and RuCl3e3H20 (60 mg, 0.3 mmol, 4 mol%).

The reaction mixture was stirred at rt. for 3h, and concentrated in vacuo. The

20 residue was diluted with water (150 mL) and extracted with EtOAc (3x100 mL).
The combined organic layer was extracted with HoO (100 mL) and with ag. NaOH
(1M, 3x100 mL).The combined aqg. layers were acidified with HCI (6M, pH ~1) and
extracted with EtOAc (3x100 mL). The ethyl acetate layers were pooled, extracted
with brine (100 mL) dried (Na2SO4) filtered concentrated in vacuo to yield acid

25 14f (1.8 g, 66%) used for further couplings without further purification. MS (FAB)



for CA0H57N609: 765.4187
[ d to the next step. HRMS (FAB) Cal cd :
‘(3:1/{#” id {:glrj\r/]vgr 765.4175. WO 01/77113 PCT/USO1/ 10869 137 Step Hﬁsg m g NCNJ(
H NV ~HWO0L/07103 12g n NONO ~N HNNr N~0 0 OO 12pCT/US?31t/ hO N D
"AN ~ 0 OO O 12B 5 The desired products 12A and 12:3 wir eS?epalK y

: . . e 1. _
t he oxi dation protocol described prew&asl y for Exanp

Purification by flash colum

380.2 ([M+Naj*, 30) 358 (IM+1]+, 5), 302 (20), 258(20), 246 (100), 202 (70), 200

(20)
Step G:
0] ‘
H
>]/0\er ; OH Q/O
o = N,
+
* /~COOCHS3
J< NECI
14f 0] O 1d
O‘COOCHa

A solution of Boc-trans—4—tertbutylcarboxyl-cyclohexylgylcine 141 (1.9 g,
5.3 mmol) in CH2Cl2 (30 mL) was treated with proline compound 1d (1.92g, 5.85
mmol, 1.1 equiv.) and cooled to 0°C. The reaction mixture was treated with
Hunigs base (1.51g, 11.7 mmol, 2.2 equiv., 2.15 mL) followed by the addition of
10 BOP reagent (2.6 g, 5.85 mmol, 1.1 equiv.) The reaction mixture was stirred at ri.
for 12 h diluted with ag. HCI (1M, 100 mL) and extracted with EtOAc (8x100 mL).
The combined ethyl acetate layers were extracted with ag. NaOH (1M, 100 mL)
brine (100 mL) dried (NapS04), filtered concentrated in vacuo and purified by

chromatography (SiO2, EtOAc/Hexanes 2:3) to yield 149 as colorless foam (1.8g,
15 54%); TH NMR (CD30D, §, mixture of rotomers) 7.32-7.23 (m, 5 H), 6.64 (d, 1 H,
J=9.0Hz), 4.47-4.39 (m, 3 H), 4.19-4.04 (m, 3 H), 3.74 (s, 3 H), 3.66-3.56 (m, 4

H). 2.55-2.10 (m, 2 H), 1.99-1.00 (m, 12H), 1.42 (s, 9 H), 1.40 (s, 9 H). 13C NMR
(CD30D, 8, mixture of rotamers), 175.6, 174.6, 172.4,172.0, 156.4, 138.5, 128.1,



chr omat ogr aphy using 98/2 to 96/ 4 of dichl oronethane/ net hanol afforded
separate isoners 12A and 12B, and sone m xture. Conbined yield = 57% (for 2
steps). MRVBU{HAAB) Cal cd for CA0H55N609: 763.4031 ( M+H) +. PEDURE/1086®

763. 4040 (12A), 763.4047 (12B). WO 01/77113 PCT/US01/ 10869 138 Exanple 13:
Preparati on of Conmpounds of Fornulas 13A and 13B. Q ONNNJN N~OO0 HO
13A Ql, N~yNJN CNI NO- OHO O148B 5 Step A o HH N CO2H H +
HCl. HZN NN N~ N O HO O E 12f

127.5,127.4,127.3, 79.8, 79.7, 79.0, 77.5, 72.5, 66.7, 65.4, 58.1, 56.6, 52.1,

51.3, 43.9, 40.4, 39.4, 38.6, 34.6, 29.8, 28.4, 27.9, 27.3, 26.1, 25.4, 24.5; MS

(FAB) 633 ([M+1]+, 11), 533 (55), 477 (24), 428 (5), 294 (100), 234 (12) 156 (40),

128 (39); CHN Calcd. for C34H52NOg C 64.53% H 8.28% N 4.43%; Found C
5 64.41% H8.00% N 4.19%.

Step H:

&COOCHg + (Nj‘COOCHS
BocHN\/z C|H3
0

j\O 14g

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

for couplings without further purification.

15 Stepl:

£ -
H s COOCH; N COOCHz

CIHaN

~

H
N O

COOH

w O

14h 07 0O 14j



QHNNNN NOOHO 0 13a WO 01/77113 PCT/USOL/ 10869 139 The expected
product 13a was synthesized as described earlier for the Exanple 1, Step
J. The mawewvi/ziiiafter work-up was of sufficient purity toPORUSETIaNB%d
forward to the next step. HRVS (FAB) Calcd for C41 H59N609: 779. 4344
(MtH) +. Found: 779.4350. 5 Ste B. HHHO CNI NN~NN NOO OHIOI13anH
0 NHNNNH NO0OOO O13A1460HO0O/ HNNJII)r Nv 'N NO O

HO _A
OHO O- f

A solution of 3-hydroxyphenylacetic acid 14i (501 mg, 3.29 mmol, 1.8
equiv.) and amine hydrochloride 14h (1.79g, 2.99 mmol) in dry CH2Cl2 (30 mL)

was treated with Hunigs base (850 mg, 6.59 mmol, 2.20 equiv., 1.2 mL) and BOP
5 reagent (1.5g, 3.29 mmol, 1.1equiv.) at 0° C and stirred at rt. for 24 h. The
reaction mixture was concentrated in vacuo and diluted with aq. HCI (1M, 250
mL). The aq. layer was extracted with EtQOAc (8x100 mL). The combined organic
layers were extracted with ag. NaOH (1x100 mL.), brine (1x100 mL) dried
(Na2SO0gy) filtered, concentrated in vacuo and purified by chromatography

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

/_/——OBn /_/_QH
HO & HO
COOCH; COOCH;

\/ko . g
0 /\\ 14j

15 A solution of the coupled compound 14j (710 mg, 1.1 mmol) in CH30H

\\o

v

oL
,>-—-

(50 mL) was treated with Pearlmans catalyst (10% Pd(OH)2/C) and hydrogenated
(H2, 40 psi) for 12h. The Pd/C was filtered off through a plug of celite and filtrate

was concenirate and used for the next cyclization without further purification R

0.12 (acetone/Hexanes 3:7); TH NMR (CD30D, 8, mixture of rotomers) 8.25 (bs,
20 1H), 7.01 (bt, 1 H, J=7.2 Hz), 6.72 (bs, 1 H), 6.65 (d, 2 H, J=7.8 Hz), 4.79-4.70
(bs, 3 H), 4.55-4.41 (bs, 2 H), 4.20-4.12 (bs, 2 H), 3.77 (s, 3 H), 3.66-3.44 (bm, 6
H) 2.43-1.04 (bm, 14 H) 1.40 (s, 9 H); 13C NMR (CD30D, 5, mixture of rotomers):
175.5,174.6,172.6, 172.4,171.3, 161.1, 157.3, 136.8, 136.7, 129.3, 120.0,



13B The desired products 13A and 13B were obtained by the oxidation
protocol 10 described previously for Exanple 1, Step K. Purification by

fl ash colwemi/thidmat ogr aphy using 100/0 to 96/ 4 di chl or oneChase/ wedshanol

af forded separate isoners 13A and 13B, and sone mi xture. Conbined yield =
50% (for 2 steps). WO 01/77113 PCT/USO1/ 10869 140 HRVMS (FAB) Calcd for C41
H57N609: 777.4187 (MtH)+. Found: 777.4477 (13A), 777.4185 (13B). Exanple
14: Preparation of Compound 14: H HNN-~ N OOO OO 5014 Step A
OOH OO 14a 14b 10 A solution of vinyl benzoic acid 14a (1 Oy, 68 nmol)

indry b t 69 g,
340 mmol qqée}]qégﬁq%d&n%m@hggtgegb? ﬁé’wl‘ §$ %AEg@;ﬁgcg E’?C?’I %%Qm:x'g ur eg
was concepty a&1esl 4319vag4039ny 35ctylszcd28vet lasaqmb@@ﬂlzm 36Q,16)2, The
reaction m xture was extracted in dieth 15 et her (3x1 ? The conbi ned
oo o s MG AR BT+ 1062 KAGH408 (101, 387 (10), 374 (0), 318

(15), 290 (100), 248 (30); HRMS calcd. for C30H45N209 (M+H)*: 577.3125;

5 Found 577.31383.

Step K:
/_/—OH O
O, O’—,
HO. 4
| —~CO0CH; NTCOOCHs
H H\/R}
t _
H 0 A
£ o)l\
14k o O/\\ wm °
10 A solution of alcohol 14k (600 mg, 1.05 mmol) and ADDP (787 mg, 3.12

mmol, 3.0 equiv.) in CH2Cl2 (30 mL) was treated with Ph3P (818 mg, 3.12 mmol,
3.0 equiv.) under a positive pressure of dry N2 at 0 °C. The reaction mixture was
stirred at 'rt. for 24 h, concentrated in vacuo and the residue was purified by -
chromatography (SiO2, acetone/Hexanes 2:3) to yield a colorless solid 141 (120
15  mg, 22%) of cyclic product; Rt 0.73 (acetone/Hexanes 1:1); TH NMR (CD30D, §)
7.13 (t, 1 H J=7.8 Hz), 6.76 (s, 1 H), 6.71 (, 2 H, J=8.1Hz), 4.58 (d, 1 H, J=9.9
Hz), 4.37 (dd, 1 H, J=7.8, 2.7 Hz), 4.23-4.11 (m, 4 H), 3.74-3.61 (m, 2 H), 3.66 (s,
3 H), 3.59-3.40 (m, 2 H), 2.54-2.41 (m, 1 H), 2.19-2.10 (m, 1H), 1.98-1.42 (m, 10

H), 1.43 (s, 9 H); 13C NMR (CD30D, §) 175.6, 172.4, 172.1, 170.8, 159.0, 137.0,
20 129.1,121.7,115.7, 112.2, 94.8, 79.8, 77.4, 65.2, 64.0, 57.6, 55.2, 53.8, 51.3,

44.0, 41.5, 39.1, 33.3, 28.7, 28.1, 26.9; MS (electron spray) 559 ([M+1]*, 100)

327 (10), 189 (20); HRMS calcd. for C3gH43N208g (M+1)*: 559.3019; Found:



100 nmL), H20 (2x100 ni), brine (1x100 mL) dried (Na2SQ™4), filtered and
concentrated in vacuo. The residue was distilled under reduced pressure to
yield 140091/271143 (66.2 % of a colorless oil. W 01/ 77113rP€TUAIBA08¢910869
141 Step B: BocHN ~ .. OH O O- )90 14b 14c 5 A solution of tort-butyl
carbamate (5.96 g, 50.9 mol) in 1 -PrOH (68 nL) was treated with ag. NaOH
(128 nL, 0.41 M and tert-butyl hypocRhhgrite (5.59, 50.9 mmol). The
reaction m xture was cooled to 00 C and (DHQ 2Phal (780 ng, 1.00 nmol) in
1 -PrOH (64 nL) was added. A solution of tert-butyl-4-vinylbenzoate 14b in

the reacBRORUAS: LA G o aaHTANS g Eor Go0 A oot on Turns

green anﬂﬂ_bs%@%&h@réi:é@_5q% Ef-[iéﬁlél?% FRRP§3%S wi th a new product forned.

The reaction m’xture was concentratéed I n'vacuo and the residue was dil uted
with H20stegqd nm -) and extracted with Et OAc (3x100 nli). The conbined
organic |l ayer was extracted with ag. HCO (200 nlL), brine(100 nlL) dried
(Na2SO™4) filtered conc. in 15 vacuo and purified by chromatography (Si02,

Et OAc/ Hexanes 1:2) to yield 14c as a colorless soljd (4.6 g, 82%. 1 H NWR
(CD3OD, S) 7.90 (d¢ 27H, J=6.0 Hz), 7.40 (d, 2 H {J=G.3 Hz), 7.22 (bd, 1
H J=5.7 Hz), H, 3.71-3.62 (m 2 H 1058 (s, 9 H), 1.39 (s, 9
Hz); 13C NWR ( ) 169.7, 160.5, 149.@8 134 132.9, 130.4,
84.7, 82.9, 68. . : . ' ([2 00y 15), 338
([ M+1] +, 15), 28 25 (50), 165 (100); HRVH caltd for CL18H28NOG
(M+1): 338.1887; 1967. 5 N

5 141 14m

, A solution of methyl ester 141 (120 mg, 0.22 mmol) in THF (5.0 mL) and
H20 (1.0 mL) was treated with LIOH (20 mg, 0.5 mmol, 2.0 equiv.). The reaction
mixture was stirred at rt. for 3 h and CH30H (1.0 mL) was added and stirred for
10 an additional 1h. The reaction mixture was stirred with HCI (4.0 M in Dioxane, 1
mL) and concentrated in vacuo and the water was lyophilized to yield a colorless

solid 14m which was used for next coupling.



WO 01/77113 PCT/ US01/ 10869 142 Step C. BoCcHN. -OH BocHN.~CH 0 O O\~, O0;
~0 14c 14d 5 A solution of aromatic conpound 14c (1.0 g, 2.96 mml) in
CH3COH (2wonly7imms treated with Rh/ C (10% w w 100 ng) andrapdsogeset ed (60
psi) for 2d. The reaction m xture was filtered through a plug of celite
and the residue was concentrated in vacuo to yield 14d. The crude product
was purified by chronmatography (Si 02,148t OQAc/Hex 2:3) to yield the cis
conmpound 14d (830 ng, 10 83% which was further purified by crystallizing
fromhexanes. 1 HNWR (CD3OD, 8) 6.31 (d, 1 H J=6.9 Hz), 3.58-3.49 (s, 2
H)y, 3.40 aql H J=4.8 Hz), 2.48-2.46 (m 1 H, 2.1-1.98 (m 2 H),
1.61-1.2 *H), 1.45 (s, 9 H), 1.42 (s, 9 H; 13C NWR (CD30D, 75 MHz)
176.2, 158.5, 81.2, 79.8, 63.1, 57.2, 41.8, 38.8, 28.8, 28.3, 27.7, 27.5,
25.9. M5 (FAB) 687.2-([2M+1]+, 5), 344 ([M1]+, 20), 232 (40), 15 188(100),
107 (13); HRVS cgfCtyfor CL8H34NOE (M+l): 344. 2437; Found: 344.2444. CHN
calcd for C18H33 CC—64 07% H= 8.07% N= 4. 15% Found C=64.32% H=8.21%

N=4.32% Step cHN OH BocHN. ,O0H 0 ]00 090- 20 14d 14e WO 01/77113
PCT/ US01/ 1086 N COOH
H
H _ B
N0 . CHgl N N\E/ﬁ\v\l/
» f{
i /\\ 14n
5 A solution of carboxylic acid 14m (110 mg, 0.21 mmol) in DMF (3.0 mL)

and CH2Cl2 (5.0 mL) was treated with Hinigs base (109 mg, 0.84 mmol, 4.0
equiv. 155.0 L) and HOOBt (52 mg, 0.315 mmol, 1.5 equiv.). The reaction.
mixture was cooled to 0 °C and treated with EDCI (61 mg, 0.31 mmol, 1.5 equiv.)
The reaction mixture was stirred at 0 °C and treated with amine hydrochloride A
10  after 30 min. The reaction mixture was stirred at ri. for 24 h and concentrated in
vacuo to remove DMF and CH2Cl2. The residue was diluted with aq. HCI (100
mL) and extracted with CH2Cl2 (3x75 mL) The combined organic layers were
extracted with ag. NaOH (1M, 3x50 mL), brine (100 mL) and concentrated in

vacuo. The residue 14n (79 mg) was oxidized without further purification.



143 A solution of am no al cohol 14d (3.3 g, 11.08 mml) in dry THE (200
m-) was cooled to -78 C (dry ice/acetone, internal tenperature -68C) was
treated WwOOh7UDA (44 ni, 2M soin in heptanes, 88 nmol, 3SPOT/@§UI/NWS§9. The
reaction mxture was stirred at -78 C for 2 h and quenched with CH3OH (20
m.). The reaction 5 m xture was treated with ag. HC (150 niL, 1 M and
extracted with ether (3x100 nl). Theqggnbi ned ether | ayer was extracted
with brine (50 nL) dried (MyS04), <concentrated in vacuo and purified by
crystallization fromboiling hexanes. The solid separating out fromthe
not her i Hgry.as predom nantly cis stereo i somer, where concentration of
the noth fguor gave the pure trans isoner. The above 10 sequence was
repeated twice nore to obtain 2.7 g of the trans conpound and 600 ng of
cis/trans m xture. 13C NMR (CDCI 3, 75 MHz) 175.3,156.6, 79.8, 63.6, 57.0,
44.1, 38.3, 37.7, 289, 28.6, 28.4, 28.1, 26.1. MS (el ectron spray)
344 (MW, 50), 288 (50} 232 (90), 188 (10(¢ St ep F: BocHNNY' OH BocHNI ~ACH
O 0~ 0 15 14e 14f M &l ution ; .6 g, 7.6 nmol) in CH3CN
(150 nlL) and CCH
treated with pe\ g
(60 ng, 0.3 mol,
and concentrated im
and extracted with B (3x100 nL). The conbined organic |ayer was
extracted with H20 (100 ) and with ag. NaOH (1 M 3x100 ni). The conbi ned
aq. layers were acidif %%i? HCl (6M pH-1) and extracted with Et QAc

d A RQ (22 nlL), cooled to 0C,
. 30.9Y mipl , "4.0 equiv.) and RuCl 393H20
re&tion m xtQre was stirred at rt. for 3h,

(3x100 nL). The ethyl adetate |ayers were pool ed, extracted

o~ 0 14n
Q
. H H\/& l
- Lo~y ™~y ™
H o) O 0
N

s

5 A solution of alcohol 14n (79 mg, 88 umol) in CH2Clo (4.0 mL) was

14

treated with Dess-Martin reagent (110 mg, 0.25 mmol, 2.5 equiv.) The reaction
mixture was stirred at ri. for 3 h and the mixture was concentrated in vacuo. The

residue was purified by chromatography (SiO2, acetone/hexanes 1:1) to yield

oxidized product 14 (29 mg, 38%) as a colorless solid; MS (FAB) 889 [(M+1)*,
10  100), 844 (20), 833 (60), 788 (30), 760 (10), 655 (10), 527 (20); HRMS calcd. for
C47HB5Ng011: 889.4711; Found: 889.4732.



with brine (100 nL) dried (Na2SO4) filtered concentrated in vacuo to yield
acid 25 14f (1.8 g, 66% used for further couplings w thout further

purifi catwon1/7WB (FAB) WD 01/ 77113 PCT/ USOL/ 10869 144 38PCPUC)IMOBE] +, 30)
358 ([Mmr1]+, 5), 302 (20), 258(20), 246 (100), 202 (70), 200 (20) Step G
0 N~ 0 ~)COOCH3 H2CI 14f 0 0 1d 01"10 "N~COOCH3 H N 0 5 149 ~Onyo A
sol ution of Boc-trans-4-tertbutyl carbgxyl -cycl ohexyl gyl cine 14f, (1.9 g,

5.3 mol) in CH2CI2 (30 m-) was treated with proline conpound 1d (1.92q,
5.85 mml, 1.1 equiv.) and cooled to OC. The reaction nmxture was treated
with Hu . Z2-equiv., 2.15 m-) followed by the
addi t i on=¥F36788 Paray &5—Hol , 1. 1 equi v.) The reaction

m xture was stirred at rt. for 12 h dlluted with ag. HCI (1 M 100 m-)
and extracted with Et OAc (3x100 nlL). The conbined ethyl acetate |ayers
were extracted with ag. NaQHd (1 M 100 m-)  bripeN100 m-) dried
(Na2SO™4), filtered concentfatied in vacuo and purilfi dd by

Q
TNy
L~ ™™
H\/’Lo 0 Ho0o
O
0]

5 Step A:

¥

DA
Q‘gN 'S &
o) H o

N0

O/\\ 14

O
O
O

\
ZT
1 f ?
)
ZL
O
il:
I=
o
Z—
/

OH 15



chromat ography (Si @2, Et QAc/ Hexanes 2:3) to yield 14g as col orl ess foam
(1.8g9, 15 549%; 1 H NWR (CD30D, 5, mxture of rotoners) 7.32-7.23 (m 5 H),
6. 64 (d, WOBY/77133=9. OHz), 4.47-4.39 (m 3 H), 4.19-4.04 (nPCBUK)1/108:974 (s, 3
H, 3.66-3.56 (m 4 H), 2.55-2.10 (m 2 H), 1.99-1.00 (m 12H), 1.42 (s, 9
H, 1.40 (s, 9 H. 13C NVR (CD3CD, b, m xture of rotaners), 175.6, 174.6,
172.4, 172.0, 156.4, 138.5, 128.1, WD4@%/ 77113 PCT/ US01/ 10869 145 127.5,
127.4, 127.3, 79.8, 79.7, 79.0, 77.5, 72.5, 66.7, 65.4, 58.1, 56.6, 52.1,
51.3, 43.9, 40.4, 39.4, 38.6, 34.6, 29.8, 28.4, 27.9, 27.3, 26.1, 25.4,

234 (12) 156 (heputon sy tprsiivi sijerdk Ga'0 e 2 urllivas teateshi o os06 N

4. 43% FWC‘FI&@@Q%H% ﬁ%ﬁaﬁﬂ%ﬂ%&aﬁ' at-rit96P 4 E? Fhe ldisdgdddriifcs ofthl det&icH3

BocHN Cl H3N. 149 0" 14h A solution o

Boc- t r anso4hé¢ eabbling vy follsweddyonied Y CHYOM/OMD Q401 :£4). After the 10 HCA  (4M
soin in dioxane, 60 nL) was stirred at rt. for 4-5 h. The reaction was

f ol | oned depratectioiEn@scganaplete e feactioh enidiusa wpsasanteatratedsinaracuogntht er i al
concent r PBASSHIS astrgPaAtr Lol HiR UtaCiaefitas AL SHir G gnt. The
SOl S whesolid Trid g "fasbh N8 kidcton Spraf) 843 (kA1 60y e T &P !
(10), 530 (40), 391 (75), 279 (100).
Example 16: Preparation of Compound 16:

10 16

Step A:

14d 16a
15
The desired compound 16a was prepared from 14d in 70% yield according

to the procedure of Example 14, Step F. 1t was used for the couplings without

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



COOH 0 141 >~O 14h 0 O 14i WO 01/77113 PCT/ USO1/ 10869 146 A solution of
3- hydr oxyphenyl acetic acid 141 (501 ng, 3.29 mmol, 1.8 equiv.) and am ne
hydr ochl ovode77udh (1.79g, 2.99 nmol) in dry CH2Cl 2 (30 nlibCTAWaE!/t08@at ed
with H nigs base (850 ng, 6.59 mol, 2.20 equiv., 1.2 nm.) and BOP 5
reagent (1.5g, 3.29 mmol, 1.1 equiv.) at 00 C and stirred at it for 24 h.
The reaction m xture was concentratedqgg vacuo and diluted with ag. HC (1
M 250 nL). The aq. layer was extracted with EtOAc (3x1 00 nmL). The

conbi ned organic |ayers were extracted with ag. NaOH (1x100 ni), brine

1x100 dri ed Na2S filt d trat d fied b
Cir omat oGER6E: 266 (EOGNEDALTHNED0L(ED): NS erlad iy GiBHEaNPeIMES i*‘é'ollﬁ ’
710 : HO HO ~ */-COOCH3 ~>WCOOCH3 - -_ 0O
(OO gglgh’gg?éol?lgun%?’ﬁ%& ‘i on gf t he coupl ed conpound 14 (710 rrg,_l. 1
mmol) in @i (50 nL) was treated with Pearl mans catal yst (10% Pd(OH) 2/ C)

and hydr 6genated (H2, 40 psi) for 12h. The Pd/C was filtered off through a
plug of celite and filtrate

I :
gy Do O
N -
™o HaCl :
&O

5 16a 1d 16b

The desired compound 16b was prepared from 16a in 41% yield according
to the procedure of Example 14, Step G; [a]D -52.7 (¢ 0.3 CHCI3, 25); TH NMR
(CDClg, 8) 7.35-7.21 (m, 5 H), 6.63 (d, 1 H, J=9.3 Hz), 4.46 (d, 2 H, J=4.3 Hz),

10 4.41 (, 1 H, J=9.3 Hz), 4.38-4.07 (m, 3 H), 3.68 (s, 3 H), 3.66-3.43 (m, 5 H), 2.45
(p, 1 H, J=4.2 Hz), 2.32 (dd, 1 H, J=7.8, 5.7 Hz), 2.02-1.90 (m, 3 H), 1.90-1.56 (m,

3 H), 1.56-1.24 (m, 24 H); 13C NMR (CD,OD, §)174.7, 172.4, 172.0, 156.4,
138.4, 128.0, 127.5, 127.4, 79.8, 79.0, 7.5, 72.5, 66.6, 65.3, 58.0, 55.3, 52.1,

51.3, 40.4, 38.6, 34.7, 29.7, 27 .4, 27.03, 26.1, 24.5. MS (FAB) 633.2 [(M+1)+,
15  100]; HRMS calcd for C34H53N20g (M+1)*: 633.3751; Found 633.3759.



was concentrate and used for the next cyclization wthout further
purification Rf 0.12 (acetone/Hexanes 3:7); 1 H NVR (CD30CD, 8, m xture of
rot omer sw@o0R%71{bs, 20 1 H), 7.01 (bt, 1 H J=7.2 Hz), 6.Fer/be1/10869H), 6. 65
(d, 2 H J=7.8 Hz), 4.79-4.70 (bs, 3 H), 4.55-4.41 (bs, 2 H), 4.20-4.12
(bs, 2 H, 3.77 (s, 3 H, 3.66-3.44 (bm 6 H) 2.43-1.04 (bm 14 H 1.40
(s, 9 H; 13C NWR (CD3OD, 6, m xture qf4rotoners): 175.5, 174.6, 172.6,
172.4, 171.3, 161.1, 157.3, 136.8, 136.7, 129.3, 120.0, WO 01/77113

PCT/ USO1/ 10869 147 115.7, 113.6, 100.0, 94.8, 79.9, 79.8, 77.5, 65.1,
58.5, 58.2, 55.6, 55.5, 54.3, 52.2, 51.5, 43.9, 42.1, 39.4, 35.0, 32.4,
28.6, 28.4, 27.5, 27.2, 27.1, 26.1, 25.2, 25.0; M5 (FAB): 577 ([M+1]+,
70), 521 Stép)C: 443 (10), 387 (10), 374 (10), 318 (15), 290 (100), 248
(30); HRMS cal cd. for C30H45N209 (M+H)+: 577.3125; 5 Found 577.3133. Step

Ki OH<---7 HODCOOCH3 ON-COOCH3 NH HNO>-_ O 14k O 141 10 A
sol ution of alcohol 14k (600 ngy, 1.05 mmol) and ADDP (787 ng, 3.12 nmol,
3.0 equiv.) CH2Cl 2 (3Q m-) was treated Ph3P (818 ng, 3.12 mmol,
3.0 equiv.) er jtive pressure of drigg MR gt ~ The reaction

m xture was “stirred at rz. Eor 24 h, concentrated in vacpo \and the residue
was purified by N~ YCOOCHs COOCH3

XO\E)‘/H\_/% N Hol-HzNY&O

®
>|\O(/-EO ﬂ\oj\o

16¢c
5
The desired compound 16¢ was prepared from 16b according to the
procedure of Example 14, Step H. The product was used without further
purification.
Step D
10

@\/O\/\/O Q, :
Bt " "
COOCHs N COOCHs

N

ﬁ\o’\o 7Lo/§o 16d

16¢

The desired compound 16d was prepared from 16¢ in 41% yield according
to the procedure of Example 14, Step I. TH NMR (CHCIg, §) 7.34-7.26 (m, 5 H),

15 7.12 (t, 1 H, J=7.5 Hz), 6.72-6.67 (m, 3 H), 4.76-4.64 (m, 1 H), 4.47 (s, 2 H), 4.51-
4.42 (m, 1 H), 4.11-4.02 (m, 2 H), 3.68 (s, 3 H), 3.70-3.65 (m, 1 H), 3.55-3.43 (m,



chromat ography (Si 02, acetone/Hexanes 2:3) to yield a colorless solid 141
(120 15 nmg, 229% of cyclic product; Rf 0.73 (acetone/ Hexanes 1:1); 1 H NWR
(CD3OD, &yoow7® (t, 1 HJI=7.8 Hz), 6.76 (s, 1 H), 6.71 (PCT/BS#/108698. 1 Hz),
4.58 (d, 1 H J=9.9 Hz), 4.37 (dd, 1 H, J=7.8, 2.7 Hz), 4.23-4.11 (m 4
H, 3.74-3.61 (m 2 H, 3.66 (s, 3 H, 3.59-3.40 (m 2 H), 2.54-2.41 (m 1
H, 2.19-2.10 (m 1 H), 1.98-1.42 (m 188 H), 1.43 (s, 9 H); 13C NWR
(CD3OD, 8) 175.6, 172.4, 172.1, 170.8, 159.0, 137.0, 20 129.1, 121.7,
115.7, 112.2, 94.8, 79.8, 77.4, 65.2, 64.0, 57.6, 55.2, 53.8, 51.3, 44.0,

TR et TSRk ] f@bﬁmﬁ&@?mﬁ%’ﬁy AL 20
03, 4704 103k e P SCNIRCIER, SE TS84 ) 10 1 o

COOCH3 | 138 5\V*r3@§)@H3MH12$J5N12®90125 Z4211dm 15, Mmgoeogf 77, trglo est er
141 (120 ny, 2 mol) THE (5.0 ni-) and H2O (1.0 ni-}J was treated

Wi th Li G@G(%(ﬁﬁ'@,, 5@255413052 3. 5?- éq‘&ﬁé §39 4TI3§ %, 649, Qﬁlo 2@)& 66@ \2@36 stirred
at rt. for 3 h a and sti

Sl t5ondb.G. 3107 TRAT: 685 IMANAI Sk So7 MF B s D BERI5K, 298 (10N
Di-oxane, ghy (39), 156 (63).

Step E:

~ ) >

d J_F

HO 4 HO. )
&COOCHg E;>~coooH3

H
0 N 0

0910/\\ OQO/\\

16d 16e

\We

10
The desired compound 16e was prepared from 16d according to the

procedure of Example 14, Step J. The product was used without further
purification.



m -) and concentrated in vacuo and the water was |yophilized to yield a
colorless solid 14m which was used for next coupling. WO 01/77113

PCT/ USO1MO86%9711349 Step M | t ' 'NCOONH C p + C H3NeEI/US@/10B690 A 9,1
OO0 14mQ NHNNHOOHO 0 14n O O5 A solution of carboxylic acid
14m (110 ng, 0.21 mol) in DVF (3.0 mM-) and CH2CI2 (5.0 m-) was treated
with Huni gs base (109 ng, 0.84 mml, 456 equiv. 155. OpL) and HOOBt (52 ny,
0.315 mml, 1.5 equiv.). The reaction. mxture was cooled to O C and
treated with EDCI (61 ng, 0.31 mmol, 1.5 equiv.) The reaction m xture was
stirred at O C and treated with am ne hydrochloride A 10 after 30 mn. The
reaction mxture was stirred at rt. for 24 h and concentrated in vacuo to
renove Digtepr®l CH2Cl 2. The residue was diluted with ag. HCl (100

OH
I <3

H\/\§o —_— H\/KO

b 0
Q o
BOR o
16e 16f

The desired compound 16f was prepared from 16e in 20% yield according
to the procedure of Example 14, Step K. TH NMR (CDCIg, 8) 8.56 (d, 1 H, J=7.2
Hz), 7.14 (, 1 H, J=6 Hz), 6.86 (s, 1 H), 6.66 (d, 1 H, J=6 Hz), 6.73 (dd, 1 H,
J=6.3, 15 Hz), 4.86-4.77 (m, 1 H), 4.40 (dd, 1 H, J=3.0, 2.7 Hz), 4.24-4.13 (m, 4
10 H), 3.70 (s, 3 H), 3.70-3.66 (m, 2 H), 3.66-3.32 (m, 3 H), 2.53 (dd, 1 H, J=5.7, 3.9
Hz), 2.45-2.42 (m, 1 H), 1.99-1.80 (m, 6 H), 1.60-1.57 (m, 4 H), 1.45-1.43 (m, 11
H); 13C NMR (CDClg, §) 175.8, 173.3, 173.0, 171.7, 160.0, 138.0, 130.1, 122.7,
116.8, 113.3, 81.0, 78.6, 66.3, 65.2, 58.8, 55.1, 52.5, 42.6, 42.4, 38.9, 34.6, 30.0,

28.2, 28.0, 27.0, 26.9, 26.8, 26.2; MS (FAB) 559 (M+, 33), 327 (33), 225 (100)



m-) and extracted with CH2Cl 2 (3x75 m -) The conbi ned organic | ayers were
extracted wwth ag. NaOH (1 M 3x50 nlL), brine (100 m-) and concentrated in
vacuo. Theopsgildue 14n (79 ng) was oxi di zed without furtheeT/paei/foBeati on.
WO 01/77113 PCT/US01/10869 150 Step NN H NNNN HH~OO0O0 OOO
14n CHN N OH H YO04-- 14 5 A solution of alcohol 14n (79 ng, 88
pnol) in CH2CI2 (4.0 nmL) was treatedisyth Dess-Martin reagent (110 ng,
0.25 mml, 2.5 equiv.) The reaction mxture was stirred at rt. for 3 h and
the m xture was concentrated in vacuo. The residue was purified by

chromat ography (Si 02, acetone/hexanes 1:1) to yield oxidized product 14
(29 ng, 38% as a colorless solid; Ms (FAB) 889 [(Mt1l)+, 10 100), 844 (20),
833 (60) stép&{30), 760 (10), 655 (10), 527 (20); HRMS calcd. for
CA7TH65N6011: 889.4711; Found: 889.4732. WO 01/77113 PCT/ US01/ 10869 151
Exanpl e 15: Preparati on of Conpound 15:

Q’- Q’v
N COOCHSs3 QCOOH

H H
N 0 »> N

oL p

I

2.,...

16f 16g
5 The desired compound 16g was prepared from 16f according to the

procedure of Example 14, Step H. The product was used without further
purification.



C-7NNN OOH OOOH15 5 Step A ONNN HOHO N-."~-09014 O H
OHO\ NNNNe | / CN~~NLOOHO OH15 W 01/77113 PCT/ US01/ 10869
152 A sowopbomied tert-butyl ester 14 (20.0 ny, 22.0, unol pPCwasotreet ed with
TFA/CH2CI 2 (1:1, 4 mM-) and stirred at rt. for 4 h. The di sappearance of
the ester to the base line was foll owgR by TLC (CH3OH CH2CI 2 1:24). After
the deprotection was conplete the reaction mxture was concentrated in
vacuo and 5 the residue was repeatedly treated with CH2Cl 2/ Hexanes and
concentraggsh o vield a white solid 15 (19 ng, 100%; MS (Electron spray)
833 ([ M+l , 60), 661 (10), 530 (40), 391 (75), 279 (100).

A
(7‘0
5 " H ’
(_L‘(N N\/E l
—— N N N\
};}\/)% 0 0 H
o)

: 16h
B

The desired compound 16h was prepared from 16g and A according to the

procedure of Example 14, Step L. The product was used without further
purification.



Exanpl e 16: Preparation of Conmpound 160 a HQYNJNNHOOH~ NOO O
10 16 Step A ~OHH ' fy NW\\OH ~YN OH 0 O O 011-O- 14d 16a 15 The

desi red owopound 16a was prepared from14d in 70%vyi el d aeCDUSIIMIYS6% O t he
procedure of Exanple 14, Step F. It was used for the couplings w thout
further purification's; M5 (FAB): 380.2 ([ MtNa]+, 30) 358 ([M+l1l]+, 5), 302
(20), WO 01/77113 PCT/US01/10869 1531888(20), 246 (100), 202 (70), 200
(20); HRMS cal cd. for C18H32NO6 (M+l1l)+: 358.2230; Found: 358. 2237. Step
B: HO CI""10 NOH 'N~ -C02CH3 + >fly 0 O

Step |

16h
O/\
<4
7 H
D\‘( N H\/E [\‘1
o N N N
S H s} o) H
0 o)

The desired compound 16 was prepared as a colorless solid from 16h in
5  40% yield according to the procedure of Example 14, Step N. MS (electron spray)
889 [(M+1)+: 85), 637 (20), 530 (75), 265 (100); HRMS calcd. for C47Hg5Ns011:
889.4711; Found 889.4699.

Example 17: Preparation of Compound 17:

10



~)C2CH3 0~ H2Cl = 5 16a 1d 16b The desired conpound 16b was prepared
froml6a in 41 %yield according to the procedure of Exanple 14, Step G
[a] D -52W0 007018 CHCI 3, 25); 1 H NWVR (CDCl3, 6) 7.35-7.PAT/(f91/1984¢4), 6.63
(d, 1 H J =9.3 Hz), 4.46 (d, 2 H J=4.3 Hz), 10 4.41 (t, 1 H J=9.3 Hz),
4.38-4.07 (m 3 H, 3.68 (s, 3 H, 3.66-3.43 (m 5H, 2.45 (p, 1 H J=4.2
Hz), 2.32 (dd, 1 H J=7.8, 5.7 Hz), 2188-1.90 (m 3 H), 1.90-1.56 (m 3
Hy, 1.56-1.24 (m 24 H); 13C NWR (CD3OD, 8) 174.7, 172.4, 172.0, 156.4,
138.4, 128.0, 127.5, 127.4, 79.8, 79.0, 77.5, 72.5, 66.6, 65.3, 58.0, 55.3,
52.1, 5 0.4, 38.6, 34.7, 29.7, 27.4, 27.03, 26.1, 24.5. M5 (FAB)
633.2 [( > 15 100]; HRWMS cal cd for C34H53N209 (Mtl) +: 633.3751; Found
633. 3759. WD 01/77113 PCT/US01/ 10869 154 Step C c2CO0OCH3 QCOOCH3 N
HCI'H2N\, O OO0 >-p-,kl-O-0HO 16b 16¢c 5 The desired conpound 16c was

prepared from 16b accordi to the procedure o anple 14, Step H The
product was used w t hout fuat her purification. p D
sOSUSNE
L 0 H o
N 0
0]

O}\O/\\ 16

P ~OH 17

5 The desired compound 17 was prepared from 16 quantitatively according
to the procedure of Example 15, Step A. MS (FAB) 833 [(M+1)+, 100}, 788 (10),
723 (5), 308 (100).

Example 18: Preparation of Compound of Formula 18:

NHSOoNH,

10 18



10 HOl ~.COOCH3 COOCH3 HCI'H2ZNNO ~ O OO0 Od 6 O 16c 16d The
desired conpound 16d was prepared from16¢c in 41 %yield according to the
procedur avohrBExdanpl e 14, Step |I. 1 HNWR (CHClI 3, S) 7.34-FCPES¢umos® H), 15
7.12 (t, 1 H J=7.5 Hz), 6.72-6.67 (m 3 H), 4.76-4.64 (m 1 H), 4.47 (s, 2
H, 4.51- 4.42 (m 1 H, 4.11-4.02 (m 2 H, 3.68 (s, 3 H, 3.70-3.65 (m 1
H, 3.55-3.43 (m WO 01/77113 PCT/ US04410869 155 6 H), 2.54-2.42 (m 1 H),
2.28-2.39 (m 1 H, 2.12-1.9 (m 3 H, 1.86-1.64 (4 H, 1.50-1.38 (m 14
H; 13C NW\R (CDCI 3, 6) 175.0, 172.4, 171.5, 171.1, 157.1, 138.5, 136.0,
130.1, 128.5, 127.9, 127.7, 121.0, 116.0, 114.8, 80.5, 77.6, 73.0, 66.9,
66.2, 58.2, 54.3, 52.5, 52.3, 43.4, 39.4, 39.9, 34.9, 30.0, 28.2, 26.8,

26.6, 5 heHA:24.0; M5 (FAB) 689 [(MNa)+, 35), 667 [(MH+ 23), 633 (5),
294 (1ooyT‘Q204 (39), 156 (63). Step EE OH O HO | ~COOCH3 HO ~- COOCH3

H H
’>Loi
HaN OH \ H
0] 0]

18a 18b

To a cold (0°C) slurry of 18a (15.0 g, 20 mmol) in dioxane (100 mL), water

(100 mL), and saturated sodium bicarbonate (100 mL) was added a solution of
tert-butoxycarbonyl anhydride (7.2 g, 33 mmol) in dioxane (100 mL). The reaction
mixture was slowly warmed to ambient temperature over 6 hr. The reaction

10  mixture was concentrated in vacuo. The residue was diluted with water and
extracted with diethylether (2 x 150 mL). The ether layer was discarded. The
aqueous layer was acidified slowly with solid citric acid (pH ~ 4) and extracted
with ethyl acetate (3 x 150 mL). The organic layer was dried (Na2S0O4) and

concentrated in vacuo to afford 18b (14.6 g, 61% yield) as a white foam.

15 Step B:
H H
SR — S
0~ N : 07N ‘T<:
0 0
18b 18c

To a 80°C solution of 18b (14.6 g, 54.68 mmol) in toluene (230 mL) was
20 added DMF-di-tert-butyl acetal (53 mL, 218.72 mmol) dropwise over 2 hrs. The
reaction mixture was maintained at the same temperature for 1 hr after the

addition was complete. It was then cooled to ambient temperature and



HHOH NNOO OOO OO 16d 16e 10 The desired conmpound 16e was prepared
from 16d according to the procedure of Exanple 14, Step J. The product was
used wi t wobyfunrs her purification. WO 01/77113 PCT/ USO1l/ rOBE901/108® Step F
OHQ@, HO~-.COOCH3 I / ""N'"COOCH3 H ONON OO0OO OOO 16e 16f 5

162

concentrated. The residue was purified by flash column chromatography using
96/4 to 90/10 dichloromethane/ethyl acetate to provide the required compound
18¢ (7.53 g, 43% yield). HRMS (FAB) Calcd for C17H2gNO5: 324.1811 (M+H)*.
Found: 324.1807.

5 StepC:
H SO.CF3
I — LK
:>lﬁg ” T \T<: :>ij H 1 \1<:
A 18¢c 18d

To a cold (0°C) solution of 18¢ (7.5 g, 23.22 mmol) in dichloromethane
10 (100 mL) was added triethylamine (7.12 mL, 51.08 mmol) followed by triflic
anhydride (4.30 mL, 25.54 mmol) dropwise. The reaction mixture was slowly
warmed to ambient temperature over 4 hrs. It was quenched with saturated
bicarbonate solution and extracted into dichloromethane. The combined organic
layer was washed with saturated bicarbonate and brine, dried (Na,SO,) and
15 concentrated. The brown residue was purified by flash column chromatography

using dichloromethane to provide 7.74 g of 18d (73% yield).
Step D:

®
SO,CF3 N7 O
>|\oj~H T \|< >|\Oj\” T j<

18d 18e



The desired conmpound 16f was prepared from 16e in 20%yield according to
the procedure of Exanple 14, Step K. 1 HNWR (CDCI 3, 6) 8.56 (d, 1 H J=
7.2 Hz) w@ot#1g3, 1 H J=6 Hz), 6.86 (s, 1 H), 6.66 (d, RCHUSU#®S8ddz), 6.73
(dd, 1 H J=6.3, 15 Hz), 4.86-4.77 (m 1 H), 4.40 (dd, 1 H, J=3.0, 2.7
Hz), 4.24-4.13 (m 4 10 H, 3.70 (s, 3 H, 3.70-3.66 (m 2 H), 3.66-3.32
(m 3 H, 2.53 (dd, 1 H J=5.7, 3.9 HgR, 2.45-2.42 (m 1 H, 1.99-1.80 (m
6 H, 1.60-1.57 (m 4 H, 1.45-1.43 (m 11 H); 13C NWR (CDCI 3, 8) 175.8,
173.3, 173.0, 171.7, 160.0, 138.0, 130.1, 122.7, 116.8, 113.3, 81.0, 78.6,
66.3, 65.2, 58.8, 55.1, 52.5, 42.6, 42.4, 38.9, 34.6, 30.0, 28.2, 28.0,
27.0, 26.9, 26.8, 26.2; M5 (FAB) 559 (M+, 33), 327 (33), 225 (100) WO

01/ 77113 PCT/ U$0dA 5086 UrickSiaskHapaGie®THF 5 CCpkevio iy abbky génldied
leliz-.ON OO ~ O-_ O- 1l6f 16g 5 The de(gl red conmpound 16 yd\A\é)as pr epar ed

from 16f byduddinggreen), m@"a@uata@@iate ot4 Es@aﬁp'i?emmpl) Sép)-BINAR3 bt Selict was

used Wi t Roxds Fithé%ina BESILA &abbRGte (53EY! 1€ K iintoh bt r38Ro°

5 atmosphere. To this mixture was added 18d (5.0 g, 11 mmol) followed by
diphenylketimine (2.77 mL, 16.5 mmol). The flask was flushed with argon and
heated to reflux for 12 hrs (overnight). Cooled the reaction mixture to ambient
temperature and diluted with ether (500 mL). The organic layer is washed with
saturated ammonium chloride solution (2 x 300 mL), dried (Na2SO4) and

10 concentrated Purification by flash chromatography using 100/0 to 90/10
dlchloromethane/ethyl acetate provided the required product 18e (3.58 g) in 67%
yield.

Step E:

C

NZ™ O é%z(@
A Lo T LA L

To a solution of 18e (3.0 g, 6.17 mmol) in methanol (62 mL) was added
sodium acetate (1.218 g, 14.8 mmol), and hydroxylamine hydrochloride (0.774 g,

15

11.11 mmol). The reaction mixiure was stirred at ambient temperature for 3 hrs.
The reaction mixture was concentrated, diluted with dichloromethane and washed
20 with 0.1 N NaOH solution. The organic layer was dried (Na2SO4) and

concenirated. Purification by flash column chromatography using 95/5 to 92/8
dichloromethane/ethyl acetate afforded 18f (1.31 g) in 66% yield.



158 StepH a (COOHHH NHCOH2NJNN p=0OHI101 a A OHO1l6g a.  HH
H CNNNNHNN NOOH OO0 OO0 16h 5 The desired conpound 16h was
prepared Woonv7i6yy and A according to the procedure of ExRapiUSo1IwgesStep L.
The product was used without further purification. WO 01/77113

PCT/ US01/ 10869 159 Step | 11 QQYIUo HH ~ N

164

Step F:

&j\k

S—E

18f 189

5 To a cold (-20°C) solution of dichloromethane (2 mL) was added
chlorosulfonyl isocyanate (0.16 mL, 1.87 mmol). To this was added tert-butanol
(0.18 mL, 1.87 mmol) in dichloromethane (2 mL) and slowly warmed to 0°C over
2.5 hrs. At this time a solution of 18f (0.6 g, 1.87 mmol) in dichloromethane (6
mL) containing triethylamine (0.52 mL, 3.73 mmol) was added dropwise. The

10  reaction mixture was warmed to ambient temperature over 12 hrs (overnight).
Added saturated bicarbonate and dichloromethane and the organic layer was
separated, dried (Na2S0O4) and concentrated. Purification by flash
chromatography using 95/5 to 90/10 dichloromethane/ethyl acetate provided 18g
(0.59 g) in 63% vyield.

15 Step G:

N Osq0
HN/S\NJJ\0J< HN/S\NHz

XL o ]
>l\o N \F: HCI. HoN \F:

189 18h

The expected product 18h was synthesized as described earlier for the

20 Example 1, Step C. The material was carried to the next step as it was.



N NWOOHO O0O0O16h Q@ ~I NNIN NI~-NNOOH OO0 OHO 16 The
desired conpound 16 was prepared as a colorless solid from16h in 5 40%
yield acooodi/mgiio t he procedure of Exanple 14, Step N MXXT@B@ctsen spray)
889 [(Mm+1)+, 85), 637 (20), 530 (75), 265 (100); HRWMS calcd. for
CA7TH65N6011: 889.4711; Found 889.4699. Exanple 17: Preparation of Conpound
17: @ ~ 1 / -NNNj NN HOO HNMHO0O 00 10 OOH 17 W 01/77113

PCT/ USO01/ 10869 160 Step A

Step H:
Ose
HN"" NH,
PP
Y oH
0 O
HCL HoN \|<
Vi O
18h
HN"" “NH,
—
H
R L o
> VK
0 O 0
18i
5 The expected product 18i was synthesized as described earlier for the

Example 1, Step D. The crude material was purified by flash chromatography
using 98/2 to 90/10 dichloromethane/methanol to afford 18i in 34% yield.



OHHHOOHo NNOOO1~-016 QO \ HHI N CN~~ OOHH-~O O?-OH 17
5 The desired conpound 17 was prepared from 16 quantitatively according to
t he procedapne7ui3 Exanpl e 15, Step A. M5 (FAB) 833 [ ( M+l) +PCT/08(1/103®3 ( 10),
723 (5), 308 (100). Exanple 18: Preparation of Conpound of Fornula 18:
NHS2NH2 Q1 / ON, YHHINHOOHO O 10 18 W 01/ 77113 PCT/ US01/ 10869

161 Step A 166
Step I:
Oxe0
HN"""NH,
H 0
H H —_———
>y ”Jugx
O O O
18i
Oso0
HN”S‘NHQ
H H O
HCIHoN N\)J\H j<
0] 0]
18j
5 The expected product 18j was synthesized as described earlier for the

Example 1, Step C. The material was carried to the next step as it was.



HH HNOH~O-NH 2 OHO 18a 18b 5 To a cold (0C) slurry of 18a (15.0
g, 90 mol) in dioxane (100 nL), water (100 nL), and saturated sodi um

bi car bonav@o(/170® nL) was added a sol ution of tert-butoxyearwseylos@nhydri de
(7.2 g, 33 mol) in dioxane (100 m.). The reaction mxture was slowy

war med to anbi ent tenperature over 6 hr. The reaction 10 m xture was
concentrated in vacuo. The residue was18vluted with water and extracted
with diethylether (2 x 150 nL). The ether |ayer was di scarded. The agueous
| ayer was acidified slowy with solid citric acid (pH - 4) and extracted
with ethylstapekate (3 x 150 mL). The organic |ayer was dried (Na2SO4) and
concentrated In vacuo to afford 18b (14.6 g, 61 %yield) as a white foam
15 Step B:. HH ~-OKNH~-ONHO HO 1< 18b 18c To a 80C solution of 18b
(14.6 g, 54.68 Mol ) in toluene (230 mM-) was 20 added DMF-di-tert-butyl

acetal (53 nmi, 218 7R nmol) dropwise over 2 hrs. The r®aePion nmixture was
mai nt ai ned at thepsa tenperature for 1 hr after theH ddNHkon was
conplete. It hen+cool ed to anbi ent tenperature and W 01/77113 -

PCT/ USO1/ 1086 62

N~ COzH H

H H

N\_/Ko +  HCIHN N\/KN
2 H

0] /]\ @]

12f 18j

18k

5 The expected product 18k was synthesized as described earlier for the

Example 1, Step J. The material after work-up was of sufficient purity to be
carried forward to the next step.



concentrated. The residue was purified by flash col utm chromat ography using
96/ 4 to 90/ 10 dichl oronet hane/ et hyl acetate to provide the required
conpound wQa8o71173 53 g, 43% yield). HRVS (FAB) Cal cd for (QR@HRENO®S869324. 1811
(MtH) +.  Found: 324.1807. 5 Step C H S02CF3 >>~ON~ONHO 1< HO 18c
18d To a cold (0C) solution of 18c (7.5 g, 23.22 mmmol ) in dichloronethane
10 (100 m -) was added triethylamne @812 nL, 51.08 mmvol) foll owed by
triflic anhydride (4.30 nL, 25.54 mmol) dropw se. The reaction m xture was
slowy warnmed to anbient tenperature over 4 hrs. It was quenched with

sat ur at e%tegilg:ar bonate solution and extracted into di chl oronethane. The
conbi ned c layer was washed with saturated bi carbonate and bri ne,
dried (Na2SO4) and 15 concentrated. The brown residue was purified by flash
col um chr omat ogr aphy using di chl oronmethane to provide 7.74 g of 18d (73%
yield). Step D0 % N~ S02C F3 N >~O N ~O N*Bgg¢-1< H O 18d 18e WO 01/77113
PCT/ US01/ 10869 163 To an oven dried fl askiNvasNtedded THE (75 nl, previously
deoxygenat ed by bp’ﬁﬁhi ng argon), pall adi acetate (74 ngy, 0.33 nmol),

R-(+)-BI NAP (311 , Q
"
eSSJE!
N N O
N N \|<

0
™ 18k
Qs 0
HN™ “NH,
(\Q

-

] q ) i (i N
N\/J*o 0 0 0

O /-:]\
18
5 The desired product 18 was obtained by the oxidation protocol described
previously for Example 1, Step K. Purification by flash column chromatography
using 98/2 to 92/8 dichloromethane/MeOH afforded 11 as a mixture of
diastereomers in 13% yield (for 2 steps).

Example 19: Preparation of Compound of Formula 19:

10

Oz O
HN’S “NHo

19



0.495 mml ), and cesium carbonate (5.38 g, 16.5 mml) under argon 5

at nosphere. To this m xture was added 18d (5.0 g, 11 nmol) foll owed by

di phenyl Meobnines (2. 77 nL, 16.5 mol). The flask was fl ushedusst/tos@r gon and
heated to reflux for 12 hrs (overnight). Cooled the reaction mxture to
anbient tenperature and diluted with ether (500 nL). The organic |layer is
washed with saturated ammoni um chl oriigge solution (2 x 300 nL), dried
(Na2SO™4) and 10 concentrated. Purification by flash chromatography using
100/0 to 90/10 dichl oronet hane/ et hyl acetate provided the required product
18e (3.58 g) in 67% vyield. Step E N NH2 ~-O~ N~-ONHO HO 18e 18f

15 To a solution of 18e (3.0 g, 6.17 mmol) in nethanol (62 m-) was added
sodi um aSteptAe (1.218 g, 14.8 mmol), and hydroxyl am ne hydrochl oride (0.774
g, 11.11 rmol). The reaction m xture was shi}rr d at anbi ent tenperature
for 3 hrs. The reaction m xture was concen d, diluted with

di chl or onet hane and Washed 20 with 0.1 N N&H IMfauti on. The organic | ayer

was dried (Na2804) concentrated. Purijfrgation by flash col umm
chr omat ogr aphy usi 9 /5 to 92/ 8 dichl or hane/ et hyl acetate afforded

18f (1.31 g) in/6&fb yi [1%(01/ 7113 1201/ 10869 164 Step F: 0
N N j<

0 0
O
0 /l\
18
Oz O
N “NH,
Q
R LR I T o
0] o)
N X -
0 I~
19
5 The expected product 19 was synthesized as described earlier for the

Example 3, Step A, in quantitative yield.



NHHNS ~2H >0O'N>NHO)<HO 18f 189 5 To a cold (-20C) solution
of dichloronethane (2 m-) was added chi orosul fonyl isocyanate (0.16 mi,

1. 87 nmmoWo oorithi s was added tert-butanol (0.18 ni, 1. 8FCTMUBH1Y10869

di chl oronethane (2 m-) and slowy warnmed to OC over 2.5 hrs. At this tine
a solution of 18f (0.6 g, 1.87 mmol) in dichloronethane (6 nl-) containing
triethylamne (0.52 nm, 3.73 mml) wasj7gdded dropw se. The 10 reaction

m xture was war ned to anbi ent terrperature over 12 hrs (overnl ght). Added
sat ur at eq )&{ M

separ at ed; - 0
chr onmat ography using 95/5 to 90/ 10 di chI ororret hane/ et hyI acetate provided
18g (0.59 g) in 63%yield. 15 Step G 0, 0 . S, HN '"H ~OHN "'NH2 >
N O HCl. H2N H 18g 18h ‘I‘r\gzexpect ed product 18h synt hesi zed as
described earlier f he @ Exanple 1, Step C material was carried

to the next step as S. W 1{L13QPCH ﬁl/ 0869
P
0]
N - 0

o) =
O 20A

20B
Step A:
Bno” ™, o B ™%
N” "COsCH3 H N~ "CO2CH3
HCI H2N\:/KO _ N\;./KO
7e 20a

The desired product 20a was obtained by the method described for
Example 1, Step F. The material was purified by flash column
chromatography using 98/2 dichloromethane/methanol to provide 20a in 97%
yield. HRMS (FAB) Calcd for C32H43N207: 567.3070 (M+H)*. Found:
567.3073.

Step B:



165 Step H 0-11-10 HNSNH2 ONHNJ.H OHCG. H2Nvi O 18h 0O, O

HNY9WH2 HNNNO O OHO 18i 5 The expected product 18 was synthesized

as descrivwedyezandier for the Exanple 1, Step D. The crudeCTvEB&riosd9 was
purified by flash chromat ography usifg 98/ 2 to 90/ 10

di chl or onet hane/ met hanol to afford 18i in 34%yield. WO 01/77113
PCT/USO1/ 10869 166 Step l: o .0 HN'S-NH2 HOYNN' o

H BnO/\/O"
\/L COzCH3 é\/\’( \/L CO2CH3

O

20a 20b

The desired product 20b was obtained by the method described for
Example 1, Step G. The material was purified by flash column
chromatography using 98/2 to 96/4 dichloromethane/methanol to provide 20b

in 81% yield. HRMS (FAB) Calcd for C25H37N207: 477.2601 (M+H)*,
Found: 477.2606.
Step C:

_\_Q
OH HO/\/Q' "I
’ Qcozcm y QCOZCHQ,
N\V/L§3 N\v/l§o
: > H
O O

20b 20c

The desired product 20c was obtained by the method described for
Example 1, Step H. Purification by column chromatography using 99/1
dichloromethane/methanol afforded 20¢ along with triphenylphosphine oxide.
This mixture was taken to the next step. HRMS (FAB) Calcd for

Co5H35N206: 459.2495 (M+H)*. Found: 459.2490.
Step D:



~OOHoO "*, (- 18i HN'NH2 HHo i HC.H2N NAN O H O 1< 18] 5 The expected
product 18] was synthesized as described earlier for the Exanple 1, Step
C. The nmwepni/aitizvas carried to the next step as it was. VECrDUAN7DE®
PCT/US01/ 10869 167 Step J. | | HN-12Q H2 N CR2H H H N~O + HCTH2ZN NN O O
HO 12f 18] HO..SH2 QHNAN CNH NOONOO O 18k

(N)\COZCHS - <;>\002H
Ao AN
O O

20c 20d

The desired product 20d was obtained by the method described for

Example 1, Step |. Yield of 20d (for 2 steps) = 23%. 1H NMR (DMSO-dg)
0.84 (m, 2H), 1.10 (M, 3H), 1.56-1.67 (m, 6H), 1.75-1.81 (m, 1H), 2.32-2.49
(m, 3H), 2.55-2.59 (m, 1H), 2.94 (dt, 1H), 3.50 (dd, 1H), 3.56-3.65 (m, 2H),
3.90 (dd, 1H), 4.06-4.23 (m, 4H), 4.37 (t, 1H), 6.64-6.74 (m, 3H), 7.08 (app. t,
1H), 7.95 (d, 1H), 12.30 (br. s, 1H); 13C NMR § (DMSO-dg) 25.25, 25.97,

28.30, 28.55, 30.61, 33.77, 36.04, 39.41, 52.52, 54.02, 57.22, 66.38, 68.03,
77.49, 114.75, 115.37, 121.14, 128.86, 142.66, 158.92, 169.87, 170.83,

172.99; HRMS (FAB) Calcd for C24H33N20g: 445.2339 (M+H)*. Found:
445.2343.
Step E:



5 The expected product 18k was synthesized as described earlier for the
Exanple 1, Step J. The material after work-up was of sufficient purity to
be carrivedof/onmard to the next step. WO 01/ 77113 PCT/ USORCT/O8@P1086M68 St ep
Ki HHOoH2 0 1. HNO CN~NNJ NOWB®HO 18k O-'D HN-"NH2 QN NJN NO
OHO O 18 5 The desired product 18 was obtai ned by the oxidation

prot ocol described previously for Exanple 1, Step K. Purification by flash
col um chr omat ography using 98/ 2 to 92/ 8 dichl oronet hane/ MeOH af forded 11
as a mxture of diastereoners in 13%yield (for 2 steps). Exanple 19:

Preparation of ound of Formula 19: 10 HNS~H2
%
Z S OH H 0] I
] \/rj; COH  ,  HCILHoN N\/”\” Ne_
Y 0 0 O
O =
@ .
20d
_\—o_
Y OH 0
H H I
- § 0 0 0

N
20e

The expected product 20e was synthesized as described earlier for the
Example 1, Step J. The material after work-up was of sufficient purity to be

carried forward to the next step.



ON, NNJNOH NOO 0O HO 19 WD 01/77113 PCT/ US01/ 10869 169 Step A: HNS H2
NN NHHI< N 00018 Q0 HNNHR2 ONNLNH NNOOHO O19 5
The expesvedvpnozluct 19 was synthesized as descri bed ear| PeT/uS@rioséve
Exanple 3, Step A in quantitative yii®id. WO 01/77113 PCT/ US01/ 10869 170
Exanpl e 20: Preparation of Conmpounds of Formulas 20A and 20B: -\- 4 N NJ

Step F:
N\ |>
% OH
H H |
N N AL AN
H N N »>
o} o}
N N0
O =
O 20e
_\o_
i_ O I
H H
[p\(N N\/u\H N
H o} o} 0

o =
O 20A

ye

Iz

/ Ho H\)Ok |
. ) CN)\",N\E/U\’(N N
N\E/goo r 0 o

O
20B

The desired products 20A and 20B were obtained by the oxidation
protocol described previously for Example 1, Step K. Purification by flash
column chromatography using 100/0 to 98/2 dich|oromethane/methanol
afforded separate isomers 20A and 20B, and some mixture. Combined yield
= 50% (for 2 steps). HRMS (FAB) Calcd for C42H57NgOg: 789.4187

(M+H)*. Found: 789.4179 (20A) and 789.4187 (20B).



N NAOO OHO 20A NN NNO OH 0 20B Step A BnOA~ OH BnO'" ' ¢?CO2CH3
cCORCH3 HHCI. HZN NOO OO0 7e 20a The desired product 20a was obtai ned
by the mwood7descri bed for Exanple 1, Step F. The nateri BCTWaGL/P86% fi ed by
flash col um chromat ography using 98752 di chl or onet hane/ met hanol to provide
20a in 97% yield. HRVS (FAB) Cal cd for C32H43N207: 567.3070 (MtH) +. Found:
567.3073. Step B: WD 01/77113 PCT/ USO1/ 10869 171 H BnO--~-- H HO-~O%

01, C02CH3 OC02CH3 N NOO O- O

Example 21: Preparation of Compound of Formula 21:

—\—o,

“ o) 0

H H
H\/go 0 o) 0

O
21

.

oH , O
CoH
N COM . HCLHoN N\/ILH 0
0 0

o
o)

Y g OH 4 O
K—)\rN N\)I\H O\'<

N

H\/l\o 0 o) 0

0]
O 21a

The expected product 21a was synthesized as described earlier for the
Example 2, Step A. The material after work-up was of sufficient purity to be

carried forward to the next step.



O 20a 20b The desired product 20b was obtai ned by the nethod descri bed
for Exanple 1, Step G The material was purified by flash col um

chr omat ogv@phy7iusi ng 98/ 2 to 96/ 4 di chl or omet hane/ net hanoPCT/@S@rwedsde 20b
in 81 %yield. HRMS (FAB) Calcd for C®5H37N207: 477.2601 (M+H)+. Found:
477.2606. Step C ~- 0 OHHOB\/~ac NQZCH3 ~-N 02CH3 HNNO=0= O
0O 20b 20c The desired product 20c was obtai ned by the nethod descri bed
for Exanple 1, Step H Purification by columm chronmatography using 99/1

di chl or onet hane/ net hanol afforded 20c along with triphenyl phosphi ne oxi de.

This m x was taken to the next step. HRMS (FAB) Calcd for C25H35N206:
459. 2495 *+. Found: 459.2490. Step D: WO 01/77113 PCT/US01/ 10869 172
Nc?CO2CH3 ~ N~ CO2H O O

_\—g

L
g OH 0
H H
Lt Lo ——
H\/goo o) o)

0]
O 21a

_\—Q

“ H 0 H O
MN N\)J\” O\|<
H\/J“o 0 0 o

O
21

The desired product 21 was obtained by the oxidation protocol
described previously for Example 2, Step B. Purification by flash column
chromatography using 100/0 to 98/2 dichloromethane/methanol afforded 21 in
38% yield. HRMS (FAB) Calcd for C44Hp0N5010: 818.4340 (M+H)*.

Found: 818.4329.
Example 22: Preparation of Compound of Formula 22:




O O 00 20c 20d The desired product 20d was obtai ned by the nethod
described for Exanple 1, Step |I. Yield of 20d (for 2 steps) = 23% 1 H NWMR
(DVBO- d6w001/841fm 2H), 1.10 (m 3H), 1.56-1.67 (m 6H),PaT/PSe11108k (m 1
H, 2.32-2.49 (m 3H), 2.55-2.59 (m7712 H), 2.94 (dt, 1 H), 3.50 (dd, 1 H),
3.56-3.65 (m 2H), 3.99 (dd, | H), 4.06-4.23 (m 4H), 4.37 (t, 1 H),
6.64-6.74 (m 3H), 7.08 (app. t, 1 H), 7.95 (d, 1 H, 12.30 (br. s, 1 H;
13C NVR 8 (DWVBO d6) 25.25, 25.97, 28.30, 28.55, 30.61, 33.77, 36.04,
39.41, 52.52, 54.02, 57.22, 66.38, 68.03, 77.49, 114.75, 115.37, 121.14,
128. 86, 2.66, 158.92, 169.87, 170.83, 172.99; HRVS (FAB) Cal cd for
C24H33N268ER4%5. 2339 (MtH) +. Found: 445.2343. Step E WO 01/ 77113

PCT/ US01/ 10869 173 OH H O H N CO2H + HCI . HZN NA,, NN NOOHO OO0 A
200 NOHNON NNOOO OO

o
% L9
CXWN N\)L .
H N

o} o}
N: o

O

21

xo,

K 0 o)
H H
0 o}
N 0

The expected product 22 was synthesized as described earlier for the

Example 3, Step A, in quantitative yield. HRMS (FAB) Calcd for
C40H52N5010: 762.3714 (M+H)*. Found: 762.3722.

Example 23: Preparation of Compound of Formula 23:

Tl
i O 3 CHy /\©



20e The expected product 20e was synthesized as described earlier for the
Exanple 1, Step J. The material after work-up was of sufficient purity to
be carrivdof/onmard to the next step. WO 01/ 77113 PCT/ USORCT/O8@P1086b74 St ep
FF NNOANON Nfl ~/II\N NAoO OSHO OO0 20e NN N NCN ~y NNAO O O
HO-'" 020A+\ / NNv ' 'NN NOOH OOO0 20B The desired products
20A and 20B were obtained by the oxidation protocol described previously
for Exanple 1, Step K Purification by flash columm chromatography using
100/ 0 to 98/ 2 dichl oronet hane/ met hanol afforded separate isomers 20A and
20B, and some m xture. Conbined yield

Step A:
o / OH
H +  HCIH,N N
N\)\Q(OH ! o/\©
o : 0
O
1l D
/_\\9
o/ OH 0
_— H H H
I T
o A o) o)
O CH3
23a

The desired compound 23a was prepared in 58 % vyield from 1l and D
according to the method of Example 1, Step J.



= 50% (for 2 steps). HRVS (FAB) Calcd for C42H57N609: 789.4187 ( MtH) +.
Found: 789.4179 (20A) and 789.4187 (20B). WD 01/77113 PCT/ US01/ 10869 175
Exanpl e 3O oPrapar ati on of Conpound of Fornula 21: \ f yJBOT/US1/@B6IN N O O
HO O021 Step A OHHOHNCRHI® HCl. H2ZN N,,kNO N~ OH O OB 20d
~i NOHN~-ON HNOOOH 0 0 21a The expected product 21 a was

synt hesi zed as described earlier for the Exanple 2, Step A The materi al
after work-up was of sufficient purity to be carried forward to the next

st ep.
Step B:

/_\\9
o/ OH 0
H H H .
I T
o = 0 o
O CHs
23a

M

SR

The desired compound 23 was prepared in 79 % yield from 23a

according to the method of Example 1, Step K.
Example 24: Preparation of Compound of Formula 24:

e / W9 L9
L MR,
o 5 o) o)
O CH3
24



WO 01/77113 PCT/US01/10869 176 Step B NOHNONOCN NOOHOO 21a o
| HOHOCNNNNO H ON-0O O21 The desired product 21 was

obt ai ned w9 ot/fra1dxi dati on protocol described previously POT/UEXZNWRI%E 2,
Step B. Purification by flash col um1i8ichr omat ogr aphy using 100/0 to 98/2

di chl or onet hane/ met hanol afforded 21 in 38%yield. HRVS (FAB) Cal cd for
C44HE60N5010: 818.4340 (M+H) +. Found: 818.4329. Exanpl e 22: Preparation of
Compound of Formula 22: 11, O NO CNIl NOOHON O- O

Step A:

o

24

The solution of the benzyl ester 23 (80 mg, 0.11 mmol) in ethanol (30
mL) and methanol (15 mL) was stirred at rt. for 3 h under hydrogen in the
presence of palladium on carbon (50 mg). The reaction progress was
monitored by TLC. After careful filtration through a celite pad, solvents were
then removed in vacuo to give a white solid (67 mg, quant.).

Example 25: Preparation of Compound of Formula 25:

d
o / 0 0
J\O\rﬁkrvl
J .
25



22 WO 01/77113 PCT/US01/10869 177 Step A HHO NNN~ NHO O OO21
OONN~NOHNOOH 0 O22 The expected product 22 was synthesized as
descri bedavear/tiies for the Exanple 3, Step A, in quantitaPCresyi/wBe. HRVS
(FAB) Calcd for C40 H 52 N 5010: 76218714 (MtH)+. Found: 762.3722. Exanple
23: Preparation of Compound of Formula 23: FI HOHOH O NNNN AO
Oto CH3

Step A:

e / v 9 oy 9

N\;/U\N N N\/U\OH .
0 X o) o)

O CHs

24

o/_\\o
o/ o) o)
H H H
OSSN
0o = o) 0
O CHs
25

The desired compound 25 was prepared in 53 % yield from 24
according to the method of Example 1, Step J, except substituting benzyl
amine for amine A.



23 WD 01/77113 PCT/US01/10869 178 Step A® Cl-~ OOHHO N- OH + HC H2N
NNONt 0O=00CH3 11 D HOHOHHO NNNNO O=0O0OCH3 23a The
desi red owopound 23a was prepared in 58 %yield froml | RPOUUBI/@E&Or di ng
to the nmethod of Exanple 1, Step J. W 01/77113 PCT/US01/10869 179 Step

B 'O HOHOHHO NNNT

Example 26: Preparation of Compounds of Formulas 26A and 26B:

o |
£ 9
y H o o f I
d CIA AT
H o) H %

O 26A

BnO. NH> BnO H
o — U Tr L
NO

26a 26b

To a cold (0°C) solution of 26a (4.0 g, 20 mmol) in THF/MeCN (35/5
mL) was added 4-nitrophenyl chloroformate (4.86 g, 24 mmol) and then
pyridine (1.9 mL, 24 mmol). The reaction mixture was warmed to ambient
temperature over 4.5 hrs. Reaction was monitored till consumption of 26a
(needed to add some more of other two reagents). The reaction was
quenched by adding water, the organics were separated, washed with brine,

dried (Na2S04), and evaporated in vacuo to afford the product 26b. This

material was sufficiently pure for further studies.



O- OO OCH3 2320 HOHOHO NQNCGCH3 23 The desired conpound 23
was prepared in 79 %yield from23a according to the nethod of Exanple 1,
Step K Bx@nptAa124: Preparation of Conmpound of Fornula 24PCT/HS@/1H886d H O N

NNNOHOto 0 CH3 24 WO 01/77113 K3T/USOL/ 10869 180 Step A1 0)
OHO NNNN,Ito O0o0o CH3 23HOHOHO

Step B:

BnO_~_ZC.

C ) ~CO,CH3

N

H
BnO N
LEENEN . {j \é'/O\CL
- NO,
O 26b

1f
BnO_~_©C.

N C02CH3

BnO RN

" Y Y Yo
O
26¢

To a solution of 1f (2.3 g, 5.1 mmol) in dichloromethane/DMF (25/5 mL)
at 0°C was added 26b (2.24 g, 6.1 mmol) followed by triethylamine (0.86 mL,
6.1 mmol). Few crystals of imidazole were added and the reaction mixture
stored at -8°C for 16 hrs. The reaction mixture was diluted with
dichloromethane, washed with saturated sodium bicarbonate, 10% aqueous
citric acid solution, dried (Na2S04), and evaporated in vacuo. The crude
material was purified by flash column chromatography using 100/0 to 70/30
dichloromethane/ethyl acetate to provide 26¢ (1.2 g, 38% yield). HRMS

(FAB) Calcd for C38H48N307: 658.3492 (M+H)*. Found: 658.3483.

HOH



NV NNNJ '"OH O- OOOCH3 24 The solution of the benzyl ester 23 (80
ng, 0.11 nmmol) in ethanol (30 nL) and nethanol (15 nL) was stirred at rt.

for 3 h waetr/7hydlrogen in the presence of palladium on cR€bORHEITY). The
reaction progress was nonitored by TC. After careful filtration through a
celite pad, solvents were then renoved in vacuo to give a white solid (67
ng, quant.). Exanple 25: Preparation of Conpound of Formula 25: OLl'-~ 9 H
OHOHO NW NNNOOOHO CH3 110 25 WO 01/77113 PCT/US01/ 10869 181

Step A HOHOHO N 'NNNv 'OH-11 YOOO OCH3 24 HOHOHO NN

NN Step C:

BnO_~_70, HOL~2C,

QCOZCH;:, L_N)\COZCHQ,

H H
BnO N\n/Ns o _ HO NYN\E/&O
= 0 =
26d

The desired product 26d was obtained by the method described for

Example 1, Step G. The crude material was carried to the next step as it was.

HRMS (FAB) Calcd for C24H3gN307: 478.2553 (M+H)*. Found: 478.2547.
Step D:

H H

HO N\n/N\:_/kO .
0 :: o) -j
26d 26e
The desired product 26e was obtained by the method described for

'
HOW~_0, Q
[l\_l>\0020H 3 QC%CH 3
H;NTMO

Example 1, Step H. Purification by column chromatography using 99/1
dichloromethane/methanol afforded 26e along with triphenylphosphine oxide.

This mixture was taken to the next step.



p=00HOCH 25 The desired conmpound 25 was prepared in 53 %yield
from24 according to the nmethod of Exanple 1, Step J, except substituting
benzyl awbpns7fies am ne A. WO 01/ 77113 PCT/ US01/ 10869 18PCHEX&MpI086926:
Preparati on of Conmpounds of Formnul as186A and 26B: O ON C)'-)f N NON N,
HNUNL OOHO 10 =26A ON HOCN HNYNOO OO 0 26B Step A: BnO NH2
BnONI / " I Ol NO2 26a 26b To a cold (0C) solution of 26a (4.0 g, 20
mol ) in THF/ MeCN (35/5 nlL) was added 4-nitrophenyl chloroformate (4.86 g,
24 mmol) and then pyridine (1.9 nL, 24 mmol). The reaction mxture was

war ned t cgt%nt}:i_ent

~ ~
d Q Q
(o0 d §N

O O
26e 26f

The desired product 26f was obtained by the method described for
Example 1, Step I. HRMS (FAB) Calcd for C23H32N30g: 446.2291 (M+H)*.
Found: 446.2290.

Step F:

Q
Z 5 OH H 0O |
HN H\/NK e e N\)LH ~
\n/ Y 9] 0] 0
O -
O \
26f
3
HN\"/N OO 0] O

26g



tenperature over 4.5 hrs. Reaction was nmonitored till consunption of 26a
(needed to add sone nore of other two reagents). The reaction was quenched
by addi ngvoat/er3t he organi cs were separated, washed w t hrOT/URE/1086r | ed
(Na2SO4), and evaporated in vacuo tol8fford the product 26b. This nmaterial
was sufficiently pure for further studies. WO 01/77113 PCT/ US01/ 10869 183
Step BB BnO- QN'CRCHs H~ HCO.H2ZN OBnO N- +1 Ol O NO2 26b If B
n0."' ~JC3, c?CRCH3 BnO |1z~ NNN~O 26¢c To a solution of If (2.3 g, 5.1
mol ) in dichloromethane/ DM (25/5 nml-) at 0C was added 26b (2.24 g, 6.1

mol ) foll owed_by tr.iethyl am 0. 86, nL 6.1 mol,) . Few cr al s of
i dhzol e wer eTIRHEMr S TGt PBa MR ned P heTeitan d8SCrEebThf 16 nr o,
The reactp@fimplext, BtBpWRSTIEE tHIROMAtdrial wiisGiUrfice®) fladtecolwpimhed wit h
saturated sodi um bicarbonate, 10% aqueous citric acid solution, dried
(Na2sO4) ,chapanatagipphuusing 98 2aticiioromethaneiesthanol to provide 26g in 31%

yield (3 steps). HRMS (FAB) Calcd for C41H58N709: 792.4296 (M+H)*.

Found: 792.4284.

Step G

26A

26B

The desired products 26A and 26B were obtained by the method
described for Example 1, Step K. Purification by column chromatography



material was purified by flash col um chromatography using 100/0 to 70/ 30
di chl oronet hane/ et hyl acetate to provide 26¢c (1.2 g, 38%yield). HRMS

(FAB) Calved of/omn13Z38HA8N307: 658. 3492 (MtH) +. Found: 658. 3BGBUSMO08G 77113
PCT/ US01/ 10869 184 Step C. BnO,,~@®7 HOBO,, 011, N COZCH3 N (C02CH3 .
BnO NyNO HO NYNO 111 O 1,10 26¢c 26d The desired product 26d was obtai ned
by the nethod described for Exanple 1, Step G The crude naterial was
carried to the next step as it was. HRVS (FAB) Calcd for C24H36N307:

478. 2553 (MtH) +. Found: 478.2547. Step D. Honbp, 0 N CO02CH3 COCH N2 3

HO N~NO HN.O .Q,-.0 26d The, desi r ed. 26e . bt ai ned b
e ot hoWdR 8T incePlB ot afinfal PHicBH M Tas 8 iy RERe iind' "¢ ™
chr omat ogze® (Puredbwer B9isbmer). Combined yield = 25%.

Example 27: Preparation of Compound 27:

O/\?\
: 0
0 3 0 0 CHs
H H H |
N\)kgj\(MTngN\)LN N,
H ) H
O CHs

27A
S\
2D
o /N o) 0 CHs
H H H |
N\YJngtl\m/N\?/ujg,N\v/ﬂ\N N,
: o = H
N
O CH3
278
Step A
H
? om
>L (OJFAN 0] I
O/E\N OMe > :J\O/l\N OMe
O o
27a 27b

To the mixture of Boc-3,4-didehydroproline-OMe (27a, 5.30 g, 23.4
mmol), N-methylmorpholine-N-oxide (4.75 g, 35.1 mmol) in acetone (10 mL.)
and water (15 mL) at rt. was added an Osmium tetroxide solution in tert-
butanol (2.5% w/w, 3.5 mL, 0.344 mmol). To this cloudy solution was added
THF until the mixture became almost homogeneous. After stirred at rt.
overnight, saturated aqueous sodium thiosulfate solution (30 mL) was added
and 10 min later, followed by addition of EtOAc (300 mL) and brine (80 mL).
After layers were separated, aqueous solution was extracted with EtOAc



di chl or onet hane/ net hanol afforded 26e along with triphenyl phosphi ne oxi de.
This m xture was taken to the next step. WO 01/77113 PCT/ US01/ 10869 185
Step E woaoQr@3 H N CO2CH3 H N CO2H HN UN~p HNUN~O | | O PCODUSO1pl0B69  26e
26f The desired product 26f was obt #888ned by the net hod described for
Exanple 1, Step |I. HRMS (FAB) Cal cd for C23H32N306: 446. 2291 (M+H) +.

Found: 446.2290. Step F:. OHH_ O/ HNC®H + HO. HZN N\v "N Nc HNUNp O H
0O TIOA 26f OOHO N~)r ~ NNKNN HYNOOOHO 0 26g

(2X100 mL). Organic solutions were combined, dried (MgSQ,), filtered and
concentrated in vacuo to give a dark liquid. Flash chromatography (4 to 8 %
MeOH/CH2Cl2) afforded 27b (4.73 g, 18.1 mmol, 77 %) as an oil.

Step B

HO
< OH
S T
O

g
P o
> o) s
SL AL o
O
27b 270
To a suspension of the diol 27b (1.6 g, 6.12 mmol) magnesium sulfate
(4.0 g, 33.2 mmol) and 3-benzyloxypropionaldehyde (2.32 g, 13.0 mmol) in
anhydrous CH2Cl2 (60 mL) at 0°C was added p-toluenesulfonic acid (150 mg,
1.01 mmol). The resulting mixture was stirred vigorously and allowed to warm
to rt. along with the ice-bath overnight (18 h). Saturated sodium bicarbonate
solution (60 mL), water (30 mL) and CH2CI2 (100 mL) were added and the

layers were separated. The aqueous solution was extracted with CH2Cl2 (2 X

100 mL) and combined organic solution was dried (MgS04), filtered and
concentrated in vacuo to give a colorless oil. Flash chromatography (5 to 15
% EtOAc/CH2CI2) afforded 27¢ (2.35 g, 5.57 mmol, 91 %) as an oil.

Step C

o~

-~

, 5
HCIHN OMe

O

27d

P 0/\/g>z)
AT o
27¢c °



WO 01/77113 PCT/ USO01/ 10869 186 The desired product 26g was obtained by the
nmet hod descri bed for Exanple 1, Step J. The crude nmaterial was purified by
fl ash colwemi1/7an¥ omat ogr aphy usi ng 98/ 2 di chl or onet hane/ ne¢hasal/108€ pr ovi de

26g in 31 % yield (3 steps).

( MFH) +.

Found: 792.4284. Step GOIl, HOHHOGOGCNNN,,,KN N, HNUNI

HRVS (FB) Cal cd for C41 HS58N709: 792. 4296

OOHO

1Al 26g NONI N HN\NUOI NOOOHO Il =26A ,jIYH"AONN N} H
NHO HNUNL OO0

The desired compound 27d was prepared from 27¢ according to the

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

Step D

s

P ¢
H
Pr(— 0 oM
S 0
HCI HN OMe
0

27d 27e

The desired compound was prepared from 27d according to the
method of Example 1, Step D. Flash chromatography (8 to 20 %
EtOAc/CH2Cl2) afforded 27e.

Step E

Ph/\O/\/o>\

C pr{” © o

0 s (0] s

>rO\TI/H\)I\N OMe > HCl'HzN\é)l\N T Me
0 := O C

27e 27f

O

The desired compound 27f was prepared from 27e according to the

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



| O O 26B The desired products 26A and 26B were obtained by the nethod
described for Exanple 1, Step K Purification by colum chromatography WO
01/ 77113 WRC1/US@3L/ 10869 187 using 99/1 to 95/5 dichl or one¢hvase/weddshanol
provi ded 26A (as a mxture) and 26B1{0pure |lower Rf isomer). Conbined yield
= 25% Exanple 27: Preparation of Conpound 27: O0/-~ 7 o HOHOHOQCH
Nv NNNNNCH3 HCH3 27A1 7 Ql, HOHOHOCH3 N NNN-N-CH H3
= 00 CH3 27B Step A HO

Step F

The desired compound was prepared from 27f according to the method
of Example 1, Step F. Flash chromatography (8 to 20 % EtOAc/CH2CI2)
afforded 279 (36%, 4 steps). HRMS m/z 595.3014 [calcd for
C33H42N20sg, 595.3019].

Step G

OH ¢ OH ¢

~
.

The desired compound was prepared quantitatively from 27g according
to the method of Example 1, Step G. Flash chromatography (3 to 5 %
MeOH/CH2Cl2) afforded 27h as a white solid. HRMS m/z 595.2553 [calcd

for CogH3gN208, 595.2550].



OH ONOw --~ONOWw ~0- OO0 27a 27b To the m xture of

Boc- 3, 4- di dehydroproli ne-OMe (27a, 5.30 g, 23.4 mmol),

N- net hyl moo phiotiihe- N-oxi de (4.75 g, 35.1 mmol ) in acet onePCT/OSeNI0869%and
water (15 mL) at it. was added an Ostdlum tetroxi de solution in tert-
butanol (2.5%ww, 3.5 nm., 0.344 mmol). To this cloudy solution was added
THE until the m xture becane al nbost honbgeneous. After stirred at it.
overni ght, saturated agueous sodiumthiosul fate solution (30 nL) was added
and 10 min later, followed by addition of EtQAc (300 nL) and brine (80 nL).
After | aygr pyer e separated, aqueous solution was extracted wth Et CAc WO
01/ 77113 S01/ 10869 188 (2X100 nlL). Organic solutions were conbined,
dried (MgS™), filtered and concentrated in vacuo to give a dark |iquid.
Fl ash chromat ography (4 to 8 % MOH CH2Cl 2) afforded 27b (4.73 g, 18.1

mml,??%asanmj/\’\.Sf‘%BHDO-lprOOOVE M O

W N
"9y 20
0 3 0] 3
H H
N\.)j\ﬁl(@Me —_ N\:_)l\ﬁj\(onne
0 : 0 o C’ o

27h 27i

The desired compound was prepared from 27h according to the
method of Example 1, Step H. Flash chromatography (3 to 5 %
MeOH/CH2Cl2) afforded 27i as a mixture with triphenylphosphine oxide which

was hydrolyzed.

Step |

H\jl\(l‘/OMe — > n\k(l(OH
v N r N
O 0

27i 27j

The desired compound was prepared (72%, 2 steps) from 27i

according to the method of Example 1, Step |.



27b 27c To a suspension of the diol 27b (1.6 g, 6.12 nmol) magnesi um
sulfate (4.0 g, 33.2 mmol) and 3-benzyl oxypropi onal dehyde (2.32 g, 13.0
mol ) i nwanhydidbus CH2Cl 2 (60 nlL) at OC was added p-tol urar®adiioeéc aci d
(150 ng, 1.01 mmol). The resulting M2xture was .stirred vigorously and
allowed to warm to rt. along with the ice-bath overnight (18 h). Saturated
sodi um bi carbonate solution (60 nL), water (30 nL) and CH2Cl 2 (100 nl)
were added and the |ayers were separated. The aqueous sol ution was
extracted with CH2CI2 (2 X 100 nlL) and conbi ned organic solution was dried
(MS™) , ,[ilt red and concentrated in vacuo to give a colorless oil. Flash
chromat o (5 to 15 9% Et OAc/CH2Cl 2) afforded 27c (2.35 g, 5.57 mol,
91 %9 as an oil. Step C~0 PWO Ph/_0 0 O O)-'"~r0O M HCO HN O ~O-N O
0 27c 27d WO 01/77113 PCT/ US01/ 10869 189 The desired conpound 27d was
prepared from 27c ™g to the nethod of Exanple Step C. It was
used in the ne @act i i thout further purificati 1@- ep D

o
N

i g
H HCIH,N N -
S o Ao
0 0 © ©
@ oH
27j A

A
: 0
o /N OH 0 " CHs
_— H H H |
SNES SN E
0 X 0 0 o)
O CHs

27k

The desired compound was prepared from 27j according to the method
of Example 1, Step J. Flash chromatography (3 to 6 % MeOH/CH2Cl2)

afforded 27k (69%) as a mixture of diastereomers.



fco/M C 1 Pli

/I~0 0 HOPfi - ONPNNOW Ow 0 HC H 0 0 27d 27e

The

desired conpound was prepared from 27d according to the nethod of Exanple

1, Step WOPBl/amm3 chr omat ography (8 to 20 %
Step EPe OOO N-NOW > HCI-H2N MW3Me 0 00 O 0 27e 27f The desired

conpound 27f was prepared from 27e according to the
Step

E.

01/ 77113 PCT/USOL/ 10869 190 Step FP OHQ O

Step K

P
Lo
@) 3 OH @]
H H H
N\s)l\ﬁlﬂ/N N
= O
O CHs

27k

Z—0

H O H O H o)

2
0
0O

' TCIA BT B
N\)kN N\:_)\g/m\/u\H e
N

N
o

z—0

The desired compound was prepared from 27k according to the
method of Example 1, Step K. Flash chromatography (2 to 5 %
MeOH/CH2Cl2) afforded pure 27A and 27B.

Et QAc/ CH2Cl 2) pafUse1dm86927 €.

Iz :
Z-0
g &
T
w
Y

met hod of Exanple 1,
It was used in the next reaction without further purification.

WO



Ol HO HCIHZNN O N OV 0 27f 27g The desired conpound was prepared
from27f according to the nethod of Exanple 1, Step F. Flash

chromat ogv@phy71{8 to 20 % Et OAc/ CH2Cl 2) afforded 27g (36BP6TASSWRE®) . HRVS
m z 595.3014 [calcd for C33H42N208, 1995. 3019]. Step GHO OHOH OHH NN
Ov NN OWe 0 O 27g 27h The desired conpound was prepared quantitatively
from27g according to the nethod of Exanple 1, Step G Flash
chromatography (3 to 5 % MOH CH2Cl 2) afforded 27h as a white solid. HRVS
m z 595. 2553 [cal cd for C26H36N208, 595 2550] . WO 01/ 77113 PCT/ USO1/ 10869

191 St eloExam (Pe &8 Pre ara?on of Hom ound 2'¥E

o/\/9>§0
0

28A

OOWJJ YE

28B

O/\/9>\O
0 A& OH . 0
NS Lo+ HOMN AL
N 0 H o
o = 0
5

%l
S

28a




OOO0OO 27h 27i The desired conpound was prepared from 27h according to
the nethod of Exanple 1, Step H Flash chromatography (3 to 5 %

MeOH CH2&V@pv/afiidr ded 27i as a m xture with tri phenyl phospot/wsoiawsede whi ch
was hydrolyzed. Step | 10 HOHO>I~-NOH OO0 OO0 27i 27] The desired
conpound was prepared (72% 2 steps) from27i according to the method of
Exanple 1, Step |I. WD 01/77113 PCT/ USO1/ 10869 192 Step J OOH H O CH3
LIL(),OH + HO HZN ND~-NNNCH3 NOHO O- OCH3 27 A OOOCHOCH

The desired compound was prepared from 27j according to the method
of Example 2, Step A. Flash chromatography (3 to 6 % MeOH/CH2ClI2)

afforded 28a (50%) as a mixture of inseparable diastereomers.
Step B

S0
0] : OH 0]
H H H
O
SHSTIU N EY
o A O o] o)
O CHs

28a

P 0
0 : 0] 0]
H H H
N\E)l\ﬁl(N N\)I\H j<
0 A @ 0 o)
O CHg
28A

O/\/>\

o)
: O
0 3 0 0
o = o %0 H 5
G

28B

The desired compound was prepared from 28a according to the
method of Example 2, Step B. Flash chromatography (2 to 5 %
MeOH/CH2Cl2) afforded 28A and 28B.



NNNNv 'NNCH3 O0 OOHOCGCH3 27k The desired conpound was
prepared from 27] according to the nethod of Exanple 1, Step J. Flash
chromat ogv@phy71{8 to 6 % MeOH CH2Cl 2) afforded 27k (69% papusowmiosdéour e of
di astereomers. WO 01/77113 PCT/USO1l/ 1869 193 Step K\ Or\ 91\ OHO
HOHHOCH3 N11~H'CH3 NNNOCH3 27k HOHOHO CH3 NN N N11~'H
N~CH3 OO0 CH3 27A HOHOHO CH3 NN NN-~N"CH3

Example 29: Preparation of Compound 29:

y O (er o ., 0
N AL AN N OH
0

y O 3 L9 0
N\)l\ﬁj\(N N\/U\N OH
H



H O=CH3 0 27B The desired conpound was prepared from 27k according to
the nethod of Exanple 1, Step K. Flash chromatography (2 to 5 %

MeOH CH2&V@pr/zfiidr ded pure 27A and 27B. WD 01/ 77113 PCT/ UBOTL/U$Q316869 194
Exanpl e 28: Preparation of Conpound 28 0 HOHOHO NNNN,,,~NO OH
OCH3 28A70HOHOHON NNNIKNO o=H 0CH3 28B Step A orno |
\

Step A

70
(@) 3 (@) O
H H H S
O
BB »
o = 0 o H o5
O CHz

28A

)

/\/O>\
e
O 3 0 O
H H H
OH
N:_J\@\WN L
0] > o 0O 0]
O CHg

The desired compound 29A was prepared from 28A according to the

29A

method of Example 3, Step A.



O0 HH NOH+ HI RZNNANNOHo O=0CH3 27 B O, HOHOHHO
NV NNNv 'NO o000OHoO CH3 28a WO 01/77113 PCT/USO1/ 10869 195 The

desi red owopound was prepared from 27] according to the ne€ChodorwReIEXanpl e

2, Step A Flash chromatography (3 t®86 % MeOH CH2Cl 2) afforded 28a (50%

as a mxture of inseparable diastereoners. Step Bo HOHOHHONNNNN
O OOOHO CH3 0 28a

@)
v

o /N o o)
: H

The desired compound 29B was prepared from 28B according to the
method of Example 3, Step A.
Example 30: Preparation of Compound 30:

30



O HOHOHO N NNNN OO0OOOHO CH3 28A 01 O +I/ HOHOHO
NNNNNv 'N OO0 OOHO CH3 28B The desired conpound was prepared from
28a accomddng7tied t he nethod of Exanple 2, Step B. Flash parosarwgmaphy (2
to 5 % MOH CH2Cl 2) afforded 28A and928B. WD 01/ 77113 PCT/ USO1/ 10869 196
Exanpl e 29: Preparation of Conpound 29: \ O\\i~/ HOHOHO N-NN NLN
OH OHO CH3

Step A:

.

HO
0 ( A
o /Lﬁln,owle ¢ P
O
30a

30b

P YO
P

/\>\9
0]
o\ one
30c

To a solution of the Cbz-HYP-OMe (30a) (3.0 g, 10.7 mmol) and 4-
benzyloxy-2-methyl-1-butene 30b (5.30 g, 30.0 mmol) in anhydrous CH2Cl2
(80 mL) at 0°C was added trifluoroboron diethyl etherate (0.25 mL, 1.97
mmol). The resulting mixture was stirred at rt. overnight (18 h). Saturated
sodium bicarbonate solution (30 mL), brine (50 mL) and EtOAc (300 mL) were
added and the layers were separated. The aqueous solution was extracted
with EtOAc
(2 X 100 mL) and the combined organic solution was dried (MgSOQ,), filtered
and concentrated in vacuo to give a yellow oil. Flash chromatography (5 to 20
% EtOAc/CH2Cl2) afforded 30c (2.00 g, 4.39 mmol, 41 %) as an oil.

Step B:

Ph/\O/\>£ Ho/\x?

O
OMe OMe
Ph/\oJ\Q\( HN
0]
30¢c

@)
30d



29A Or\~0o O HOHOHON NNNKNOH OH 0 CH3 29B WO 01/77113
PCT/US01/ 10869 197 Step AO HOHOHO NNNNNOOOOHO CH3 0 28A
O HOHvB/OINNNNCH OOOHO 0 CH3 29A The desPerdsaiomwpeund 29A
was prepared from 28A according to tk@® nethod of Exanple 3, Step A

The desired compound 30d was prepared from 30¢ quantitatively
according fo the procedure of Example 1, Step G.

Step C:

HO\>K

o

< H
- . N\)k(l(owie
OMe >(O N
Hgl( \cr>r z 0
° O
30d

30e

The desired compound 30e was prepared from 30d and Boc-
cyclohexylglycine-OH according to the procedure of Example 1, Step D. Flash
chromatography (3 to 5 % MeOH/CH2Cl2) afforded 30e (61%).

Step D:

/\>\ Aco/\>'\

0 ?

0
o - .
H \)l\gl(OMe HC|~H2N\__)]\ A owe
ﬁ/o\g/ T : 0

O O

30e 30f

HO

The solution of 30e and 2 N HCI in dioxane and EtOAc (1:1) was
stirred at rt. for 3 h, after which it was concentrated in vacuo. The product was

used in the next reaction without further purification.



WD 01/ 77113 PCT/ US01/ 10869 198 Step BN ONONOONH OO0 OO CH3 28B
\ OOHOHOHO/ j~r NNNOH O0O0OHO CH3 29B The desired
conpound WOBL/Wa$3 prepared from 28B according to the nethpdr/wkoi&osswpl e 3,
Step A. Exanple 30: Preparation of Caitpound 30 H3C .. AXCH3 rO0O OOO0O0Y
CH3 LNNNN NHCH3 O

Step E:

AcO 0 OH
o / . 0
— H
HCI.HQN\)I\@(OMe N\)J\@(OMe
:~ 0 o :

30f .30g

The desired compound 30g was prepared from 30f according to the
procedure of Example 1, Step F. Flash chromatography (2 to 5 %
MeOH/CH2Cl2) afforded 30g (48%, 2 steps).

Step F:

The mixture of 30g (700 mg, 1.28 mmol) and potassium carbonate
(5630 mg, 3.84 mmol) in anhydrous methanol (80 mL) was vigorously stirred at
rt. The reaction progress was monitored by TLC. After 3 h, it was
concentrated in vacuo before EtOAc (200 mL) and water (100 mL) were
added and layers were separated. The aqueous solution was extracted with
EtOAc (2 X 100 mL). The organic solutions were combined, dried (MgSOa),



00OO0 CH3 30 W 01/77113 PCT/US01/10869 199 Step A: HQ Owve + PI~OON

O 30a 30b Pht"O v "QPF-~OON'"10 M 30c To a solution of the

Cbz- HYP- ®@o(/30&) (3.0 g, 10.7 nmol) and 4- benzyl oxy- 2- neCTyke11roBest ene 30b

(5.30 g, 30.0 mml) in anhydrous CH2@122 (80 m-) at O0C was added

trifluoroboron diethyl etherate (0.25 nlL, 1.97 mol). The resulting

m xture was stirred at rt. overnight (18 h). Saturated - sodi um bi carbonate

solution (30 nmL), brine (50 mM-) and EtOAc (300 m-) were added and the

| ayers were separated. The aqueous solution was extracted wth EtOAc (2 X
the conbin ution was_ dri ltered and

100 m - d d, organi
concent%a@ge eﬁj @ngaqﬂjngepﬁabq%(llgav%c@&sﬁlhg‘,p@qiuct#Yaéstﬁseccﬂpw(() r@%&?ﬁ@ 5 to 20
%Et OAc/ w&m@f%ﬁﬁéppgﬁﬁba’.ﬁ@ﬁ (2.00 g, 4.39 mol, 41 %9 as an oil. Step B:

~0 v
Step G:

H -t AN
H (@]

The desired compound 30i was prepared from 30h according to the

procedure of Example 1, Step H.
Step H:

om/% A/K)

e 2 e ‘
—l

1L owe L on

0 := o) 0O :: 0

30i 30j

The desired compound 30j was prepared from 30i according to the
procedure of Example 1, Step | (23 %, 3 steps).



iL."LOMe NH aNrO O O 30c 30d WO 01/77113 PCT/USOL/ 10869 200 The desired
conpound 30d was prepared from 30c quantitatively according to the
procedur avobi/Exanple 1, Step G Step C HO vIO HO v uN OreT/USIN/@GB® | 1O 1 =
O 30d C 30e The desired conmpound 308 was prepared from 30d and Boc-

cycl ohexyl gl yci ne-OH according to the procedure of Exanple 1, Step D. Flash
chromat ography (3 to 5 % MeOH CH2Cl 2) afforded 30e (61 %9. Step DD HO v
\"7 AcOO O O NOWw HCH2ZN-N OV ~ N O O 30e 30f The solution of 30e
and 2 N HCl in dioxane and EtOAc (1:1) was

Step I
CHs
/\k\CHg,
Q
- OH 0 CH
0 H ;s
H +  HCIH,N N N
o - O O O
O
30j A
HsC
,\CH3
9
— JL n o I
N ﬁ “CHs
o} o}
CHs
30k

The desired compound was prepared from 30j according to the
procedure of Example 1, Step J . Flash chromatography (3 to 6 %
MeOH/CH2Cl2) afforded 30k (58%).



stirred at rt. for 3 h, after which it was concentrated in vacuo. The
product was used in the next reaction wi thout further purification. WO
01/ 77113 WRC#1/USCL/ 10869 201 Step EE ACO AcO' v , '~ 0 BLHUSI/@® / H O
HCl H2N~N Ove )LyOVe OO O ID O 30f20430g The desired conpound 30g was
prepared from 30f according to the procedure of Exanple 1, Step F. Flash
chromat ography (2 to 5 % MOH CH2Cl 2) afforded 30g (48% 2 steps). Step F:
AO/~j%HOTr "~ 1\ - \OOHHO &, JL4yOMe NNOO - O O 30g 30h The

m xture of 30g (700 ny, 1.28 mml) and potassium carbonate (530 ng, 3.84
mol ) in anhydrous nmethanol (80 nL) was vigorously stirred at

Step J:
H3C

M\CH3
o
o / OH o) '
H H H
0] = O O
O CHs
30k

Z—0

HsC

/\){\CHg,
0 0
o/ c
H H H [
SO SVS NG
O - O H

The desired compound 30 was prepared from 30k according to the
procedure of Example 1, Step K. Flash chromatography (3 to 5 %
MeOH/CH2Cl2) afforded 30 as a mixture of inseparable diastereomers.

Example 31: Preparation of Compound 31:




rt. The reaction progress was nonitored by TLC. After 3 h, it was
concentrated in vacuo before EtQAc (200 nL) and water (100 nL) were added
and | ayemeOweralsepar at ed. The aqueous sol uti on was extr aPCEUSW 10869 Et OAC
(2 X 100 nL). The organic solutions ®Mre conbined, dried (MgSO™4), WO

01/ 77113 PCT/ USO1/ 10869 202 filtered and concentrated in vacuo. The
product was used in the next reaction wthout further purification. Step
G OO HO=cJL)yOve NO Ove OO 0 O O 30h 30i The desired conpound 30i
was prepared from 30h according to the procedure of Exanple 1, Step H
Step H HOHO NNOWwW NNOHO OO0 OO0 30i 30 The desired conpound
30] was %—@Edged from30i according to the procedure of Exanple 1, Step 1
(23 % 3 steps).

CH;
,-\\CH3

The desired compound was prepared from 30j and B according to the
procedure of Example 1, Step J. Flash chromatography (2 to 5 %
MeOH/CH2Cl2) afforded 31a (73 %).



WO 01/ 77113 PCT/ USOL/ 10869 203 Step I: CH3 %H3 O OH H O CH3 N CH + HC
H2ZN NAN -CH3 0O OOHO O CH3 30 A 3CCH3 HOHOHHOCH3 IN NNNv
N NCH voortie3 H O CH3 30k The desired conmpound was prepasadioseoom 30j
according to the procedure of Exanpl@wl, Step J . Flash chromat ography (3

to 6 % MOH CH2Cl 2) afforded 30k (58% . WO 01/77113 PCT/USOL/ 10869 204
Step J: H3CCH3 \ QI \

Step B

H 0 H OH H 0 -
N\,-/U\N N N\/U\N O\|<
H
0

31a
HsC
\CH3
0] H 0]
JI\Q'( N\/”\N O\|<
o H o

CH,
31

The desired compound was prepared from 31a according to the
procedure of Example 1, Step K. Flash chromatography (2 to 5 %
MeOH/CH2Cl2) afforded 31 as a mixture of inseparable diastereomers.

Example 32: Preparation of Compound 32:

H
3 |‘CH3

Q:JLQW{YJLH H

o)

32



HOHOHHNOCH3 NN,UN-CH3 OOOHOOCH3 30k H3C.CH3 /""A O
9 OOHHHOCH3S NNNNN-CH3 OOOHOO CH3 30 The desired conmpound
30 was pmvepar/gdidrom 30k according to the procedure of ExpapiUsoiliosd®dtep K.

Fl ash chromat ography (3 to 5 % MOHRE@H2C 2) afforded 30 as a m xture of

i nsepar abl e di astereoners. Exanple 31: Preparation of Conmpound 31: H3C
1,,CH3 I\ HOHOHONNN NN

HaC
/\X\CHg
O 0
o/ 0 0
H H H
O IR »
o 0 0 Ho o
O CHs
31
HaG
/\3)\\,\01-:3
O o)
o/ 0 0
H H H
I LT o
o i 5 5 H
O CHs
32

The desired compound 32 can be prepared from 31 according to the

procedure of Example 3, Step A.



OOH CH3 31 WO 01/77113 PCT/ USOL/ 10869 205 Step ACH3 7,,%CH3 O O OH
HO NOH+ HO HZNNNNpHp OOCH3 30) B H3C.CH3 \ 91 \ HOMH
OHH O NMNOMMNMOO p p HCH3 3la The desired conpoundre@e@seprwper ed from
30j and B according to the procedure2@f Exanple 1, Step J. Flash
chromatography (2 to 5 % MOH CH2Cl 2) afforded 31 a (73 %9. WO 01/77113
PCT/ USOL/ 10869

Example 33 : Preparation of Compound 33:

HaCO c{_\g
o/ 0 0 CHs
H H H ]
L (IS,
0o = o) o} 0
O CH3

33A

H3CO O/_\\O

33B
Step A

HO. H MeO OH

CO2Me CO2Me

332 33b

The suspension of methyl 3,5-dihydroxyphenylacetate (33a) (5.0 g,

27.4 mmol) methyl iodide (4.6 g, 32.9 mmol), potassium carbonate (5.69 g,
41.2 mmol) in DMF (30 mL) was heated to 55°C and stirred overnight. After
cooling to rt., saturated aqueous sodium bicarbonate solution (100 mL) and
EtOAc (200 mL) were added and layers were separated. The aqueous
solution was extracted with EtOAc (2x100 mL). The combined organic
solution was dried (MgSO,), filtered and concentrated in vacuo. Flash
chromatography (2 to 5 % MeOH/CH2Cl2) afforded 33b (1.11g, 29 %) as a

white liquid.



206 Step B H3CCH3 H_ G—lO—lHONHNNN~NOOp OHO CH3 31a H 3C
"CH3 / HOHOHOVNNNO p=p OHO 0 CH3 31 The desired conpound

was prepavedi/fnen 3la according to the procedure of ExanpC®U$01/88@p K.

Fl ash chromatography (2 to 5 % MOH#R@HC 2) afforded 31 as a m xture of

| nsepar abl e di astereoners. Exanple 32: Preparation of Conpound 32: H3

,I'CH3 I~ 9 ~~ NNNNNH OOOHO CH3 32 W 01/77113 PCT/ US01/ 10869

Step B

MeO OH MeQ H

CO,Me CO,H

33b 33¢c

An aqueous lithium hydroxide solution (0.342 g in 10 mL H,O) was
added to a solution of the methyl ester 33b in THF (10 mL) and methanol (10
mL) at rt. The progress of the reaction was monitored by TLC. After 4 hr., the
volatiles were removed in vacuo, EtOAc (150 mL) and water (30 mL) were
added and the aqueous solution was acidified to pH = 1 and saturated with
solid sodium chloride. After separation of the layers, the aqueous layer was
extracted with EtOAc (2 X 150 mL). Organic solutions were combined, dried

with sodium sulfate, filtered and concentrated in vacuo to afford 33c (1.6 g).
Step C:

Ph/\o
P 0 "0 MeO ':A\”’\Q
MeO H o/ e :
. Me —>
+ HGFQN\/ﬂ\N N\{ﬂ\gjzerMe

1f 33d

The desired compound 33d was prepared from 33c and 1f according
to the procedure of Example 1, Step F. Flash chromatography (2 to 5 %
MeQOH/CH2Cl9) afforded 33d in 90% yield.



207 Step A\H3COOHHOHO NNNN-'"I-N O=ppH OCH3 31 H3CC
\.CH3 p91 \ HOHOHONNNNANOH pOOOHO CH3 32 The desired
conmpound W ovanibe prepared from 31 according to the proretusa/wB69EXanpl e
3, Step A, WD 01/ 77113 PCT/ USOL/ 1086210 208 Exanple 33 : Preparation of
Compound 33: H3COd-\-, QI \ HOHOHOCH3 NNNN,,~NNCH

Step D:

H/\/\O MeO
MeO

33d
The desired compound 33e was prepared from 33d according to the

procedure of Example 1, Step G. Flash chromatography (2 to 5 %
MeOH/CH2Cl2) afforded 33e in 56% yield.

Step E:

HO
OH MeO.
MeO - <
H O H O
. N Me
N\_.)J\N OMe \E)J\N
: o : 5

33e 33f

The desired compound 33f was prepared from 33e according fo the
procedure of Example 1, Step H. Flash chromatography (2 1o 5 %
MeOH/CH2Cl2) afforded 33e as a mixture with triphenylphosphine oxide

which was used in the next reaction without further purification.



3 O0OOOHO CH3 33AH3CO0'"9\ / HOHOHOCH3 NNNNJ NCH3 O
O OHOCH3 33B Step AHOH MO OH CO2M e CO2M e 33a 33b The suspension
of nmet hyiw@pb7dihydr oxyphenyl acetate (33a) (5.0 g, 27.4 PaDUBOW®BGYY|
iodide (4.6 g, 32.9 mmol ), potassiunmdarbonate (5.69 g, 41.2 mol) in DW
(30 mM-) was heated to 55C and stirred overnight. After cooling toit.,
sat ur at ed aqueous sodi um bi carbonate solution (100 m-) and EtQAc (200
m-) were added and | ayers were separated. The aqueous sol ution was
extracted with Et OAc (2x100 nmL). The conbi ned organic solution was dried
(MS™), filtered and concentrated in vacuo. Flash chromatography (2 to 5
% MeOH/ CH2Cl 2) afforded 33b (1.11 g, 29 %9 as a white liquid. WO 01/77113

PCT/ USOL/ $@869.

MeO O/\/\Q MeO O/\/\Q

> O -
H\)Ol\@(owle > H\/U\Q(OH
O O

33f 33g

The desired compound 33g was prepared from 33f in 45% yield (2
steps) according to the procedure of Example 1, Step I.

Step G:

Z—Q0

MeO o/\/\Q
o / OH 0 Hy
H H
OH  + -
N\)I\Q( HCIHH,N N\/H\N o
o 0 0 H o
O CH3

33g A
MeO O/\/\O
o / OH 0 CH,
H H H
GV NE
o = o) o) H 5
O CHs
33h

The desired compound 33h is prepared from 33g and A according to
the procedure of Example 1, Step J.



209 Step B MO OH MO H CO2M e CO2H 33b 33c An aqueous |ithium hydroxide
solution (0.342 g in 10 nL H2O was added to a solution of the nethyl
ester 33wWoOnyTHE (10 nmL) and nethanol (10 ni) at rt. ThePQT/@wgeE®ssoof the
reaction was nonitored by TLC. After2® hr., the volatiles were renoved in
vacuo, EtQAc (150 m-) and water (30 nL) were added and the aqueous
solution was acidified to pH =1 and saturated with solid sodiumchloride.
After separation of the layers, the aqueous |ayer was extracted with Et OAc
(2 X 150 nL). Organic solutions were conbined, dried wth sodiumsulfate,
filtered and goncentrated in vacuo to afford 33c (1.6 g). Step C PI~~O
PI~~O~~~9&99£-' H MOHO O+ HC-H2ZNN M NLNOw OOO CO2H 0 O 33c if
33d The desired co u 33d was prepared from33c and If according to

t he procedus® nplel, Step F. Fl ash ' fRgmat ography (2 to 5 %

MeOH CH2Cl 2) ded 33d:in 90% yi el d. 2 014 77113 PCT/ USOL/ 10869 210

MeO
H H H FHs
N N N N«

33A

MeO NN
H3
SHTSUERE:
+
N <
a @\rr“;vﬁ\m“ N ok
5 H

33B

The desired compounds are prepared from 33h according to the
procedure of Example 1, Step K.



Step D0 Pft-"-OHO MeOHI ~- MO1( NO- O NN OW 0 OO0 O 33e 33d
The desired conpound 33e was prepared from 33d according to the procedure
of Exanpiveod1/781&p G Fl ash chromatography (2 to 5 % MQ{THRG/ ®$6%af f or ded
33e in 56%yield. Step E HO-\ OMBO MeOHOI/ HNLNOw NNM OO
O- 0 33e 33f The desired conpound 33f was prepared from 33e according to
the procedure of Exanple 1, Step H Flash chromatography (2 to 5 %

MeOH CH2CI 2) afforded 33e as a m xture with tri phenyl phosphi ne oxi de which
was used in the next reaction without further purification. WO 01/77113

PCT/ US01/ A 980 Ble 34: : Preparation of Compound 34:

HCO. C{—\Q

o/ 0 0 E
o = o) 0 Ho O
O W

34

MeO

N H  + HCIH,N N O
J\Q\KO Y Y
o A~ O > 0

O

339 B

MeO /\/\D

o / OH 0
; H H H
> N\:)]\Q'(N N\)LN j<
o = 0 o) H o5
O CHg
34a

The desired compound 34a is prepared according to the method of
Example 1, Step J, except substituting amine B for amine A. The product is

obtained as a mixture of inseparable diastereomers.



211 Step F: MO O~QMeO\ & HO/ ¢cJLs20H O=0 00O 0 0 33f 33g The
desired conpound 33g was prepared from33f in 45%vyield (2 steps)

accordi ngvoolr/the3 procedure of Exanple 1, Step |I. Step G RMPOSW/HE9I \ H O
OHHOiIi HB NNOH+ HOH2ZN NV "N NCH43 O- OOHOCH3 33g A MeOO9 H
OHOHHOCH3 NNN,ANCH3 OOOHOCGCH3 33h The desired conpound 33h
Is prepared from 33g and A according to the procedure of Exanple 1, Step
J.

Step B:
MeO 0/\/\0
WP PP
v N N \ﬁ >
o = o) O Ho o
O CHj
34a
MeO o/\/\O
LI R I T o
" N jé
o = 0 o Ho 5
O CHs

34
The desired compound is prepared from 34a according to the method

of Example 1, Step K.
Example 35: : Preparation of Compound 35:

H3CO O/_\Q
@

2T

S o

I=

CHs

35



WO 01/ 77113 PCT/US01/ 10869 212 Step H MeO

Ol \ HHHH Y13 NNNN
NNCH HO3 00CH3 33h MeOHHH 9H NNNNNNCH3 000OHO
CH3 33AwWee/{n)31 \ HH N NNNNNCH3 O- 0\ OHO BHEFUSBRIsHPhe
desired conpounds are prepared from 3%h according to the procedure of
Example 1, Step K

Step A:

@;i@“gﬁ(ﬂ@ﬁ% .
0 O CH(: 0

34
MeO A/\)
o/ o 0
H H H
N N N OH
; S I
o o) 0 H o
O CHg

35

The desired compound 35 is prepared from 34 according to the method
of Example 3, Step A.

Example 36 : Preparation of Compound 36:

36



WO 01/77113 PCT/ USO01/ 10869 213 Exanple 34: : Preparation of Conpound 34:
H3CO d--\"?: I HOHOHO NNNNIII~-N O0OO0OOHO CH3 34 Step A M
e0 /\--Nwoae7H1id® NH+ HOOCHZN NO NO- OO0 HO CH3 3BOI/BSM/®89 "~ | \
HOHOHHONNN,~-AN OOOHO @4 34a The desired conpound 34a is
prepared according to the nmethod of Exanple 1, Step J, except substituting
amne B for amne A The product is obtained as a m xture of inseparable
di ast er eoners.

Step A

t
o COoO0Bu

)I\/\ ~

36a 36b

A solution of tert-butyl phosphonoacetate (15.1 g, 50.0 mmol) in dry
THF was cooled to 0°C and treated with NaH (60%, 2.5 g, 62.5 mmol, 1.25
equiv.) and stirred for 20 min. The reaction mixture was treated with 2-
pentanone (4.3 g, 50 mmol) and stirred at rt. for 24 h. The reaction mixture
was diluted with ag. NaHCO3 and extracted into ether (3x100 mL). The

combined ether layer were extracted with brine, dried (MgSO,), concentrated
in vacuo and distilled to yield 8.2 g (88%) of 36b (stereochemical ratio 2:1).
Step B

t

36b 36¢c

A solution of 36b (5.0 g, 27.1 mmol) was dissolved in dichloroethane
and treated with 4,4'-thiobis-(2-terf-butyl-5-methylphenol) (100 mg) and
MCPBA (60-80%, 7.76 g, 27.1 mmol) and heated at reflux for 4 h. The
reaction mixture was concentrated in vacuo and the residue was diluted with
ether (200 mL) The ether layer was washed twice with satd aq Na;S203, aq.
NaOH and brine (100 ml). The reaction mixture was concentrated in vacuo to
yield 4.2 g (77%) of 36¢ which was used as it is in the next step.



WO 01/ 77113 PCT/ US01/ 10869 214 Step BB MeOOI\ ' OHHOHHNNMNN p =20
OHp CH3 34a C v\Ol \' MONNNNNO p=ppHp O0CH 34 The
desired owopounds i s prepared from 34a accordi ng to the nepap@solofs®@xanpl e
1, Step K. Exanple 35: : Preparation2tff Conpound 35: H3CO O Ol \ NNN
NJNOHOOOHO CH3 35 WD 01/77113 PCT/USO1/10869 215 Step A- MO OO

COO'Bu
J > CoOBu + COoO'Bu
N3 HO
OH N3

36¢c 36d 36 d

A solution of epoxide (4.0 g, 18.4 mmol) in dry ethanol (100 mL) was
treated with NaN3 (12 g, 184 mmol) and NH4CI (9.6 g. 184 mmol) and heated
at reflux for 36 h. The reaction mixture was diluted with water and the reaction
mixture was extracted with ether (300 mL). The combined organic layers
were dried with Na2SO4 and concentrated. The residue was purified by SiO2
chromatography (EtOAc/Hex 1:19) to yield 1.1 g (28%) of 36d and 731 mg
(18%) of 36d" as a colorless liquid.

Step D

\s
; coo'su S COO'Bu
3

OH OH

36d 36e

A solution of azide 36d (2.1 g, 8.7 mmol) was dissolved in CH30H
(100 mL) and treated with Pd/C (50 mg) and hydrogenated (40 psi) for 24 h.
The reaction mixture was filtered through a plug of celite and the filtrate was
concentrated in vacuo. The residue was used for next reaction without further
purification.

A solution of Cbz-Cl (1.48 g, 8.7 mmol, 1.23 mL) was added dropwise
to a mixture of amine and Et3N (878 mg, 1.25 mL) at -78 °C in CH2Cl2 (30

mL). The reaction mixture was warmed fo rt. and concentrated in vacuo. The



N: NNN 'N p=OpH CH334 MOHHOHO NNNNOKH 0OOHO O
CH3 35 The desired conpound 35 is prepared from 34 according to the nethod
of Exanpive081/781&p A. Exanple 36 : Preparation of ConpounBCB®S01/1086907 H O H
OPN--I ~N_,~ HOOH O 36 W 021877113 PCT/USO1/ 10869 216 Step A O
COOxBu 36a 36b A solution of tent-butyl phosphonoacetate (15.1 g, 50.0
nmml) in dry THE was cooled to OC and treated with NaH (60% 2.5 g, 62.5
mmol, 1.25 equiv.) and stirred for 20 mn. The reaction m xture was
treated with 2- pentanone (4.3 g, 50 nmol) and stirred at rt. for 24 h. The

reaction rrgs)l(atuuer Was chromatographed on SiO2 (EtOAc/Hex 8:2) to 36e (450 mg,

15%) as a colorless solid.

Step E

ChzH cooBu CbzH N N\/U\ \\1’

OH OH H 0o
36e 36f @

A solution of 36e (450 mg, 1.29 mmol) in CH2CI2/TFA (10 mL, 1:1)

was stirred at rt. for 4 h. The reaction mixture was concentrated in vacuo to
obtain the acid (250 mg) which was used in the next step without further
purification.

The acid obtained by hydrolysis of 36e was dissolved in CH2Cl2 (10
mL) at -20 °C and treated with H-Glycyl-Phenylglycycl-N(CH3)2 (281 mg, 0.93
mmol), HOOBt (208 mg, 1.27 mmol, 1.25 equiv.) EDCI (244 mg, 1.27 mmol)
and NMM (343 mg, 3.4 mmol, 490 uL). The reaction mixture was stored in the
freezer for 24 h and diluted with ag. HCI (1M, 50 mL). The reaction mixture

was extracted with CH2Cl2 (3x50 mL). The combined organic layers were
extracted with aq. HCI (1M, 100 mL), aq. NaHCO3 (1M, 100 mL), brine (100
ml), dried (MgSO4), filtered and concentrated in vacuo and chromatographed

on SiO; (acetone/Hexanes 1:3) to yield 36f (330 mg, 75%) as a colorless

solid.

Step F

CbzH N/\n/N\)]\l( > Hz,?%;tm/\%/“\)k

0
Y N7
OH H o© @ i |
36f 369 @




was diluted with ag. NaHCO3 and extracted into ether (3x100 nL). The

conbi ned ether |ayer were extracted with brine, dried (MgSO4), concentrated
in vacuoveddudiisiilled to yield 8.2 g (88% of 36b (sterePChERIIcEBGIr at i O
2:1). Step Bt COO Bu COOXBu O 36B1936c A solution of 36b (5.0 g, 27.1
mmol ) was di ssolved in dichloroethane and treated with

4,4' -t hiobis-(2-tent-butyl-5-nethyl phenol) (100 ng) and MCPBA (60-380%
7.76 g, 27.1 mmol) and heated at reflux for 4 h. The reaction mxture was
concentrated in vacuo and the residue was diluted with ether (200 nlL) The
ether layer was washed twice with satd ag Na2S20G3, aq. NaOH and brine (100
m). The reaction m xture was concentrated in vacuo to vyield 4.2 g (77%

of 36c whi ch WAssosRmh GE36ftisidisdolvddid OEMSOH (2P mIMQ@ {43 PduS01/ 10869
217 StepC COdBu O COdBu + HO COdBu N3 OH N3 36¢c 36d 36 d° A solution of

epoxi de (@.00mo|% 180 4ngirdlhg reactivry raixdaeokill EOBydrbyemated dtrdbpsidomifh NaN3

(12 g, 184 I nd NHACI (9., ., 184 | ), and. heat ed reflux for 36

b The 1 ool N easdan, mixies Yo teshipueh el o6 eiecana dhe et s
concentrated in vacuo and directly used in the next step.

Step G

(o~ L i L
COOH N -
+ H-N “N v N

J

36g

o M H\j\ I
N N \ N
0 H o

36h

The expected product 36h is synthesized as described earlier for the Example
1, Step J. The coupled material will be used directly for the next step to
synthesize 36A and 36 B.



m xture was extracted with ether (300 nlL). The conbi ned organic | ayers were
dried with Na2SO4 and concentrated. The residue was purified by Si02

chr omat ogv@phy71fEt OAc/ Hex 1:19) to yield 1.1 g (28% of 3BdT/@ke/i08® ng
(18% of 36d'" as a colorless liquid.2®tep D COOBu CbzH COOxBu N3 OH OH
36d 36e A solution of azide 36d (2.1 g, 8.7 mmol) was dissolved in CH3OH
(100 m.) and treated with Pd/C (50 ng) and hydrogenated (40 psi) for 24 h.
The reaction mxture was filtered through a plug of celite and the filtrate
was concentrated in vacuo. The residue was used for next reaction w thout
further purification. A solution of Cbz-C (1.48 g, 8.7 mmol, 1.23 nlL) was
added dropwise to a mxture of amne and Et3N (878 ng, 1.25 m-) at -78 C
i n CH2CI 28 m.). The reaction m xture was warned to rt. and concentrated
in vacuo. The WD 01/77113 PCT/ US01/ 10869 218 resi due was chronmat ographed
on Si02 (EtQAc/Hex 8:2) to 36e (450 ng, 15% as a colorless solid. Step E
OHo CbZHWx cootBu CbhzH OH

OHHO
¢ d
, OH 0
7 H H I
% 0 H o

0]
O 36h

The desired products 36A and 36B are obtained by the oxidation protocol
described previously for Example 1, Step K.



36e 36f CIO, A solution of 36e (450 ng, 1.29 mml) in CH2C 2/ TFA (10 ni,
1:1) was stirred at it. for 4 h. The reaction m xture was concentrated in
vacuo towebt/ziim t he acid (250 ng) which was used in the PERUSSEBBREW t hout
further purification. The acid obtakHed by hydrol ysis of 36e was dissol ved
in CH2CI2 (10 nL) at -20 C and treated with H @ ycyl - Phenyl gl ycycl - N( CH3) 2
(281 ng, 0.93 mol), HOOBt (208 ng, 1.27 mmol, 1.25 equiv.) EDCI (244 ny,
1.27 mmol) and NW (343 ng, 3.4 nmol, 490 pL). The reaction m xture was
stored in the freezer for 24 h and diluted with ag. HOI (1 M 50 nL). The
reaction gixXtune -V ext rtact eFI W t h Crll-l gl72 (3x50 nL). The conbi ned organic
| ayers : 00 nL), ag. NaHCO3 (1 M 100
m.), brine (100 m), dried (MyS04), filtered and concentrated in vacuo and
chromat ographed on Si 02 (acetone/ Hexanes 1:3) to yield 36f (330 ny, 75%
as a colorless solid_SRepF OHOHO ChzH N _H N OHHOO/ OHHO
36f 36g 0 WO 01/771 )SUS,Bll 10869 219 A sol n of 36f is dissolved in

CH3OH (20 nmi-) and t ed W' Pd/C 910 ol @ X0 nmg). The reaction
m xture wi Il be hydrdgenat ediat i Ihe. reaction mxture is

filtered through a pl ug of yCel t elland th fiItrHateis
N @] 0] 0

37A

H o) 0
o
‘ 37B

Step A
HaN, B O“SéjNﬁ
ﬂ\oclo} “CO,CHy ————» >LOC,’LO) ~CO,CH;
F 37a

To a cold (0°C) solution of F (2.3g g, 9.43 mmol) in dichloromethane
(20 mL) was added triethylamine (3.97 mL, 28.28 mmol), DMAP (few crystals)
and 3-bromobenzenesulfonyl chloride (3.61 g, 14.14 mmol). The reaction
mixture was left standing in the refrigerator (0°-5°C) overnight. The reaction
mixture was washed with saturated NaHCO3, and 10% citric acid solution.

The organic layer was dried (Na2S04) and concentrated. The residue was

purified by flash chromatography using 95/5 to 90/10 dichloromethane/EtOAc



concentrated in vacuo and directly used in the next step. Step GOHO
COOH + H2N NNN" | OHHO36g 4~ NOAHNI NHOHO ~OO0OO36h The
expect ed wo odunt3 36h i s synthesized as descri bed earlier PoOT/USHIEI0BO%9ANDI €
1, Step J. The coupled material w |l 2 used directly for the next step to
synt hesi ze 36A and 36 B. WD 01/ 77113 PCT/ USO1/ 10869 220 Step HN OH O N
Il N H Np OO OOC 36h

to afford 2.7 g (62% yield) of 37a. HRMS (FAB) Calcd for C17H24N20OgSBr:
465.0518 (M+H)*. Found: 465.0497.

Step B
B Q\\Sé)NJ-I QL

“ B’\©/S~NJ:'
(o eoon, —— 0.
N7 “CO2CH3 P NC0sCH:
/go H.HCI

37b
37a

The desired product 37b was obtained by the method described for
Example 1, Step C. The crude material was used in the next step without
purification.

Step C

The desired product 37¢c was obtained by the method described for

Example 1, Step D in 97% vyield. The material after workup was pure enough
to be carried forward.



NN~-N INOON ." HHOHHO NO 36A Q OO NN.ILHNpLOO O
0 36B The desired products 36A and 36B are obtai ned by the oxidation

pr ot ocol waestriibed previously for Exanple 1, Step K WO BPAT/PRA1B869

PCT/ US01/ 10869 221 Exanple 37: Prep2®ation of Conpound 37: CHOHONNN
O NOOH O37A NI HOH O

Step D

o N
>ro\"/N\z/§o — HCLH,N o
O H -

37¢ 37d

The desired product 37d was obtained by the method described for

Example 1, Step E. The crude material was used in the next step without

purification.
Step E
Qcozcm | ’ Qcozcm
HCI.H,N . N\/%

O O
37d 37e

The desired product 37e was obtained by the method described for
Example 1, Step F using pentenoic acid as the coupling partner. Purification
of the residue by column chromatography using 90/10 to 80/20
dichloromethane/EtOAc provided 35% yield of 37e. HRMS (FAB) Calcd for

C25H35N306SBr: 586.1409 (M+H)*. Found: 586.1423.



NC ~-y NNNO NOOH O37B Step AHNBoO,,p 2 S NI ~ N CO2CH3
CO2CH3 ~ >cN F 37a To a cold (0C) solution of F (2.39g g, 9.43 nmol ) in

di chl orome® hara13 20 nl) was added triethyl am ne (3.97 niL, PCBUS@ /1R ), DVAP
(few crystals) and 3-bronobenzenesuk#onyl chloride (3.61 g, 14.14 mmol).
The reaction mxture was left standing in the refrigerator (0-5C)
overnight. The reaction mxture was washed with saturated NaHCO3, and 10%
citric acid solution. The organic |ayer was dried (Na2S®) and
concentrated. The residue was purified by flash chromat ography using 95/5
to 90/ 10 dj h'l_.ororret hane/ Et OAc WO 01/ 77113 PCT/ US01/ 10869 222 to afford
2.7 9 (62§g§§%—el d) of 37a. HRVMS (FAB) Calcd for Cl7H24N20C6SBr: 465. 0518

(MrH) +. Found: 465.0497. Step B % 4P B I \
N SN

M/YH N” "CO,CHj3 . l H N” "COo,CH3
N\/KO — N
o) O o)

37e 37f

To a stirred solution of 37e (660 mg, 1.13 mmol) in DMF (10 mL) under
nitrogen atmosphere was added ftriethylamine (3.61 mL, 32.77 mmol),
potassium carbonate (780 mg, 5.65 mmol), tetrabutylammonium bromide (730
mg, 2.26 mmol), and palladium (ll) acetate (33 mg, 0.15 mmol). the mixture
was heated at 100°C for 2 hrs. The reaction mixture was cooled to room
temperature, diluted with EtOAc and washed with 5% phosphoric acid
solution. The organic layer was separated, dried (Na2S04) and concentrated
to provide 280 mg (49% yield) of 37f as a mixture of diastereomers. This
material was pure enough to be carried to the next step. HRMS (FAB) Calcd

for Co25H34N306S: 504.2168 (M+H)*. Found: 504.2155.
Step G



NB~S/ n~\ NH NOQC2CH 3 ~~ Hc?CQRCH3 H HC 37b 37a The desired
product 37b was obtained by the nethod described for Exanple 1, Step C
The crudavomat/gniial was used in the next step without purpP€Twatimseed Step C
C- 40 B\OS~1 / NCO®RCH 3 >CY N-225N C02CH3 H. HCl 37b 37c The desired
product 37c was obtained by the nethod described for Exanple 1, Step Din
97% vyield. The material after workup was pure enough to be carried
forward. WO 01/77113 PCT/US01/10869 223 Step DI | V- 011 O,

The desired product 37g was obtained by the hydrogenation procedure
described for Example 1, Step G in 73% yield. The material was sufficiently
pure for further studies. HRMS (FAB) Calcd for C25H36N306S: 506.2325

(M+H)*. Found: 506.2314.

Step H
QP P
~NH ~NH
H N 2Lria > H N 2
N N
0] O
379 37h

The desired product 37h was obtained by the procedure described for
Example 1, Step H in 84% yield. HRMS (FAB) Calcd for C24H34N306S:

492.2168 (M+H)*. Found: 492.2175.



N CO2CH3 N CO2CH3 uN~-O HCl.H2N ~1A1 0 37c 37d The desired product 37d
was obtai ned by the nethod described for Exanple 1, Step E. The crude

mat eri al was1/zaesl in the next step without purification. PSI/@g1HNIEE 4P q p
Br SINN Br SSNH N C02CH 3 N (C02CH 226H HCI . H2N~ N, 0 O 0 37d 37e The
desired product 37e was obtained by the nmethod described for Exanple 1,
Step F using pentenoic acid as the coupling partner. Purification of the
resi due by col um chronmat ography using 90/10 to 80/ 20

di chl or onet hane/ Et OAc provi ded 35% vyield of 37e. HRMS (FAB) Cal cd for
C25H35N3 Br:. 586.1409 (M+H) +. Found: 586.1423. WD 01/77113 PCT/ US01/ 10869

224 Ste /O ~/ \'sfl N CO2CH3 N CO2CH3 H
QP
OH , O
' NTCOH e N N\)LN j<
0 0 H 5
o)
B
37h
Q\Sﬁ
N OH o)
> HoN N j<
o) o) 0
N 0
0
37i

The expected product 37i was obtained by the procedure described for
Example 2, Step A in 90% vyield. The crude material was sufficiently pure for

further studies. HRMS (FAB) Calcd for C44Hg3Ng0O10S: 867.4326 (M+H)*.
Found: 867.4342.



NNOOO 37e 37f To a stirred solution of 37e (660 ng, 1.13 nmmol) in DW
(10 nmL) under nitrogen atnosphere was added triethylamne (3.61 n, 32.77
nmol ), podassilwn carbonate (780 ngy, 5.65 nmol), tetrabut pCawsOmossn br om de
(730 ng, 2.26 mmol ), and pall adium ¢371) acetate (33 ng, 0.15 nmol). the
m xture was heated at 100C for 2 hrs. The reaction m xture was cooled to
room tenperature, diluted with Et OAc and washed wi th 5% phosphoric acid
solution. The organic |ayer was separated, dried (Na2SO4) and concentrated
to provide 280 ng (49%yield) of 37f as a m xture of diastereoners. This
mat eri al Qﬁs Eure enough to be carried to the next step. HRVS (FAB) Cal cd
for C25 S: 504.2168 (M+H) +. Found: 504.2155. Step Gs [/ \C-/ \C-S
N CO2CH3 HH N CQ2CH3 NN OO0 37f 37g WO 01/77113 PCT/ US01/ 10869 225
The desired product 37g was obt ai ned by the hydrogenati on procedure

descri bed for Exanpl 1OS Gin 73%yield. T terial was sufficiently
pure for further st ( FAB) Cal cd for 6N306S:. 506. 2325
(MtH) +. Found: 506. 2 %

Y

0

37A
O

37B

The desired materials 37A and 37B were synthesized by the oxidation
protocol described for Example 2, Step B. Purification of the residue using
98/2 to 96/4 dichloromethane/MeOH afforded 37A (61%, less polar) and 37B
(15%, more polér) as a mixture of diastereomers. HRMS (FAB) Calcd for
C44Hg1NgO10S: 865.4170 (M+H)*. Found: 865.4190 (37A), 865.4181
(37B).



Step HCO S N-i \WASNJ-i Hc)CO®RCH3 HN cCO2H NN O O 37g 37h The
desired product 37h was obtained by the procedure described for Exanple 1,
Step H i w@4tgmiel d. HRVS (FAB) Cal cd for C24H34N306S: 4PCT/PS@B108d%tH) +.
Found: 492.2175. WO 01/77113 PCT/ US027810869 226 Step | OHHO I/ HN
CO2H + HCL 2N N, ,JI,,NOOHO NOB 37h HOHHO NNNN HOOH O

Example 38: Preparation of Compound 38:
S\NJ"
O\( OH
5 O
8/8\%

IZ

OH

IZ



0 371 The expected product 37i was obtained by the procedure described for
Exanple 2, Step Ain 90%vyield. The crude nmaterial was sufficiently pure
for furvwenystiusli es. HRVS (FAB) Cal cd for C44H63N6010S: BEV/USB2H8¢IM-H) +.
Found: 867.4342. WO 01/77113 PCT/ US027910869 227 Step J C- 4P HOHHO N

NNN NH O371 HOHO |I~x NN'AN t NNH 37A C-41PHOHO NN
NN N O 37B

Step A

IZ
A

OH

IZ

§§ﬂ
AN

2

The desired material 38A was synthesized as described for Example 3,
© Step A in 91% yield.



The desired materials 37A and 37B were synt hesi zed by the oxidation

pr ot ocol

described for Exanple 2, Step B. Purification of the residue using

98/ 2 to %0 4vdilehl or omet hane/ MeOH af f orded 37A (61% | essP@DUUS01)1086%d 37B
(15% nore polar) as a m xture of dia¥ereoners. HRVS (FAB) Cal cd for
C44H61 N6010S: 865.4170 (M+H) +. Found: 865.4190 (37A), 865.4181 (37B). WO
01/ 77113 PCT/ USO01/ 10869 228 Exanple 38: Preparation of Conpound 38: S-Nfl
HOHONNANOH NOOH O38A / \OSNHOHO CNl~y NNNOH N OO O
H O 38B WO 01/77113 PCT/US01/ 10869 229 Step AHOHOHNN, O

Step B

IZ

%sZONH
8 5& ﬂ R

IZ

%@NH
9)‘\[ OH

38B

The desired material 38B was synthesized as described for Example 3,
Step A in 83% yield. HRMS (FAB) Calcd for C40H53N6010S: 809.3544

(M+H)*. Found: 809.3547.

Example 39: Preparation of Compound 39:

0
/
Os¢np
' H 0 H 0]
SN K
N O 0] 0]
0]

39



NO37A gS N~ 1/01 11 HOHOHNNJ)L~-NJOH N 38A The desired

mat eri al 38A was synt hesi zed as described for Exanple 3, Step Ain 91 %
yield. WowObl/77413.3 PCT/ USOL/ 10869 230 Step B RS~N | \ PCODUSHIO08CT , N N~N
OHNH O37B S-~NN O PJANJT10H BRB1O 38B

NP

HoN, /©/S~NJ_-|
>t Qcozcm - 5 CN)\002CH3
oo >|\o 0

39a

The desired product 39a was obtained by the method described for
Example 37, Step A using pipsyl chloride instead of 3-bromobenzenesulfonyl
chloride. Purification of the residue by column chromatography using 95/5 to
90/10 dichloromethane/EtOAc provided 75% yield of 39a. HRMS (FAB)

Calcd for C17H24N206SI: 511.0400 (M+H)*. Found: 511.0386.
Step B

AP
4

JOS )@” R
| >|\ /"J; COLHs > COzCH3
o cl

39b
39a

The desired product 39b was obtained by the method described for
Example 1, Step C. The crude material was used in the next step without

purification.



The desired material 38B was synthesized as described for Exanple 3, Step
Ain 83%vyield. HRV5 (FAB) Cal cd for C40H53N6010S: 809. 3544 (M+H) +. Found:
809. 3547 waxamhe 39: Preparation of Conpound 39: 0 CQASP®I/UR61/108¢4 H O H O
NNIKNO NOOHO O39 W 01/77128 PCT/ US01/ 10869 231 Step A O H2N;

S NJ-i NCX®RCH3 > N C2CH3 ,)-101~0 ~011~-O F 39a The desired
product 39a was obtai ned by the nethod descri bed for Exanple 37, Step A
usi ng pi psyl chloride instead of 3-bronbbenzenesul fonyl chloride.
Purification of the residue by col um chromatography using 95/5 to 90/10
di chi or oggg Ha&e/ Et OAc provided 75% yield of 39a. HRVS (FAB) Calcd for
C1l7H24N2 —=511. 0400 (M+H)+. Found: 511.0386.

S

NH
Qp O/ '.
SNy | BN

' N COzCH3

o, —

N C02CH3

H.HCI

39b

The desired product 39¢ was obtained by the method described for
Example 1, Step D. Purification of the residue by column chromatography
using 90/10 to 80/20 dichloromethane/EtOAc provided 68% yield of 39c.

HRMS (FAB) Calcd for C25H37N307Sl:  650.1397 (M+H)*. Found:

650.1398.
Step D
O A N
o o
' N C0LCH; ' CN)\COZCH;;
—
>|/o\"/N\£/§O HOLHN A
0 H z
39¢ 39d

The desired product 39d was obtained by the method described for
Example 1, Step E. The crude material was used in the next step without

purification.



Step BQ | NCO2CH3 >1 / NC®RCH 3 OLOH HC 39a 39b The desired
product 39b was obtained by the nethod described for Exanple 1, Step C
The crudavemat/eniial was used in the next step wi thout purPE€TTa/O869 WO

01/ 77113 PCT/ USO1/ 10869 232 Step C238e Ni ~\SNJ N CO2CH g N CO2CH3
QuN~ HHCI 39b O _ 39c The desired product 39c was obtai ned by the nethod
described for Exanple 1, Step D. Purification of the residue by colum
chromat ography wusing 90/10 to 80/20 di chi oronet hane/ Et QAc provi ded 68%
yield of 39c. HRMS (FAB) Cal cd for C25H37N307SI: 650.1397 (M+H) +. Found:

650. 1398'Stset ep D

39d 3%

The desired product 39e was obtained by the method described for
Example 1, Step F using pentenoic acid as the coupling partner. Purification
of the residue by column chromatography using 98/2 dichloromethane/MeOH
provided 76% yield of 39e.

Step F

oy P
[ O\ [_>\
N CO5CH3 N CO,CH3
LT — s
@)
O
39f

O

The desired product 39f was obtained by the method described for
Example 37, Step F. Purification of the residue by column chromatography
using 98/2 dichloromethane/MeOH provided 28% yield of 39f as a mixture of
diastereomers. HRMS (FAB) Calcd for C25H34N30gS: 504.2168 (M+H)*.

Found: 504.2160.



C5~ ~SN N COR2CH3 N CO2CH3 yN HCI.H2N 0 39c 39d The desired product
39d was obtained by the nethod described for Exanple 1, Step E. The crude
mat eri al wasr/uaesl in the next step without purification. PODUSAY/ 0TI

PCT/ USO01/ 10869 233 Step EQ qg. 1/@4Nr S NN N C02CH3 N (C02CH3
HCl.H2ZN~ N O 0 O 39d 39e The desired product 39e was obtai ned by the

nmet hod descri bed for Exanple 1, Step F using pentenoic acid as the coupling
partner. Purification of the residue by colum chromatography using 98/2
di chl or onet hane/ MeOH provided 76% vyield of 39e. Step F ~90 0, N, H S-N)-

LU stepc

0O )
1/

SSENH ASENH

l H N C02CH3 H N C02CH3
N N
O > O

@) o)

39f 39g

The desired product 39g was obtained by the hydrogenation procedure
described for Example 1, Step G in 84% yield. The material was sufficiently
pure for further studies. HRMS (FAB) Calcd for CosH3gN306S: 506.2325

(M+H)*. Found: 506.2314.

Step H
0 @)
O\\S//_ NH O\\S//_ NH
{ Moo { Mo
H N 2CH3 ];:1' N 2
0 B 0
o) O
39g 39h

The desired product 39h was obtained by the procedure described for
Example 1, Step H in quantitative yield. @ HRMS (FAB) Calcd for

Co4H34N306S: 492.2168 (M+H)*. Found: 492.2175.



HNCRCH3 HN C02CH3 Il NNO O 0 39e 39f The desired product 39f was
obt ai ned by the nethod described for Exanple 37, Step F. Purification of
t he resi avw@oby7iecdl utm chr omat ogr aphy usi ng 98/ 2 di chl or opeT/vaneroReOH
provi ded 28% vyield of 39f as a m xtulk¥ of diastereonmers. HRMS (FAB) Cal cd
for C25H34N306S: 504.2168 (M+H)+. Found: 504.2160. WO 01/77113

PCT/ US01/ 10869 234 Step GO O 0.S NJ-1 0.S NJ-I " NN CORCH3 NN
COR2CH3 OO OO0 39f 39g The desired product 39g was obtai ned by the

hydr ogenati on procedure described for Exanple 1, Step Gin 84%yield. The

mat eri al Isuffici ently pure for further studies. HRMS (FAB) Cal cd for
C25H36N3 *—506. 2325 (MrH)+. Found: 506.2314. Step HO
o
O\ oH H Q
0 ) COH  HOLHN N AL Oj<
Eho o] Ho o
O
B
39h
jo
O\\S/_N!_l OH 0]
H H
JOUN AP RE 0
0 o) O
N 0
0
39i

The expected product 39i was obtained by the method described for

Example 2, Step A in 36% vyield. The crude material was sufficiently pufe for
further studies. HRMS (FAB) Calcd for C44Hg3NgO10S: 867.4326 (M+H)*.
Found: 867.4342.



0, Ob, "N-CRCH3 CNN'"CO2HHH NONO 0 0 39g 39h The desired product
39h was obtai ned by the procedure described for Exanple 1, Step Hin
guantitatweeryilet d. HRMS (FAB) Cal cd for C24H34N306S: 49PCPUS@/10RG0H) +.
Found: 492.2175. WD 01/77113 PCT/ US02¥610869 235 Step | ol.;SCD~- CHHON
NCO2H + HC 1. ZNNO OHO OB 39h O~-,S- N-I HOHH ,:2 NN HclYY
OOHONO O 39i

Step J
o)
Os.4
. OH ,, O
N N
H QY \)Lﬁ o\|<
o) o) o)
N o)
O 39i
Y
o)
F o
H H
N N
H Q\( \/U\H 07<
o) o) o)
N 0
o)
39

The desired material 39 was obtained by the oxidation protocol
described for Example 2, Step B. Purification of the residue using 98/2
dichloromethane/MeOH afforded 39 in 24% vyield as a mixture of
diastereomers. HRMS (FAB) Calcd for C44Hg1Ng010S: 865.4170 (M+H)*.
Found: 865.4181.

Example 40: Preparation of Compound 40:

0
/
OsdInp
) H 5 v §
] MN N\/U\H OH
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40



The expected product 39i was obtained by the nethod described for Exanple
2, Step Ain 36%vyield. The crude material was sufficiently pure for
further svadi/ga13 HRVS (FAB) Cal cd for C44H63N6010S: 867. 4BCHUSM-E6M.
Found: 867.4342. WO 01/77113 PCT/ US023710869 236 Step J HOH HO N N~ H
CNL OOH NOO39% V 00CcE0..i< CNNNANHHO NOOOZ39 The
desired material 39 was obtained by the oxidation protocol described for
Exanple 2, Step B. Purification of the residue using 98/2

di chl or onet hane/ MeOH afforded 39 in 24%yield as a m xture of

di astereo 21 S HRVS (FAB) Cal cd for C44H61 N601 OS: 865.4170 ( M+H) +.

Found: 8 1. Exanple 40: Preparation of Conpound 40: QAS N, H
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The desired material 40 was obtained by the procedure described for
Example 3, Step A in 93% yield as a mixture of diastereomers. HRMS (FAB)

Calcd for C40H53Ng010S: 809.3544 (M+H)*. Found: 809.3544.

Example 41: Preparation of Compound 41:

41



O ONNNAOHN NOOHO O40 W 01/77113 PCT/ US01/ 10869 237 Ste
SNNOO CNN N NOOH 039 0,,SONfr OO CNNNOH N

0./o0 ~

HO O OwWoouThes desired material 40 was obtai ned by the peDUscUN0E69
described for Exanple 3, Step Ain 2% yield as a m xture of
di ast ereoners. HRMS ( FAB)

Step A
QP o p
SR o
‘ N~ CO,CHs ! QCOzCHa

HOL ANy, N Ao
N > Y )

39d 41a

To a 25 mL addition funnel was added benzene (5 mL), DMF (0.32
mL, 4.1 mmol), and thionyl chloride (0.33 mL, 4.5 mmol). After 5 minutes two
layers appeared. The lower layer was separated and added slowly to a
cooled (0-5°C) solution of acrylic acid (0.19 mL, 2.8 mmol) in
dichloromethane. The mixture was maintained at that temperature for 10
minutes. Then triethylamine (0.77 mL, 5.5 mmol) was added followed by 39d
(1.13 g, 2.1 mmol). The reaction mixture was warmed to ambient temperature
over 5 hrs and quenched with saturated NaHCO3. The organic layer was
separated, washed with 5% H3PO4 solution and brine. The dichloromethane
layer was dried (Na2S0O4), and concentrated. The crude material was purified
by flash column chromatography using 98/2 dichloromethane/MeOH to
provide 870 mg of 41a (67% yield). HRMS (FAB) Calcd for C23H31N30gSI:

604.0978 (M+H)*. Found: 604.0964.

p A
N OO



Cal cd for C4A0H53N6010S: 809. 3544 (MtH) +. Found: 809. 3544. Exanple 41:
Preparation of Conpound 41: NON NNOH OOO 41 W 01/77113

PCT/ USO1MO86%9711238 Step A N CO2CH3 N CO2CH3 HCI . H2N ) PCT/NS0100869d 41la
To a 25 nL addition funnel was added2¥enzene (5 nL), DWF (0.32 nL, 4.1
mmol ), and thionyl chloride (0.33 nL, 4.5 nmol). After 5 mnutes two

| ayers appeared. The | ower | ayer was separated and added slowy to a

cool ed (0-5C) solution of acrylic acid (0.19 niL, 2.8 mmol) in

di chl oronet hane. The m xture was nai ntained at that tenperature for 10

m nut es. @én g,ri ethylam ne (0.77 nL, 5.5 nmmol) was added foll owed by 39d
(1.13 g, = hol ). The reaction m xture was warned to anbi ent tenperature
over 5 hrs and quenched with saturated NaHCO3. The organic | ayer was
separated, washed with 5% H3PO4 sol ution and bri ne The di chl or onet hane

| ayer was dried (Na2 d@), and concentrated. TheOg Ade material was purified
by flash col um @ AtNIyr aphy usi ng 98/ 2 di chl oroﬁﬁﬁhane/ MeOH to provide

870 ny of 4la (6 i el dg‘)\HRIVB (FAB) Calcd f 06S1:
' q N COQCH3 CO,CH3
Ay
Q
41a

The desired product 41b was obtained by the method described for
Example 37, Step F. The residue was purified using 97/3
dichloromethane/MeOH to afford 41b in 26% yield. HRMS (FAB) Calcd for

C23H30N306S: 476.1855 (M+H)*. Found: 476.1858.

Step C
Ox N

N N

H N 002CH 3 H N COzCH 3
N — -

N\ 0] O
@] 0]
41b 41c

The desired product 41¢ was obtained by the hydrogenation method
described for Example 1, Step D in 75% yield. The material was sufficiently

pure for further studies.



604. 0978 (M+H) +. Found: 604.0964. WO 01/77113 PCT/ US01/ 10869 239 Step B
-NN-i NH NCORCH3 N C2CH3 HHM~ NO O O 41a 41 b The desired product
41 b was vodoaimesl by the nmethod described for Exanpl e 37pCBUSE/1869The
residue was purified using 97/3 di ckdoor onmet hane/ MeOH to afford 41b in 26%
yield. HRMS (FAB) Cal cd for (C231-130N3065: 476.1855 (M+H)+. Found:
476.1858. Step C0O0i0 O 0 "NJ-1 Hc7CRCH3 C2CH3 NNO OO 41 b 41 c
The desired product 41c was obtained by the hydrogenation nmethod described
for Exanple 1, Step Din 75%yield. The material was sufficiently pure for
further Séféﬂ §s- WO 01/77113 PCT/ US01/10869 240

O\// O\ 7

COZCHg COZH

The desired product 41d was obtained by the method described for
Example 1, Step E. The crude material was used in the next step without

purification.
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Step DOL iPO, NHNH HNCXRCH3 HNCX®ZH NNOO 41c 41d The
desired product 41d was obtained by the nethod described for Exanple 1,
Step EE Weovrude naterial was used in the next step w thpOT/US@uoBG% cat i on.
Step E,NNf OHHO HCX®2H + HCL H2B\INN N H OB 41d 011i0 "Nyi < )'-I
NOHN-O NNNOOH 41e W 01/77113 PCT/USO01/ 10869 241 The expected
product 4le was obtained by the nethod described for Exanple 2, Step Ain
63% yi el d. The crude material was sufficiently pure for

The expected product 41e was obtained by the method described for
Example 2, Step A in 63% yield. The crude material was sufficiently pure for
further studies.

Step F
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The desired material 41 was obtained by the oxidation protocol
described for Example 2, Step B. Purification of the residue using 98/2 to
95/5 dichloromethane/MeOH afforded 41 in 52% vyield as a mixture of

diastereomers.



further studies. Step F 0,1y NHHOHHO NNIKNO CNNOOOH 41 e 01,
IvP 11 N, HHOHONNMNNO CNNOOH 041 The desired material 41 was
obt ai ned wg ot/ 1Dxi dati on protocol described for Exanpl ePCT/USHEPS®.
Purification of the residue using 98282 to 95/5 dichl oronet hane/ MeCH
afforded 41 in 52%vyield as a m xture of diastereonmers. WO 01/77113

PCT/ US01/ 10869 242 Exanple 42: Preparation of Conpound 42: o0,s PO NO

Example 42: Preparation of Compound 42:
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The desired material 42 was obtained by the procedure described for

Example 3, Step A in quantitative yield as a mixture of diastereomers. HRMS

(FAB) Calcd for C38H49Ng0O10S: 781.3231 (M+H)*. Found: 781.3233.



Nv NOH NOOH 042 Step Ao,s~ HN
j 'Y HOHOOMN'NOH vH HO42 T
obt ai ned W@ ot/ 1pr ocedur e descri bed for
yield as a m xture of diastereoners. 28RVS
781. 3231 (M+H) +. Found: 781.3233. WD 01/7
43: Preparation of Conpound 43: S02Ph

ONOHNH NOO OO41
he desired naterial 42 was
Exanpl e 3, Step PCT/NSQu@BEd t ati ve

(FAB) Cal cd for C38H49N6010S:
7113 PCT/ US01/ 10869 243 Exanple

0,S//0

Example 43: Preparation of Compound 43:
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To a cold (0°C) solution of F (5.4 g, 22.1 mmol) in dichloromethane (50
mL) was added triethylamine (6.8 mL, 48.6 mmol), DMAP (few crystals) and
benzenesulfonyl chloride (3.29 g, 24.1 mmol). The reaction mixture was left

standing in the refrigerator (0-5°C) overnight.

The reaction mixture was

washed with saturated NaHCOg3, and 10% citric acid solution. The organic

layer was dried (Na2SO4) and concentrated. The residue was purified by

flash chromatography using 95/5 dichloromethane/EtOAc to afford 5.0 g (59%

yield) of 43a.
Step B



N N,,,AHCNH N OOOO0 43 Step AH2N, .NO C02CH3 N CO2CH3 OOO
OF 43a To a cold (0C) solution of F (5.4 g, 22.1 mmol) in dichl oronet hane
(50 nl) wasvadded triethylamne (6.8 nli, 48.6 mmol ), DVARCTAISN/1086pSt al S)
and benzenesul fonyl chloride (3.29 &4 24.1 mmol ). The reaction m xture was
left standing in the refrigerator (0-5C) overnight. The reaction m xture
was washed wth saturated NaHCO3, and 10%citric acid solution. The
organic layer was dried (Na2SO4) and concentrated. The residue was
purified by flash chromatography using 95/5 dichl oronet hane/ Et OAc to
afford 5.0 g (59% vyield) of 43a. Step B 10, HC ~, 0 N CO2CH3 c?co2cH3

| OO H. HCl

The desired product 43b was obtained by the method described for
Example 1, Step C. The crude material was used in the next step without

purification.
Step C

The desired product 43c was obtained by the method described for
Example 1, Step D. Purification of the residue by column chromatography
using 99/1 dichloromethane/MeOH provided 60% yield of 43c.

Step D
SO,Ph $0,Ph
HN BnO_~N
CN>\COZCH3 CN>\C02CH3

A — PN
>(O\,OI/'\'(j o \g/b o
43¢ 43d

Argon gas was bubbled into a cold (0°C) solution of 43¢ (1.72 g, 3.28
mmol) in dichloromethane (40 mL) for 20-30 min. ADDP (2.5 g, 9.84 mmol)
was added followed by triphenylphosphine (2.6 g, 9.84 mmol) and 3-
benzyloxypropanol (0.57 mL, 3.61 mmol). The reaction was warmed to

ambient temperature and left standing for 2 days. Concentrated the reaction



43a 43b WD 01/ 77113 PCT/ USO1/ 10869 244 The desired product 43b was

obt ai ned by the nethod described for Exanple 1, Step C. The crude nateri al
was used waot/fraihext step without purification. Step C CrAT/USY/ 08¢y K
C-.--CO2CH3 ON N CO2CH3 H HC 43R40 43c The desired product 43c was
obtai ned by the nethod described for Exanple 1, Step D. Purification of
the residue by col um chronmat ography using 99/ 1 dichl or onet hane/ MeCH

provi ded 60% vyield of 43c. Step D SO2Ph S02Ph H B nO .- NJ. COCH COCH N
2s N2s y NOII NOOOO 43c 43d Argon gas was bubbled into a cold

(0C) sol urtn'ixc{ﬂ]remcan ?é%d%%'gt%o%o?’mﬁ‘. The precipitated solid material was filtered

off. Repeated this operation twice to remove most of the side products. The
filtrate was concentrated and purified by flash chromatography using 90/10 to
85/15 dichloromethane/EtOAc to provide 330 mg of 43d. The recovered
starting materials, along with some triphenylphosphine oxide, was resubjected
to the above described conditions to provide additional 420 mg of 43d.
Combined yield = 34%. HRMS (FAB) Calcd for C35H50N308S: 672.3319

(M+H)*. Found: 672.3330.

Step E
SO,Ph SO,Ph
[ [
BnO _~_MN BnO_~N

H\SE\COZCHQ, \i)\COZCH3
>|/O\n/N N0 — > HCLHN_X,

43d 43e

The desired product 43e was obtained by the method described for
Example 1, Step E. The crude product was carried to the next step.

Step F
SO,Ph $02Ph
BnO_~_-N. BnO_~_N,



mmol ) in dichloromethane (40 nL) for 20-30 mn. ADDP (2.5 g, 9.84 mol)

was added followed by triphenyl phosphine (2.6 g, 9.84 mol) and 3-

benzyl oxypoopaned (0.57 nmL, 3.61 mmol ). The reaction was RaT/SA/10869 anbi ent
tenperature and left standing for 2 &ys. Concentrated the reaction WO

01/ 77113 PCT/ US01/ 10869 245 m xture and added Et20 (50 nlL). The
precipitated solid material was filtered off. Repeated this operation
twice to renove nost of the side products. The filtrate was concentrated
and purified by flash chromatography using 90/10 to 85/15

di chl or onet hane/ Et OAc t.0 I‘OVI 4 The recoyered rting
mmser i al e an oo secked GrBArErat At Bestarid b hierofid! Fescinet By "o
the aboveEséamﬁre ﬂ)eﬂefqndPUh%@tldrptc)gﬂth @ﬁr@ﬁgﬂo&é&j@ w48 afbPbuttdfin

Conbi ned yield HRVS (FAB) Cal cd for 08S: 672.3319 (M+H) +.
Found: 67%0/393’@ 5Qt€@pd|§hgmmetlmﬁtomao prpvideBA8F in quantitatieeCrgldd1, CO2CH
3 0 N O Hd 43e The desired oduct 43e was obt ai ned

by the meblR)S déFs'?:B) bGalcﬂorfor I&&&'ﬁHéNQ 8St ep 726. M)} pr odiR4Ndaas
carried t?oé‘g%x}\.ext step. Step F SO2Ph S02Ph

Step G
SI02 Ph ?OzPh
BnO A~ N HO~N

43f 43g

The desired product 43g was obtained by the procedure described for

Example 1, Step G. The material was sufficiently pure for further studies.

Step H

43g 43h

The desired product 43h was obtained by the procedure described for
Example 1, Step H. After completion of reaction, the solvent was evaporated.
EtO (50 mL) was added and the solids were filtered off. The filtrate was



BnO," AJ. N COCHCOCH 2 3 HNZ23 HC. H2ZN-0O HO N~ 00 O O 43e 43f
WO 01/ 77113 PCT/ USO1/ 10869 246 The desired conpound 43f was prepared by

t he prot ovobi/dasxri bed for Exanple 1, step F. Purifi cati paT/bgo1086h
chromat ography was carried out with 260/ 40 to 50/ 50 dichl oronet hane/ Et CAc
to provide 43f in quantitative yield. HRVS (FAB) Cal cd for C38H48N308S:
706. 3162 (M+H)+. Found: 706.3157. Step G S02Ph SO2Ph BnCHO ~C02CH ~CO CH
323 "."JHONOHONO COC 43f 43g The desired product 43g was

obtai ned by the procedure described for Exanple 1, Step G The nmateri al

was suffi gl oAbt Bod R d/BIORE" (50MII56ShL) was added. The precipitated

solids were filtered off and the filtrate was concentrated. The residue was
purified by flash  chromatography using 85/15 to  80/20
dichloromethane/EtOAc to afford pure 43h in 20% yield. HRMS (FAB) Calcd

for C31H40N307S: 598.2587 (M+H)*. Found: 598.2581.
Step |

™ ) soper

N—SO2Ph y
H CN>\C020H3 _— H\/T\L COH
N0 0

o £ o) :=
43h 43i

The expected product 43i was obtained by the procedure described for

Example 1, Step | in 92% yield.



Step H SO2Ph HO~~y ~S02Ph N C02CH3 H cxx' COQ2CH3 HON O NO 0 = 0 43g
43h The desired product 43h was obtained by the procedure described for
Exanpl e Wwost/gpiH. After conpletion of reaction, the sol vPOT/US&$10869
evaporated. Et20 (50 nL) was added 248d the solids were filtered off. The
filtrate was WO 01/ 77113 PCT/ USO1/ 10869 247 concentrated and Et 20/ Et CAc
(50nm/50 nmL) was added. The precipitated solids were filtered off and the
filtrate was concentrated. The residue was purified by flash

chr omat ogr aphy using 85/15 to 80/20 dichioronmethane/ EtOAc to afford pure
43h in 200{) ield. HRMS (FAB) Calcd for C31 HAON307S: 598. 2587 (M+H) +.

Found: 598: 1. Step | N _S02Ph -S02Ph N N CQ02CH3 NCO2HH HN-O 0
00
q,sozph
'L_)\ oM H 0 |
‘ \/I\L COH  +  HCLHN N\/U\N Ne_
-0 0 H 5
O -
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The desired material 43j was synthesized as described for Example 1,

Step J. The crude product was of sufficient purity to be carried forward.



43h 43i The expected product 43i was obtained by the procedure described
for Exanple 1, Step | in 92%yield. WO 01/77113 PCT/USO1/ 10869 248 Step
J N.SO2 MooH7HiN CO2H + HCl. HZN NN, H N~O O H44 0 O PCT/ASi1/Ms€&C2Ph H
OHHO ?N-~'r NN'KNN, NH 0 OO2943] The desired material 43] was
synt hesi zed as described for Exanple 1, Step J. The crude product was of
sufficient purity to be carried forward. WO 01/77113 PCT/ US01/ 10869 249
Step K ~N_SO2Ph

Step K

ﬁ ~S0,Ph

N

] o Mw § I
. L—N)\'(N N\/lLH N

O
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The expected product 43 was obtained by the oxidation protocol
described previously for Example 1, Step K. Purification by flash column
chromatography using 97/3 dichloromethane/MeOH afforded 43 as a mixture
of diastereomers. Combined yield = 60% (for 2 steps). HRMS (FAB) Calcd

for C48HB2N7010S: 928.4279 (M+H)*. Found: 928.4290.



HOHHONNNNN, NOOHO 0043 _S®2Ph  ONNN NNHOOHO OO
0 43 The expected product 43 was obtained by the oxidation protocol

descri beav@oeviieaisly for Exanple 1, Step K Purification bpgrAk@steseol um
chromat ogr aphy using 97/ 3 di chl or one2¥®ane/ MeCH af forded 43 as a m xture of
di astereoners. Conbined yield = 60% (for 2 steps). HRMS (FAB) Calcd for
C48H62N7010S: 928. 4279 (M+H) +. Found: 928.4290. WO 01/ 77113 PCT/ USOL/ 10869

250 Exanple 44: Preparation of Conpound 44: 0O OONN,,~, NN, NIX H 44 A

Example 44: Preparation of Compound 44:

0] H 0 l
N\/U\N ~
H
44 A
O H 0 I
¥ N N ~
z H
44 B
Step A
Bno/\/\/o'.'
B no/\/\/o'.' N” "CO,CHg

The desired product 44a was obtained by the method described for
Example 1, Step D using N-boc-tert-butylglycine as the coupling partner. The
material after work-up was sufficiently pure to be carried to the next step.



ol OONNONN, NH44 B Step ABNnO' BnO NCRCH H3 NON
HHC102CH 3 0 4c 44a The desired product 44a was obtai ned by the nethod
descri beavédotr/771Exanpl e 1, Step D using N-boc-tert-butyl gl pcT/uso1zmseohe
coupling partner. The nmaterial aftelSwork-up was sufficiently pure to be
carried to the next step. WO 01/77113 PCT/US01/10869 251 Step B BnO BnO
c?CR2CH3 c?CR2CH3 yN~-O HCI. H2N O 44a 44b The desired product 44b was
obtai ned by the nethod described for Exanple 1, Step E. The crude nateri al
was carried forward without purification.

Step B
Bro ™~ Bro ™~
>|/O\n/N y 0 - HCI. HQNE/KO
N N
44a 44b

The desired product 44b was obtained by the method described for

Example 1, Step E. The crude material was carried forward without

purification.
Step C
B”O/\/\/OZ—)\ BnO/\/\/O
N COzCH3 N C020H3
H
HCI. HZN\S/gO . HO N\E/KO
N JEN
44b 44c

The desired product was obtained by the method described for
Example 1, Step F, using 3-hydroxybenzoic acid. The material was purified
by flash column chromatography using 85/15 to 65/35 dichloromethane/ethyl
acetate to provide 44c in 81% yield.



Step C Bn0O BnO QCO2CH3 c?CO2CH3 H HCl. H2ZNLO HO Ol NLO O 44b 44c The
desired product was obtained by the nethod descri bed for Exanple 1, Step F,
usi ng 3- wapoxybenzoi c acid. The material was purified bpctiuastnoge um
chromat ography using 85/15 to 65/ 35 @&i2chl or onmet hane/ ethyl acetate to
provide 44c in 81 %yield. WO 01/77113 PCT/ US01/ 10869 252 Step DB n0 O
HO~/ I HNCORZCH3 / | HN CRCH3 HO N HO N O O 44c 44d The desired
product 44d was obtained by the nmethod described for Exanple 1, Step G The
residue after workup was sufficiently pure for further manipulation. Step
E HO /{\I‘ SOZCHSOCHSNH~HNI HO ON O

Step

B nO/\/\/O'—. HO/\/\/O"

N COzCH3

S

oj]\ o/él\

44c 44d

The desired product 44d was obtained by the method described for
Example 1, Step G. The residue after workup was sufficiently pure for further

manipulation.

Step E

The desired product 44e was obtained by the method described for
Example 1, Step H. The crude residue after concentration was taken in
hexanes/EtOAc (1/1) and the solid material was filtered off. This operation
was performed again to remove some of the side products. Purification by
column chromatography using 80/20 dichloromethane/EtOAc afforded 44e

along with triphenylphosphine oxide. This mixture was taken to the next step



O O 44d 44e The desired product 44e was obtai ned by the nethod descri bed
for Exanple 1, Step H The crude residue after concentration was taken in
hexanes/ BW@Au71113 1) and the solid material was filtered oPET/USHI/®8®per ati on
was performed again to renove some of53 he side products. Purification by
col um chr omat ogr aphy usi ng 80/ 20 di chl or omet hane/ Et OAc af forded 44e al ong
with triphenyl phosphi ne oxide. This m xture was taken to the next step WO
01/ 77113 PCT/ USO1/ 10869 253 Step F\ \ COCH3 CNI ~OH NON, ONOOO,
44e 44f The desired product 44f was obtained by the nethod described for
Exanple 1, Step |. Yield of 44f (for 2 steps) = 11 % Step GOH H O H ON,
H+ HC. HZN NLN N, NOO OO0 0O A 44f

Step F

.

Q{OCH3 [—)ﬁ(OH
N N
44e

H\/J%O O > H\/J%O O
o] o] 2

TS dh

4 44f

The desired product 44f was obtained by the method described for
Example 1, Step |. Yield of 44f (for 2 steps) = 11%.

Step G

" OH H O I
WH +  HCLHN N\)J\N N
H H

0 0
N Ao
O A~ A

44f

(d
. OH 0
H H I
—_ [hN N\/U\ N\
Hv% 0 O 0

© /l\ 449

Iz

The expected product 44g was synthesized as described earlier for the
Example 1, Step J. The material after work-up was carried forward to the next

step.



HOHHO N>6-"r NN-NN,

NOOHO OAr~ 44g The expected product 44g

was synt hesized as described earlier for the Exanple 1, Step J. The

mat eri al vadover7inor k- up was carried forward to the next
PCT/ US01/ 10869 254 Step H OH N C NBS4N jr

N,

NNOO OHOJ 44A 0O N),,rN,

Step H
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The desired products 44A and 44B were obtained by the oxidation

protocol described previously for Example 1, Step K. Purification by flash

column chromatography using 97/3 to 96/4 dichloromethane/methanol

afforded equal amount of separate isomers 44A and 44B. Combined vyield =

58% (for 2 steps).



N,,AOOO HO O r 44B The desired products 44A and 44B were obtai ned by
the oxidation protocol described previously for Exanple 1, Step K

Puri ficatwoenu/bymid| ash col utm chromat ogr aphy using 97/ 3 t BCBEA/10869

di chl or onet hane/ net hanol afforded egial anmount of separate isoners 44A and
44B. Conbined yield = 58% (for 2 steps). WO 01/77113 PCT/ US01/ 10869 255
Exanpl e 45: Preparation of Conmpound 45 HOHOHNNHNW2 OYNOO OOO
45 Step ABnO"N--~-OH 45a + O"~~0"~~0 Bn 45¢ O-~~B r 45b

Al kyl ati on of 45a with 45b was carried out using the procedure described
for Exanple | Step A The crude product was purified using 85/0/15 to

85/ 5/ 10 hexanes/ Et QAc/ di chi or onet hane to provide 45¢c in 37%

Example 45: Preparation of Compound 45:

j A—>\H/ll:ll “\)I\N NMe,
P "

Wg :
/]\

45

+ E—
' Q\O/\/\O/\/\O Bn
L
O/\/\ B r

45b

Alkylation of 45a with 45b was carried out using the procedure
described for Example 1 Step A. The crude product was purified using
85/0/15 to 85/5/10 hexanes/EtOAc/dichloromethane to provide 45¢ in 37%

yield. HRMS (FAB) Calcd for C18H2904: 309.2066 (M+H)*. Found:
309.2060.
Step B

To a solution of 45¢ (4.8 g, 15.5 mmol) in MeOH (30 mL) was added

pyridinium p-toluenesulfonate (780 mg, 3.1 mmol) and refluxed for 3 hrs when



yield. HRMS (FAB) Cal cd for C18H2904: 309.2066 (M+-H)+. Found: 309.2060.
Step B a00""-"O""-~0Bn HO O OBn 45c 45d To a solution of 45c (4.8 g, 15.5
mmol ) i nWeoH 7180 nL) was added pyridi ni um p-tol uenesul f orar/@SEI7B69y, 3. 1
mmol ) and refluxed for 3 hrs when WO2®1/ 77113 PCT/ US01/ 10869 256 all the
starting material was consuned. The reaction m xture was concentrated. The
resi due was dissolved in Et OAc, washed with saturated NaHCO3, dried
(Na2SO4) and the organic |ayer was concentrated to afford 3.2 g of 45d
(92% vyield). This material was sufficiently pure for further studies. HRVS
(FAB) Cal o for C13H2103;, 225 1491 (MeH) +. Found: 225 1486 . Step C a\ 0
i ¥ SEBaHRa TG BAS 4N HRE oo ek TERGHIE. MIKY TSt ai ned
by the pr@&%&h&@taﬁsqrheb%%ual% V\Fasaa@,lsswée int B0 A, UshSed Wt Safubstegt ar ti ng
material. The crude product {)url fied using 90/ 10 hexanes/Et OAc to

provi de 4¥8HGOF,0dne .(réaasmemd ganit ayer ovasCeoRRarteRBd : to4affrds 28
(MeH) +. Fg 'ing of ﬁgdolr’g@?% ylchB D'IH% materlg\ was sufficiently pure for further

studies. HRMS (FAB) Calcd for C13H2103: 225.1491 (M+H)*. Found:

225.14886.
Step C
O P
HO” "o ~"og, ———> /©/S ~0 N0 N""0Bn
45d Br 45e

The desired product 45e was obtained by the procedure described for
Example 10 Step A using 45d as the starting material. The crude product
was purified using 90/10 hexanes/EtOAc to provide 45e in 70 % yield. HRMS

(FAB) Calcd for C19H2405SBr: 443.0528 (M+H)*. Found: 443.0552.
Step D

—_— O
L
/©/$\O/\/\O/\/\O Bn
B 45e

The desired product 45f was obtained by the procedure described for
Example 1 Step A using 45e as the starting material. The crude product was

carried further without purification.



Olat,)l---cO2H >0 Bn Q- 45f -0 ~0-~0Bn B 45e The desired product 45f
was obtai ned by the procedure described for Exanple 1 Step A using 45e as
t he starwegumterial. The crude product was carried furPOBUSWI0BEOUL
purification. WO 01/77113 PCT/ USO1/ 18869 257 Step E OO --CO02H 10 O Bn
Bn 45f 45g The desired product 45g was obtai ned by the procedure descri bed
for Exanple 18 Step B using 45f as the starting material. The residue was
purified by flash chromat ography using 90/ 10 di chl or onet hane/ Et OAc to
provide 45g in 61 %yield (for 2 steps). HRVMS (FAB) Cal cd for C27H44NOr:

494. 3118 é{\é&l—%t Found: 494.3107. Step FQ F~rC.H Bn Bn

) ﬁ@“ — S arT

The desired product 45g was obtained by the procedure described for
Example 18 Step B using 45f as the starting material. The residue was
purified by flash chromatography using 90/10 dichloromethane/EtOAc to
provide 45g in 61% yield (for 2 steps). HRMS (FAB) Calcd for C27H44NO7:

494.3118 (M+H)*. Found: 494.3107.

Step F
) O,
© S N
>Lo I|I \K > HCL H \ﬁ
Bn Bn
45¢g 45h

The desired compound 45h was prepared by the protocol described for

Example 1 Step C. The material was carried forward.

Step G

N
Bn 45h O 45i



459 45h The desired conpound 45h was prepared by the protocol described
for Exanple | Step C. The material was carried forward. Step GBnO ro ,N
C N 1< | wWooHCI113 H Y1< Bn 45h 451 WO 01/ 77113 PCT/ USO1/ 1P868S0126H869The
desired product 45i was obtained by 2¥e procedure described for Exanple 1
Step D. The residue was purified by flash chromat ography using 90/10 to
85/ 15 di chl oronet hane/ Et QAc to provide 451 in 41 %yield. Step HBnO H HO H
O N ON O 45i O 45 The desired product 45] is obtained by the

hydr ogenat i on prot ocol described previously for Exarrpl el Step G Step |
HO HO ~/ N O~

[\ CL H2N.Q 45j 45k The desi,red. pro uct 45k
i s obtained byl éleﬁFSgéHBq%Ctdﬁgc‘?’?%g@tameg by thé procsdiire’ descrived
Example 1 Step D. The residue was purified by flash chromatography using
90/10 to 85/15 dichloromethane/EtOAc to provide 45i in 41% yield.

Step H

oS o
XOIH\ES‘;}IO \K ——s H\Si?g/@
5 . TS

The desired product 45j is obtained by the hydrogenation protocol
described previously for Example 1 Step G.

Step |

“O“;qﬁ < Wﬂ% oS
5 5.

The desired product 45k is obtained by the procedure described
previously for Example 1 Step C.



previously for Exanple 1 Step C. WD 01/77113 PCT/US01/10869 259 Step J O
HO~ O NHCI. H2ZN PH NO 45k 0 451 To a cold (0C) solution of 45k in

di chl orome0 hara1i s added triethylam ne foll owed by carbopgTaisewmosezol e.
Slow warm ng to anbient tenperature2®vernight is expected to provide the
requi red product 451. This product can be purified using conventional
flash col um chronatography to afford pure 451. Step KCHPHT- X- NO
ON,,~O 0 451 O 45m The desired product 45mis obtained by the producer
described previously for Exanple 3 Step A. WD 01/ 77113 PCT/ US01/ 10869 260

Step L Q%HJO

To a cold (0°C) solution of 45k in dichloromethane is added
triethylamine followed by carbonyldiimidazole. Slow warming to ambient
temperature overnight is expected to provide the required product 451. This
product can be purified using conventional flash column chromatography to
afford pure 45l.

Step K

Ti\f ~ T jfi}\!fo H
5 5

The desired product 45m is obtained by the producer described
previously for Example 3 Step A.



CNOH+ HCO. HZNNN, N OOHO45mA N ~\ HOHHOCN~Y NY NN M\ 4HNO
OH O C 45n The expected product 45n is synthesized as described earlier
for ExawbeviniSep J. WO 01/77113 PCT/US01/ 10869 261 SpepuMI1Qogdd N N
NENNNNE NNOOOHOOuUW 1T I 0 02e5n QNN NN HNH

Step L

Q
K OH 0 |
[;}YOH +  HCLH,N N AN
H H
o\n/N\/kO o o o
o) =

O 45n

The expected product 45n is synthesized as described earlier for
Example 1 Step J.



~N,tOOOOOO0 45 The desired product 45 is obtained by the oxidation

prot ocol described previously for Exanple 1 Step K Purification by flash
colum ovoeonetioyraphy will afford pure 45. Exanple 46: Prepasa@tlioss of
Conpound 46: o I~ N NJN NMe2 N H il Be1 O 46 WO 01/77113 PCT/ US01/ 10869 262
Step AHH \ NH\ NI ~O& _XI ~ Xl Me 46a 46b To a solution of 46a
(10.0 g, 42.9 mmol) in dichloronethane (100 nm.) was added BOP (22.75 g,
51.5 nmmol) and stirred at roomtenperature for 10 m nutes.

N, O di net hyl hydr oxyl am ne hydrochloride (4.18 g, 42.9 mmol) was then added
f ol | owed gy ti!i ethylamne (18.1 nL, 128.7 nmmol). The reaction m xture was
stirred ient tenperature for 3 hours and then washed with 3N HC,
saturated NaHCO3, and brirn% The organic |ayer was dried (Na2SO4)

%ﬁﬂi o
@

Q
P PPE
q N Y
N A O J O

The desired product 45 is obtained by the oxidation protocol described
previously for Example 1 Step K. Purification by flash column
chromatography will afford pure 45.

Example 46: Preparation of Compound 46:

NMes

ZT
O:?
ZT
ZT
I=

46



and concentrated. The crude material, 46b, was used in the follow ng step
w thout purification. Step BHH N ~OM >O NH 46b 46¢c To a cold (00
sol uti onvwoodhbiin THE (60 nL) was added a sol ution of LPEIr/gso1dosey THF, 50
m., 50 mmol ) under nitrogen atnosphet@ Reaction was kept at that
tenperature for 30 min. The reaction m xture was quenched (slow addition)
w t h aqueous 10% pot assi um hydrogen phosphate solution (30 nlL). The

m xture was extracted with Et OAc twi ce. The conbined organic |ayer was
washed with 3N HCl, saturated NaHCO3, and brine. Dried the EtQAc |ayer
over sodium sul fate and concentrated. The residue was purified WO 01/77113
PCT/ US01/ 10869 263 by flash col unm chromat ography using 10/90 to 30/70

Et CAc/ di ctfeprmnet hane to provide 4.2 g of 46c (45%yield - for 2 steps).
HRVS ( FAI cd for CILOH2ONGBS: 234.1164 (M+H)+. Found: 234.1168. Step C
Ac OY NHOYNNOWwW 00 0 46¢c 46d To a cold (-15C) solution of 46¢c (4.2
g, 19.4 mol) in dichloronethane was added acetic agid (2.14 ni, 38.8

mol ) foll owed by ne yIH i ocyanoacetate (1. %6 n’1ljr 9.Ao|\r,’[yol). The
reaction m xture H N”
Ve
——e
s e
46a 46b

To a solution of 46a (10.0 g, 42.9 mmol) in dichloromethane (100 mL)
was added BOP (22.75 g, 51.5 mmol) and stirred at room temperature for 10
minutes. N,O-dimethylhydroxylamine hydrochloride (4.18 g, 42.9 mmol) was
then added followed by triethylamine (18.1 mL, 128.7 mmol). The reaction
mixture was stirred at ambient temperature for 3 hours and then washed with
3N HCI, saturated NaHCOg3, and brine. The organic layer was dried (Na;SO,)
and concentrated. The crude material, 46b, was used in the following step

without purification.

Step B

wpimf“"e S

e
46¢

To a cold (0°C) solution of 46b in THF (60 mL) was added a solution of
LAH (1M in THF, 50 mL, 50 mmol) under nitrogen atmosphere. Reaction was
kept at that temperature for 30 min. The reaction mixture was quenched
(slow addition) with aqueous 10% potassium hydrogen phosphate solution (30
mL). The mixture was extracted with EtOAc twice. The combined organic
layer was washed with 3N HCI, saturated NaHCO3, and brine. Dried the

EtOAc layer over sodium sulfate and concentrated. The residue was purified



roomtenperature and let stand for 16 hrs. Diluted the reaction with Et OAc
and washed with saturated NaHCO3, brine and water. The organic | ayer was
dried (Na2es)71ahd concentrated. Purification by flash coPOMUS01/10869
chromat ogr aphy using 30/ 70 Et OAc/ di ckd3or onet hane af forded pure 46d (6.5 Q)
as a white solid in 92%yield. HRMS (FAB) Cal cd for CL6H29N207S: 393. 1695
(MtH) +. Found: 393.1692. Step DAc HONN"',,"k M OTN N'I~k H 46d 46e
To a solution of 46d (6.5 g, 16.6 mmol) in MeOH (30 nL) was added a

sol ution of l'i t hi um hydr oxi de (1 19 g, 50 nmol) in water (30 n). After 45

m nut es r I on ture ncen rated.. Aque citgic sol ut I on
was addeob3f i ﬁ%z?bl di &° r23) %grﬁpﬁ\ﬁuctu%% exﬂf@gt edt(? nt (a)‘ﬁé?

01/ 77113 ROAGRhIHEFRhardd 4o ac,aau.at of néct 5%) lﬁféraﬂeétebﬁ"éﬁm ted in
the acid 46e (5.6 g, 90%yield). HRVS (FAB) 013H25N206

337. 1433 KIRMY FABPCattd foBEA0HIINOSBeR3E. 1N G4 (IM-l-JHJ-"r.I\FOl@ldD 234TH68H2N , S i x
46e
Step C

XO\[OI/HQ/EH N Xo\gﬁﬁn\i@ne
S S

46¢

To a cold (-15°C) solution of 46¢ (4.2 g, 19.4 mmol) in dichloromethane
was added acetic acid (2.14 mL, 38.8 mmol) followed by methyl
isocyanoacetate (1.76 mL, 19.4 mmol). The reaction mixture was warmed to
room temperature and let stand for 16 hrs. Diluted the reaction with EtOAc
and washed with saturated NaHCO3, brine and water. The organic layer was
dried (Na2SO,) and concentrated. Purification by flash column
chromatography using 30/70 EtOAc/dichloromethane afforded pure 46d (6.5
g) as a white solid in 92% yield. HRMS (FAB) Calcd for C1gH29N207S:

393.1695 (M+H)*. Found: 393.1692.
Step D

Ty " Ty "
»
~ 7~
46d 46e

To a solution of 46d (6.5 g, 16.6 mmol) in MeOH (30 mL) was added a
solution of lithium hydroxide (1.19 g, 50 mmol) in water (30 mL). After 45
minutes the reaction mixture was concentrated. Aqueous citric acid solution

was added till acidic pH (3) and the product was extracted into EtOAc.



NHNJINN, OOHO /S 46f The desired product 46f was obtained by the
nmet hod described for Internediate A, Step 3. Purification of the residue
by col umwa@hromat ogr aphy using 20/0/80 to 50/5/45 of Et QCT/NBIB/10869

MeOH di chl oronet hane afforded 3.0 g2@f 46f (51% . HRVS (FAB) Cal cd for
C23H37N406S: 497.2434 (MrH)+. Found: 497.2439. WO 01/ 77113 PCT/ US01/ 10869
265 Step FH NNN H46f V H HC. HZN NJN H 46g The desired conpound
46g was prepared by the protocol described for Internmediate A Step 4. The
material was carried forward for further studies. WO 01/77113

PCT/ USol/ &8§gegntra2£%§1 ofs’ttl'l%porgg;a(r.lllz:| lgyer resulted in the acid 46e (5.6 g, 90% yield).
HRMS (FAB) Calcd for C13H25N206S: 337.1433 (M+H)*. Found:
337.1430.
Step E

+ HCIL H2N

PP
>y oH |
o o) N~
0

46e

ix
H H H\i |
>ro\n/N N \ N
— H
0 0 0

A 46f

The desired product 46f was obtained by the method described for
Intermediate A, Step 3. Purification of the residue by column chromatography
using 20/0/80 to 50/5/45 of EtOAc/NH3 in MeOH/dichloromethane afforded

3.0 g of 46f (51%). HRMS (FAB) Calcd for C23H37N40OgS: 497.2434
(M+H)*. Found: 497.2439.



HNC®2H + HO. H2ZN N~ N, N1~-OOH S 46g 12f HOHHO NY~-NN NOO
HO O,-S 46h The desired product 46h was obtai ned by the procedure
descri beavéor/771Exanpl e 1, Step J. The crude material was BOfAUSe/®8ed y pure
for further manipulations. HRVS (FAB)S Cal cd for C4A0H57N609S: 797. 3908
(MtH) +.  Found: 797.3896. WO 01/ 77113 PCT/ US01/ 10869 267 Step HHOHH O
NN~KNN INNOOHO O,S46hn ~\ NONGPpII N

Step F
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The desired compound 46g was prepared by the protocol described for

Intermediate A, Step 4. The material was carried forward for further studies.



~\ N INNNOOH p ~,S 46 The desired product 46 was obtai ned by the
oxi dati on protocol described previously for Exanple 10, Step J. The

reacti onwook7A13lays to go to conpletion. Purification oPCT8IV®8édue by
flash col unm chromat ography (tw ce)2&nd preparative TLC using 98/2

di chl oronet hane/ MeOH afforded 46 as a m xture of diastereoners in 12%
yield (for 2 steps). HRVS (FAB) Calcd for C40HS55N609S: 795. 3751 ( MtH) +.
Found: 795.3761. WD 01/77113 PCT/ US01/10869 268 Exanple 47: Preparation of
Conpound 47: \ ol~ NN NN, NHo ~O47 Step Ao, 11 HO O CN NNV "N N,
NNOOOHO"IS 46 r

Step G
N~ > COH My g |
H HCL HoN N -
N\/k H
Y 0 O o
/l\ P 46g

o,

/ H oy @ l
g y CN>\'(N N\/U\” N\
N © 0 0
S

O/l\ -~ 46h

The desired product 46h was obtained by the procedure described for
Example 1, Step J. The crude material was sufficiently pure for further
manipulations. HRMS (FAB) Calcd for C40H57Ng0gS: 797.3908 (M+H)*.
Found: 797.3896.



al~CNYHH NON N0O OHO o0 S=00 %47 The desired product 47 is
obt ai ned by the oxidation protocol described previously for Exanple 11
Step A, W OLr7AT113 PCT/ USO01/ 10869 269 Exanpl e 48: Preparatiuson/mwie9Conpound

48: o NMNN)'If NHO48 Step A 27N ~ CHH ON CO2H + HCl. H2N N N,
~~OHO OS48a 12f ~ O OHO -~YHC

Step H

5

Q
~ OH o)
H H I
CN)\”/N N\)I\N N
H\/J%o o) Ho o
0 5 _S
46h
Y
Q
“ o) o)
H H |
%N N\)I\N N
II:JI\/«&OO O H o]
0 S
/]\ "

The desired product 46 was obtained by the oxidation protocol
described previously for Example 10, Step J. The reaction took 4 days to go
to completion. Purification of the residue by flash column chromatography
(twice) and preparative TLC using 98/2 dichloromethane/MeOH afforded 46
as a mixture of diastereomers in 12% yield (for 2 steps). HRMS (FAB) Calcd

for C40H55Ng09S: 795.3751 (M+H)*. Found: 795.3761.



NNNN NO NS OHO O 48b The desired product 48b was obtai ned by
the procedure described for Exanple | Step J. The crude material was
sufficiemoyypure for further manipulations. (Note: The PCRUSIIEOB6948a was
obt ai ned from comercially avail abl @8\Nboc- S- et hyl cystei ne by sim |l ar
procedures described for 46g) WO 01/77113 PCT/ USCOLl/ 10869 270 Step B H CH
HO NN NOSH 048b n ~\ NNNNNN NSOHO O 48 The desired
product 48 was obtained by the oxidation protocol described previously for
Exanple 10 Step J. Purification by flash colum chromatography using 98/ 2
di chl or onet hane/ MeOH afforded 48 as a m xture of diastereoners in 21 %
yield (for 2 steps).

Example 47: Preparation of Compound 47:

Q
Oy o
o\ N >
N\:/ko
O /]\ S0
© 47
Step A
Q

T
-

z
/

5 0 0 |
0 0 o}
A
0 4 /%:O
/'\ ) o
The desired product 47 is obtained by the oxidation protocol described

previously for Example 11 Step A.



Exanpl e 49: Preparation of Conmpound 49: N NJN NN OH O0-110 49 WO
01/ 77113 PCT/USO01/ 10869 271 StepAAol~~NONON HCOCN '

S 00 Oasont/7mIN O N N,

obt ai ned by the oxidation protocol

HNH Np Sj

de®cri bed previously for

Step A. Exanple 50: Preparation of Conmpound 50: O

Example 48: Preparation of Compound 48:

"
° A

43

OH ., 0O |
. HCLHN N\)LN Ne_
o) H oo
s

! 48a

Q
- OH 0O
H H
C)\( N\)LH
O

N
H\/hl;oo .
l

© /]\ 48h

"ANN -11 O

0 49 The desir eBCPUSEIOB6949 | S

Exanple 11

The desired product 48b was obtained by the procedure described for

Example 1 Step J.

The crude material was sufficiently pure for further

manipulations. (Note: The precursor 48a was obtained from commercially

available Nboc-S-methylcysteine by similar procedures described for 46g)



Nrl- HONI NM/Il KNN HOOHO OO0 50 W 01/77113 PCT/ US01/ 10869
272 Step ABn0O BnO~~ '~ 0 N C2CH3 N'l rNHHC. HZNNOH N CH3 YN Co O
50a 4e Wweodeni¥ ed product 50a is obtained by the net hodpdrosel/tvee f or
Exanple 1 Step F, using imdazole-4-2®etic acid as the coupling partner.
Step B BnOHO-"~ 00 NHfI-NH1, ~ OCH3 ~r OCH3 N ON, OCNN)r

!
Nepst
N

Step B

Y
H @r M%
/l\ 48

The desired product 48 was obtained by the oxidation protocol
described previously for Example 10 Step J. Purification by flash column
chromatography using 98/2 dichloromethane/MeOH afforded 48 as a mixture
of diastereomers in 21% yield (for 2 steps).

Example 49: Preparation of Compound 49:

P
=
by

49



Nlo O NO O O C 50a O50b The desired product 50b is obtained by the

nmet hod described for Exanple 1 Step G WO 01/77113 PCT/ US01/ 10869 273
Step C HWO01/THOG --~ 0 O 11 NH ON rNTs ON OCH3 N I / OCPBT/UBK/108¢4 O O - O
0 50b C 50c The desired product 50c271s obtai ned by the nethod descri bed
for Exanple 10 Step A using p-toluenesul fonyl chloride as the starting

mat eri al . Step D TsO'"-~ TsO 00 NIs NHOCH3 NrS OCH3 Nr/ ON N, ONO
ON®;
Step A

o

.

I~ 48

/ H 9 oH§ I
SO ey
N\/% 0 ? O

@)

3

/ Ho Do K |
N N N\/U\N N\
H H
N\/&O
0%

! T
™

The desired product 49 is obtained by the oxidation protocol described
previously for Example 11 Step A.

Example 50: Preparation of Compound 50:

O
O



50c C 50d The desired product 50d is obtained by the treating 50c with
HOBt in THE at anbient tenperature over several hrs. WO 01/77113

PCT/ USO1MO869711274 Step E TsO NH N rA OCH3 NrA CH3 Ne@T/HSNOOSY O C
50d c:11:) 50e The expected product 3Qe is synthesized by heating of 50d
with sodium carbonate, and sodiumiodide in acetone at 50C over several
hrs. The product can be purified by conventional flash chronmatography.
Step FrNrN NCH3 NH AANN OO O50e O50f The desired products 50f
i s obtained by the hydrolysis protocol described previously for Exanple |
Step I.

Step A

Bo A, Bro” "

&COQCH3 R

Q
" A
CH
z N
5 24

The desired product 50a is obtained by the method described for

Example 1 Step F, using imidazole-4-acetic acid as the coupling pariner.
Step B

/\/\I /\/\

NH NH
,\/,r P L—N>YOCH3 ,\{r P L_N>YOCH3

0] o)
O O

O X O
O 50a

The desired product 50b is obtained by the method described for

Example 1 Step G.



WO 01/ 77113 PCT/ US01/ 10869 275 Step GOHHOOH+ HAd. HZN N -)~N N, H ~~
NoO OHOA 50f o HOHHoOo NIJ ~~ NNIj" NN, NOOHO O50g The
expect ed wooduni3 50g i s synthesized as described earlier POT/USEX@SPI e 1

Step J. WO 01/77113 PCT/US01/10869 2B6 Step Mn O N N-NN,, OCN NY OH
NOOH 0 50g roy I~

The desired product 50c is obtained by the method described for
Example 10 Step A using p-toluenesulfonyl chloride as the starting material.
Step D

TsO/\/\l Tso/\/\
Q Q

NTs Y NH “
I\IIr OCH; Ir OCHs
Y N N Z N
>

; O
0 o A
O 50c O 50d

The desired product 50d is obtained by the treating 50c with HOBt in
THF at ambient temperature over several hrs.




CN N HCNINYNH OOOO O 0 50 The desired product 50 is obtained by
t he oxidation protocol described previously for Exanple 1 Step K

Puri fi catwoni/bymid | ash col unm chromat ography wil | af f ord por@s&os@xanpl e
51: Preparation of Conpound 51: 0 I~2HNHOHIO NH N HNNOONO -O
O OO0 51 W 01/77113 PCT/US01/ 10869 277 Step ACr OHHO N- OH + HC .
HZNNNNO NNOOHOGg

Step E

NH ; N
[ OCHs m

/ N N/ D\g/OCHs
O =
O 50e

.

O 50d

The expected product 50e is synthesized by heating of 50d with
sodium carbonate, and sodium iodide in acetone at 50°C over several hrs.

The product can be purified by conventional flash chromatography.

Step F
N N
° O 50e ° O 50f

The desired products 50f is obtained by the hydrolysis protocol

described previously for Example 1 Step I.



50f O rNHOHHON HNCNNKHO NOO O OOO0 51a The expected
product 5l1la is synthesized as described earlier for Exanple 2 Step A WD
01/ 77113 WAC#1/USM3L/ 10869 278 Step B O NH OHH ON NN O pr/Oshr/mses9 N 0 O
HOO0O51la OvIiI\ r-NHOHONONNO NNNOOHO 051

ﬂ

- OH H O I

,\‘r Y WOH +  HCLHN N Ne_
@]

50f .

H 7w -
hr y; [—>\H/N N\/U\N N_
—_— H H
N o) o) o)
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O =
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The expected product 50g is synthesized as described earlier for
Example 1 Step J.

=



The desired product 51 is obtained by the oxidation protocol described
previously for Exanple 2 Step B. Purification by flash colum

chromat ogv@phy7iwné | | afford pure 51. Exanpl e 52: PreparatipaT/@f010osgound 52:
011 rNHOHON-NN,k NOH NO @6H 52 WO 01/77113 PCT/ US01/ 10869 279
Step ACIQ POHOHO NNNN NNOOHO O51fly I~ HOHOCN
NNNNOHN- 0O OH OO0 52 The desired product 52 is obtained by the
procedure descri bed

Step M

OH
1\4'// % ﬂ“\j\%l\l\

O
O -

The desired product 50 is obtained by the oxidation protocol described
previously for Example 1 Step K. Purification by flash column
chromatography will afford pure 50.

Example 51: Preparation of Compound 51:

0
O



previously for Exanple 3, Step A. WD 01/77113 PCT/ USCOLl/ 10869 280 Exanpl e

53: Preparation of Conpounds of Fornulas 53A and 53B:

~Ql \ HIO HO'

O CH3 WOt/ NCH3 OOOO 53A~~41 HO HOH ~ /PCHBSOINOBSINN v ' H
NCH3 OOOO0 53B Step A* GHNCRZH3 N CORCH3 H HC f. H2N~ N~O 44b
53a The desired product 53a was obtained by the nethod described in
Exanple 1, Step F. The material was purified by flash colum

chromat ography using 80/20 to 60/40 dichl oronet hane/ ethyl acetate to

provi de 53a. WD 01/77113 PCT/US01/ 10869 281 Step B:
Step A

The expected product 51a is synthesized as described earlier for

Example 2 Step A.

H



Il \ O HO cCOR2CH3 310H H N CO2CH3 OH H N~ ~ N O O 53a 53b The desired
product 53b was obtained by the nethod described in Exanple 1, Step G The
crude matveobab7iwms carried to the next step as is. Step EET/HOHH86%k Q O
OHHNCRCH3I NCXRCH3 OO _ O 6--28 N 53b 53c The desired product 53c
was obtai ned by the nmethod described in Exanple 1, Step H Purification by
col um chromat ogr aphy using 99/1 dichl or onet hane/ net hanol afforded 53c
along with triphenyl phosphine oxide. This m xture was taken to the next
step. WD 01/77113 PCT/US01/ 10869 282 Step DD 0 N~ CRCH3 N~ CO2ZH O OO

0 53c 53d

Step B

nt
O

=

O
51

The desired product 51 is obtained by the oxidation protocol described
previously for Example 2 Step B. Purification by flash column

chromatography will afford pure 51.
Example 52: Preparation of Compound 52:

S
N y H H
LS N N\)]\” OH
0 0 0
N\E/J\O

O
52



The desired product was obtained by the nethod described in Exanple 1,
Stepl. StepEE I \ OOHCH3 QCR2HH+ HCI. H2N NHJN"CH3 ONOMH
0 53d E WOB/OHIH O CH3 N NNNCH CN, 3 NO O HO 0 5per/uSheiogsdpect ed
product 53e was synthesized as descrk®ed earlier for the Exanple 1, Step
J. The material after work-up was of sufficient purity to be carried
forward to the next step. WO 01/77113 PCT/US01/10869 283 Step F: Q

O

Z
IZ

Y/
XY s

[\4——/ OH

The desired product 52 is obtained by the procedure described
previously for Example 3, Step A.



HOHHOCHS ~NNANMNCH N3 HLOOH NO53¢ O" 0" 0 ~H3 -~yN.

NN NNCH3 N0 O OHOS53ANn\ OCH3 NN I ON-CHs +H OOO 0 53B
The desi medopraducts 53A and 53B were obtained by the oxiBar/isei/10p6%t ocol

described previously for Exanple 1, &0ep K Purification by flash colum
chromat ography using 100/0 to 99/1 dichl or onet hane/ nmet hanol

Example 53: Preparation of Compounds of Formulas 53A and 53B:

O/\/\\Q
0 o - 0] CHz
H H H |
NS NG
o4~ © 0 O
53A

o/\/\\(?

0] 0] 0] CHs
H H
IR LT,
o 3 0 %_0 Ho 5
TS I

53B

Step A:

AL
A o TN
©/\ ’ \/I\L CO.CH3

N C02CH3

HCIL HoN

44b ' 53a

The desired product 53a was obtained by the method described in

Example 1, Step F. The material was purified by flash column
chromatography using 80/20 to 60/40 dichloromethane/ethyl acetate to

provide 53a.



af forded separate isoners 53A and 53B, and sone m xture. WO 01/77113

PCT/ US01/ 10869 284 Exanpl e 54: Preparation of Conpound 54: NN NJ N
~-NYNl OW®O /011D 54 Step AH BnONH2 BnONf Of< 54ap6ns@orwser ci al |y
avai |l abl e 54a was converted to the deslired product 54b using the procedure
described for Internediate A Step 3 in quantitative yield. Step B H BnO |
N DBnOI \ / 171-1 54b 54c To a cold (0C) solution of 54b (8 g, 26.8
mmol) in DM (100 m -) was added sodi um hydri de (60% di spersion in oil,
1.3 g, 32.16 mmol ). After 10 mnutes iodonethane (2.8 nL, 42.8 mmol) was
added andS{e e eaction was warned to anbient tenperature over 2 hrs. The
reaction Te was quenched with aqueous NHACI sol ution and extracted
with Et OAc. The organic |ayer was separated, dried (Na2SO) and
concentrated to afford 54c which was sufficient Wor further

st udi es. @/\O/\/\/Q., HO ,
C } “CO,CH3 OH (N-)\CO:ZCH3

OH N H

@/\g“/\l\*o - I N/\I\/J%o

53a 53b

The desired product 53b was obtained by the method described in

Example 1, Step G. The crude material was carried to the next step as is.

Step C:

HO SN /\/\/Q

The desired product 53c was obtained by the method described in
Example 1, Step H. Purification by column chromatography using 99/1
dichloromethane/methanol afforded 53¢ along with triphenylphosphine oxide.

This mixture was taken to the next step.



WO 01/ 77113 PCT/US01/10869 285 Step C BnO N O BnOtVH HC 140 54c 54d
The desired product 54d was obtai ned by the procedure described for

Exanpl e W@oEp1@3 The crude product was used w t hout furtPer/vpurioéscati on.
Step DHCI. HZNN O Q02N)()~ O 54e f The desired product 54f was

obtai ned by the procedure described for Exanple 26 Step A using 54e as the
starting material. The crude product was purified by flash chromatography
using 80/20 to 100/0 dichl oronet hane/ hexanes to afford 54f. WD 01/ 77113
PCT/ USO1/ 10869 286 Step EH ~ O-N BnONH HC / \~ 0 + 02N C 54d 54f

BnO N N 5§t%|; D:

9 ®

Q O Q

v
o,

N\./ko N\./ko
0] z o] z
T ™
53¢ 53d

The desired product was obtained by the method described in Example

H
o N\.-/go @ O
53d E
' OH . o) EH3
y = N H \CH3
,t} o) 0
0 : 0
53e

The expected product 53e was synthesized as described earlier for the
Example 1, Step J. The material after work-up was of sufficient purity to be

carried forward to the next step.



The desired product 54g was obtained by the procedure described for

Exanple 26 Step B using 54d and 54f as the starting materials. The reaction
was carrivedooutii3 n chl orof orm at 50C. The residue was purPE€T/@d01M849 ash
chromat ogr aphy using 85/15 hexanes/ ER$3Ac to provide 54g in 56%vyield. HRVS
(FAB) Cal cd for C25H33N204: 425.2440 (MtH)+. Found: 425.2424. Step F BnO
NuN jo--N-1 BnONyNj OH Il O> ~ 11 / 54g 0 54h The desired conpound 54h
was obt ai ned by the procedure described earlier for Exanple 1 Step | using
Et OH as the solvent. WD 01/77113 PCT/USO1/ 10869 287 Step GB B nO,- Q

CO2H N . 4-010 A1 b 54i The desired conpound 541 was prepared by the
pr ot ocol i bed for Exanple 18 Step B. Step HB nQ ,~~0 B nOO. 0)<
CNNO O

; o]
5, OH 0 C
H H I .
H o o) H o
N
O H
53e

~

Q

T
?
Z1
ZT
I=
,2—0
(@]
I
[

53A

+
H =)
@] 2

53B
The desired products 53A and 53B were obtained by the oxidation
protocol described previously for Example 1, Step K. Purification by flash
column chromatography using 100/0 to 99/1 dichloromethane/methanol

afforded separate isomers 53A and 53B, and some mixture.



"O0 b54i 54) The desired product 54] was obtained by the procedure
described for Exanple 1 Step C. The crude material was used w thout
purificatweoni/7718ep | Bno f~O  BnO NuHo Il / O - + |)PCI/USH/@B6Y ), 54h
54 BnOBnONNO O Y O54k WD 012847113 PCT/ USO1/ 10869 288 The desired
product 54k was obtained by the coupling protocol described previously for
Exanple 1 Step D. Step J HOBO N

Example 54: Preparation of Compound 54:

54

H
BnO. NH, BnO. N
10f - Y

54a 54b

Commercially available 54a was converted to the desired product 54b

using the procedure described for Intermediate A Step 3 in quantitative yield.
Step B

Bn0©/kll\g/oj< » Bn0\©/rh\g/o\ﬁ

To a cold (0°C) solution of 54b (8 g, 26.8 mmol) in DMF (100 mL) was
added sodium hydride (60% dispersion in oil, 1.3 g, 32.16 mmol). After 10
minutes iodomethane (2.8 mL, 42.8 mmol) was added and the reaction was
warmed to ambient temperature over 2 hrs. The reaction mixture was
guenched with aqueous NH4CIl solution and extracted with EtOAc. The
organic layer was separated, dried (Na;SO4) and concentrated to afford 54c
which was sufficiently pure for further studies.



BnONNHONNN Y C 54k 541 The desired product 541 is obtained by the
hydr ogenati on procedure described previously for Exanple 1 Step G Step K
HO-~0 I WOO0r/7M13 < NOHONNOO 1< IN /N O 541 0 54nrCTisoidwsséor ed
product 54mis obtained by the cycli 28tion protocol described for Exanple
| Step H WO 01/77113 PCT/USO1/ 10869 289 Step L 0 O11 11 HON, OHN O
NyNO O > iNUNLO O 1O 54m 54n The desired product 54n is obtained by the
producer described previously for Exanple 3 Step A

Step C

BnO it v
- U

54d

BnO Il\l O
ISR

The desired product 54d was obtained by the procedure described for

Example 1 Step C. The crude product was used without further purification.

Step D

HCI. H 2N\éj\o/\ - D/D\g/n\éj\o/\
@ T

54e 54f

The desired product 54f was obtained by the procedure described for
Example 26 Step A using 54e as the starting material. The crude product was
purified by flash  chromatography using 80/20 to  100/0

dichloromethane/hexanes to afford 54f.



Step MQ 5 HHOQY OH+ HJO. RN NJ~-NN, I-NNOOHO YOA 54n o
[, ONNOHNNN,,,,0O0OO NYNH 00 540 The expected product 540 is
synt hesi @ oa%71descri bed earlier for Exanple 1 Step J. VWXDUAM7IDED

PCT/ US01/ 10869 290 Step NN OH NJN2&§ N --NYN~ OO " O OO0 540 n ~\ o
I, NNNN NYN.OO"

| o /@/O\g/m\éﬁ\o/\

Bn0\©/NH. HCI

54d 54f

L A
BnO\O/NXN . O/\
——— s
v O

The desired product 54g was obtained by the procedure described for
Example 26 Step B using 54d and 54f as the starting materials. The reaction
was carried out in chloroform at 50°C. The residue was purified by flash

chromatography using 85/15 hexanes/EtOAc to provide 54g in 56% vyield.
HRMS (FAB) Calcd for C25H33N204: 425.2440 (M+H)*. Found: 425.2424.

Step F

A LA
BnO N\[rN o™ BnO N\"/N " ~oH
549 54h
The desired compound 54h was obtained by the procedure described

earlier for Example 1 Step | using EtOH as the solvent.



O O 54 The desired product 54 is obtained by the oxidation protocol
described previously for Exanple 1 Step K Purification by flash colum
chromat ogv@phy7iwé | | afford pure 54. Exanpl e 55: PreparatipaT/of01dosgound 55:
4 NNNO ONOO OHDO55 W 01/7711328CT/ USO1/ 10869 291 Step A HO CH > /
HO Il Y I >NO2 55a 55b Commrercially avail able 55a was converted to the
desired product 55b wusing the procedure described for Exanple 26 Step Ain
41 %yield. Step BBnB nO,- Q CN, C. HONO H54] 55¢c The desired
product 55c was obtained by the coupling protocol described previously for

Exanpl e Iséﬂe@ D using N-boc-t-butyl glycine as the

BnO~C. BnO~C.
EN)\CozH - Wﬁ
>|\ /k >I\ /‘k o
0~ 0 0~ ~0
1b 54i

The desired compound 54i was prepared by the protocol described for

Example 18 Step B.
Step H

BnO~ o ~C. BnO~ Q.

>L(§J£:O‘/Oj< - Hc{'?\‘o‘/oj<

54j

The desired product 54j was obtained by the procedure described for

Example 1 Step C. The crude material was used without purification.

Step |



coupling partner. Purification using 95/5 dichl oronethane/ Et OAc af f or ded
55c in 57%yield. Step CB nO QBnO- 0.. HaN 0 OCN 0O0OyNO HCl . H2N~ 55c
55d The wiesi/rad pr oduct 55d was obtai ned by the procedurrCcd®seriobed
previously for Exanple 1 Step C. The28rude material was carried further. WO
01/ 77113 PCT/ US01/ 10869 292 Step DB nO,,~-QHOI Ol + 9-)ro-,~ NO2 HCL
H2N 0 55b 55d 3B n0~0, O~ N HO OyN~O . 55e The desired product 55e was
obtai ned by the protocol described for Exanple 26 Step B. Purification

usi ng 80/ 20 di chl oronet hane/ Et OAc afforded 55e in 20%vyield. HRVS (FAB)

Cal cd for C32H45N208: 585.3176 (M+H)+. Found: 585.3177. Step E

The desired product 54k was obtained by the coupling protocol
described previously for Example 1 Step D.

Step J

BnO_~_20,

The desired product 54l is obtained by the hydrogenation procedure
described previously for Example 1 Step G.

Step K

The desired product 54m is obtained by the cyclization protocol
described for Example 1 Step H.



BnO,,--~, HOQ10 HOONNHOONNOO ICr I'-- ICr 55e 55f The
desired product 55f was obtained by the producer described previously for
Exanpl e weoespia HRMS (FAB) Cal cd for C25H39N208: 495. 2FOBUSMAdew. Found:
495.2704. WO 01/ 77113 PCT/ US01/ 10869289293 Step F HO-~, QO N HO ON N ~O
< O ON-O 55f 55g The expected product 55g was synt hesized as descri bed
earlier for Exanple 1 Step H Purification by flash chromat ography using
85/ 15 dichl oronet hane/ Et OAc provided 55g in 10%yield. Step Gnn 0O0H

ONN OHCNL OH ONOONO

Step L
& &
Q 3
O. OH
H H
/N ®) O » /N N\_/go 0
D T

The desired product 54n is obtained by the producer described
previously for Example 3 Step A.

Step M

Q

: OH . O |

%OH +  HCLH2N N\/lLN Ne_
0 o

/NTH\/J\O 0

o A A
54n O
Q
AR R T
——— N H ~
l':}\/J§OO o
O 540

N ©
0

The expected product 540 is synthesized as described earlier for

Example 1 Step J.



Y Y OO 55¢g 55h The desired product 55h was obtained by the nmethod

descri bed previously for Exanple 3 Step A The crude material was carried
further wéohout3 purification. WO 01/77113 PCT/ US01/ 10869PCP®801/1886@p H ~ |\
0S OH+ HCL HZN NN N~ Q-Ir OH020 O NH LO O OOA 55h 0o NOH N- N~
N N OYNLOOOHO O55i The expected product 55i was synthesized as
described earlier for

Step N

)
%ﬁi%

O 540

ZT
o

™
0

<:>.

The desired product 54 is obtained by the oxidation protocol described
previously for Example 1 Step K. Purification by flash column

chromatography will afford pure 54.

Example 55: Preparation of Compound 55:

)
}UL[E(;L\
> A

ZT



Example 1 Step J. The crude material was carried further w thout
purification. WD 01/77113 PCT/USO1/ 10869 295 Step | Ol~ HOHHIONN,
~NNJ WO OO O55i n~\ ol~ ~r NON~ N, HCDUB)I/@O H O 55
The desired product 55 was obtained B3 the oxidation protocol described
previously for Exanple 1 Step K Purification by flash colum

chromat ogr aphy using 98/ 2 di chl oronet hane/ MeOH af f orded 55. WO 01/ 77113
PCT/ US01/ 10869 296 Exanple 56: Preparation of Conpound 56: N O

Step A

HO. OH HO
o — UrQ
NO,
55a 55b
Commercially available 55a was converted to the desired product 55b

using the procedure described for Example 26 Step A in 41% yield.
Step B

The desired product 55¢ was obtained by the coupling protocol
described previously for Example 1 Step D using N-boc-t-butylglycine as the
coupling partner. Purification using 95/5 dichloromethane/EtOAc afforded 55¢

in 57% vyield.
Step C
BnO_~_%. BnO_~_C
OYo O\(o
N N
0 N O j< > HCI. HoN O \[<
>y o o
o) = =
/I\ 55¢ /I\ 55d

The desired product 55d was obtained by the procedure described

previously for Example 1 Step C. The crude material was catrried further.



NN-ANN-~ N~OOOHOOS56A0NNN HNH N OOS56B Step AHH N
C2CH3 NCXR2H ~ OO0 10a 56a To a solution of comrercially avail able

met hyl esvepv1@s3 (5.0 g, 20.4 nmmol) in MeOH (20 nl) was hAD®d01z10869 ut i on
of LiOH (730 ng, 30.6 mml) in watek92(20 nL). The reaction m xture was
stirred at anbient tenperature for 2 hrs. TLC indicated consunption of
starting material. The reaction m xture was concentrated and acidified
with 10%citric acid solution. Solid NaCl was added and the aqueous | ayer
was extracted with Et OAc several tines. The conbined Et QAc | ayer was dried
(Na2SH4) and concentrated to provide 56a in quantitative yield. HRVS ( FAB)
Cal cd for 18Nl O6: 232.1185 (MtH)+. Found: 232.1189.] WD 01/77113

PCT/ USO01/ 10869 297 Step B HB nO-,.-~

BnO_~_C.
HO. 0 '
0
o , YK
NO, HCL. HoN o O
55b
TS ssa
BnO ~AC.

The desired product 55e was obtained by the protocol described for
Example 26 Step B. Purification using 80/20 dichloromethane/EtOAc afforded

55e in 20% yield. HRMS (FAB) Calcd for C32H45N208: 585.3176 (M+H)*.
Found: 585.3177.
Step E

The desired product 55f was obtained by the producer described
previously for Example 1 Step G. HRMS (FAB) Calcd for C25H39N20s:

495.2706 (M+H)*. Found: 495.2704.



N C2H -~ N CO2H ~o, Lo 56a 56b The desired product 56b was obtai ned by
the nmethod described for Exanple 1, Step A The crude material was
converteavoor/thes net hyl ester w thout purification. StepPCI/Ba@/10869.

BnO ,--~ CO2H CO2CH 3 010 1 56b 56293 The desired product 56¢c was obtai ned
by the nethod described for Exanple 1, Step B. Purification of the residue
by col umm chromat ography using 80/20 to 50/50 hexanes/ Et QAc and then 70/ 30
to 40/ 60 dichloronethane/ Et OAc af forded 13% of 56¢c. HRVS (FAB) Cal cd for
C21 H31 NO06: 394.2230 (M+H)+. Found: 394.2224. Step D BnO 7VNI BnO CO2CH 3
CO2CH 3 OH HC 56c¢c 56d WO 01/77113 PCT/US01/ 10869 298 The desired

pr oduct S obtained by the nethod described for Exanple 1, Step C
The crude nmaterial was used without purification. Step E

o n N

HO. o)
\©/ \[Or/l\ — O\g/ ; 0

55f “T™ 55g

The expected product 559 was synthesized as described earlier for
Example 1 Step H. Purification by flash chromatography using 85/15
dichloromethane/EtOAc provided 55g in 10% yield.

Step G

&

Q Q

N — (o
oo o
o o A
“T>  s5g “T>  s6n
The desired product 55h was obtained by the method described

previously for Example 3 Step A. The crude material was carried further

without purification.



BnO BnO N CO2CH 3 N CRCH3 HH HC YN O 56d O _ 56e The desired product
56e was obtai ned by the nethod described for Exanple 1, Step D, using
N-boc-t ewobutih3 gl yci ne as the coupling partner. PurifiPar/iosel/miest he

resi due by columm chromat ography usi 84 90/ 10 di chl or onet hane/ Et OAc

af forded 86% of 56e.. HRMS (FAB) Calcd for C27H43N207: 507.3070 (MtH) +.
Found: 507.3072. Step F BnQ --~'. BnO,,,~,,. N CO2CH 3 N CO2CH 3 ~N~
HCl. H2N ~0 56e 56f The desired conpound 56f was prepared by the protocol
described for Exanple 1, Step E. The nmaterial was carried forward as it
was. WO {77 13 PCT/ US01/ 10869 299 Step G BnO .- BnO N C02CH 3 H C02CH 3
HO . H2NSBBRBIN | O

O" OH " o) l
OH + HCI HoN N\/U\N N
H H
o\n/N\z/&o 0 © ©
O /=|\ A
55h

o) O
0]

Q
NN IR I
N N ~
_— H H
i GE S
55i

The expected product 55i was synthesized as described earlier for

Example 1 Step J. The crude material was carried further without purification.



56f 56g The desired product 56g was obtained by the procedure described
for Exanple 1, Step F. The material was purified by flash col um

chr omat ogv@phy7iasi ng 98/ 2 di chl or onet hane/ MeOH to yi el d 5BQT/UR0I7®86%S a
white foam HRMS (FAB) Cal cd for C30MLN207: 541.2914 (M+H)+. Found:
541.2916. Step H BnhO-JOHO ,0 N CQ2CH3 N CO2CH3 H HO N~O HO N~0 O O 56g
56h The desired product 56h was obtained by the procedure described for
Exanple 1, Step G The product obtained after filtering off the catalyst
was pure enough for subsequent mani pul ati ons. HRVS (FAB) Cal cd for
C23H35N20t: 51. 2444 (M+H) +. Found: 451.2449. WD 01/77113 PCT/ USO1/ 10869
300 Ste§£ﬁ9+E)N C02CH3 dC2CH3 H HO *11 N C)-"-Yo 56h 56i The desired
product 56i was obtained by the procedure described for

Q
K OH 0
H H
L R L L
o N b
N o} o}

Oy o
° /I\ 55i
Y Y
q
A njt%&\
o\rrH\i/koo 0 L'
° /]\ 55

The desired product 55 was obtained by the oxidation protocol
described previously for Example 1 Step K. Purification by flash column
chromatography using 98/2 dichloromethane/MeOH afforded 55.



Example 1, Step H. Purification of the crude residue using 75/25

hexanes/ acet one provided a m xture of the product 56i along with

tri phenyvwdosphihe oxi de. HRVS (FAB) Cal cd for C23H33N206PCTBS012880

(MtH) +. Found: 433.2343. Step J n n ®0 dCRCH3>\ HNCORZH N N- OO 56i
56] The expected product 56] was synthesized as described for Exanple 1,
Step |I. Yield for two steps = 16% HRVMS (FAB) Cal cd for C22H31 N206:

419. 2182 (MtH) +. Found: 419.2176. WD 01/77113 PCT/ USOL/ 10869 301 Step KO
~~OHHOHOC®2H + HCL 2N N'~NN, NH OO OA 56 HOHHO

Example 56: Preparation of Compound 56:

@
qﬂ hﬁﬁﬁa
© /j}\ 56 A
)
TUSLIN

N\/k l/
/]\ 56 B

DU a8
CO,CH3 CO,H

N

S S A

10a 56a

To a solution of commercially available methyl ester 10a (5.0 g, 20.4
mmol) in MeOH (20 mL) was added a solution of LIOH (730 mg, 30.6 mmol)
in water (20 mL). The reaction mixture was stirred at ambient temperature for
2 hrs. TLC indicated consumption of starting material. The reaction mixture
was concentrated and acidified with 10% citric acid solution. Solid NaCl was
added and the aqueous layer was extracted with EtOAc several times. The
combined EtOAc layer was dried (Na>SO4) and concentrated to provide 56a in

quantitative yield. HRMS (FAB) Calcd for C10H18N105: 232.1185 (M+H)*.
Found: 232.1189.] '



NNNN ~ OOHOOS56k The expected product 56k was synt hesized as
described earlier for the Exanple 1, Step J. The material after work-up
was of swfdoorams purity to be carried forward to the neRCT/EBEPLOSEIRVG
(FAB) Calcd for C40H57N609: 765. 418797 MtH) +. Found: 765.4198. WO 01/77113
PCT/ USCL1/ 10869 302 Step LOI~HOHHONN)~-NN IN NOOHO 0 56k r
n,\ 0 NNNN N NOOHO O56A NOHON HINH

Hh B ”O\/\/h
N NCOH @ T NT NCOH

O

56a 56b

The desired product 56b was obtained by the method described for
Example 1, Step A. The crude material was converted to the methyl ester

without purification.
Step C

B”O\/\/h B”O\/\/h
N NCOH —> N~ NCOLCH3
S, S

56b 56¢

The desired product 56¢ was obtained by the method described for
Example 1, Step B. Purification of the residue by column chromatography
using 80/20 to 50/50 hexanes/EtOAc and then 70/30 to 40/60
dichloromethane/EtOAc afforded 13% of 56c. HRMS (FAB) Caled for

C21H31NOg: 394.2230 (M+H)*. Found: 394.2224.
Step D

B”O\/\/h BHO%
CO2CH3

N
N~ "CO2CH3
O O

56c 56d



N~ OO 56B The desired products 56A and 56B were obtained by the

oxi dati on protocol described previously for Exanple 1, Step K Purification
by fl ashwaol/zrmms chr omat ography using 98/ 2 to 96/ 4 di chl oroESHIZN8G9NVE OH
afforded separate isonmers 56A and 588, and sone m xture. Conbined yield =
35% (for 2 steps). HRMS (FAB) Cal cd for C40H55N609: 763. 4031 (M+H) +.
Found: 763.4025 (56A), 763.4040 (56B). WO 01/77113 PCT/ USOL/ 10869 303
Exanpl e 57: Preparation of Conpounds of Formnulas 57A and 57B. H O CH3 CH H
ONNMN~HNCH3 O0 Ot 00O CH3 57TAHOHOHO / CH3 NN NN11)~N N CH
3 0- O\ OHOO CH3 57B Step A

The desired product 56d was obtained by the method described for

Example 1, Step C. The crude material was used without purification.

Step E
Bro Bﬁo\/\/
~NTN
- 4 N CO,CH3
N 002CH3
H. HCI >FO\"/N’ 0
56d © AT~ 56e

The desired product 56e was obtained by the method described for
Example 1, Step D, using N-boc-tert-butyl glycine as the coupling partner.
Purification of the residue by column chromatography using 90/10
dichloromethane/EtOAc afforded 86% of 56e. . HRMS (FAB) Calcd for

C27H43N207: 507.3070 (M+H)*. Found: 507.3072.

Step F
B “O\/\/h B ”O\/\/h
co?_c:H3 . COzCHs
>ro\n, HCI. H 2N
56e 56f

The desired compound 56f was prepared by the protocol described for

Example 1, Step E. The material was carried forward as it was.



HOH HNOHOw HC' HN OO 57a 57b To the solution of the comerci al

di hydrate of the amno acid (3S)-7

hydr oxy- W@pB7713 et r ahydr oi soqui nol i ne- 3-car boxyl i c aci d BCHUCG/08¢y, 21.8
mol ) in nethanol (180 nL) was added2®oncentrated hydrochloric acid (5.0
m., 60 mml ). The resulting clear solution was then heated to reflux in an
oil bath for 18h. Solvents were renoved in vacuo to give nethyl ester 57b
as a white solid, which was used in the next reaction w thout further
purification. WO 01/77113 PCT/ USOL/ 10869 304 Step BB HO HH O O-Nv N M
HCCHN Ove O= O OO0 57b 57c To a solution of am ne hydrochl oride 57b,

N- Boc- cycl ohexyl gl ycine (5.95 g, 21.8 nmmol), HOOBt (3.73 g, 22.9 mmol) and
EDCI (5. Ofe G26.1 mmol ) in anhydrous DMF (200 nL) and CH2CI 2 (200 niL) at
-200C was agaed NW (7.20 nL, 65.5 mmol ). After stirred at this
tenperature for 30 mn, the reaction mxture was kept in a freezer

over ni ght (%ﬁoﬂ)/,@?;\w ch Et OAc Bno\/\/h
CO,CHy — > ’ CO,CH3

N N
HC. HzN\/ko HO\©/YN\./1§O
H o £
A A
56f 569

The desired product 56g was obtained by the procedure described for
Example 1, Step F. The material was purified by flash column
chromatography using 98/2 dichloromethane/MeOH to yield 56g in 78% as a

white foam. HRMS (FAB) Calcd for C30H41N207: 541.2914 (M+H)*.
Found: 541.2916.

Step H
Bno\/\/oz_)\ HO\/\/OZ—)\
N CO,CHy ——mm N COzCH3
H H
HO N\E/J\O HO N\E/J\O
PN JPN
56¢ 56h

The desired product 56h was obtained by the procedure described for
Example 1, Step G. The product obtained after filtering off the catalyst was
pure enough for subsequent manipulations. HRMS (FAB) Calcd for

C23H35N207: 451.2444 (M+H)*. Found: 451.2449.



600 nmL), brine (150 nL) and 5% H3PO4 (150 nL) were added. The separated
organi ¢ solution was washed with 5% H3PO4 (200 nl), saturated aqueous

sodi um biwanbonat e solution (2 X 200 nm.), water (200 nlL), panasoisrsése (200
m.), dried with magnesi um sul fate, fBdtered and concentrated in vacuo to
afford 57c¢c (10.3 g, quant. 2 steps) as a white solid. 1 HNWR (400 Mz,
dé-DVsO) 8 9.32 (s, 1 H), 8.35- 832 (m I H, 6.99 (d, J =8.3 Hz, 1 H),
6.65-6.54 (m | H), 4.92 (d, J =15.5 Hz, | H), 4.50 (d, J = 15.5 Hz, | H),
4.43- 4.36 (m 1 H), 4.29-4.19 (m 1 H), 3.53 (s, 3 H), 3.02-2.81 (m 2 H),
1.98-1.62 (m 8 H), 1.42-1.11 (m 14 H); 13C NWR (100 MHz, d6-DVMSO b
171.6, 171.2, 162.3, 156.0, 133.7, 128.8, 125.3, 114.1, 112. 6, 78.0, 54.8,
52.4, 51.&ep145.0, 29.5, 28.1, 28.0, 25.9, 25.6, 25.5 ; HRVMS m z 447. 2492
[cal cd for C24H34N206 447.2495]. WO 01/77113 PCT/ USQOL/ 10869 305 Step C
HO HO O AOve uN~-N Owve HCIH2N ~0 - 0 = 0 57c 57d The Boc-am no net hyl
ester 57c¢c (7.20 g, 16.1 mml) was dissolved in (100 m., 400 nmol)
and the resulting solution was stirred at rt. The ro ress of the reaction

was nonitored byoJL ter 4 h, the solution was entrated in vacuo
and the residue was unde acuum overni ght to g 57d a white solid
whi ch was used in the net u(g)llng reactlonvm rt er Hrlflcatlon

Step D
m i O : O
'e) = 0 =
/I\ /l\

56h 56i
The desired product 56i was obtained by the procedure described for
Example 1, Step H. Purification of the crude residue using 75/25
hexanes/acetone provided a mixture of the product 56i along with
triphenylphosphine oxide. HRMS (FAB) Calcd for C23H33N20g: 433.2339

(M+H)*. Found: 433.2343.
Step J

M

M
Q Q
2:>\ooch3 _— Z_Q\COZH

7

56i 56

The expected product 56j was synthesized as described for Example
1, Step I. Yield for two steps = 16%. HRMS (FAB) Calcd for C22H31N20g:

419.2182 (M+H)*. Found: 419.2176.



HH 02HO OHCO'H2ZN NOw > NNOw OOO 57d 1 57e To a solution of
am ne hydrochloride 57d (from Step D), 6-heptenoic acid (2.90 g, 22.6
mol ), HO@B01/{31¥0 g, 22.7 mml) and EDCI (4.80 g, 25.0 papUpol/rs@nhydrous
DMF (250 nlL) and CH2ClI 2 (150 nlL) at 3®0C was added NWM (7.50 nlL, 68.2
mmol ). After stirred at this tenperature for 30 mn, the reaction mxture
was kept in a freezer for 2 days. It was then stirred in air and WO
01/77113 PCT/ USOL/ 10869 306 allowed to warmto rt. in 1 h. EtOAc ( 500
m.), brine (100 nm.) and 5% H3PO4 (100 nmL) were added. The separated
organi ¢ solution was washed with 5% H3PO4 (100 ni), saturated aqueous
'sodi um bi carbonate solution (2 X 150 nlL), water (150 nlL), and brine (150
nm), driegdtep Kh magnesiumsul fate, filtered and concentrated in vacuo.

Fl ash chromatography (5 to 30 % Et CAc- CH2Cl 2) afforded 57e (2.30 g, 5.04
mmol, 31 % (2 steps)) as a white solid. 1 HNW (400 MHz, d6-DVSO) 6 9. 32
(s, 1 H, 8.06-8.0,.(m I H, 7.00-6.6.96 (m | H), 6.63-6.54 (m 2 H,

5.78-5.70 (m 1 Ky, p.04-4.89 (m 4 H), 4.73-4.69 (m 1 H), 4.53 (d, J =
15.5 Hz, | H), 3P54@s, 3 H), 3.01-2.91 (m 2 H), 2. 1.93 (m 4 H),
1.76-0.97 ( H) ; NVR (100 MHz, d6-DVBO) 6 17 171.5, 171.1,
156. 0, 138. 6, .0, {12 7O 22.5, 114.6, 1 ZI.H 102. 5 5%.9, 52.2, 51.9,
45.0, 34.5, 3Z%8, . N 25°47 28 7, HeBHIN 24 7,N25 _N._25.5,
Ns 0 o) H o6
o/=]\
A

&
OH 0O
H H\)J\N r\ll\
- H o

N
H\r/goo o)
© /]\ 56k

The expected product 56k was synthesized as described earlier for the
Example 1, Step J. The material after work-up was of sufficient purity to be
carried forward to the next step. HRMS (FAB) Calcd for C40H57NgO9:

765.4187 (M+H)*. Found: 765.4198.



24.8; HRVME miz 457.1 [calcd for C26H36N205, 456.6]. Step EE eNHOH OOe
NONM OMN N O 00 OOO 57e 57f To the solution of 57e (2.20 g, 4.82
nmol ) i nvaeabydneus THE (100 nL) under nitrogen at 0C wasrendsd/toesvane- THF
solution (20 nL, 1.0 M 20 mmol) ca®@2 ously. The resulting solution was
stirred at OC under hydrogen for | h 40 mn. Then ethanol (10 nL) and pH 7
buffer (15 nm.) were added, followed by 30 % H202 solution (15 nL). After
stirred at OC for 20 mn, it was warnmed to it. and stirred for 2 h. EtQOAc
(400 nL) and brine (200 nm.) were added and | ayers were separated. Agueous
solution was extracted with EtQAc (2 X 150 nL). Conbi ned organi c sol ution
was dried with magnesi um WO 01/ 77113 PCT/ USOL/ 10869 307 sul fate,
filtratedgiggoncentrated i n vacuo. Flash chromatography (3 to 5 %

MeOH- CH2 af forded 57f (2.18 g, 4.47 mmol, 93 %9 as a white solid. 1 H
NVR (400 MHz, d6-DMSO) 8 9.32 (s, 1 H), 8.04-8.00 (m | H), 6.99-6.96 (m
1H, 6.63-6.51 (m 2 H, 50550 (m I H, 4.73-4.21 (m 3 H, 4.51 (d,

J= 155 Hz, 1 H), 3.54 (s )3 H, 3.03-2.90 (m , 2.15-2.00 (m 2 H,
1.75-1.56 (m 6 H), 1.4$0.Q7 (m 13 H); 13C N 00 MHz, d6-DMBO) 8
172.2, 171.6, 171.2, 0, 1B4yl, 128.0H 122.B, 4.2, 112.5, 60.7, 52.9,
52.3, 51.09, N N
HoN N >
N\/goo o) o)
o /]\ 56k

Y
)
Q
o) o)
Z;)Yﬂ LA A
o) o) H 0

° AN 56A

!
RNTIRLA
X fm

The desired products 56A and 56B were obtained by the oxidation
protocol described previously for Example 1, Step K. Purification by flash
column chromatography using 98/2 to 96/4 dichloromethane/MeOH afforded
separate isomers 56A and 56B, and some mixture. Combined yield = 35%

(for 2 steps). HRMS (FAB) Calcd for C40H55Ng09: 763.4031 (M+H)*.
Found: 763.4025 (56A), 763.4040 (56B).



45.1, 34.8, 32.4, 29.5, 28.7, 28.53,
25.2; HRMS nmlz 475.2812 [calcd for

4.38 mmol ) and ADDP (3.00 g,

C26H38N206, 475.2808].
O Me N MOoOMT3 O =0 57f 57g A solution of phenol
11.9 ndwsl )

28.47, 28.10, 25.9, 25.6, 25.5, 25.4,
Step . eHHO
al cptDUS®7f08492. 08 g,
i n anhydrous CH2Cl 2 was bubbl ed

with Argon through a frit glass bubbler for 20 mn. To this solution at 0C
was added tri phenyl phosphine (3.45 g, 13.2 mml). After stirring at 0C for
20 mn, the solution was warmed to rt. and stirred overnight (18 h) under
nitrogen. TLC indicated the presence of substantial anmount of starting
material . .A second_ hat ch A 3. 00 .9 ), .and iLphenyl phospi ne
(3.45 g, MMQ—)—B&%?@' NCE)PB d¢ of Formulas nder nitrogen

for 2 days and 16 h. TLC showed the
material. After renoval of sol vent

purified by flash chromat
m xture of the nmacrocyc

corresponding acid w er
b 800 (d, J = 10.0

H, 514 (d, J =

in
(1 to 2 %

tri phenyl pho
o the WD 01/ 771

T urofi cation.
. , : \twLnJ 17 N.d, g %f
: , : Y {7 4
6.4 Hz, 1 H), 4.25 o) [iij o

conpl ete consunption of the starting
vacuo, the residue was partially
MeOH in CH2ClI2) to afford a
ne oxi de. The
CT/ USOL/ 10869 308
(400 MHz, d6-DWVSO)

1N 6 82-6.76 (m 2
25&9 (dd, J = 11.5,

57A

0 0 CHs
H H |
AL A,
O 2\ O o)
CHj3
57B

Step A:

HQ,

57a

H
OMe
HCI'HN
0]

To the solution of the commercial dihydrate of the amino acid (3S)-7-

hydroxy-1,2,3,4-tetrahydroisoquinoline-3-carboxylic acid 57a (5.0 g, 21.8

mmol) in methanol (180 mL) was added concentrated hydrochloric acid (5.0

mL, 60 mmol). The resulting clear solution was then heated to reflux in an oil

bath for 18h. Solvents were removed in vacuo to give methyl ester 57b as a

white solid, which was used in the next reaction without further purification.



(d, J =14.7 Hz, 1 H, 4.22-4.18 (m 1 H), 4.08-4.02 (m 1 H, 3.68 (s, 3
H, 3.18 (dd, J = 15.1, 6.4 Hz, | H), 2.85 (dd, J = 14.7, 11.5 Hz, | H),
2.07-2.0vO0my7123 H), 1.81-1.40 (m 10 H), 1.32-0.85 (m 9P&y/US@B@IMIVR (10
MHz, d6- DMSO) S 304 ‘
171.9,171.5,170. 2,157.1,137.0, 131.5,126. 4, 115.9,112.6,66.5, 54.4, 52.2,
51.9, 46.8, 44.9, 44.4, 33.6, 29.4, 29.1, 28.0, 27.3, 27.0, 26.0, 25.3,
25.2, 24.3, 24.2, 23.9; HRMS m z 457.2707 [cal cd for C26H36N205,

457.2702]. Step G o CH N~)LoM H OO0 O- O57g 57h An aqueous |ithium
hydr oxi de solution (0.21 g, 30 nL H2O, 8.75 mml) was added to a 0C
solution of nethyl ester 57g (fromstep 1 F) in THE (30 nlL) and net hanol
(30 m.). Sy wixture was stirred in an ice bath and warmed to rt. along
withit in . The progress of the reaction was nonitored by TLC. After
the volatiles were renoved in vacuo, EtOAc (100 m -) and water (30 ni)
were added and the two |ayers separated. The aqueqgysg sol ution was
extracted again with CH2Cl 2 (100 nL), after which it s acidified to pH =
1. EtOAc was t dded (150 m -) and the aqueous s ion was saturated
with solid sodi | oride. After separation of the ers, the aqueous

| ayer was extrac wth EtOAc (2 X 100 nL). Organfcf sgl uti ons were
conbi ned, dried wi magnesium sul fgt e, KN |Loar \ eaated in vacuo
g, OMe’8 mmol, 63 % ( teps)): asa ite solid. WD
309

to afford 57h (1.
01/ 77113 PCT/ USGLHNDS

57b 57¢

To a solution of amine hydrochloride 57b, N-Boc-cyclohexylglycine
(56.95 g, 21.8 mmol), HOOBt (3.73 g, 22.9 mmol) and EDCI (5.00 g, 26.1
mmol) in anhydrous DMF (200 mL) and CH2Cl2 (200 mL) at -20°C was added
NMM (7.20 mL, 65.5 mmol). After stirred at this temperature for 30 min, the
reaction mixture was kept in a freezer overnight (18 h), after which EtOAc (
600 mL), brine (150 mL) and 5% H3PO4 (150 mL) were added. The
separated organic solution was washed with 5% H3PO4 (200 mL), saturated
aqueous sodium bicarbonate solution (2 X 200 mL), water (200 mL), and
brine (200 mL), dried with magnesium sulfate, filtered and concentrated in
vacuo to afford 57¢ (10.3 g, quant. 2 steps) as a white solid. TH NMR (400
MHz, dg-DMSO) 8 9.32 (s, 1 H), 8.35-8.32 (m, 1 H), 6.99 (d, J =8.3 Hz, 1 H),
6.65-6.54 (m, 1 H), 4.92 (d, J=15.5 Hz, 1 H), 4.50 (d, J = 15.5 Hz, 1 H), 4.43-
4.36 (m, 1 H), 4.29-4.19 (m, 1 H), 3.53 (s, 3 H), 3.02-2.81 (m, 2 H), 1.98-1.62

(m, 8 H), 1.42-1.11 (m, 14 H); T3¢ NMR (100 MHz, dg-DMS0) 5 171.6,

171.2, 162.3, 156.0, 133.7, 128.8, 125.3, 114.1, 112.6, 78.0, 54.8, 52.4, 51.9,
45,0, 29.5,28.1, 28.0, 25.9, 25.6, 25.5 ; HRMS m/z 447.2492 [calcd for
C24H34N20g, 447.2495].



StepH HO + OHHO CH3 NHHCOHZN NNNN..CH3 O=NOOHOCH3 57h A
HOHOHHOCH3I NN NNNCH3 OO0 Oto CH3 57i To a solution of acid 57h
(0.390 gwo0o0B88m13mol ), amine A (0.360 g, 0.898 mmol), HOBr/UCWGOsey, 0.981
mmol ) and EDCI (210 ng, 1.10 mol) i #0535 anhydrous DMF (50 nl-) and CH2Cl 2
(30 mM-) at -20C was added NMM (0.40 nl, 3.64 mml). After stirred at this
tenperature for 30 mn, the reaction mxture was kept in a freezer for 66
h. Then Et QAc (200 nmL), brine (50 m-) and 5% H3PO4 (50 nml-) were added.
The separated organic solution was washed, successively, with 5% H3PO4 (80
m.), satugpated aqueous sodium bicarbonate solution (2 X 80 nmL), water (80
m.), and (80 m.), dried with nagnesiumsulfate, filtered and
concentrated in vacuo. Flash chromatography (2 to 5 % MeCOH CH2CI 2)
afforded 57i as a m xture of four diastereoners (0.340 g, 0.431 mol, 49%
as a white solid. 1 HH (400 MHz, d6-DMBO) 8 8.56-8%6 (m 1| H),
7.96-7.82 (m 2 H, 7.4 5(m 6 H, 7.15-6.99 (m , 6.81-6.74 (m
2 H, 6.05-5.71 (m 2 0 11-5.02 (m 1 H), 4.85-4.6 I :
4.40-3.70 (m 8 H), 3.} 2 (m 1 H, 2.95-2.73 (m ¢ 2.06-2.05 (m 2

; .
ﬁ/O\n/N\:/U\ A ove ———> HCI-HZN\_)I\ OMe
O -

O 0 ONO

57c 57d

The Boc-amino methyl ester 57¢ (7.20 g, 16.1 mmol) was dissolved in
4 N HCI (100 mL, 400 mmol) and the resulting solution was stirred at rt. The
progress of the reaction was monitored by TLC. After 4 h, the solution was
concentrated in vacuo and the residue was under vacuum overnight to give
57d as a white solid which was used in the next coupling reaction without

further purification.

Step D:
' H
J
o RO o
H
| OMe > N\:)]\N OMe
O O -': 0

O

To a solution of amine hydrochloride 57d (from Step D), 6-heptenoic
acid (2.90 g, 22.6 mmol), HOOBt (3.70 g, 22.7 mmol) and EDCI (4.80 g, 25.0
mmol) in anhydroué DMF (250 mL) and CH2Cl2 (150 mL) at -20°C was added
NMM (7.50 mL, 68.2 mmol). After stirred at this temperature for 30 min, the

reaction mixture was kept in a freezer for 2 days. It was then stirred in air and

H
HCIH2N

57d ' 57e



WD 01/ 77113 PCT/ USOL/ 10869 310 H), 1.81-1.39 (m 10 H), 1.30-1.05 (m 11
H, 0.89-0.75 (m 5 H); 13C NVR (100 Mz, d6-DVBO) 5 172.24, 172.21,
171.87, WapB1d71.78, 171.7, 170.8, 170.77, 170.74, 17BCHUSUTOsS®, 170.0,
169.97, 169.24, 169.22, 169.1, 169.6 168.0, 167.9, 167.82, 167.78, 157.2,
156.9, 137.61, 137.57, 137.54, 137.47, 137.43, 137.38, 133.2, 132.2,
128.9, 128.44, 128.41, 128.37, 128.0, 127.96, 127.6, 127.4, 127.3, 127.19,
127.16, 115.7, 115.6, 115.5, 112.8, 112.77, 112.7, 112.6, 73.6, 73.39,
73.37, 72.4, 71.7, 66.9, 66.7, 55.8, 55.6, 55.09, 55.07, 53.02, 52.095,

a1 7, a1 Qo4 b0 AR SIORs (g0 f bypey b Py s HAEOL> 33 o
32.4. 30 B0 e obided0TRe sBBafbiod Srdéhic 30Bn (A dhendBudy 9.2, 281
27.3, 27. 2, 1, 25.4, 25.2, 24.1,

24. 08, 24HGB’O42@0@ miza; wturme@aqqem& sagium blgarl:@namsalut@e (Ex 1508, 13.7;
HRMS niz 9. 456 r CA3H N608 4 error = ppm . WO
01/ 77113 WZ&%‘M@E@I%&@@@J— §'i‘§ b”Q?e(Bg8 % aﬂnés'éﬁ?,su'f@tﬁr NNHCH O
0 OO CHiteradiand cdhdenttatddinQddd®. Flash chromatography (5 to 30 % EtOAc-

CH2Cl2) afforded 57e (2.30 g, 5.04 mmol, 31 % (2 steps)) as a white solid.

TH NMR (400 MHz, dg-DMSO) §9.32 (s, 1 H), 8.06-8.01 (m, 1 H), 7.00-6.6.96

(m, 1 H), 6.63-6.54 (m, 2 H), 5.78-5.70 (m, 1 H), 5.04-4.89 (m, 4 H), 4.73-4.69
(m, 1 H), 4.53 (d, J = 15.5 Hz, 1 H), 3.54 (s, 3 H), 3.01-2.91 (m, 2 H), 2.15-

1.93 (m, 4 H), 1.76-0.97 (m, 15 H); 13C NMR (100 MHz, dg-DMS0) 5 172.0,

171.5,171.1, 156.0, 138.6, 134.0, 128.7, 122.5, 114.6, 114.1, 112.5, 52.9,
52.2,51.9,45.0, 34.5, 32.8, 32.7,29.4, 28.7, 28.1, 27.7, 25.9, 25.5, 25.5,
24.8; HRMS m/z 457.1 [calcd for C2gH36N205, 456.6].

Step E:

HO,
|
0O O
H - H
o = o) o A o}

57e St

To the solution of 57e (2.20 g, 4.82 mmol) in anhydrous THF (100 mL)
under nitrogen at 0°C was added borane-THF solution (20 mL, 1.0 M, 20
mmol) cautiously. The resulting solution was stirred at 0°C under hydrogen for
1 h 40 min. Then ethanol (10 mL) and pH 7 buffer (15 mL) were added,
followed by 30 % H,0, solution (15 mL). After stirred at 0°C for 20 min, it was
warmed to rt. and stirred for 2 h. EtOAc (400 mL) and brine (200 mL) were
added and layers were separated. Aqueous solution was extracted with

EtOAc (2 X 150 mL). Combined organic solution was dried with magnesium



N'"J-HCH3 O0 OO0 CH3 57/A. OHOHOHOCH3 NYN /N-N~"CH ~( 3
O OHO OO0 CH3 57B To the m xture of hydoxy am de 57i (0.320 g, 0.406
mrol ) andv@es77iMartin reagent (0.400 g, 0.943 mmol) at 0CPORTSEGDEE
anhydrous CH2CI2 (80 nmL). The resul 8¢7ng white suspensi on was vigorously
stirred at OC and warned to rt. along with the ice bath in 4 h. Saturated
aqueous sodi um bicarbonate and sodium bisulfite solutions (30 nL each)
were added and the mxture was vigorously stirred for 10 min before | ayers
were separated. The aqueous solution was extracted with CH2ClI 2 (2 X 80

ot concentElpcifRfRd solise el i1 73696 Hesh ChoaOREMaoa S
o, 0. 130 RSO GR SEdERT 8 0L A B S 8 AR W SRET T o Wt o
solids. NMR (400 MHz, dg-DMSO) 5 9.32 (s, 1 H), 8.04-8.00 (m, 1 H), 6.99-6.96 (m,

1 H), 6.63-6.51 (m, 2 H), 5.05-5.00 (m, 1 H), 4.73-4.21 (m, 3 H), 4.51 (d, J =

15.5 Hz, 1 H), 3.54 (s, 3 H), 3.03-2.90 (m, 2 H), 2.15-2.00 (m, 2 H), 1.75-1.56

(m, 6 H), 1.49-0.97 (m, 13 H); 13C NMR (100 MHz, dg-DMS0) 5 172.2,

171.6, 171.2, 156.0, 134.1, 128.7, 122.6, 114.2, 112.5, 60.7, 52.9, 52.3, 51.9,
451, 34.8, 32.4, 29.5, 28.7, 28.53, 28.47, 28.10, 25.9, 25.6, 25.5, 25.4, 25.2;
HRMS m/z 475.2812 [calcd for CogH3gN20g, 475.2808].

Step F:

Me

57f 579

A solution of phenol alcohol 57f (2.08 g, 4.38 mmol) and ADDP (3.00 g,
11.9 mmol) in anhydrous CH2Cl2 was bubbled with Argon through a frit glass

bubbler for 20 min. To this solution at 0°C was added triphenylphosphine
(3.45 g, 13.2 mmol). After stirring at 0°C for 20 min, the solution was warmed
to rt. and stirred overnight (18 h) under nitrogen. TLC indicated the presence
of substantial amount of starting material. A second batch of ADDP (3.00 g,
11.9 mmol) and triphenylphospine (3.45 g, 13.2 mmol) were added, and the
mixture was stirred under nitrogen for 2 days and 16 h. TLC showed the
complete consumption of the starting material. After removal of solvent in
vacuo, the residue was partially purified by flash chromatography (1 to 2 %
MeOH in CH2Cl2) to afford a mixture of the macrocycle 57g and

triphenylphosphine oxide. The macrocyclic 57g was hydrolyzed to the



Exanpl e 58: Preparation of Conpound of Fornula 58: H OH OHONANNN N
O O- OOH CH3 58 Step A aNOHOQ OH+ HJd H2ZNNNp HO OO CH3
57h B HWOM/OHIH ON NN N "NO OOOH CH3 58a Therpdrusermseonpound
58a was prepared according to the nestsod of Exanple 1, Step J, except
substituting am ne hydrochloride B for A The hydroxy am de 58a was
obtained as a m xture of inseparable diastereoners in the formof a white
solidin 53 %yield. WO 01/77113 PCT/US01/ 10869 313 Step B: H

corresponding acid without further purification. TH NMR (400 MHz, dg-DMSO)
5 8.00(d, J = 10.0 Hz, 1 H), 7.17 (d, J = 8.2 Hz, 1 H), 6.82-6.76 (m, 2 H), 5.14
(d, J = 14.5 Hz, 1 H), 4.79-4.74 (m, 1 H), 4.39 (dd, J = 11.5, 6.4 Hz, 1 H), 4.25
(d, J = 14.7 Hz, 1 H), 4.22-4.18 (m, 1 H), 4.08-4.02 (m, 1 H), 3.68 (s, 3 H),
3.18 (dd, J = 15.1, 6.4 Hz, 1 H), 2.85 (dd, J = 14.7, 11.5 Hz, 1 H), 2.07-2.04
(M, 2 H), 1.81-1.40 (m, 10 H), 1.32-0.85 (m, 9 H): 3C NMR (100 MHz, dg-
DMSO) § 171.9, 171.5, 170.2, 157.1, 137.0, 131.5, 126.4, 115.9, 112.6, 66.5,

54.4,52.2,51.9,46.8, 44.9, 44.4, 33.6, 29.4, 29.1, 28.0, 27.3, 27.0, 26.0,
25.3,25.2,24.3, 24.2, 23.9; HRMS m/z 457.2707 [calcd for C2gH36N205,

457.2702].
Step G:

57g 57h
An aqueous lithium hydroxide solution (0.21 g, 30 mL H20, 8.75 mmol)
was added to a 0°C solution of methyl ester 57g (from step 1F) in THF (30

mL) and methanol (30 mL). The mixture was stirred in an ice bath and
warmed to rt. along with it in 4 h. The progress of the reaction was monitored
by TLC. After the volatiles were removed in vacuo, EtOAc (100 mL) and water
(30 mL) were added and the two layers separated. The aqueous solution was
extracted again with CH2Cl2 (100 mL), after which it was acidified to pH = 1.

EtOAc was then added (150 mL) and the aqueous solution was saturated with
solid sodium chloride. After separation of the layers, the aqueous layer was
extracted with EtOAc (2 X 100 mL). Organic solutions were combined, dried
with magnesium sulfate, filtered and concentrated in vacuo to afford 57h (1.23
g, 2.78 mmol, 63 % (2 steps)) as a white solid.



N~J:" NNNN O- OOHCH3 58a 6N~-NNNJNO OOOH CH3 58 The
desired conpound 58 was prepared from hydroxy am de 58a according to the
nmet hod ofwa@xarmliiz 2, Step B. It was obtained as a m xt ur epof/USIvimegar abl e
di astereonmers in the formof a white3®olid in 88 %yield Exanple 59:
Preparation of Conmpounds of Fornulas 59A and 59B. H alHNNv 'N9 OOO
HO OCH3 59A WD 01/77113 PCT/US01/10869 314 HO HOCHNN INNO®GH O
OOHOOCH3 59B

Step H:

57i

To a solution of acid 57h (0.390 g, 0.881 mmol), amine A (0.360 g,
0.898 mmol), HOOBt (160 mg, 0.981 mmol) and EDCI (210 mg, 1.10 mmol) in
anhydrous DMF (50 mL) and CH2Cl2 (30 mL) at -20°C was added NMM (0.40
mL, 3.64 mmol). After stirred at this temperature for 30 min, the reaction
mixture was kept in a freezer for 66 h. Then EtOAc (200 mL), brine (50 mL)
and 5% H3PO4 (50 mL) were added. The separated organic solution was
washed, successively, with 5% H3PO4 (80 mL), saturated aqueous sodium
bicarbonate solution (2 X 80 mL), water (80 mL), and brine (80 mL), dried with
magnesium sulfate, filtered and concentrated in vacuo. Flash chromatography

(2 to 5 % MeOH-CH2Cl2) afforded 57i as a mixture of four diastereomers
(0.340 g, 0.431 mmol, 49%) as a white solid. TH NMR (400 MHz, dg-DMSO)
& 8.56-8.46 (m, 1 H), 7.96-7.82 (m, 2 H), 7.40-7.25 (m, 6 H), 7.15-6.99 (m, 2

H), 6.81-6.74 (m, 2 H), 6.05-5.71 (m, 2 H), 5.11-5.02 (m, 1 H), 4.85-4.68 (m, 1
H), 4.40-3.70 (m, 8 H), 3.14-3.02 (m, 1 H), 2.95-2.73 (m, 7 H), 2.06-2.05 (m, 2



Step A CHNNNN"N OOHOCHB 58 HOHO CNANNNH O- 0OH Oy
CH3 59A 000 NONNI'" NNNH OO\ OHO CH3 59B A solution of the
t-Butyl ew0er788 (18 ng, 0.022 mmol) in trifluoroacetic BRCT/AS§210849-) and
CH2Cl2 (2 mM-) was stirred at rt. foB103 h. After the volatiles WD 01/77113
PCT/ USO01/ 10869 315 were renoved in vacuo, the residue was dissolved in 50%
MeOH CH2CI 2 (3 nl), and concentrated to dryness in vacuo to afford an
off-white solid. Flash chromatography (8-15 % MeOH, 0.3-0.5% AcCH in

CH2Cl 2) afforded two stereo-isonmers 59A (6.5 ng, 0.0086 mmol) and 59B (6.1
ng, 0.008 mmol, 75% conbined yield) as white solids. Anal1y3tical data for
59A: | H INWR.§#4039 (m, 10 H), 1.30-1.05 (m, 11 H), 0.89-0.75 (m, 5 H); '°C NMR

(100 MHz, dg-DMSO) é§ 172.24, 172.21,171.87, 171.81, 171.78, 171.7,

170.8,170.77,170.74, 170.5, 170.4, 170.0, 169.97, 169.24, 169.22, 169.1,
169.0, 168.0, 167.9, 167.82, 167.78, 157.2, 156.9, 137.61, 137.57, 137.54,
137.47, 137.43, 137.38, 133.2, 132.2, 128.9, 128.44, 128.41, 128.37, 128.0,
127.96, 127.6, 127.4,127.3, 127.19, 127.16, 115.7, 115.6, 115.5, 112.8,
112.77,112.7, 112.6, 73.6, 73.39, 73.37, 72.4, 71.7, 66.9, 66.7, 55.8, 55.6,
55.09, 565.07, 53.02, 52.95, 52.9, 52.6, 51.0, 50.96, 50.91, 50.86, 50.76, 45.6,
45.5,45.44, 45.36, 41.7, 41.6, 41.5, 41.4, 36.6, 36.55, 36.49, 35.3, 33.7, 33.6,
33.5, 33.0, 32.4, 30.7, 30.3, 30.1, 30.0, 29.8, 29.48, 29.45, 29.41, 28.3, 28.2,
28.1,27.3,27.2,27.13, 27.09, 27.0, 26.9, 26.85, 26.82, 26.1, 25.4, 25.2, 24.1,
24.08, 24.03, 24.0, 23.9, 23.8, 18.8, 18.7, 18.6, 18.4, 13.9, 13.8, 13.7; HRMS
m/z 789.4560 [calcd for C43HBQ0NgO8, 789.4551, error = 1 ppm].



MHz, d6-DMBO) 8 8.75-8.72 (m 1 H), 8.60-8.57 (m 1 H), 8.10-8.08 (m | H),
7.91-7.88 (m 1 H), 7.38-7.27 (m 5H, 7.12 (d, J =8.14 Hz, 1 H),

6.81-6. 73vo0ny71B H), 5.24-5.22 (m 1 H), 5.06-5.01 (m 1 POT/US0I7I086Y. 73 (mM
1 H, 439 - 4.17 (m 3 H, 4.07-4.0311(m 1 H), 3.92-3.79 (m 3 H),
3.15-3.05 (m 1 H), 2.78-2.72 (m 1 H), 2.08-2.05 (m | H), 1.78-1.45 (m
13 H, 1.41-1.22 (m 4 H, 1.18-1.03 (m 4 H), 0.93-0.81 (m 5 H); 13C NMR
(100 MHz, d6-DMSO) 8 196.6, 171.8, 171.5, 171.9, 170.3, 167.2, 161.0,
157.1, 137.4, 128.4, 128.1, 127.7, 127.5, 127.4, 126.9, 115.6, 112.6,
66. 8, 56. t 5.1, 53. 4, 52.7, 52.6, 45.4, 41.6, 33.5, 31.7, 30.0, 29.6,
28.2, 27. .1, 26.1, 25. 42 25.36, 24.0, 23.8, 18.7, 13.5; HRMB m z
760. 3915 [caI cd for C41 H531\ 1509, 760.3922]. Analytical data for 59B: 1 H
NMR (400 MHz, d6-DMSO) 8 8.76-8.73 (m 1 H), 8.55 (dd, J =6.9, 3.2 Hz, 1
H, 8.24 (d, J -9 H, 7.93-7.88 (m 1 H), 7.37-7.25 (m 1 H),
7.15-7.11 (m : 3-5.20 (m 1 H, 5.09-5.01 (m
1 H, 4.75-4.7 : -4.29 ( H, 4.24-4.17 (m 2 H),
4.07-4.02 (m : ”13¢8,08 (m 1 H), 2.78-2.70 (m |
H), 2.08-2.05( ,N0. 89- 0—85—(m—5—+); 13C NMR
(100 MHz, d6- 69.@ls 167.1, 160.8, 157.0,
137.5, 128.3, 1328 128. @ R7. @7 12° .9, 0127. 4, 127.3, 127.1, 115.7,
115.6, 112.7, 1 66. 7, 56C§ 54.8, 53.3, 45.5, 41.6, 33.6, 31.8, 29.5,
28.1, 27.3, 27.0, 6.1, 25.4, 3.2, 23.9, 18.6, 13.5; HRMS nmlz 760. 3915
[cal cd for C41 H53N509, 76058922]. WO 01/77113 PCT/ US01/ 10869 - 316 Exanple
60: Preparation of Conmpound 60: - ~i o obi NN NIkKN O

Q
0 0 o i CH
H H H 3
E:;\‘;j\%\,(r\‘ N\/ILN N\CH;:,
0 = 0 o} H 5
O
57A
0
o) ) 0 CH
H H H 3
(;;k%ﬁﬂwwgi .,
o) O o) -\ o) H o

CH,

57B

To the mixture of hydoxy amide 57i (0.320 g, 0.406 mmol) and Des-
Martin reagent (0.400 g, 0.943 mmol) at 0°C was added anhydrous CH2Cl2
(80 mL). The resulting white suspension was vigorously stirred at 0°C and
warmed to rt. along with the ice bath in 4 h. Saturated aqueous sodium
bicarbonate and sodium bisulfite solutions (30 mL each) were added and the
mixture was vigorously stirred for 10 min before layers were separated. The

aqueous solution was extracted with CH2Cl2 (2 X 80 mL). Combined organic

solution was dried with magnesium sulfate, filtered and concentrated in vacuo.



NOOH OO060 Step ACPF6(~HIOC=Ru- HO LOHCP+6((~~I R + N
C02CH 3 0 vwH CO2CH 3 CIHBN.AO N O O 57d 60a A solution of [CpRu(rj 6-
4- chi or ophenytpndpi onic acid)]PF6 (4.14 g, 8.36 muol) i nPATASQIME8¢920 ni)
was treated with HOBt (1.69 g, 12.543mmol, 1.5 equiv.) and Huni gs base
(6.47 g, 9.20 nm., 50.16 mmol, 6.0 equiv.) The reaction m xture was cool ed
to 0O Cand treated with EDCl (2.39 g, 12.54 mol, 1.5 equiv.) The
reaction mxture was stirred at 0 C for 30 mn and the Tic-anmonium salt
57d (2.90 g, 7.6 mol mmol, 1.0 equiv.) was added. The reaction m'xture
was stir

osi due viegshionoraa q‘érf%%af P50l Rie Q- Q33 0H oL B atb the-HARTS ol 2
3x100 nL i HCO3 (1x100
ny b A LGS LD P8 rRSR RS TR P L8 TRt R Bl e 6 o
yi eI d a byield) asobhite ﬁcﬁlajs(.S. 2 g, 83% which was used for V\D 01/ 77113

PCT/ US01/ I%)?gr?\g le %%ZPre aration of Compound of Formula 58:

58a

The desired compound 58a was prepared according to the method of
Example 1, Step J, except substituting amine hydrochloride B for A. The
hydroxy amide 58a was obtained as a mixture of inseparable diastereomers in

the form of a white solid in 53 % vyield.



cyclization. MS: (Electron spray): 647 [(M CH3OH PF6)+, 100]. HRMS cal cd.
for C32H34CI N2O4Ru [ (M CH3OH PF6)] + 647.1256; Found: 647.1241. Step B HO C
P+s F2 VWOIZ0ACH 3 HN CO2CH 3 NN O OO 60a 60b A spPCDUS@IN 0869

Rut heni um conpl ex 60a (5.0 g 6.01 M®13) in dry DMF (300 nL) was degassed
with dry N2 at rt. and Cs2C33 (10.0 g, 30 mml, 5.0 equiv.) was added and
stirred at it for 24 h. The solvent DV was distilled off and the residue
was diluted with water (100 nL) and extracted with CH2ClI2 (3x100 nl.) and
propionitrile (3x100 m.). The conbined organic |ayers were extracted, with
bri ne( 100 ~dried (Na2SO4) filtered, concentrated in vacuo and dried in
vacuum ov t toyield a browmn solid (5.1 g). It was used for

phot ol ytic renoval Ru without further purification. MS: (El ectron spray)
643 [ (M PF6) +, cyclized conmpound fromthe previous step was

di ssolved in 0 a quartz tube. The solution
was degassed sed in ayn t Ngstrunent (X=350 nm for 48 h.

The reaction ce rat edfli n aco and the residye was
% 3:2) toyield a tan
2 % .oR: 0. 1'73 Acek one/ hexanes 3:7) 1 H NWR

purified by c {
289 nggp
Hs

colored solid 6
Y N N
: HO\|<

(CDCI 3, 300 MHz)
58

The desired compound 58 was prepared from hydroxy amide 58a
according to the method of Example 2, Step B. It was obtained as a mixture of
inseparable diastereomers in the form of a white solid in 88 % yield.

Example 59: Preparation of Compounds of Formulas 59A and 59B:




7.18 (d, 2 H J=8.1 Hz), 7.20-7.09 (m 2 H, 6.92 (d, 2 H J=7.8 Hz), 6.86
(dd, I H J=2.1, 7.2 Hz), 6.76 (s, 1 H, 541 (d, | H J=17.4 Hz),
4.23-4.18Qnmy741H), WO 01/ 77113 PCT/ US01/ 10869 318 4. 00 poOBUSW/168¢9 3. 68
(s, 3 H, 3.41 (dd, | HJ=12, 3.9 Hz}14 3.01-2.86 (m | H, 1.9-1.62 (m 4
H, 1.52 (bd, I H J=9.3 Hz), 1.36-1.07 (m 5 H); 13C NV\R (CDCI 3, 100 Mz,
6) 173.2, 167.2, 163.8, 156.5, 155.1, 135.8, 132.7, 130.2, 129.6, 126.2,
119.1, 117.5, 115.8, 60.2, 55.5, 51.6, 44.2, 42.0, 35.7, 30.2, 29.3, 26.5,
26.2, 25.8, 25.7 M5: (Electron spray): 477 [(Mtl)+, 100], 315 (20); HRMS
cal cd. for C28H33N205 (M+l) 4y 477.2389; Found 477.2375; CHN Calcd. for
C28H32N205 0.5H20: C 69. 26% 85% N 5.77% Found: C 69.62% H 6.59% N
5.77% Step C H CO2CH3 ~ NN- O0=0 60c A solution of

met hyl ester 60b (235 ) of Tic-macr e in dioxane(10.0 nL),
H20 (10.0 niL), CH3CH i i OHH20 (41 ng, 1.0 mmol,
2.0 equiv.) and stirr f Ohhi xt ure was acidified
and (4M HClI in Di oxane) oncentrated in vacuo

v " N
The reactd onzm Xt ure wab

and the remai ni ng wat er® rozen and]\é}:ophi lized To obtain a colorless
solid 60c used for coupli WO 01/ 771154,PCT/ USO1/ 10869 319 Step D
59B
Step A:

O
» H H H
A A A on
> O o) o)
O W
59A
+ H H Q H
AL A A on
= O - O
o
CHs
59B

A solution of the t-Butyl ester 58 (18 mg, 0.022 mmol) in trifluoroacetic
acid (2 mL) and CH2ClI2 (2 mL) was stirred at rt. for 3 h. After the volatiles



C”2HOHHOH., NO+ HOCH2ZN NIKkNOf~0OH OCDB 60c/ I HOHHONN
NNN O NOOH OO0 60d A solution of the hydrolyzed acid 60c (0.5 mml) in
dry DMV M00umi1)3 and CH2Cl 2 (5.0 nlL) was treated wi th HOPBr/ufwdmsengy, 0.75
mmol, 1.5 equiv.), and cooled to 0 ®&35nd Huni gs base (258 ng, 2.0 mol,
4.0 equiv., 369 L) was added. To this m xture was added EDCl (143 ng, 0.75
mmol, 1.5 equiv.) and am ne hydrochloride B (214 ng, 0.5 mmol, 1.0 equiv.)
sequentially. The reaction m xture was stored in freezer for 48 h and
concentrated in vacuo to renove DMF and CH2Cl 2. The residue was dil uted

ith ) . | A 0 nbi ned
or gant o 1 515 eVl B theFRE ! e et MeB-ERNaR ° 057\
2x30 L) , mby i 41 coHderfatdW Ry RBY i1f PAGRMT &Y doNamiR sdlideFrai due  60d

(172 mg) waS oxidized wthout further purification;, MS: (Electron spray):
838 [ ( M+1¢hwonsipgrapby (841G0%e MeRVE G3i0ce% AcpHdn GHépGiR) affored) two 838. 4391;

Found: 83 reb tomers SUA’ (68 tng, 0.0086 mrol) and 59B (6.1 mg, 0.008 mmol,
75% combined vyield) as white solids. Analytical data for 59A: TH NMR (400
MHz, dg-DMSQ) 6 8.75-8.72 (m, 1 H), 8.60-8.57 (m, 1 H), 8.10-8.08 (m, 1 H),
7.91-7.88 (m, 1 H), 7.38-7.27 (m, 5 H), 7.12 (d, J = 8.14 Hz, 1 H), 6.81-6.73
(m, 2 H), 5.24-5.22 (m, 1 H), 5.06-5.01 (m, 1 H), 4.77-4.73 (m, 1 H), 4.39 -
4.17 (m, 3 H), 4.07-4.01 (m, 1 H), 3.92-3.79 (m, 3 H), 3.15-3.05 (m, 1 H),
2.78-2.72 (m, 1 H), 2.08-2.05 (m, 1 H), 1.78-1.45 (m, 13 H), 1.41-1.22 (m, 4

H), 1.18-1.03 (m, 4 H), 0.93-0.81 (m, 5 H); 13C NMR (100 MHz, dg-DMSO) &
196.6, 171.8, 171.5, 171.9, 170.3, 167.2, 161.0, 157.1, 137.4, 128.4, 128.1,
127.7,127.5,127.4, 126.9, 115.6, 112.6, 66.8, 56.6, 55.1, 53.4, 52.7, 52.6,
45.4, 41.6, 33.5, 31.7, 30.0, 29.6, 28.2, 27.2, 27 1, 26.1, 25.42, 25.36, 24.0,
23.8, 18.7, 13.5; HRMS m/z 760.3915 [calcd for C41H53N509, 760.3922].

Analytical data for 59B: TH NMR (400 MHz, dg-DMSO) & 8.76-8.73 (m, 1 H),
8.55 (dd, J = 6.9, 3.2 Hz, 1 H), 8.24 (d, J = 7.11 Hz, 1 H), 7.93-7.88 (m, 1 H),
7.37-7.25 (m, 1 H), 7.15-7.11 (m, 1 H), 6.82-6.74 (m, 2 H), 5.23-5.20 (m, 1 H),
5.09-5.01 (m, 1 H), 4.75-4.71 (m, 1 H), 4.38 -4.29 (m, 1 H), 4.24-4.17 (m, 2
H), 4.07-4.02 (m, 1 H), 3.92-3.78 (m, 2 H), 3.13-3.08 (m, 1 H), 2.78-2.70 (m, 1

H), 2.08-2.05 (m, 2 H), 1.75-1.13 (m, 21 H), 0.89-0.85 (m, 5 H); 13C NMR
(100 MHz, d6-DMSO) 5 196.7, 171.6, 171.2, 169.9, 167.1, 160.8, 157.0,

137.5, 128.3, 128.2, 128.0, 127.97, 127.9, 127 .4, 127.3, 127.1, 115.7, 115.6,
112.7, 112.6, 66.7, 56.8, 54.8, 53.3, 45.5, 41.6, 33.6, 31.8, 29.5, 28.1, 27.3,
27.0,26.1,25.4, 24.2, 23.9, 18.6, 13.5; HRMS m/z 760.3915 [calcd for
C41H53N509, 760.3922].



320 Step E_I\N /I hHOHHO\ NHH N v 060d HOHol I NNNNO N
OH OCG60 A solution of alcohol 60d (171 ng, 0.20 nml) in CH2Cl 2 (6.0
m-) waswoosatiesl with Dess-Martin reagent (175 ng, 0.41 P@DUS0121086%equi V. ) .
The reaction mxture was stirred at3¥t. for 4 h and diluted with aqg.
NaHCO3 and ag. Na2S2(038. The reaction mxture was stirred at rt. for 20 mn
and the reaction mxture was extracted with CH2Cl 2 (3x30 nL). The conbi ned
organic layers were extracted with ag. Na2CO3, dried (Na2SO™4), filtered
concentrated in vacuo and the reS| due was purified by chromat ography

(Si 02, . gfld ketoam de 60 (56 ngy, 32% as a
col orles 0. 3 3 7 H3)7 CH2Cl 2 1:18) Ms: (El ectron
spray, niz rel ative |nten5|ty) 836 ([ M+1]+, 90), 490 (100). HRMS cal cd.
for CATH58N509 (M+1l) + 836.4235; Found: 836.4269, WO 01/ 77113

PCT/ US01/ 10869
N\/U\ o
N\_/g

60
Step A
PF
Ch o, FFe
Ho | R HO.
PF
OH ¢ = +6
|/—R
_ 4+ N7TCOCH; O n N7 TCOCHg
CIH3N > N

A solution of [CpRu(nG- 4-chlorophenylpropionic acid)]PFg (4.14 g,
8.36 mmol) in dry DMF (20 mL) was treated with HOBt (1.69 g, 12.54 mmol,
1.5 equiv.) and Hinigs base (6.47 g, 9.20 mL, 50.16 mmol, 6.0 equiv.) The
reaction mixture was cooled to 0 ° C and treated with EDCI (2.39 g, 12.54
mmol, 1.5 equiv.) The reaction mixture was stirred at 0 °C for 30 min and the
Tic-ammonium salt 57d (2.90 g, 7.6 mmol mmol, 1.0 equiv.) was added. The
reaction mixture was stirred at rt. for 12h and the DMF was distilled out in
vacuo. The residue was diluted with ag. HC! (1M, 100 mL) and extracted into
CH2Cl2 (3x100 mL). The combined organic layers were washed with aq.
NaHCO3 (1x100 mL) , brine (100 mL), dried (Na2804), filtered, concentrated

in vacuo to yield a brown solid 60a (5.2 g, 83%) which was used for



321 Exanmple 61: Preparation of Conmpound 61: YNI~ YHOHONHOOH NO O
OHOG61 Step Aoo~ NNN,kNO OOH N~O OO0 60 OONNNMNNOH N-
H O O 0wo617A1xol uti on of Pert-butyl ester 60 (50 ng, OPOB®SOWI®BGY i n dry
CH2Cl2 (10.0 nmL) was treated with TFK (10.0 m-) and stirred at rt. for 4
h. The di sappearance of the ester to the base |line was followed by TLC
(CH3OH CH2C1 2, 1:19). The reaction m xture was concentrated in vacuo and
t he resi due was repeatedly dissolved in heptanes/ CH2Cl 2 and concentrat ed

cyclization. MS: (Electron spray): 647 [(M-CH3OH-PF6)+, 100]. HRMS calcd.

for C32H34CIN204Ru [(M-CH3OH-PF6)]+ 647.1256; Found: 647.1241.

Step B
HO.
5
c X +F6
| —R
7 L ONTNCOCH: o N7 COCH:
N 0 N\/g)
o) : o) :
60a 60b

A solution of Ruthenium complex 60a (5.0 g 6.01 mmol) in dry DMF
(300 mL) was degassed with dry N2 at rt. and Cs2CO3 (10.0 g, 30 mmol, 5.0

equiv.) was added and stirred at rt. for 24 h. The solvent DMF was distilled off
and the residue was diluted with water (100 mL) and extracted with CH2Cl2

(3x100 mL) and propionitrile (3x100 mL). The combined organic layers were
extracted, with brine(100 mL), dried (Na2S04) filtered, concentrated in vacuo

and dried in vacuum overnight to yield a brown solid (5.1 g). It was used for

photolytic removal of Ru without further purification. MS: (Electron spray) :
643 [(M-PFg)", 100].

The cyclized compound from the previous step was dissolved in
CH3CN (50 mL) and filtered into a quartz tube. The solution was degassed

and photolysed in a Raynot instrument (A=350 nm) for 48 h. The reaction
mixture was concentrated in vacuo and the residue was purified by

chromatography (SiO2, EtOAc/Hexanes 3:2) to yield a tan colored solid 60b

(289 mg, 20%). Rf- 0.73 (acetone/hexanes 3:7) 1H NMR (CDCI3, 300 MHz) &

7.18 (d, 2 H, J=8.1 Hz), 7.20-7.09 (m, 2 H), 6.92 (d, 2 H, J=7.8 Hz), 6.86 (dd,
1 H, J=2.1, 7.2 Hz), 6.76 (s, 1 H), 5.41 (d, 1 H, J=17.4 Hz), 4.23-4.18 (m, 2 H),



WO 01/ 77113 PCT/ US01/ 10869 322 in vacuo several tinmes to yield a fine
colorless solid 61 (51 ng) which was dried in vacuo.; M (FAB) 780

[ (M+1) +, WOD1Y/7816 (20), 417 (20), 403 (100), 321 (20), Z2eBET/(80)108636 (40);
HRVS cal cd. for C43HS50N509 (M+l1l)+: ¥80.3609; found 780.3618. Exanple 62:
Preparation of Compound 62: NNN,~ NN, NOOH O62 Step AHOHOMH
NNNKHOH NOOOOO61 NNNK NN NAOOH 062 A solution of the
acid 61 (30 ng, 0.038 mmol ), dinmethyl am ne hydrochloride (6.2 ng, 0.076
mml, 2.0 equiv.) in CHCI2 (1.0 nL) was WD 01/77113 PCT/US01/10869 323

treated Wb BNk 99), 8358 {3 L) Bu1%8/F R 2, 3. PHEAY ¥12.d0 (RLH-HfYBr OP

1.9-1.62 (m, 4 H), 1.52 (bd, 1 H, J=9.3 Hz), 1.36-1.07 (m, 5 H); 13C NMR
(CDCl3, 100 MHz, 8) 173.2, 167.2, 163.8, 156.5, 155.1, 135.8, 132.7, 130.2,
129.6, 126.2, 119.1, 117.5, 115.8, 60.2, 55.5, 51.6, 44.2, 42.0, 35.7, 30.2,
29.3, 26.5, 26.2, 25.8, 25.7 MS: (Electron spray): 477 [(M+1)+, 100], 315 (20);
HRMS calcd. for C2gH33N205 (M+1)*: 477.2389; Found 477.2375; CHN
Calcd. for C2gH32N205 0.5H20: C 69.26% H 6.85% N 5.77%; Found: C
69.62% H 6.59% N 5.77%

Step C
é E : \COZCH3 5 'CO.H

60b 60c

lll Il

A solution of methyl ester 60b (235 mg, 0.5 mmol) of Tic-macrocycle in
dioxane(10.0 mL), H20 (10.0 mL), CH30H (50.0 mL) was treated with
LiOHeH20 (41 mg, 1.0 mmol, 2.0 equiv.) and stirred at rt. for 3 h. The reaction
mixture was acidified and (4M HCI in Dioxane). The reaction mixture was
concentrated in vacuo and the remaining water was frozen and lyophilized to

obtain a colorless solid 60c used for coupling.



(35 ng, 0.076 mmol, 2.0 equiv.) and stirred at it. for 24 h. The reaction
m xture was concentrated in vacuo and purified by chronmatography (Si02,
acet one/ Meaanza1d: 1) to yield dinethyl am de 62 (14 ny, 4Be§/Ussl/@8e0l orl ess
solid; Rf (0.31 acetone/ Hexanes 1:1) 3195 (FAB) 807 [(Mt1)+, 100], 805 (60),
794 (60), 747 (40), 629 (40), 589 (62). Exanple 63: Preparation of Conpound
63: NNJIJNN- NOOOHOO®63 Step AHOCP+6 + N C2CH 3 + 1 -R CIH3N
COOH 57d HO C P+ 6 -R ~ HCO2CH3 NO O 63a WO 01/77113 PCT/ US01/ 10869

Step D

COH OH 0

e u

N A +  HCHHoN N\)LH O\ﬁ
0 o

60d

A solution of the hydrolyzed acid 60¢ (0.5 mmol) in dry DMF (5.0 mL)
and CH2Cl2 (5.0 mL) was treated with HOOBt (132 mg, 0.756 mmol, 1.5
equiv.), and cooled to 0 °C and Hunigs base (258 mg, 2.0 mmol, 4.0 equiv.,
369 uL) was added. To this mixture was added EDCI (143 mg, 0.75 mmol, 1.5
equiv.) and amine hydrochloride B (214 mg, 0.5 mmol, 1.0 equiv.)
sequentially. The reaction mixture was stored in freezer for 48 h and

concentrated in vacuo to remove DMF and CH2Cl2. The residue was diluted
with aq. HCI (2M, 50 mL) and extracted with CH2Cl2 (3x30 mL) The

combined organic layer was extracted with agq. HCI (1M, 2x50 mL), ag. NaOH
(2 M 2x30 mL), brine, dried (MgSO4) and concentrated in vacuo. The residue

60d (172 mg) was oxidized without further purificatibn; MS: (Electron spray):

838 [(M+1)", 50], 490 (100); HRMS calcd. for C47HgON50g (M+1)*:
838.4391; Found: 838.4398.



324 A solution of [CpRu(r16- 4-chlorophenyl pentanoic acid)]PF6 (2.2 g, 4.0
nmmol) in dry DM (10 m-) was treated with HOBt (810 ng 5.99 mmol, 1.5
equiv.) amadoHtmiys base (2.58 g, 3.6 nm, 19.9 mmol, 5.0 epOTAWS)1/IDb@®
reaction mxture was cooled to O C 8 treated with EDCl (1.14 g, 6.0
mmol, 1.5 equiv.) The reaction mxture was stirred at 0 C for 30 mn. and
the Tic- ammoniumsalt 57d (1.60 g, 4.0 mmol, 1.0 equiv.) was added. The
reaction mxture was stirred at it. for 12 and the DVF was distilled out
in vacuo. The residue was diluted with ag. HC (1M 100 nL) and extracted
into CHZ%t?eI; §3x100 m.). The conbined organic |ayers were extracted with
ag. NaH x40 mL), brine (100 nL), dried (Na2SO4), filtered,
concentrated in vacuo to vyield a brown solid 63a (2.41 g, 75% which was
used for cyclization. Step BHO CP+6 / - / "R H N CO2CH3 N~ CO2CH3
N1~-0 O OO0 63a 6 efi jym conpl ex 63a (2.40 g, 2.8

nmol) in dry DV 30 pl -) was degassed W ' dry N2 at it. and Cs2CO3 (4.6
g, 14.0 mol, X addedyan rred at it. for 14 h. The

sol vent DMF was N yeOugs” diluted with water (100
m-) and extrac{ed [ 2 $ (34100 niL e ¢Otrbi ied organi ¢ | ayers
were extracted, W M~ 100 nL) aHCO3 (100 nm.), brine(100

60

A solution of alcohol 60d (171 mg, 0.20 mmol) in CH2Cl2 (6.0 mL) was

treated with Dess-Martin reagent (175 mg, 0.41 mmol, 2.0 equiv.). The
reaction mixture was stirred at rt. for 4 h and diluted with aq. NaHCOg3 and ag.

Na2S203. The reaction mixture was stirred at rt. for 20 min and the reaction
mixture was extracted with CH2CI2 (3x30 mL). The combined organic layers
were extracted with aq. NapoCO3, dried (Na2S0O4), filtered concentrated in
vacuo and the residue was purified by chromatography (SiO2, CH30H (2M
NH3)/CH2Cl2 1:20) to yield ketoamide 60 (56 mg, 32%) as a colorless solid.
Rg: 0.35 (CH30H (2M NH3)/CH2Cl2 1:18) MS: (Electron spray, m/z relative

intensity): 836 ([M+1]", 90), 490 (100). HRMS calcd. for C47H58N509

(M+1)" 836.4235; Found: 836.4269.



concentrated in vacuo and dried in vacuumovernight to yield a brown solid
WO 01/ 77113 PCT/ US01/10869 325 (1.9 g, 79% . It was used for photolytic
renoval oVORu7Mi3 hout further purification. M. (El ectroPrCHpS@EYNS86967 1

[ (M PF6)+, 40]. The cyclized conpoundifromthe previous step was di ssol ved
in CH3CN (60 nmL) and filtered into a quartz tube. The solution was
degassed and photolyzed in a Raynot (X=350 nm for 48 h. The reaction

m xture was concentrated in vacuo and the residue was purified by

chromat ography (Si 02, acetone/Hexanes 3:7) to yield a tan colored solid
63b (140 ng, 13%.; Rf: 0.73 (acetone/ hexanes 3:7); Ms: (FAB): 505

[ (M) +, 80], 232 (40); HRVS calcd. for C30H37N205 (Mtl)+: 505.2702;
Found: 50BExaimple 65t Preparation 6PEorhPotthd8iti N N "e lo O-_ OO0 0 63b 63c
A solution of methyl ester 63b (235 ng, 0.5 mml) of Tic-macrocycle in

di oxane(10.0 nL), H20 (10.0 nL), CH3OH (50.0 nlL) was treated with LiOH H20
(41 ng, 1.0 mmol, 2.0 equivVv.)sand stirred at rt. 3 h. The reaction

m xture was acidified ang’ i n Di oxane). eaction m xture was
concentrated in vacuo o t i ni ngowat er ozen and |yophilized
to obtain a colorless d 6 sedl fo q(].l\pl/%g OH
N
H
H o

c
N 0 0O

x>0
O
61
Step A
% ] 0O 0
H H
N o 0] (@)

O
61

A solution of tert-butyl ester 60 (50 mg, 0.059 mmol) in dry CH2Cl2
(10.0 mL) was treated with TFA (10.0 mL) and stirred at rt. for 4 h. The

disappearance of the ester to the base line was followed by TLC
(CH30H/CH2Cl2, 1:19). The reaction mixture was concentrated in vacuo and

the residue was repeatedly dissolved in heptanes/CH2Cl2 and concentrated



WO 01/77113 PCT/ US01/ 10869 326 Step DOOCHOHNOCOR2H + HCCH2ZN NN, O H
0 OO63c A kNE HOHHIONNNNOOOHO 0O63d A solution of the
hydr ol yzedo av7d163c (100 ng, 0.21. nmol) in dry DVF (4. Oret/uSardsésdH2Cl 2
(2.0 M-) was cooled to O C and tread2d with HOOBt (53 ng, 0.32 mml, 1.5
equiv.), Hunigs base (122 ng, 0.95 mmol, 4.5 equiv., 175 L), EDCl (61.0
ng, 0.32 mmol, 1.5 equiv.) and stirred for 0.5 h and treated wth the

am ne hydrochloride A (100 ng, 0.25 nmol, 1 equiv.). The reaction m xture
was stirred at it. for 16 h and concentrated in vacuo to renove DVF and

CH2Cl 2. Th id di |, ut i t.h Cl - ind t ted

o Gt R o th il A it Rgonst i e Dl md)  BREEIHE I oo

HCI 1 . i i d

5 0 0 NS0 SV T, e

purificat3®n.o0) 248 (40), 236 (40); HRMS calcd. for C43H50N50g (M+1)*:
780.3609; found 780.3618.

Example 62: Preparation of Compound 62:

Step A

62

A solution of the acid 61 (30 mg, 0.038 mmol), dimethyl amine
hydrochloride (6.2 mg, 0.076 mmol, 2.0 equiv.) in CH2CI2 (1.0 mL) was



WO 01/ 77113 PCT/ US01/ 10869 327 Step E: k\ / kNN OHONNNN NOOHO O
63d Ol V' / I NNNNNIAOOOHO 0 O63 A solution of alcohol 63d
(72 mg, W@6upmnd ) in CH2Cl2 (5.0 nL) was treated with DeeBUMITIBG? r eagent
(125 ng, 0.28 mol, 3.2 equiv.). The32¥eaction m xture was stirred at rt.
for 3 h and concentrated in vacuo and the residue was purified by

chromat ography (Si 02, CH3OH/ CH2CI 2 1:19) to yield ketoam de 63 (11 ny

15% of a colorless solid; Ms (FAB): 835 ([ Mtl] 90), 490 (100). WO

01/ 77113 PCT/ US01/ 10869 328 Exanple 64: Preparation of Conpound 64: HO H

0 N U NeearBliNvith Q—Idﬂigs base (9.1 mg, 0.076 mmol, 2.0 equiv., 15 pL), PyBrOP
(35 mg, 0.076 mmol, 2.0 equiv.) and stirred at rt. for 24 h. The reaction

mixture was concentrated in vacuo and purified by chromatography (SiO2,

acetone/Hexanes 1:1) to yield dimethyl amide 62 (14 mg, 46%) as a colorless
solid; Rf (0.31 acetone/Hexanes 1:1). MS (FAB) 807 [(M+1)*, 100], 805 (60),

794 (60), 747 (40), 629 (40), 589 (62).
Example 63: Preparation of Compound 63:

63

PF
\[;;F]\ - © N+
CO,CH3 . | 7R

| C|H3N\/k

COOH

HO

CO,CH3

o<

63a



O00 64 Step ABnO~OBnO~. QCN~~( OCH3 HOCH3 CIHBN~ O HO OO0 OC
| f 64a The desired product 64a was obtained by the procedure described for
Exanpl e WOo8t/epi1¥. The material was purified by flash col p@vUS01/10869

chromat ography using Et OAc/Hex (7:3)320 yield 64a in 80%; H NWR (CDC 3,

8) : 7.35-7.29 (m 5 H), 7.02 (d, 2 H J=8.4 Hz), 6.72 (d, 2 H J= 6.9Hz)
6.01 (d, 1 H, 4.60 (t, I H, 4.52 (s, 1 H, 3.8-3.61(m 2 H, 3.72 (s, 3
Hy, 3.54-3.51(m 4 H), 2.83 (t, 2 H J=7.5 Hz), 2.39 (t, 2 H J= 8.1 Hz)
2.41- 2.20 (m | H, 2.05-1.83 (m I H, 1.85-1.58 (m 8 H, 1.26-1.24 (m
5 H; 13C NWR (CDCI 3, 8): 172.2, 171.9, 171.0, 154.4, 138.3, 132.2, 129.4,
128.4, 127.7, 127.6, 115.4, 73.0, 66.9, 66.2, 57.9, 54.9, 52.5, 52.3,

pCr/ Uso/ 1086d" SR ST IR FGiarBinghibednol sdiFP g 26,45,
mmol) in dry DMF (10 mL) was treated with HOBt (810 mg 5.99 mmol, 1.5
equiv.) and Hinigs base (2.58 g, 3.6 mL, 19.9 mmol, 5.0 equiv.) The reaction
mixture was cooled to 0 °C and treated with EDCI (1.14 g, 6.0 mmol, 1.5
equiv.) The reaction mixture was stirred at 0 °C for 30 min. and the Tic-
ammonium salt 57d (1.60 g, 4.0 mmol, 1.0 equiv.) was added. The reaction
mixture was stirred at rt. for 12 and the DMF was distilled out in vacuo. The
residue was diluted with aq. HCl (1M, 100 mL) and extracted into CH2Cl2
(3x100 mL). The combined organic layers were extracted with agq. NaHCO3
(1x40 mL), brine (100 mL), dried (Na2S04), filtered, concentrated in vacuo to

yield a brown solid 63a (2.41 g, 75%) which was used for cyclization.

Step B
é E : \COZCH3

63b

A solution of Ruthenium complex 63a (2.40 g, 2.8 mmol) in dry DMF
(250 mL) was degassed with dry N2 at rt. and Cs2CO3 (4.6 g, 14.0 mmol, 5.0

equiv.) was added and stirred at rt. for 14 h. The solvent DMF was distilled off
and the residue was diluted with water (100 mL) and extracted with CH2Cl2

(3x100 mL). The combined organic layers were extracted, with ag. HCI (1M,
100 mL), NaHCO3 (100 mL), brine(100 mL) dried (Na2SO4) filtered,

concentrated in vacuo and dried in vacuum overnight to yield a brown solid



\ ONCO OO0 OO 64a 64b The desired product 64b was obtai ned by the
procedure described for Exanple 1, Step G The product obtained after
filteringvobf/7tin®e catal yst was pure enough for next stepPCBUS@/G8¢43 H OC
"\ QHOOCH3 000=N3:,~0 0635 cll::i 64c The desired product 64c
was obt ai ned by the procedure described for Exanple 1, Step H The crude
reaction mxture was purified by Si 02 gel chromatography (acetone/ Hexanes
3:7) to yield 64c (64 ng, 1699 as a colorless solid.; 13C NVWR (CDCl 3)
172.1, 171.1, 171.0, 157.7, 131.0 129.9, 114.3, 78.1, 64.7, 63.3, 58.7,

56 0. v (FAeF 199 knyaé daedyior mrbloBtis vl 9t By HitloysBhesaco az0
Step D 0GR Hion. MS: (Electron spray): 671 [(M-PFg)*, 40].

The cyclized compound from the previous step was dissolved in

CH3CN (60 mL) and filtered into a quartz tube. The solution was degassed

and photolyzed in a Raynot (A=350 nm) for 48 h. The reaction mixture was
concentrated in vacuo and the residue was purified by chromatography (SiO2,

acetone/Hexanes 3:7) to yield a tan colored solid 63b (140 mg, 13%).; Rf:

0.73 (acetone/hexanes 3:7); MS: (FAB): 505 [(M+1)+, 80], 232 (40); HRMS
caled. for C3gH37N205 (M+1)*: 505.2702; Found: 505.2698.

N COZCH3 —— - H\V/T§ COzH
y N
o E;/ o)
o)

63b 63c

Step C

o)

A solution of methyl ester 63b (235 mg, 0.5 mmol) of Tic-macrocycle in
dioxane(10.0 mL), H20 (10.0 mL), CH30OH (50.0 mL) was treated with
LiOH H20 (41 mg, 1.0 mmol, 2.0 equiv.) and stirred at rt. for 3 h. The
reaction mixture was acidified and (4M HCI in Dioxane). The reaction mixture
was concentrated in vacuo and the remaining water was frozen and

lyophilized to obtain a colorless solid 63c used for coupling.



HN,,~ OO N3roO 0 OO0 64c 64d The acid was synthesized as described for
Exanple 1, Step | in quantitative yield. The crude m xture after

evapor at ivod0wgR1xdi rectly used for the next step. Step E PCTOOSMH/1080 O O / \
| OHOHHO ©64d HO O H 0 O 64e e expected product 64e was

synt hesi zed as described earlier for the Exanple 1, Step J. The coupl ed
material was used directly for the next step to synthesize 64. WD 01/77113
PCT/ USO01/ 10869 331 Step FHOHHO H- OH OO O 64e

Step D

N~ ~CO,H H |
H HCIH N N N
N\_/ko + 2 \/U\N ~
: 0 H 5
63c A
OH 0
H H |
» G A
N o o) o) o)
63d

A solution of the hydrolyzed acid 63¢ (100 mg, 0.21. mmol) in dry DMF
(4.0 mL) and CH2Cl2 (2.0 mL) was cooled to 0 °C and treated with HOOBt
(53 mg, 0.32 mmol, 1.5 equiv.), Hiunigs base (122 mg, 0.95 mmol, 4.5 equiv.,
175 pL), EDCI (61.0 mg, 0.32 mmol, 1.5 equiv.) and stirred for 0.5 h and
treated with the amine hydrochloride A (100 mg, 0.25 mmol, 1 equiv.). The
reaction mixture was stirred at rt. for 16 h and concentrated in vacuo to
remove DMF and CH2ClI2. The residue was diluted with aq. HCI (2M, 50 mL)
and extracted with CH2Cl2 (3x50 mL) The combined organic layer was
extracted with ag. HCI (1M, 100 mL), aq. NaOH (2M 100) brine, dried
(Na2S04) and concentrated in vacuo. The residue 63d (72 mg) was oxidized

without further purification.



OHOON~N HNOOHO OOO0 64 The desired product is obtained by

t he oxi dation protocol described previously for Exanple 1, Step K Exanple
65: Prepavavi/onidf Conpound 65: HH OH O CH3 N N N,,)LN¢I/Cshi310869 O O H O
O--rOH CH3 0 65 The synthesis of Ex3fple 65 was identical to the synthesis
of Exanple 14 except the synthesis was initiated with 3-vinyl benzoi c acid.
The reduction of phenyl noiety was simlar to Exanple 14, Step C. However,
a mxture of diastereoners was obtained. Exanple 66: Preparation of

Compounds of Fornul as 66A and 66B: WD 01/ 77113 PCT/ US01/10869 332 / N ON'
N Y

@Ci% f—
ifiw

63

A solution of alcohol 63d (72 mg, 0.86 pmol) in CH2Cl2 (5.0 mL) was
treated with Dess-Martin reagent (125 mg, 0.28 mmol, 3.2 equiv.). The
reaction mixture was stirred at rt. for 3 h and concentrated in vacuo and the
residue was purified by chromatography (SiO2, CH30OH/CH2Cl2 1:19) to yield

ketoamide 63 (11 mg, 15%) of a colorless solid; MS (FAB): 835 ([M+1]", 90),
490 (100).



HNH M NNOG66ANON,,k \\ HNH M1 NUN O _ 66B The synthetic
sequences for Exanple 66 followed that described for Exanple 54 using
sui t abl ewoar/tiimy nmaterials with appropriate nodificati onBCT/USoIe10B®ONMEr S
66A and 66B were separated after oxi@#8tion using colum chromatography.
LCVS data: 818.2 (MtH) + (for 66A and 66B). Exanple 67: Preparation of
Conmpounds of Fornulas 67A and 67B: WO 01/ 77113 PCT/US01/10869 333 o0 o0 O
NNN HNH M'NYNG67A OOOY NN N

Example 64: Preparation of Compound 64:

0
Z H O H O |
(}\( N\/u\ N
S 5 o) H 0o
X 0
O -
()«
Step A
Bno\/\/ Q
~ Bno\/\/ Q

1f 64a
The desired product 64a was obtained by the procedure described for

Example 1, Step F. The material was purified by flash column

chromatography using EtOAc/Hex (7:3) to yield 64a in 80%.; 1H NMR
(CDCIg, 8): 7.35-7.29 (m, 5 H), 7.02 (d, 2 H, J=8.4 Hz), 6.72 (d, 2 H, J=
6.9Hz) 6.01 (d, 1 H), 4.60 (t, 1 H), 4.52 (s, 1 H), 3.8-3.61(m, 2 H), 3.72 (s, 3
H), 3.54-3.51(m, 4 H), 2.83 (1, 2 H, J=7.5 Hz), 2.39 (t, 2 H, J= 8.1 Hz) 2.41-

2.20 (m, 1 H), 2.05-1.83 (m, 1 H), 1.85-1.58 (m, 8 H), 1.26-1.24 (m, 5 H); 13C
NMR (CDCls, §): 172.2, 171.9, 171.0, 154.4, 138.3, 132.2, 129.4, 128.4,

127.7, 127.6, 115.4, 73.0, 66.9, 66.2, 57.9, 54.9, 52.5, 52.3, 41.0, 38.5, 34.7,
30.8, 30.0, 29.4, 27.9, 26.1, 26.0, 25.9.



HNH M'NY NAY OG67B The synthetic sequences for Exanple 67 foll owed
that described for Exanple 54 using suitable starting materials with

appropri a¥eonodif i cati ons.

The isomers 67A and 67B wer e Bepasaywsooaft er

oxi dation using colum chromatograpb3®. HRMS (FAB) Cal cd for C45H64N709:
846. 4766 (MrH)+. Found: 846.4782 (for 67A) and 846.4774 (for 67B). Exanple

68: Preparation of Conpound of Fornula 68:
68 The synthetic sequences for

OONNNN N H OOO OO
Exanpl e 68 foll owed that described for

Exanpl e 30 using suitable starting naterials and appropriate nodifications.
WO 01/77113 PCT/ USO01/ 10869 334 After oxidation the desired product 68 was

obtained as a m xture of isoners
Cal cd forStepMBHING09:  851. 4344 (MrH) +.
Preparati on of Conpounds of Fornula 69A and 69B:

usi ng colum chr omat ogr aphy. HRVS ( FAB)
Found: 851.4149. Exanple 69:

CHOHOM NNNN N-M

Bno\/\/ Q

O

64a

The desired product 64b was obtained by the procedure described for
Example 1, Step G. The product obtained after filtering off the catalyst was

pure enough for next step.
Step C

HO_~_- Q” 0—/>

Q
OCH
o) N_: o
0 =

64b

g |
I

)

O

Y

0
64c
The desired product 64c was obtained by the procedure described for

Example 1, Step H. The crude reaction mixture was purified by SiO2 gel

chromatography (acetone/Hexanes 3:7) to yield 64c (64 mg, 16%) as a

colorless solid.; 13C NMR (CDCl3)  172.1, 171.1, 171.0, 157.7, 131.0

129.9, 114.3, 78.1, 64.7, 63.3, 58.7, 55.3, 52.2, 52.0, 42.1, 37.9, 36.1, 30.8,
30.7,29.7, 28.7, 28.5, 26.2, 26.0; MS (FAB) 473 (M+1)*, (100), 327 (20).



N~NOOHOOOB69A NnQCHOHOM NNNM HNHO N OO0 OO0 69B The
synthetic sequences for Exanple 69 followed that described for Exanple |
usi ng suiw@bi/zrisiarting nmaterials and appropriate nodifi CRCT/OREL/1086 t er

oxi dation the isonmers 69A and 69B weB® separated using colum

chromat ography. LCMS data: 829.2 (M+tH)+ (for 69A and 69B). Exanple 70:
Preparati on of Conpounds of Formula 70A and 70B: WO 01/ 77113 PCT/ US0O1/ 10869
335 (\OHOHOM NN '"NNVWw NOOOOT7A O0HOHC CLHNAE \vOOO

Step D
J> O—/>
Q Q
H - H
N O N O
0 Y~ 0
‘O O
64c 64d

The acid was synthesized as described for Example 1, Step | in

quantitative yield. The crude mixture after evaporation was directly used for
the next step.
Step E

jm
@“‘O
@]
@)
@)
I
‘V

0]
O 64e

The expected product 64e was synthesized as described earlier for the
Example 1, Step J. The coupled material was used directly for the next step to

synthesize 64.



0 70B 0 The synthetic sequences for Exanple 70 followed that described for
Exanpl e 4 using suitable starting materials and appropriate nodifications.
Af t er oxivd@bi/onii he i somers 70A and 70B were separat ed usPahUS/1986¢Y

chromat ogr aphy. LCWMVS data: 843.2 (MBd1+ (for 70A and 70B). Exanple 71:
Preparation of Compound of Formula 72: HO HO NNI'"ANM NN OOHM
e 0 71 The synthetic sequences for Exanple 71 followed that described for
Exanple 5 using suitable starting materials and appropriate nodifications.
WO 01/77113 PCT/ USO01/ 10869 336 After oxidation the desired product 71 was
obtained as a m xture of isonmers using columm chromatography. LCMVS dat a:
818.2 (M+H) +. Exanple 72: Preparation of Conpound of Formula 72: H O HO N
NNY"OH Nstdp® O 0 72

e} ) o
O 64e
@] 7

0
O

The desired product is obtained by the oxidation protocol described
previously for Example 1, Step K.
Example 65: Preparation of Compound 65:

o/_\o
o / 0 o CHs
H H H ]
SIS NG
o o) o) o)
O\H/OH CHs

0 65

The synthesis of Example 65 was identical to the synthesis of Example
14 except the synthesis was initiated with 3-vinylbenzoic acid. The reduction
of phenyl moiety was similar to Example 14, Step C. However, a mixture of
diastereomers was obtained.

Example 66: Preparation of Compounds of Formulas 66A and 66B:




The synthetic sequences for Exanple 72 followed that described for Exanple
6 using suitable starting materials and appropriate nodifications. After
oxi dati owohg7desi red product 72 was obtained as a m xt ur BCDUSOISOREY S

usi ng colum chromat ography. LCVS dasd®: 762.2 (M-H)+. Exanple 73:
Preparation of Conmpound of Formula 73: O NPNN CI ~~ NH2 HNOO?73

The synthetic sequences for Exanple 73 followed that described for Exanple
10 using suitable starting materials and appropriate nodifications. After
oxi dation the desired product 73 was obtained as a m xture of isoners

usi ng colum chromat ogr gphy. LCVS data: 659.2 (MrH\+. WO 01/77113

PCT/ USO01/ 10869 337 Exa 74. Preparation of cdppound 74A and 74B: H3C O

0Ol \ HOHOHO X 00 QOO0 G H3 OF-\\9 / HOHO
H O CH3 H H |
N N N_
N
ey
O
66A
O
o)

e’\g/ :
O 66B

The synthetic sequences for Example 66 followed that described for
Example 54 using suitable starting materials with appropriate modifications.

The isomers 66A and 66B were separated after oxidation using column

chromatography. LCMS data: 818.2 (M+H)* (for 66A and 66B).

Example 67: Preparation of Compounds of Formulas 67A and 67B:




NNNNvVv NNCH3 OO0 OH OCH3 74B The desired conpounds 74A and 74B were
prepared by the sane nethod as described in the preparation of conpounds
1A and 1vWon7Etanpl e 1, except that 5-nethyl-3-hydoxy pbhenyklacwsésc acid
was used to substitute 3- hydroxy ph&dylacetic acid in Step F. LRVS (MtH) -’
mz 803.1 [calcd for C43H58N609, 802.4]. Exanple 75: Preparation of
conmpounds 75A and 75B: CH3 HOHOHOCH3 NNNN-~~-NNCH3 0OHO
CH3 75A WD 01/77113 PCT/USO1/10869 338 CH3 i/ HOHOHOIiI CH3 NN

NNSNNCH 0 0O HO OO
O
\q/g
F O )
H
DNy N
H
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The synthetic sequences for Example 67 followed that described for

Me’N\n/
(@]

Me’N\n/
0]

Example 54 using suitable starting materials with appropriate modifications.
The isomers 67A and 67B were separated after oxidation using column
chromatography. HRMS (FAB) Calcd for C45Hg4N709: 846.4766 (M+H)*.

Found: 846.4782 (for 67A) and 846.4774 (for 67B).
Example 68: Preparation of Compound of Formula 68:

o ~ 68

The synthetic sequences for Example 68 followed that described for

Example 30 using suitable starting materials and appropriate modifications.



CH3 75B The desired conpounds 75A and 75B were prepared by the sane

nmet hod as described in the preparation of conpounds |A and | B in Exanpl e

1, exceptwohat7143 net hyl - 3- hydoxy phenyl aceti c aci d was usPOTAUSOISWRGL i t ut e
3- hydroxy phenylacetic acid in Step3f#. LRMS (MtH)+ nmiz 803.1 [calcd for
CA3H58N609, 802.4]. Exanple 76: Preparation of conpound 76: O0/~- 0" 19 H
OHOHOCH3 NNNNLNNCH3 O0O0HO 76 The desired conpound 76 was
prepared by the sane nmethod as described in the preparation of conpounds
27A and 27B in Exanple 27, except that amine E was used to substitute

ETaRSl 2 #ﬁé}ﬁ%g%%trloa't on O%Y#el(_j’)op rog%ﬁeé% \]&5{%@% §%f %Wﬁ%@g%ﬁ %8%983%3] . @)

H O H O Highhg NoNnhh bhﬁaméio@rébhy HRMS (FAB) Calcd for C47H59Ng00:

851.4344 (M+H)*. Found: 851.4149.
Example 69: Preparation of Compounds of Formula 69A and 69B:

9
, “ O H 0 I\[{lle
N INI “Me
o 0 0 0

The synthetic sequences for Example 69 followed that described for
Example 1 using suitable starting materials and appropriate modifications.
After oxidation the isomers 69A and 69B were separated using column
chromatography. LCMS data: 829.2 (M+H)* (for 69A and 69B).

Example 70: Preparation of Compounds of Formula 70A and 70B:




77 The desired conpound 77 was prepared by the same nethod as described
I n the preparation of conpounds 27A and 27B in Exanple 27, except that a
di f f erentw@mi/ma13 nt er nedi ate was used to substitute am nePE&IURIL/SBB@P J.
LRVS (MtH) + mlz 761.1 [cal cd for C41BB2N4010, 760.4]. Exanple 78:
Preparation of conmpound 780 O OOHHH NNNN O 0 78 78 The desired
conpound 78 was prepared by the sane nethod as described in the
preparation of conpounds 27A and 27B in Exanple 27, except that a
different amine internmedi ate was used to substitute amine Ain Step J.

LRVS (MtH)+ mz 653.1 [cal cd for C35H48N408, 65 . Exanple 79:
Preparati on of conmpound 72—WO 01/ 77113 PCT/ US 69 340 H3C ~~CH3 O
HOHOHO NNNN-N

0

. 0 0 Me

H H i
S N N\/ILH Nuve
0] O 0]

The synthetic sequences for Example 70 followed that described for
Example 4 using suitable starting materials and appropriate modifications.

After oxidation the isomers 70A and 70B were separated using column

chromatography. LCMS data: 843.2 (M+H)* (for 70A and 70B).
Example 71: Preparation of Compound of Formula 71:

Q

T

N
H
o} O M
N\:./ko e
o
The synthetic sequences for Example 71 followed that described for

Example 5 using suitable starting materials and appropriate modifications.



O=00H 0 CH3 79 The desired compound 79 was prepared by the sane

nmet hod as described in the preparation of conpound 30 in Exanple 30,
except thved oa771di fferent am ne internedi ate was used to sSPOBUSCLO86%AM ne A
in Step 1. LRMS (MH)+ mfz 746.1 [cad¥cd for CA41HS55N508, 745.4]. Exanple
80: Preparation of conpound 80: H3C.CH3 \ Ofl HOHOHO N NNNO
O0O0OO01I1I / CH3 80 The desired conmpound 80 was prepared by the sane

nmet hod as described in the preparation of conmpound 30 in Exanple 30,
except that a amne D was used to substitute amne Ain Step 1. LRVS

compound 1 SRS BiE Beoildp HEbREDERGrs difamel et fighufe BfisoRicraar atl on of
using column chromatography. LCMS data: 818.2 (M+H)*.
Example 72: Preparation of Compound of Formula 72:

®
l_)\rﬂ i HJOLE/OH

N

H
@] O
N\/ko
NGO
The synthetic sequences for Example 72 followed that described for

Example 6 using suitable starting materials and appropriate modifications.

After oxidation the desired product 72 was obtained as a mixture of isomers

using column chromatography. LCMS data: 762.2 (M+H)*.

Example 73: Preparation of Compound of Formula 73:

The synthetic sequences for Example 73 followed that described for
Example 10 using suitable starting materials and appropriate modifications.

After oxidation the desired product 73 was obtained as a mixture of isomers

using column chromatography. LCMS data: 659.2 (M+H)*.



HOHOHO NNNNOHOO OCH3 81 The desired conmpound 81 was prepared
by the sane nethod as described in the preparation of internedaite A Step
5. LRVS WobFmm3d z 657.1 [cal cd for C34HAB8NA09, 656. 3]. PKEUPHIEL8R:
Preparation of conmpound 82: H3C,,a&H3 HOHOH N_NNN 00O0O
CH3 82 The desired conpound 82 was prepared by the sanme nethod as
described in the preparation of conpound 30 in Exanple 30, except that a
different am ne was used to substitute amine Ain Step |. LRVMS (MtH) + m z
639.1 [calcd for C35H50N407, 638.4]. Exanple 83: Preparation of conpound

83: VO 0l drhpte 74 PHEDHaHEIOSS coitpodnd*faa dift 74BC |

HC. o/_\o
o / 0 0 CHs
H H H |
K LI,
o = O O e}
O CHs
74A

Hs

.

0 0 0 CHs
S IO R,
o O o} \I 0 H o

CHs
74B

The desired compounds 74A and 74B were prepared by the same
method as described in the preparation of compounds 1A and 1B in Example
1, except that 5-methyl-3-hydoxy phenylacetic acid was used to substitute 3-
hydroxy phenylacetic acid in Step F. LRMS (M+H)" m/z 803.1 [calcd for
C43Hs5sNs0g, 802.4].

Example 75: Preparation of compounds 75A and 75B:




HOHOHOCH3 NNNN,KNNCH3 OO0 OpH 83 The desired compound 83
was prepared by the sanme nethod as described in the preparation of conpound
30 in Exaypbe7803 except that am ne E was used to substiPOT/@Sariose® A in
Step 1. LRVB (MtH)+ nfz 831.1 [cal cé3s8f or CA5H52N609, 830.5]. Exanpl e 84:
Preparation of conmpound 84: H3C,,.%H3 O WYy' O O O 84The desired
conpound 84 was prepared by the sane nethod as described in the
preparation of conmpound 30 in Exanple 30, except that an appropriate am ne
was used to substitute amine Ain Step |. LRV (MtH+ mz 653.1 [calcd for
C36H52N407, 652. 4] I@q@rrp 85: Preparation of conpound 85: WD 01/77113

PCT/ USO1/ 10869 343 CH3 HOHO
.
N\)‘\ \)JYN\/”\ Moo

O CH3

75B

The desired compounds 75A and 75B were prepared by the same
method as described in the preparation of compounds 1A and 1B in Example
1, except that 4-methyl-3-hydoxy phenylacetic acid was used to substitute 3-
hydroxy phenylacetic acid in Step F. LRMS (M+H)" m/z 803.1 [calcd for
Ca3HsgNgOg, 802.4].

Example 76: Preparation of compound 76:

76

The desired compound 76 was prepared by the same method as
described in the preparation of compounds 27A and 27B in Example 27,
except that amine E was used to substitute amine A in Step J. LRMS (M+H)"
m/z 831.1 [calcd for C44Hs8Ns010, 830.4].

Example 77: Preparation of compound 77:




AN NNH2 0 01 00 85 The desired conpound 85 was prepared by the sane

nmet hod as described in the preparation of conpound 30 in Exanple 30,
except tved omrriiiappropriate am ne was used to substitute ROT/S0OIAOBGY Step 1,
and that the oxidation was perforned%%ccordi ng the procedure in Exanple
10, Step J. LRVMS (MtH)+ mz 613.1 [calcd for C33H48N407, 612.4]. Exanple
86: Preparation of conmpound 86: H3C .CH3 OHOHOH NN NO=0OO0 86
The desired conmpound 86 was prepared by the sane nmethod as described in the
preparation of compound 30 in Exanple 30, except that an appropriate am ne
was used to substitute am ne A n Step 1. LRVs (MtH)+ mz 651.1 [calcd for

C36H50N407, 650. 4] . Exanpl epar ation of conpound 87: WD 01/77113
PCT/ USO1/ 10869 344 Qﬂ:ﬂ
J\OY ﬁg(UL
77

The desired compound 77 was prepared by the same method as
described in the preparation of compounds 27A and 27B in Example 27,
except that a different amine intermediate was used to substitute amine A in
Step J. LRMS (M+H)" m/z 761.1 [calcd for C41H52N4O010, 760.4].

Example 78: Preparation of compound 78:

The desired compound 78 was prepared by the same method as
described in the preparation of compounds 27A and 27B in Example 27,
except that a different amine intermediate was used to substitute amine A in
Step J. LRMS (M+H)" m/z 653.1 [calcd for CasHssN4Qs, 652.4].

Example 79: Preparation of compound 79:



HOO H,NNNNH2 OO0 1 O087 The desired conmpound 87 was prepared by
the sanme nethod as described in the preparation of conmpound 30 in Exanple
30. Excepwoohatiiman appropriate amne was used to substit BCEUSOWI0869A i N
Step I, and that the oxidation was p#rfornmed according the procedure in
Exanple 10, Step J. LRVMB (MtH)+ niz 611.1 [calcd for C33H46N407, 610. 3].
Exanpl e 88: Preparation of conmpound 88:. H3CCH3 QOO WylyhtyNH2 O O
O 0 88 The desired conpound 88 was prepared by the sane nethod as
described in the preparation of conpound 30 in Exanple 30. Except that an
appropriate amne was used {ggsubstitute amne Ain Step I, and that the
oxi dation was perforned accordj ®eHst he procedure in Exanple 10, Step J.
LRVS (MtH)+ mz 611.1 [calf r C33H46N407, 610.3]. Exanpl e 89:

Preparation of conpo 9 0
o/ o) o)
H H H
LA
O - 0 O
O CHs

79

The desired compound 79 was prepared by the same method as
described in the preparation of compound 30 in Example 30, except that a
different amine intermediate was used to substitute amine A in Step . LRMS

(M+H)" m/z 746.1 [calcd for C41HssN50g, 745.4].

Example 80: Preparation of corﬁpound 80:
HiC

/\){\Cm
O 0
o / o) o)
H H H
I
o = o) 0
O CH3

80

The desired compound 80 was prepared by the same method as
described in the preparation of compound 30 in Example 30, except that a
amine D was used to substitute amine A in Step |. LRMS (M+H)" m/z 746.1
[calcd for C41Hs55N505, 745.4].

Example 81: Preparation of compound 81:




WO 01/ 77113 PCT/ US01/ 10869 345 H3C,,CH3 VAiYLr N OO0 11 0 0 89 The
desired conpound 88 was prepared by the sane nethod as described in the

pr epar at ivom oof7iecdnpound 30 in Exanpl e 30. Except that an PappsoprBet e am ne
was used to substitute amine Ain Stég 1. LRVS (MtH+ mz 637.1 [calcd for
C35H48N407, 636.4]. Exanple 90: Preparation of conpound 90: H 3C,,CH3 H
HH OONNNN/~~O0,~CH3 Il I "CH3 000CH3 OO0190 The desired
conpound 90 was prepared by the sane nmethod as described in the
preparation of conmpound 30 in Exanple 30. Except that an appropriate am ne
was used to substitute am ne AH!,’@ Stepl LRVS (MtH)+ mz 725.1 [calcd for

C39H56N409, 724.4].

81

The desired compound 81 was prepared by the same method as
described in the preparation of intermedaite A, Step 5. LRMS (M+H)" m/z
657.1 [calcd for C34H48N409, 656.3].

Example 82: Preparation of compound 82:

82

The desired compound 82 was prepared by the same method as
described in the preparation of compound 30 in Example 30, except that a
different amine was used to substitute amine A in Step |. LRMS (M+H)" m/z
639.1 [calcd for C3sH50N4O7, 638.4].

Example 83: Preparation of compound 83:




Exanpl e 91: Preparation of conmpound 91: WO 01/77113 PCT/ USO1/ 10869 346 H
3C?,,CH3 HOHOHN NNNOCH3 CH3 O0OOOCH3 CH3 91 The desired
conmpound WA 0wzR1pr epared by the sane nmethod as descri bedPCTVUBOI£10869
preparation of conmpound 30 in Exanpl 8230. Except that an appropriate am ne
was used to substitute amne Ain Step|l.. LRV (MFtH)+ mz 727.1 [cal cd
for C39H58N409, 726.4]. Exanple 92: Preparation of conpound 92: H 3C
,,,CH3 OHOHOHOCH3 NNNNNNCH H3 OBGCGCH3 OO0 CH3 CH3 92

HaG

N
Hs

O o)
o / o) o) c
H H H [
N\:-J\OYN AN o,
o) z 0] 0 H O
83

O

The desired compound 83 was prepared by the same method as
described in the preparation of compound 30 in Example 30, except that
amine E was used to substitute amine A in Step I. LRMS (M+H)" m/z 831.1
[calcd for C45H52NsOg, 830.5].

Example 84: Preparation of compound 84:

84

The desired compound 84 was prepared by the same method as
described in the preparation of compound 30 in Example 30, except that an
appropriate amine was used to substitute amine A in Step |. LRMS (M+H)"
m/z 653.1 [calcd for C3sH52N4O7, 652.4].

Example 85: Preparation of compound 85:




The desired conmpound 92 was prepared by the sanme nmethod as described in
the preparation of conpound 30 Exanple 30, except that Boc-

tert-but Ww@byziine was used to substitute Boc-cycl ohexyl gl peT/wsoi/rsdst ep C.
LRVS (MtH) + mlz 791.1 [cal cd for C42BBBN609, 790.4]. Exanple 93:
Preparation of conmpound 93: WO 01/ 77113 PCT/US01/10869 347 H 3C 1CH3 H
Ol~HOH NN NOHCNCH3 OO CH3 CH3 93 The desired conmpound 93 was
prepared by the sane nethod as described in the preparation of conpound 92
in Exanpl e 92. Except that an appropriate am ne was used to substitute
amne A. LRVMS (MrtH+ mz 613.1 [ig@l cd for C33H48N40O7, 612.4]. Exanple 94:
Preparation of conpound 94:. 11. ~wEB;C O HOHONNNNH OHC'NCH3 O

O
o
o / o)
H H
M
O :‘ ) )
85

The desired compound 85 was prepared by the same method as
described in the preparation of compound 30 in Example 30, except that an
appropriate amine was used to substitute amine A in Step |, and that the
oxidation was performed according the procedure in Example 10, Step J.
LRMS (M+H)* m/z 613.1 [calcd for Ca3HgsN4O7, 612.4].

Example 86: Preparation of compound 86:

The desired compound 86 was prepared by the same method as
described in the preparation of compound 30 in Example 30, except that an
appropriate amine was used to substitute amine A in Step [. LRMS (M+H)”
m/z 651.1 [calcd for CzsHsoN4O7, 650.4].

Example 87: Preparation of compound 87:




CH3 CH3 94 The desired compound 94 was prepared by the sane nethod as
described in the preparation of conpound 92 in Exanple 92. Except that an
appropri a¥@oamiime was used to substitute am ne A, and thaPCTH801OMBEat i on
was perforned according the procedus# in Exanple 10, Step J. LRVS (M+H) +
mz 573.1 [calcd for C30H44N407, 572.3]. Exanple 95: Preparation of
conmpound 95: WO 01/77113 PCT/US01/10869 348 H 3C ,1CH3 HOHOHOCH
NNNNNNCH3 ONO0OpHp HC CH3 CH3 95 The desired conmpound 95 was
prepared by the sane nethod as described in the preparation of conpound 30
Exanpl e 30, except that Boc- val |,_r£@ was used to substitute

Boc-cycl ohexyl glycine in Step C |(|:MH—|)+ mz 777.1 [calcd for
CA1H56N609, 776.4]. Exanple 96 ratlon of conpound 96: H3C 0%H3 O

NJLOY Klt(

The desired compound 87 was prepared by the same method as
described in the preparation of compound 30 in Example 30. Except that an
appropriate amine was used to substitute amine A in Step |, and that the
oxidation was performed according the procedure in Example 10, Step J.
LRMS (M+H)* m/z 611.1 [calcd for Ca3HssN4O7, 610.3].

Example 88: Preparation of compound 88:

H3C
\\CH3

NJL()Y ég(

88

The desired compound 88 was prepared by the same method as
described in the preparation of compound 30 in Example 30. Except that an
appropriate amine was used to substitute amine A in Step [, and that the
oxidation was performed according the procedure in Example 10, Step J.
LRMS (M+H)" m/z 611.1 [calcd for CazHeN4O7, 610.3]. |
Example 89: Preparation of compound 89:




OHO HH NNNNOj~OO H3CCH3 CH3 96 The desired conpound 96 was
prepared by the sane nethod as described in the preparation of conpound 95
i n ExanpveOo9B771Except that an appropriate am ne was usedPCDUSuUb®BG ut e
amne AL LRMS (MtH)+ mlz 599.1 [cal 84 for C32H46N407, 598. 3]. Exanple 97:
Preparati on of conmpound 97: WO 01/77113 PCT/US01/10869 349 H 3C,,CH3

K" O HOHO NNNNH 0”0 O H3C CH3 CH3 97 The desired compound 97
was prepared by the sane nmethod as described in the preparation of
conmpound 95 in Exanple 95. Except that an

HaG
\CH3

Q:v@(ﬁr

89

The desired compound 88 was prepared by the same method as
described in the preparation of compound 30 in Example 30. Except that an
appropriate amine was used to substitute amine A in Step I. LRMS (M+H)"
m/z 637.1 [calcd for C3sH4sN4O7, 636.4].

Example 90: Preparation of compound 90:

HaG
\CH3

EZJ@« ﬁr g

90

The desired compound 90 was prepared by the same method as
described in the preparation of compound 30 in Example 30. Except that an
appropriate amine was used to substitute amine A in Step I. LRMS (M+H)"
m/z 725.1 [calcd for C3gHssN4Og, 724.4].

Example 91: Preparation of compound 91:




appropriate amne was used to substitute amne A, and that the oxidation
was performed according the procedure in Exanple 10, Step J.
mz 559MOpoaiedl for C29H42N4A07, 558. 3].
conmpound 98: H3CO0,,CH3 HOHOH®CH3 NN NN
| CH3 98 The desired conpound 98 was prepared by the sanme nethod as
described in the preparation of conpound 30 Exanple 30,

LRVS (M+H) }
Exanpl e 98: Pr epar/asoionsef
,, NCH3 0j 0O0HO

except that Boc-

\

phenyi gl yci ne was used to substitute Boc-cycl ohexylglycine in Step C. LRMS

(MtH)} miz 811.1 [calcd for C44H54N509, 810. 4].
conpound 99: WO 01/77113 PGRAJS01/10869 350 H 3C,,CH3

NNO,j

OO0 \ | CH3 _.\~‘CH3
o 1
o / 0

H H H

N N N O_ _CHs

J\Owr O
0O z O (o)

O CHs

O CHj

91

The desired compound 91 was prepared by the same method as
described in the preparation of compound 30 in Example 30. Except that an
appropriate amine was used to substitute amine A in Step |. . LRMS (M+H)*
m/z 727 .1 [calcd for CagHsgN4Og, 726.4].

Example 92: Preparation of compound 92:

HaG

CH3
o

0 0 0 CHz
H H H |
N N
\)kflr A,

O : 0] o) O
HsC TNCH,
CH3

The desired compound 92 was prepared by the same method as
described in the preparation of compound 30 Example 30, except that Boc-
tert-butylglycine was used to substitute Boc-cyclohexylglycine in Step C.
LRMS (M+H)" m/z 791.1 [calcd for CyaHsgNsQOg, 790.4].

Example 93: Preparation of compound 93:

Exanpl e 99: Preparation of
_ OO HHH NN



99 The desired conpound 99 was prepared by the sane nethod as described in
the preparation of conpound 98 in Exanple 98. Except that an appropriate
am ne wawaset1td substitute am ne A. LRVMS (MtH) + m z 633PdT/UReiziose f or
C35H44N407, 632.3]. Exanple 100: Prep#ration of conmpound 100: H 3C,,,CH3
OHOHO NNNNH2 O/ OO0\ I CH3 100 The desired conmpound 100 was
prepared by the sane nethod as described in the preparation of conpound 98
in Exanpl e 98. Except that an appropriate am ne was used to substitute
am ne A and that the oxidation was perforned according the procedure in
Exanpl e 10, Step J. LRVS (M+H) 1:|3@12 593.1 [cal cd for C35H40N407, 592.3].
Exanpl e 101: Preparation of corrp 301: WO 01/77113 PCT/ US01/10869 351
H3C,,,CH3 \ I\ HOHOH

0 H
\)l\ N\/\
ch/[\CH3 ©

CH,

93

The desired compound 93 was prepared by the same method as
described in the preparation of compound 92 in Example 92. Except that an
appropriate amine was used fo substitute amine A. LRMS (M+H)" m/z 613.1
[calcd for Ca3H4sN4O7, 612.4].

Example 94: Preparation of compound 94:

H3C

*}.CH3
o

@] : 0] O
H 304\CH3
CHs
94

The desired compound 94 was prepared by the same method as
described in the preparation of compound 92 in Example 92. Except that an
appropriate amine was used to substitute amine A, and that the oxidation was
performed according the procedure in Example 10, Step J. LRMS (M+H)" m/z
573.1 [calcd for C3pH44N4O7, 572.3].

Example 95: Preparation of compound 95:




NNNNNNCH3 OCj~0OHO3 1 CH3 CH3 101 The desired conpound
101 was prepared by the sane nethod as described in the preparation of
conmpound WO 0ExaAmpl e 30, except that Boc- isol euci ne was UBETDUS@/®8dSt it ute
Boc- cycl ohexyl glycine in Step C. LRVB8 (MtH)+ mz 791.1 [calcd for
CA2H56N609, 790.4]. Exanple 102: Preparation of conpound 102: H 3C 1,.CH3
OO HHH NN NO OOt H3C-~") CH3 CH3 102 The desired conpound
102 was prepared by the sanme nethod as described in the preparation of
conpound 101 in Exanple 101. Except that an appropriate am ne was used to

substitute amne A LRVS (i) + miz 613.1 [calcd for C33HA8NAO7, 612.4].
,\CH3

Q:ﬂl( ﬁu %f“

30 CHs

95

The desired compound 95 was prepared by the same method as
described in the preparation of compound 30 Example 30, except that Boc-
valine was used to substitute Boc-cyclohexylglycine in Step C. LRMS (M+H)"
m/z 777.1 [calcd for C41Hs6NsOg, 776.4].

Example 96: Preparation of compound 96:

HsG

CH3
d

96

The desired compound 96 was prepare'd by the same method as
described in the preparation of compound 95 in Example 95. Except that an
appropriate amine was used to substitute amine A. LRMS (M+H)* m/z 599.1
[calcd for CaoH4asN4O7, 598.3].

Example 97: Preparation of compound 97:



Exanpl e 103: Preparation of conpound 103: WO 01/77113 PCT/ US01/ 10869 352
H3C,,CH3 HOHO NNNNH C OO H3 1| CH3 CH3 103 The desired
conpound WO81/v&$3 prepared by the same nmethod as descri beBCT/USe11869

preparation of conpound 101 in ExanpB4# 101. Except that an

appropriate

am ne was used to substitute am ne A and that the oxidation was perforned
according the procedure in Exanple 10, Step J. LRMS (MtH)+ mz 573.1

[cal cd for C30H44N407, 572.3]. Exanple 104: Preparation of conpound 104:
H3C,,,,CHB OOO HHH NNNNOOto CH3 104 The desired conpound 104

was prepared by the sane nethod asc

A)\f k
NJ\O\( \a\(

97

The desired compound 97 was prepared by the same method as

described in the preparation of compound 95 in Example 95. Except that an
appropriate amine was used to substitute amine A, and that the oxidation was
performed according the procedure in Example 10, Step J. LRMS (M+H)* m/z
559.1 [calcd for CagHiaN4O7, 558.3].

Example 98: Preparation of compound 98:

H3C
° |‘CH3

[ZJ@ ﬁkr

98
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The desired compound 98 was prepared by the same method as
described in the preparation of compound 30 Example 30, except that Boc-
phenylglycine was used to substitute Boc-cyclohexylglycine in Step C. LRMS
(M+H)" m/z 811.1 [calcd for C44H54NeOg, 810.4].

Example 99: Preparation of compound 99:




described in the preparation of conpound 30 Exanple 30, except that Boc-
cycl opentyl gl yci ne was used to substitute Boc-cycl ohexylglycine in Step C,
and t hat ve@oapprdpri ate am ne was used to substitute am nRPCAUSOL/S8@p | .
LRV (MrH) + mlz 625.1 [cal cd for C34B#8N4A07, 624.4]. Exanple 105:
Preparation of compound 105: WO 01/77113 PCT/USO1/10869 353 H3C,.CH3 H
OHO NINNNH2 OOto CH3 105 The desired conmpound 105 was prepared by
the sane nmethod as described in the preparation of conpound 104 in Exanple
104. Except that an appropriate am ne was used to substitute am ne A, and
that the oxidation was perforned according the procedure in Exanple 10,
Step J. LRVs (MtH)+ mz 585.1 [calcd for C31 1-144N407, 584.3]. Exanple

106: Preparation of conpound /1\3\'?11-15’3 OQ""CH3 OO HHH NNNNO

O -—
o / 0
H H H
0 Z 0 0O
@ CHs
99

The desired compound 99 was prepared by the same method as
described in the preparation of compound 98 in Example 98. Except that an
appropriate amine was used to substitute amine A. LRMS (M+H)" m/z 633.1
[calcd for C35H44N4O7, 632.3].

Example 100: Preparation of compound 100:

100

The desired compound 100 was prepared by the same method as
described in the preparation of compound 98 in Example 98. Except that an
appropriate amine was used to substitute amine A, and that the oxidation was
performed according the procedure in Example 10, Step J. LRMS (M+H)" m/z
593.1 [calcd for CzsHsoN4O7, 592.3].

Example 101: Preparation of compound 101:




OO0 OCH3 106 The desired conpound 106 was prepared by the sane nethod as
described in the preparation of conpound 30 Exanple 30 with the foll ow ng
except i ove0 0(/2113 5- benzyl oxy- 2- met hyl - 1- pent ene was used POT/H8WIEOBIIUt e 4-
benzyl oxy-2-nmet hyl -1-butene in Step A1 (b). an appropriate am ne was used
to substitute amine Ain Step |. LRMWS (MH+ mz 653.1 [calcd for
C36H52N407, 652.4]. Exanple 107: Preparation of conmpound 107: WO 01/77113
PCT/ US01/ 10869 354 CHs .,,CH3 HOHONNNNH_2 OO0 OO CH3 107 The
desired conpound 107 was prepared by the sane nethod as described in the
preparation of conpound 108,¢Cn Exanpl e 106. Except that an appropriate

am ne was used to substityte { Ain Step |, and that the oxidation was
performed according the re in Exanple 10, _gtep J. LRVB (MtH)+ nmf z
613.1 [calcd for C3 .4]. Exanple 10 eparation of conpound
108: CH3 /

o) . o) ' 0 (';jH3
; N “CHs
o A o} 0 o}
Hie” ™
101

The desired compound 101 was prepared by the same method as
described in the preparation of compound 30 Example 30, except that Boc-
isoleucine was used to substitute Boc-cyclohexyiglycine in Step C. LRMS
(M+H)" m/z 791.1 [calcd for C4oHseNgOg, 790.4].

Example 102: Preparation of compound 102:

The desired compound 102 was prepared by the same method as
described in the preparation of compound 101 in Example 101. Except that an
appropriate amine was used to substitute amine A. LRMS (M+H)" m/z 613.1
[calcd for C33HasN4O7, 612.4].

Example 103: Preparation of compound 103:




O-."CH3 OO HHH NNNN,,~~,, O=00 108 The desired conpound 108
was prepared by the sanme nethod as described in the preparation of conpound
106 Exanpeo@813with the exception that an appropri ate naT/wsonv@s8coused to
substitute amine Ain Step |I. LRVS ¢8H) + nmlz 665.1 [calcd for C37H52N407
664.4]. Exanple 109: Preparation of conpound 109: WD 01/77113

PCT/ US01/ 10869 355 fl<:: \ O, HOHO NNNNH OO0 OO 109 The desired
conpound 109 was prepared by the same nethod as described in the
preparation of conmpound 106 Exanple 106, with the exception that an
appropriate am ne was used to subgtitute amne Ain Step |I. and that the
oxi dati on was perfornmed accordi &rocedure in Exanple 10, Step J.
LRVS (MtH)+ mz 625.1 [calcd f NHA8N4A07, 624.4]. Exanple 110:
Preparati on of conpound 1%0 )

The desired compound 103 was prepared by the same method as
described in the preparation of compound 101 in Example 101. Except that an
appropriate amine was used to substitute amine A, and that the oxidation was
performed according the procedure in Example 10, Step J. LRMS (M+H)" m/z
573.1 [calcd for C3gH44N4O7, 572.3].

Example 104: Preparation of compound 104:

HsG

\‘-‘CH3
O

104
The desired compound 104 was prepared by the same method as
described in the preparation of compound 30 Example 30, except that Boc-
cyclopentylglycine was used to substitute Boc-cyclohexylglycine in Step C,
and that an appropriate amine was used to substitute amine A in Step |.
LRMS (M+H)* m/z 625.1 [calcd for CasHigN4O7, 624.4].
Example 105: Preparation of compound 105:




OHOCH3I NV NNN NNCH3 OO0 HO110 The desired conmpound 110 was
prepared by the sanme nethod as described in the preparation of conpounds

| A and 180 oExampl e 1, except that Boc- 3-hydroxyprol i ne MBUSSIEH8490
substitute proline la in Step A and333% hat Boc-tert-butyl glycine was used
to substitute Boc-cycl ohexylglycine in Step D. LRV (MtH+ mz 763.1

[cal cd for CA0H54N609, 762.4]. Exanple 111: Preparation of conpound 111: WO
01/ 77113 PCT/USO01/10869 356 0 O HOHOHOCHs NNNNNNCH3 00O
H O 111 The desired conpound 111 was prepared by the sanme nethod as
described in the preparation of g ounds 4A and 4B in Exanple 4, except

t hat Boc- 3- hydr oxyprol i ne was use .@Hsubstltute proline la in St ep A and
that Boc-tert-butyl glycine was /u to substitute Boc-cycl ohexyl gl ycine in

Step D LRVB (MtH) + ni z 7ca| cdOf or C41H56N609, 776.4]. Assay for HCV

Protease Inhibitory Activ (lr

105
The desired compound 105 was prepared by the same method as
described in the preparation of compound 104 in Example 104. Except that an
appropriate amine was used to substitute amine A, and that the oxidation was
performed according the procedure in Example 10, Step J. LRMS (M+H)" m/z
585.1 [calcd for C31H44N4O7, 584.3].
Example 106: R@paration of compound 106:

106

The desired compound 106 was prepared by the same method as
described in the preparation of compound 30 Example 30 with the following
exceptions: (a). 5-benzyloxy-2-methyl-1-pentene was used to substitute 4-
benzyloxy-2-methyl-1-butene in Step A; (b). an appropriate amine was used
to substitute amine A in Step |. LRMS (M+H)" m/z 653.1 [calcd for
CssHs52N4O7, 652.4].

Example 107: Preparation of compound 107:




Spectrophotonetric Assay: Spectrophotonetric assays for the HCV serine

prot ease was perforned on the inventive conpounds by follow ng the

pr ocedur avaestriibed by R Zhang et al, Analytical Bi ochenP€TU$1/BIO (1999)
268- 275, the disclosure of which is B¥corporated herein by reference. The
assay based on the proteolysis of chronbgenic ester substrates is suitable
for the continuous nonitoring of HCV NS3 protease activity. The substrates
were derived fromthe P side of the NS5A-NS5B junction sequence (Ac-
DTEDVVX(Nva), where X = A or P) whose C-term nal carboxyl groups were
esterified wth one of four diff nt chronophoric al cohols (3- or

4-ni trophenol, 7-hydroxy-4-nethyl - in, or 4-phenyl azophenol).
Presented bel ow are the synthasi acterization and application of

t hese novel spectrophot oneERy 3 Substrates to hi gh t hr oughput
screening and detailed Kki tion ofy HCV NS3 protease inhibitors.
Materials and Methods: Mate |aH$: : caH rgpgents for assay rel ated
buffers were obtained from§ > cal N 2(St. Louis, Mssouri).

3 /19868 357 synthesis were from
Al drich Chem cal s, Novabi ochem D ego, lifornia), Applied Biosystens
(Foster Gity, California) and Perseptive Bi o9pstens (Fram ngham
Massachusetts). Peptides were synthesized nanually or on an automated ABI
nodel 431A synthesizer (from Applied fgosystens). UYNIS Spectroneter nodel
LAMBDA 12 was from Perkin El nmer (Norwal k, Connecticut) and 96-well WV

pl ates were obtai ned from Corning (Corning, New York). The prewarm ng

vortexer was 11 D dGBIeRnEO e ws Bt i ine Sarid Helod’ 28! ©

described in the preparation of compound 106 in Example 106. Except that an

appropriate amine was used to substitute amine A in Step |, and that the
oxidation was performed according the procedure in Example 10, Step J.
LRMS (M+H)" m/z 613.1 [calcd for CasHagN,O7, 612.4].

Example 108: Preparation of compound 108:

108

The desired compound 108 was prepared by the same method as
described. in the preparation of compound 106 Example 106, with the
exception that an appropriate amine was used to substitute amine A in Step |.
LRMS (M+H)" m/z 665.1 [calcd for Ca7Hs:N4O7, 664.4].

Example 109: Preparation of compound 109:




IIlinois). A Spectramax Plus mcrotiter plate reader wth nonochroneter was
obt ai ned from Ml ecul ar Devices (Sunnyvale, California). Enzyne
Pr epar at ivodp1/Raednbi nant het erodi neri ¢ HCV NS3/ NS4A pr ot eR€ERUS{Is108@i N 1a)
was prepared by using the procedures3®ublished previously (D. L. Sali et
al, Biochemstry, 37 (1998) 3392-3401). Protein concentrations were
determ ned by the Biorad dye nethod using reconbi nant HCV prot ease
standards previously quantified by am no acid analysis. Prior to assay
initiation, the enzyne storage buffer (50 nM sodi um phosphate pH 8.0, 300
mM NaCl, 10% gl ycerol, 0.05%I a mal t osi de and 10 mM DTT) was exchanged
for the assay buffer (25 mM S pH\6»&3 300 mM NaCl, 10% glycerol, 0.05%
| auryl maltoside, 5 pMEDTA and, 5 pM'BJd) utilizing a Biorad Bio-Spin P-6
prepacked col um. Substrat nt hes®s and Purification: The synthesis of
the substrates was done epor tgd/ R Zgang et al, (ibid.) and was
initiated by anchoring Fno -’\,\KF\-QMO Z-th otgLtyl chloride resin using
a standard protocol (K  Bartgs e ; t N J yPe Protein Res., 37
(1991), 513-520). The peptides e sulsequendly assenbl ed, using Fnoc
chem stry, either manual ly or o aut omagslc ABI nodel 431 peptide
synt hesi zer. The N-acetylated angd fully prolTected peptide fragnents were
cleaved fromthe resin either by 10% acetic acid (HOAc) and 10%
trifluoroethanol (TFE) in dichloronette®ne (DCM for 30 min, or by 2%
trifluoroacetic acid (TFA) in DCMfor 10 mn. The conbined filtrate and
DCM wash was evaporated azeotropically (or repeatedly extracted WO 01/77113
PCT/ US01/ 1086 NP5 Ry S0 o NOWRet  deused in
cl eavage. ThegTD@%p aé’ggﬁ@%?. ed ove?%oﬁgézﬂ)s%%aaﬁr)lg tgéaporgt@?% s
described in the preparation of compound 106 Example 106, with the

exception that an appropriate amine was used {o substitute amine A in Step |,
and that the oxidation was performed according the procedure in Example 10,
Step J. LRMS (M+H)" m/z 625.1 [calcd for CasHagN4O7, 624.4].

Example 110: Preparation of compound 110:

@)

O/\/\O
0 0 Hs
H\/ﬁ\@(“ H\/[LN ~CHj
o) /-l\ o] 0 Ho 0

110

The desired compound 110 was prepared by the same method as
described in the preparation of compounds 1A and 1B, Example 1, except
that Boc-3-hydroxyproline was used to substitute proline 1a in Step A, and
that Boc-terf-butylglycine was used to substitute Boc-cyclohexylglycine in
Step D. LRMS (M+H)" m/z 763.1 [calcd for C4oHs4NeQOg, 762.4].

Example 111: Preparation of compound 111:




The ester substrates were assenbl ed usi ng standard aci d-al cohol coupling
procedures (K. Hol nber et al, Acta Chem Scand., B33 (1979) 410- 412).
Pepti de fwagnenis were di ssolved in anhydrous pyridi ne (3PeBOSomglosd9) to
whi ch 10 nol ar equi val ents of chronopiore and a catalytic anount (0.1 eq.)
of para-toluenesul fonic acid (pTSA) were added. D cycl ohexyl carbodiim de
(DCC, 3 eqg.) was added to initiate the coupling reactions. Product
formati on was nonitored by HPLC and found to be conplete follow ng 12-72
hour reaction at roomtenperature. Pyridine solvent was evaporated under
vacuum and further renoved by~sazeotropic evaporation with toluene. The
pepti de ester was deprotdE?é%AMgth 95% TFA in DCM for two hours and
extracted three timpswh anhy pous et hyl et hery

chronophore. The de j ect e strate was pur
on a C3 or C8 colum f’th a f 0 160% pcefoni
col um vol unes). The byeNal j b W[, cation was
approxi mat el y 20-30% The #ol ecul gr ss!was confirlred Dby el ectrospray

i oni zati on nass spectrosoéﬁ?z The subs rgtes were stored in dry powder
form under desiccation. Spectra of Subsltrates and Products: Spectra of
substrates and the correspondi ng chronophore products were obtained in the
pH 6.5 assay buffer. Extinction coefiflilci ents were determined at the

opti mal off-peak wavelength in 1-cmcuvettes (340 nmfor 3-Np and HMC, 370
nm for PAP and 400 nmfor 4-Np) using nultiple dilutions. The opti nal

of f - peak wavel Engtdesinsascompoord HEl West preparbengy hhy i sEinde ngethioel Baxi num

fractional difference in absorbance bet su rate and product  (product
oD - subs?‘?%ﬁr@eddfb)t_;%@ﬁ@%@?‘@“dﬁ)QOVW%{'&}Q{@A@E@E N YNBlecAse ¥ ays were
per for medyat BB WSHRSkDrAfR was used to substitute proline 1a in Step A. and

that Boc-tert-butylglycine was used to substitute Boc-cyclohexylglycine in
Step D. LRMS (M+H)" m/z 777.1 [calcd for C441HssNgOg, 776.4].

renmove excess
b reversed phase HPLC
Cé’kadi ent (using six

Assay for HCV Protease Inhibitory Activity:

Spectrophotometric_Assay: Spectrophotometric assays for the HCV serine

protease was performed on the inventive compounds by following the
procedure described by R. Zhang et al, Analytical Biochemistry, 270 (1999)
268-275, the disclosure of which is incorporated herein by reference. The
assay based on the proteolysis of chromogenic ester substrates is suitable for
the continuous monitoring of HCV NS3 protease activity. The substrates were
derived from the P side of the NS5A-NS5B junction sequence (Ac-
DTEDVVX(Nva), where X = A or P) whose C-terminal carboxyl groups were
esterified with one of four different chromophoric alcohols (3- or 4-nitrophenol,
7-hydroxy-4-methyl-coumarin, or 4-phenylazophenol). Presented below are
the synthesis, characterization and application of these novel
spectrophotometric ester substrates to high throughput screening and detailed
kinetic evaluation of HCV NS3 protease inhibitors.

Materials and Methods:

Materials: Chemical reagents for assay related buffers were obtained

from Sigma Chemical Company (St. Louis, Missouri). Reagents for peptide



pl| reaction mx in a 96-well mcrotiter plate. Assay buffer conditions (25
mv MOPS pH 6.5, 300 nM Nall, 10% gl ycerol, 0.05% Il auryl naltoside, 5 pM
EDTA and veOpWDT3) were optim zed for the NS3/ NS4A het er oBCTES01(D869L. WO
01/ 77113 PCT/ USO1/ 10869 359 Sali et3®l, ibid.)). Typically, 150 pl

m xtures of buffer, substrate and inhibitor were placed in wells (final
concentration of DMSO 4 %v/v) and allowed to preincubate at 30 C for
approximately 3 mnutes. Fifty pls of prewarnmed protease (12 nM 30C) in
assay buffer, was then used to initiate the reaction (final volume 200

pl) . The pdaftRSsiviicte TRIM 1AdRth CHBMIdAS, N&Mi@cﬁémt(égn@égd, ChfBrithyut es)
for chang€ in absorbance at the appropriate wavel ength (340 nm for 3-Np

and HVC, ApplietmBiosystams 4hasteoCiiyn Califarniay)) andi Rgrseptspe Biosystam®l us

' i | ' i t.h h I I
can be oby SN Ebaf el BRSE 1iaed IR SLUAGTE] o REIGRY S " o 1S
Prot eol ytagofitey 2@ @bdeha3est ginthésixaodrdmt Agsied Bidysremmgid UVWIS
chronmophore was nonitored at the apﬁéoprl ate wavel ength against a_no

e

enzyme bl aPRCtE@Mgtesompeds! LAMBEA eh2y s dromdrRendl sElmere Nawaltti on of
substr at e~Kj LD S d ac30- 1 . SU

concent ra?ggﬁgétg%t eg%ag%gf(?ﬁpw. p%ﬁél{ %G{ng%@é@{ep i ggﬂ‘wquerﬂwgt Q’?é]ﬁhﬂ% usi ng

| i near regje@s¥ork). Ahd grenarming bleskands fiven &JSAtSeiontifidyOtalbl Frgidad)e data
to the Mchaelis-Mnten equation using non-linear regression anpalysis (Mc
Curve Fiandthe 9ﬁrwﬁérﬁ’@t?.V°ﬂﬁXﬁ6\)’@3 ff@ﬁbé??“'l%é@ﬁtwrﬁﬁmé Agleqseabatk: assumi ng
the enzy S af ' : | f I b l.,at ors:
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(strain 1a) was prepared by using the procedures published previously (D. L.

Sali et al, Biochemistry, 37 (1998) 3392-3401). Protein concentrations were
determined by the Biorad dye method using recombinant HCV protease
standards previously quantified by amino acid analysis. Prior to assay
initiation, the enzyme storage buffer (50 mM sodium phosphate pH 8.0, 300
mM NaCl, 10% glycerol, 0.05% lauryl maltoside and 10 mM DTT) was
exchanged for the assay buffer (25 mM MOPS pH 6.5, 300 mM NaCl, 10%
glycerol, 0.05% lauryl maltoside, 5 uM EDTA and 5 yM DTT) utilizing a Biorad
Bio-Spin P-6 prepacked column.

Substrate Synthesis and Purification: The synthesis of the substrates was

done as reported by R. Zhang et al, (ibid.) and was initiated by anchoring
Fmoc-Nva-OH to 2-chlorotrityl chloride resin using a standard protocol (K.
Barlos et al, Int. J. Pept. Protein Res., 37 (1991), 513-520). The peptides were
subsequently assembled, using Fmoc chemistry, either manually or on an
automatic ABl model 431 peptide synthesizer. The N-acetylated and fully
protected peptide fragments were cleaved from the resin either by 10% acetic
acid (HOAc) and 10% trifluoroethanol (TFE) in dichloromethane (DCM) for 30
min, or by 2% trifluoroacetic acid (TFA) in DCM for 10 min. The combined
filtrate and DCM wash was evaporated azeotropically (or repeatedly extracted



concentrations of enzyme and substrate by plotting vo/v; vs. inhibitor
concentration ([1] o) according to the rearranged M chaelis-Menten equation
for conpeoot/ime3inhibition kinetics: vo/v; =1 + [I] o /PE/USM/H8¢IS] o
/Km)), where vo is the uninhibited B¥itial velocity, v; is the initial
velocity in the presence of inhibitor at any given inhibitor concentration
([1]o) and [S]o is the substrate concentration used. The resulting data
were fitted using linear regression and the resulting slope, 1/(K;(1+[ S]

oi Km), was used to calculate the K value. The obtained K/ values for the

various ”Wé@ﬁé!@us?ﬁla%dg%hﬁrd?ﬁQﬁtrerrioméetﬁé IR 85&d H ¥eBvage [ e DCM
af ore- nent’i oned Tab wherei n the conpounds have been arranged in the

order of m:saayewa@ﬂnﬁd qx@lrlh@SQarandtewsB@rat@@t WD 01/ 77113 PCT/ USO1/ 10869
360 results, Tlawoul d

rent to_the d ar t orrpounds
of the invent EF\%% Séipéﬁgfeé%tw‘ﬂﬁ Pf’f?mé@d "@el’stté{b(]%ﬂg ggsaelc | bitors.
Cel | Bi oagsiinlyeirbeddurERe(c ¢hoimbePas SRy ActoChéMe SdaMds BINEI FrPtLABE Was
perforned on the inventive conpounds b following the procedure described

by S. Agréilé) Peptide fragn@e@nso&mdlsgmlaedmraé@wérqwapyrmn@f(w@&amg{ma C Virus

Serine Prgt S |0, ment to
Vol une 30%(\%@%% qBF;Jgr F‘?Zgﬂ&%’gﬁér 1§%%@Fracq Kgmb}fg %r ocegéjl?ngs of
AASLD 50tégAnnual  Meglarapluasufonic exaacidNov eplTSA)S- 9,wé@99) , adde.

di sclosure of which is jincorparated herein by reference. The assay was

per f or medPiayciageyylrarpdialde (e wees )cWaﬁrm%é@éﬂ'tWQ Hha guRdiRgd t hat
oo SACIGS, IGO0 ALPLES ANEPALSE thepunos
vect or ancbnipletd falowing rier 2 hbus teaddiendcatpootretemperatioet Pytidingt suiheedtci ty.
Protease aggl Velvta o\rﬂﬁed rreuans erreo\lla% ur%DSérl?éA Gi:'ur?f torte?rhov%e | byysa%g royf)lgl | oved
evaporation with toluene. The peptide ester was deprotected with 95% TFA in
DCM for two hours and extracted three times with anhydrous ethyl ether to
remove excess chromophore. The deprotected substrate was purified by
reversed phase HPLC on a C3 or C8 column with a 30% to 60% acetonitrile
gradient (using six column volumes). The overall yield following HPLC
purification was approximately 20-30%. The molecular mass was confirmed
by electrospray ionization mass spectroscopy. The substrates were stored in
dry powder form under desiccation.

Spectra of Substrates and Products: Spectra of substrates and the

corresponding chromophore products were obtained in the pH 6.5 assay
buffer. Extinction coefficients were determined at the optimal off-peak
wavelength in 1-cm cuvettes (340 nm for 3-Np and HMC, 370 nm for PAP and
400 nm for 4-Np) using multiple dilutions. The optimal off-peak wavelength
was defined as that wavelength yielding the maximum fractional difference in
absorbance between substrate and product (product OD - substrate
OD)/substrate OD).

Protease Assay: HCV protease assays were performed at 30°C using a 200

I reaction mix in a 96-well microtiter plate. Assay buffer conditions (25 mM
MOPS pH 6.5, 300 mM NaCl, 10% glycerol, 0.05% lauryl maltoside, 5 pM
EDTA and 5 yM DTT) were optimized for the NS3/NS4A heterodimer (D. L.



by Western bl ot detection using a nonoclonal antibody directed agai nst the
reporter substrate. Quantitation of substrate cl eavage was perforned by
scanni ng wéer/ifTmmainobl ot on t he phosphoi mager. Material s: PEr/aso/WsMNAS
pBFP- 5A/ 5B- GFP: The reporter gene thai expresses the substrate encodes a
fusion protein conprised of an N termnal blue fluorescent protein (BFP)
domain and a C termnal green fluorescent protein (GFP) donain, separated
by a 25 am no acids derived fromthe NS5A/5B cl eavage recognition
sequence. Both GFP and BFP are essentially honol ogous autof | uorescent

proteins &hptor p ibidapi.ea gﬁfan | 480 || SRikture § DR QstkrieY C5YbstHIE arRK finiidroy WV

| ight of the approp wavel engt h. Four am no acid substitutions in the
chr onophowere pkacesin avallsr (finakcemiandiadionvai @MYt i 2ad/Coaned atlowad tpr ot ei n

ot cct ea PRARRY A SEIC IOt ahERNIbeRY FEmBNesLEMEME R Bei@Matdant  boay

t hat recgwée%% 0ot AVIDBOPE) B assiy Blifer! Whd tHeh/Udedliolinliats thtbieathien
BFP- 5A/ 5B- GFP reporterégene contains the BFP and GFP aut of | uor escent

protei n céidphyolvgfudne 48). e platasvmsretreenitoed aves the dength ofsherassPy Canada)

o 1 - andeamigfed 3o bhenge RrRETrhEreatle ShhrodRB VrtsEuOS otihi "
vector (Qarn84Np Riret eeinag! 80 esm fove PAP, Bxgr €861 am dbr tmNpguep{r,ing grotein
is under the control of the CW |E pronoter-_ enhancer. The bovine growh

hor none pSPegiraBayeRte Briciofitery plgte rrepaer iegeippeach witho By ANBFNEIMBISTsi gnal

for the "BNoe,hBfe Mosdte Rah BBYEEGRIRRANAI Plate readers that utilize cutoff
filters). Proteolytic cleavage of the ester linkage between the Nva and the
chromophore was monitored at the appropriate wavelength against a no
enzyme blank as a control for non-enzymatic hydrolysis. The evaluation of
substrate kinetic parameters was performed over a 30-fold substrate
concentration range (~6-200 uM). Initial velocities were determined using
linear regression and Kinetic constants were obtained by fitting the data fo the
Michaelis-Menten equation using non-linear regression analysis (Mac Curve
Fit 1.1, K. Raner). Turnover numbers (kct) Were calculated assuming the
enzyme was fully active.
Evaluation of Inhibitors and Inactivators: The inhibition constants (K;) for the
competitive inhibitors Ac-D-(D-Gla)-L-I-(Cha)-C-OH (27), Ac-DTEDVVA(Nva)-
OH and Ac-DTEDVVP(Nva)-OH were determined experimentally at fixed

concentrations of enzyme and substrate by plotting vo/v;i vs. inhibitor

concentration ([l] ;) according to the rearranged Michaelis-Menten equation for
competitive inhibition kinetics: vo/vi = 1 + [I] o /(Ki (1 + [S] o /Ki)), where vq is
the uninhibited initial velocity, v; is the initial velocity in the presence of
inhibitor at any given inhibitor concentration ([I},) and [S], is the substrate
concentration used. The resulting data were fitted using linear regression and
the resulting slope, 1/(Ki(1+[S] o/Kin), was used to calculate the K; value.

The obtained K; values for the various macrocycles of the present

invention are given in the afore-mentioned Table 1 wherein the compounds

have been arranged in the order of ranges of K; values. From these test



I s: SSGADTEDWCCSMSYTWIGALVTP. DNA sequenci ng was used to validate the
clone. P1 BOX2: 1 bNS4A21-32GS-GS NS 3-81 117K: The subtype 1 b protease
was cl omvedorg7iah Xbal / Not| fragment behind the CW pronoPeT/Usol/weest or pCl
neo. YFPnl: YFPnl was purchased fronB®@LONTECH (Palo Alto, California).
Addition of third plasmd to the transfection supplies an internal standard
protein to control for cytotoxicity and does not affect percentage of

prot ease cleavage. Plasm d DNAs were nai ntai ned and propagated in DHo5a
cells (obtained fromLifeTechnol ogies) in LB nmedi umunder the appropriate

anti bi ot i @sgRs EIP\FvbQIa bé‘cgi)ﬁl‘érn*t to a1d é!&l'lélﬂa@séﬁ 'théﬁhe%oﬁ%’ﬁd%&' dfghéQ agen,

Val encia, California) [ ture: La cells were mai ntal ned and
pr opagat eldv%mtm&lﬁ%e sxwianhutrhltﬁmsmennwmot@a(sewmwblt@mvm| ttaker,

orut o meCel BBaL AR BE R RS gtk st el Borib ool Wass nators
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medi um ( M Bi oWiittaker) supplenented O%ftetal calf serum (FCS),

100u/ m  panSeAorawalstadp Daviglapinem; anghC harastgrizationof rengtiliaCL Y ous
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to Volume 30 (No. 4, Part 2, October 1999), Abstract No. 615 (Proceedings of
AASLD 50" Annual Meeting, Dallas, Texas, November 5-9, 1999), the
disclosure of which is incorporated herein by reference. The assay was
performed in HeLa/Huh7 cells that were co-transfected with a plasmid that
expresses a reporter protein substrate containing the NS5A/5B cleavage
recognition sequence and an 1BNS4A ,1.30 GS-GSNS 351 [17K expression
vector and YFPn1 as a internal standard protein to control cytotoxicity.
Protease activity was measured by SDS-PAGE of total cell lysates followed
by Western blot detection using a monoclonal antibody directed against the
reporter substrate. Quantitation of substrate cleavage was performed by
scanning the immunoblot on the phosphoimager.
Materials:
Plasmid DNAs

pPBFP-5A/5B-GFP: The reporter gene that expresses the substrate encodes a

fusion protein comprised of an N’ terminal blue fluorescent protein (BFP)
domain and a C’ terminal green fluorescent protein (GFP) domain, separated
by a 25 amino acids derived from the 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.

The substrate and the resulting GFP and BFP products can be
detected in cell lysates by immunologic methods using a monoclonal antibody
that recognizes both proteins.



HeLa cells were seeded in 24 well plates (Falcon 3047 plates) at a density
of 6 x 104 cells/well and grown overnight at 37Cin a 5% C02 i ncubator.
Day of tmemsf/eatd on: Plasmid DNAs were diluted to a final PcDUS@rt08@t i on of
0.05 pg/pl in nuclease free water (B¥lonega, Madison, Wsconsin, cat #
P119C). 0.75 pg BFP-5A/5B- GFP was conbined and m xed with 0.175 pg P1 B002
(0.23X) and 0.02pg of YFPnl. The DNAs were brought to a final volune of 60
pl| with EMEM | acking FBS, glutamne, and antibiotics. Aratio of 5 pi

vol unes of Super Fect Reagent (Q agen, cat # 301305) per total pgs of DNA

vas added and $hoe Pk YO58 FXEHANANE NSRS WERAN abat ed 10 i n

at roomtenperature to I'e"conmpl ex formation

was t aki n@Jtpﬂacl@,scenDWdﬂelﬁEﬁ)UilTQ ééqlmrm@H(Q@uhtumBlot@bhhel@gV@Slmﬁpl rated and
cells washed 1X with 1 m PBS wthout Cat+ M2+ (Bi oV\hltaker) 350 pl

EMEM ( supMPrBifeat &dnrdan separaed pyithe Hﬁﬁﬁéﬁ%rﬁlgavmceam i®Bdi um) was added
Lo the t ubgyELaLIBNAA Heifiebh 3o NAE! A BERTR RAER A gy e Pl pet t ed

up and down ol une was erred to one we of the 24
wel | cul tsites gl thegpQB126 diehiagoeciar (QuraturnBioteahrdlogiash Indik transfecti on
conpl exes_for a

transf ectE%Sﬁ’lreéﬁﬁ?ﬁlQﬁé@?V\%lgnfpé%&bgn‘?wgﬁﬂﬂ%gon@éll9@“13?5@5[3 péfgh’g’lﬁg Tmecel | s
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conpl ete EMEM was added fo svvere
i ncubat edthza;cﬂwadﬂnylatioreﬁ’ignalrfdr e RNA PTlegp AISHA/6B adavegd semmmes The
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validate the clone.
P1B0OO02: 1bNS4A21-32GS-GS NS 3-81 I17K: The subtype 1b protease was
cloned as an Xba1/Not1 fragment behind the CMV promoter in vector
pC1ineo.
YFPn1: YFPn1 was purchased from CLONTECH (Palo Alto, California).
Addition of third plasmid to the transfection supplies an internal standard
protein to control 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 QlAfilter Plasmid Kits (Qiagen,
Valencia, California).

Cell Culture:

HelLa cells were maintained and propagated in Eagle’s Minimum Essential
Media (EMEM; BioWhittaker, Walkersville, Maryland) supplemented with 10%
fetal calf serum (FCS), 2 mM glutamine, and 100 u/ml penicillin-streptomycin
(BioWhitaker), 2% NaHCOs;.

Huh? cells were maintained and propagated in Dulbecco’s Modified Eagle’s
medium (DMEM; BioWhittaker) supplemented with 10% fetal calf serum
(FCS), 100u/ml penicillin-streptomycin (BioWhitaker) and 5 ml NEAA(100x;
BioWhittaker)/L. .

SOP Procedure




separation system Portsnouth, New Hanpshire, cat # ER33) and transferred
to mcrocentrifuge tubes. It was then boiled 3-5 mn. to |lyse cells.

Loadi ng we@ovgume at 10 pl/well on SDS- PAGE gel. The | ysarewuser®ssesol ved
by electrophoresis on 10 cm x 10 cnB622. 5% SDS- PAGE (OM Scientific, cat #
WO 01/77113 PCT/ US01/ 10869 363 OG 0125B) run at 30 manp in
Tris-Aycine-SDS buffer (OM Scientific). Prior to use, PVDF nenbrane

(i mobi | on-P; . 45pm pore size; MIIlipore, Bedford, Massachusetts) was

soaked in 100% net hanol for 10 seconds and then the blot was placed in
distilled beed ddiforyere transferred to PVDF filter menbranes
(0. 45pm manp per gel for 90 mnutes using a sem -dry

elhect r obl HeLecellPatere tseededfin P4 atedi pﬂatésy(FE%nW?emmﬁ)@t A derwitylidm
Phar maci a_Bi

ttl e Chalfont | 0g. #RPN 5780). The PVDF
FrTter i Aol Bl B GERYA DPTHORASEL e 7 M2 ERBAIOE: ) i n - 10 i
PBS cont apg| 0 en 20, pH 7.4 (Sigma Chemicals, St. Louis,
Mssouri%%%ﬁL%r overnight at 2-4Cin refrigerator. The next day,
t he menbrBlasmideINdAs mians diluted tefd finalvioneeniratioT 8BS 05qud/pl im moléases% Tween
20 washi ng buf f er t hen s ed ree tine
cont ai ni nig e VFHeE, GP\KBE}’?gaZ W'SC?ﬂ@nn‘éﬂﬁd*?Eﬁ@%ZgrH%@B%@‘Hggn 12 nis
of a 1 30@ﬁpdrvia§bbﬁrbrﬁéd aﬁatmlxéﬁrwwsg@abr@mz e g¥x) ahd opd et es

(G ontech, Palo fornia) in contai ning 0.05% Tween 20, pH7.4
whi | e at YﬁBnéa'rﬁhetDNvﬁs weye Bmugh(t/trb laufimiah yolowe néGQaui withA=/E8BIacking Si gnm)

dded b
wren Tras Bonbfiterne 2rotitktes ATegeR B RERES SraRPRRSA ReBht o The
mermbr anesaxﬁagI n,:(%ﬁ#b@@ £305)pek2otH ﬁgs @fr mrr\tvsfa%(bdaéd%md)fh@ﬁﬁxwre

fl uorescein anti nouse lg In
vortexed about 10 seconds and rncubated 10 mrn at room temperature to

allow complex formation.

While complex formation was taking place, growth medium from cell culture
plates was aspirated and cells washed 1X with 1 mi PBS without Ca*", Mg?*
(BioWhitaker). 350 yl 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 HelLa 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 ml PBS, the PBS was aspirated and
495 ul of complete EMEM was added followed by 5 yl compound/well. The
cells were incubated 22-24 hr. at 37°C and 5% CO2.

Preparation of Cell Lysates

The medium from each well was aspirated and washed once 1x with DPBS.
Cells were harvested in 100 pl of 1x Tris-SDS-BME sample buffer (OWL
separation system, Portsmouth, New Hampshire, cat # ER33) and transferred
to microcentrifuge tubes. It was then boiled 3-5 min. to lyse cells. Loading was
done at 10 pl/well on SDS-PAGE gel. The lysates were resolved by
electrophoresis on 10 cm x 10 cm 12.5% SDS-PAGE (Owi Scientific, cat #



m nutes. The nenbranes were washed briefly with TPBS twi ce, then for 5

mn. in TPBS washing buffer thrice. For signal anplification with ECF
subst r at avoenpriahes were i ncubated in 10 m of 1:2500 antPCTAUs@r®seei n

al kal i ne phosphat ase conjugate for 383m nutes. The nmenbranes were rinsed
briefly wth TPBS twice, then 5 mn. in TPBS washing buffer thrice. The ECF
substrate solution was prepared as per manufacturer's instructions (aliquot
and freeze), nmenbranes were incubated for 2-3 mnutes, excess reagent was
drained off, then were blotted with filter papers, air-dried for 9-10

m nut es %G-Oim RARBm ﬁmﬁ‘gd%é@m a0ffer (1 Sbi_%htiﬁ\@).sPﬁbﬁced on
the gl ass of phosphoi mager t or m 860. The bl ue chem | um ni escent was set
up, 200 pouss, &\ memb@mnadimmobiiond ;eI e Kips Millpede ABadford,t age. The

the' bands repratuisRits TROEReRby B Ao PeiatcRtorcto S dsnha RNBES Fhoerna
control (b6} wadlpadedcihanyiine Watek TEhe pRiiéingtiviereamnsiassd esIPFBF fitdrS+P) x1 OO
The inhibition in cleavage due to drug was neasured conpared duplicate to

drug contMembranes (idaren Miipara)iadt . A report was created in Excel. The

resul s 2f s R phodBl BoAninf ARG S d sl stk doyd, | woul d be

appar ent éd "arti san he Cco S0 e invention have
excel | entDetgdtidnyofProteins byi BCF (Wesiera Blot (Afietsitsinm Phabhnaci Bidfach,

Cel | -based assay results: Exanple Cell-Based Nunber Assay M1B 2 2 2
Cittfe Chalfont. Engiand), catalog #RPN 5780), The PVDF filter mambranes
were blocked by 5% blocking reagent (from kit) in ~10 ml PBS containing
0.05% Tween 20, pH 7.4 (Sigma Chemicals, St. Louis, Missouri, cat # 3563)

for overnight at 2-4°C in refrigerator. The next day, the membranes were

rinsed briefly twice with TPBS containing 0.05% Tween 20 washing buffer,
then washed three times each time 5 min. in PBS containing 0.05% Tween
20, pH 7.4. The membranes were incubated in 12 mls 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 mi of 1:2500 anti fluorescein
alkaline phosphatase conjugate for 30 minutes. The membranes were rinsed
briefly with TPBS twice, then 5 min. in TPBS washing buffer thrice. The ECF
substrate solution was prepared as per manufacturer’s instructions (aliquot
and freeze), membranes were incubated for 2-3 minutes, excess reagent was
drained off, then were blotted with filter papers, air-dried for 9-10 minutes and
then scanned.

Scanning the membrane: The blot was placed on the glass of phosphoimager

Storm 860. The blue chemiluminiescent was set up, 200 pixcels size, 700



4A 2.5 4B 1.8 50.6 7B7 8 3.512B5.2 212 233 301 57B 1.5 58 2
It will be apparent to those skilled in the art that many nodifications,
vari ati omoand7iad terations to the present disclosure, botpPACT/OSoMR8s% al s and
met hods, may be practiced. Such nodi 8édcati ons, variations and alterations
are intended to be within the spirit and scope of the present invention.
WO 01/ 77113 PCT/ US01/ 10869 365 Clains What is clained is: 1. A
macrocyclic conpound, including enantioners, stereoisoners, rotonmers and
taut omers of said conpound, and pharmaceutically acceptable salts or

:ﬁl}\‘l’ﬁt ??1 Eﬁﬂr"[sn\l?;clblgég‘é? ﬂ’ﬁ@LfW@' wa%%;jén‘é@rfﬁ‘?l%%e@%‘éhﬂgné RiaB8RREd by cPéatitef Ur e
squares around the bands representmg the substrate (S), the product (P) and
the internal control (IC). The % cleavage of the substrate was measured as
P/(S+P)x100. The inhibition in cleavage due to drug was measured
compared duplicate to drug controls included on each blot. A report was
created in Excel. The results are shown in Table 2. From these test results, it
would be apparent to the skilled artisan that the compounds of the invention

have excellent utility as NS3-serine protease inhibitors.

Table 2: HCV Cell-based assay results:

Example Cell-Based
Number Assay (pM)
1B 2
2 2
4A 2.5
4B 1.8
5 0.6
7B 7
8 3.5
12B 5.2
21 2
23 3
30 1
57B 1.5
58 2

It will be apparent to those skilled in the art that many modifications,
variations and alterations to the present disclosure, both to materials and
methods, may be practiced. Such modifications, variations and alterations are
intended to be within the spirit and scope of the present invention.



W'r R3 2 Formula | wherein: X and Y are independently selected fromthe
al kyl, al kyl-aryl, heteroal kyl, heteroaryl, aryl-heteroaryl,
al kyl - hetve@ oa7Ml3 cycl oal kyl, al kyl ether, alkyl-aryl etpker/usaryiedset her,

noi eti es:

al kyl am no, aryl am no, alkyl-aryl & no, al kyl sulfide, alkyl-aryl

sul fi de,

al kyl -al kyl sul foxi de, al kyl-aryl sul foxide, alkyl am de, alkyl-aryl
aryl am de,

aryl sulfide, alkyl sulfone, alkyl-aryl sulfone, aryl sulfone,

carbamate, aryl carbamate, al kyl -hydrazide, alkyl-aryl hydrazide,

hydr oxam de, al kyl - aryl hydroxam d€laipkyl sul fonyl, aryl sulfonyl,

anm de,

al kyl sul fonam de, al kyl -aryl sul fonam de, aryl sul fonam de,
al kyl urea, alkyl-aryl urea, aryl urea, alkyl carbamate, alkyl-aryl

al kyl

het er oal khas id tlaimyéd idiet eroaryl sul fonyl, al kyl carbonyl, aryl carbonyl,
het er oal kyl carbonyl, heteroaryl  carbonyl, al koxycarbonyl,

ar yl oxycatbonyf MHEPEYSierSaraRgiéd. tRFlysing enanjipaaraodaramisgmers,

The. pr ovi SRR 258 BRBHRAS bt SRt R e R P et oo wi

W th

noi et i es saltscort smivatesof shizl gympeundrsaic tompoahd \Waviky théldehdralT/ US01/ 10869

366 arommtic, al |, al | -
ey e shovs 1 Bamdk

sul fi de,

am nes,

OH, OR8, NROR10, CF3, C2F

a\ry[ , heteroal kyl, aryl-heteroaryl,
,I- al kyl ether, alkyl-aryl ether, alkyl

al kyl -aryl sulfide, alkyl sulfone, alkyl-aryl sulfone, alkyl
am de, al kyl-aryl am de, alkyl sulfonam de, , alkyl amnes, alkyl-aryl

[

te;
N
E
1=\

al kyl -aryl sul fonag’(ge,x urea, alkyl-aryl urea, alkyl
carbamat e and al kyl -aryl &\ anma \ACCRS or B(OR)2, wherein RS
9

W

/ [
R"'/Z \N/kk/ H R
R3 \E

Formula 1
wherein:

X and Y are independently selected from the moieties: alkyl, alkyl-aryl,
heteroalkyl, heteroaryl, aryl-heteroaryl, alkyl-heteroaryl, cycloalkyl, alky! ether,
alkyl-aryl ether, aryl ether, alkyl amino, aryl amino, alkyl-aryl amino, alkyl
sulfide, alkyl-aryl sulfide, aryl sulfide, alkyl sulfone, alkyl-aryl suifone, aryl
sulfone, alkyl-alkyl 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, alkyi -hydrazide, alkyl-aryl hydrazide, alkyl hydroxamide, alkyl-
aryl hydroxamide, alkyl sulfonyl, aryl sulfonyl, heteroalkyl sulfonyl, heteroaryl
sulfonyl, alkyl carbonyl, aryl carbonyl, heteroalkyl carbonyl, heteroaryl
carbonyl, alkoxycarbonyl, aryloxycarbonyl, heteroaryloxycarbonyl,
alkylaminocarbonyl, arylaminocarbonyl, heteroarylaminocarbonyl or a
combination thereof, with the proviso that X and Y may optionally be

additionally substituted with moieties selected from the group consisting of

H1



C3F7, CF2R6, R6, COR7 wherein R7 = H, OH, OR8, CHROR10, or NR9R1O ,
wherein R6, R8, RO and R10 are independently selected fromthe group
consi sti mgoof/7H13 al kyl , aryl, heteroal kyl, heteroaryl, cypCDaERBKY10869

cycl oal kyl, arylalkyl, heteroarylal k¢ , CH(R1')000R11l, CH(R1' ) CONR12R13,
CH(R1L" )CONHCH(R2' )COO R11, CH(R1')CONHCH(R2 ) CONR12R13,

CH(R1') CONHCH(R2' )R, CH(R1') CONHCH( R2') CONHCH( R3') COO R11,

CH( R1" ) CONHCH( R2' ) CONHCH( R3' ) CONR12R13,

CH( R1" ) CONHCH( R2" )CO\IHCH(RB ) CONHCH( R4' ) 000 R11,

CH(RL" ) CObdRhtiR2 b c% mlﬂ‘é?én%aﬂﬁ ; alk AR St rdpNHCH( R2”
) CONHCH( R3"") CONHCH Fé CH( R5") CONHCH(
)CONHCH( Ry O iy e emﬂﬂh(%l e)theccaﬂmgamle alkyl-arvh swifide, alkyl R3', R4',

R
P EIL, o Spo B e ANTRRARETE 554 S, AR, cor! =m0

al kyl - het glkplaaimlnesaéudyf-awmhm@@ d?l@}l%rrﬂas"lﬂﬂohﬁh‘nde Zlky (64 e&lkﬂda yomO, N,

or CH Wmay be resent or absent, and if Wis present, Wis selected from
C=0, C=S, ur@a gyl casbamate andealkvrangk caba@mate; and when Qis present, Qs

CH N P, (Gﬁ)gcbﬁd'?}%d ABreil? RENH BH BRS Rgr@”dc di‘FQ'Sabse“t
N A ?T R Q?B

Mis also absent, and nked t G I's 0, 2(CHR) p,
(CHRCHR ¢, CF(ZQ’?FW @oRYIRwh_S,renﬁfF‘@’ -—OH DMOORE, CHRR'Tldr NRIOCR, or 2

doubl e bond towar ds A, G may be present or absent, and when Gis
present, @hemeil @2RH, R® eﬁtHRim[a,re mde(p@RRemy sebntéd/\fnenm tBeigoapsent, J is
present aggnsllz'stlng c\)/ﬁ-loalllk%? %\%y t?ec’:cyro%‘?kél/ I%gtse?garyf’ cycloalkyl, cycloalkyl,
arylalkyl, heteroarylalkyl, CH(R")COOR", CH(R")CONR'"R", CH(R"
JCONHCH(R? )COO R", CH(R")CONHCH(R?)CONR"R"?,
CH(R")CONHCH(R? )R’, CH(R")CONHCH(R?*)CONHCH(R*)COO R,
CH(R"YCONHCH(R*)CONHCH(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"YCONHCH(R? YCONHCH(R*)CONHCH(R*)CONHCH(R®)COO R,
CH(R" )JCONHCH(R? JCONHCH(R¥*)CONHCH(R*)CONHCH(R®)
CONR™R'3, wherein R", R?, R¥, R*, R%, R", R"2, R, and R’ are
independently selected from a group consisting of H, alkyl, aryl, heteroalkyl,
heteroaryl, cycloalkyl, alkyl-aryl, alkyl-heteroaryl, aryl-alkyl and heteroaralkyl;
Z is selected from O, N, or CH,;
W may be present or absent, and if W is present, W is selected from
C=0, C=S, or SOq;
Q maybe present or absent, and when Q is present, Q is CH, N, P,
(CHz)p, (CHR),, (CRR'),, O, NR, S, or SO5; and when Q is absent, M is also
absent, and A is directly linked to X;
Ais O, CHy, (CHR)p, (CHR-CHR’);, , (CRR’)p, NR, S, SO, or a bond;
E is CH, N or CR, or a double bond towards A, L or G;
G may be present or absent, and when G is present, G is (CHy)p,
(CHR)p, or (CRR'),,; and when G is absent, J is present and E is



directly connected to the carbon atom where G was connected to; J maybe
absent or present, and when J is present, Jis (CH)p, (CHR) p, or

(CRR ) p, vBoRY7Mits NR or 0; and when J is absent, Gis prRpeERUSIIZNE6E i S
directly linked to N, L nmay be presepd’ or absent, and when L is present, L
Is CH CR 0, S or NR and when L is absent, then M my be absent or
present, and if Mis present with L being absent, then Mis directly and
i ndependently linked to E, and J is directly and independently linked to
E;, M my be present or absent, and when Mis present, Mis 0, NR S, S,

(CH2) P, (CHR) p (%%@v%armecwd {09RR darbor: aforh iré @hes donpEL@d o 6; and
R R, R2, R3 and R4 aré independently selected fromthe group consisting

of H, Cl-C10 al kyl ;toC2-C10 al kenyl ; C3-C8 cycl oal kyI C3-C8

et 1 0oyl 0oL XY ey BF kit YRS G RN BB IOHT S o

oxygen, nitrogen, SUCGRR; )p,CSOPMﬂPNRrélﬂoaémHehtﬁlssabs@n@W(j@n ni trogen,
sul fur, or phosphorus atons _nunb erln? zero to six; (cycloalkyl)al kyl and
g

(het er ocycl oal kyl ) aPiegent ape Edsslirestiy I§4Q,Cl¥$lali\|kyl is made of three to eight
carbon at ons, lg?r%yf( %Br 'o’l‘aB’é%!Hte%ndr%ﬁérﬁ g% Ee%%{,{glrsy(?ti, Cﬁgﬁ@or“s

atons, and sai one to’'sIx car t€roaryl
al kyl -aryl; and al kmi NRebadwﬂnad L. isvabderstathebnalikpby bbeibseaabkweseat kenyl

may b opt | enal |y’ AR is BEESeRt PHNdapeinbasent dup ANy aer i ng 1o
optional and suitabj,gesURELAMHIAKRY WE NG ibird@iyeand independently
linked to E;
M may be present or absent, and when M is present, M is O, NR, S,
SOz, (CHz) p, (CHR), (CHR-CHR'),, or (CRR) 5

p is a number from O to 6; and

R, R, R? R®and R* are independently selected from the group
consisting of H; C1-C10 alkyl; C2-C10 alkenyl; C3-C8 cycloalkyl; C3-C8
heterocycloalkyl, alkoxy, aryloxy, alkylthio, arylthio, amino, amido, ester,
carboxylic acid, carbamate, urea, ketone, aldehyde, cyano, nitro; oxygen,
nitrogen, sulfur, or phosphorus atoms with said oxygen, nitrogen, sulfur, or
phosphorus atoms numbering zero to six;
(cycloalkyl)alkyl and (heterocycloalkyl)alkyl, wherein said cycloalkyl is made of
three to eight carbon atoms, and zero to six oxygen, nitrogen, sulfur, or
phosphorus atoms, and said alkyl is of one to six carbon atoms; aryl;
heteroaryl; alkyl-aryl; and alkyl-heteroaryl;
with said alkyl, heteroalkyl, alkenyl, heteroalkenyl, aryl, heteroaryl, cycloalkyl
and heterocycloalkyl moieties may be optionally substituted, with said term
“substituted” referring to optional and suitable substitution with one or more
moieties selected from the group consisting of alkyl, alkenyl, alkynyl, aryl,
aralkyl, cycloalkyl, heterocyclic, halogen, hydroxy, thio, alkoxy, aryloxy,
alkylthio, arylthio, amino, amido, ester, carboxylic acid, carbamate, urea,
ketone, aldehyde, cyano, nitro, sulfonamide, sulfoxide, sulfone, sulfonyl urea,
hydrazide, and hydroxamate.



noi eties selected fromthe group consisting of alkyl, alkenyl, alkynyl,
aryl, aralkyl, cycloal kyl, heterocyclic, halogen, hydroxy, thio, alkoxy,
aryl oxy, wabkyiithi o, arylthio, am no, am do, ester, carboRgTNUSIIADBE,
carbamate, urea, ketone, al dehyde, 868ano, nitro, sul fonam de, sulfoxide,
sul fone, sulfonyl urea, hydrazide, and hydroxamate. WO 01/77113

PCT/ US01/ 10869 368 2. The conpound of claim1l, wherein RL = COR5, and R5
is H OH COOR8, CONRORLO 3. The conpound of claim2, wherein R =
COCONROR10, and is RO is H R10O is H CH(Rl')O000R11l, CH(R1') CONRL12R13,

CH(R1" ) CONHCH(Fize c%%@ﬁﬁ&,of%ﬁ ] WW—)C@@W is HOMHRL' ) CON HCH( Rz
claim3, wherein RL = R1' ) CONHCH( R2' ) 000R11,

R Th
)CI(-I(R'))CCNFDH?CO lg%glﬁl"zms CH( RL' )CC]\IHCH(RZ)(R') wherein RL, is H or

| kyl, R2' h t d n t t t ed
Shemyl . i opEis PRGN & ReIpib iy ECOss R na S KO3} i ”
pyridyl aR®ig2H, Al CcngTh@w(cpﬁgQ}mNRé#R@I aim4, wherein R1' is H 6. The
conmpound of cl.a

-1 hdany| CH@L)Q%H@H(R SGO0RT, CHEICONHRSER BPNRERS s *H o
tgit EEEaéyggﬂﬁx?ﬁp@nﬁ$ﬁééigngghgélofagﬁafhlh? Q%S;g?%nﬁéhyg gglected from
the groups. conbhetbmpoahdtdieldio 3, omergimRi%ti es: WO 01/ 77113 PCT/ US01/ 10869
369 CH(R")CONHCH(R?)COOR", CH(R")CONHCH(R?) CONR™R"3, CH(R"
JCONHCH(R?)(R’), wherein R" is H or alkyl, and R? is phenyl, substituted
phenyl, hetero atom-substituted phenyl, thiophenyl, cyclohexyl, cyclopentyi,
cyclopropyl, piperidyl, pyridyl and 2-indanyl.
5.  The compound of claim 4, wherein R" is H.
6. The compound of claim 5, wherein R? = phenyl, thiophenyl, cyclohexyl,
2-indanyl, cyclopentyl, pyridyl, phenyl(4-HNSO2NH,), R is H or tert-butyl, R'?
and R are methyl, and R’ is hydroxymethyl or tert-butoxymethyl.
7. The compound of claim 1, wherein R? is selected from the group
consisting of the following moieties:



lw HCH3 CH3 CH3 CH3 Il CH3FFT FFFFC CH33 "1<11 p, (0)a 2
S(0)0-2 CHO CH3 CH3 CH3 3 CH3 CH3 1~ CH3 CH3 CH3 CH3 n=0-3 L~ L \%8.
The conpovedi/ofiixl aim 7 wherein RL = COR5, and R5 is H CPLT/USDBORSG9
CONROR10 9. The conpound of claim8 derein L and M are absent, J is
directly linked to E; 10. The conpound of claim8 wherein L, J and Mare
absent, Eis directly linked to N, 11. The conpound of claim8 wherein G
and M are absent. 12. The conpound of claim8, wherein the noiety: WO
01/ 77113 PCT/ USO1/ 10869

CHj
CHj
Arn 77?7 S o rvvu\F ’V\N‘F
)\ /( H\ /d F)<F H<F . ij
CHj 3
@ o Lokt TR0k WH j
CHs CH, 3 CHj
jws ﬁ . %
% g o X
CH3 CH3 CH3 3
n=0-3

8. The compound of claim 7 wherein R' = CORS, and R® is H, OH,
COOR®, CONR®R',

9. The compound of claim 8 wherein L and M are absent, J is directly
linked to E;
10. The compound of claim 8 wherein L, J and M are absent, E is directly
linked to N;

11.  The compound of claim 8 wherein G and M are absent.

12.  The compound of claim 8, wherein the moiety:



370 'r\ MG NI O is selected fromthe group consisting of the
following structures , -b, or c: /QA'11'~Q ANI R RR RA "R RR
OR AN OWO 087013A0 01/ 77113 PCT/ USO1/ 10869 371 13. The cpaposeidosd cl ai m
12, wherein structure a is selected Bfoomthe follow ng structures: R O-N
AN (0)0-2 ~N WD 01/77113 PCT/ US01/ 10869 372 '

a b c



14. The conpound of claim@8, whereini: CIA Gis R R R RNd wherein M
may be absent or present, and if Mis absent, Qis linked to EE WD 01/77113
PCT/ USO1MO86%711873 15. The compound of claim8, wherein:PCTAURHHE9 E 1 G
is MR wherein Gand J are independéttly selected fromthe group
consisting of (CH2)p, (CHRp, (CHR-CHR )p, and (CRR )p; A and Mare

i ndependently selected fromthe group consisting of 0, S, SO, NR (CH2)
P, (CHRp, (CHR- CHR )p, and (CRR)p; and Qis CH CR or N 16. The
conmpound of claim8, wherein G and J are independently selected fromthe
group consisting of (CH2)p, (CHR)p, (CHR-CHR )p, and (CRR )p; and the
nmoiety A-E-L-MQis an aromatic ring consisting of two to eight carbon
atons, zetd Thescompetrd ofaglaim 14,t Wheredmstoiaidieng isr selectgshiremrtheet a with

respect tRERHY QhiGres:



WO 01/ 77113 PCT/ US01/ 10869 374 17. The conpound of claim 16, wherein:

"W~ \ A MI is ,4c,-L, Nr~x ~~/R1l4 wherein R14 is selected fromthe
group comwedst/img of H, al kyl, aryl, heteroal kyl, heteroargl/useywbeal kyl ,

al kyl -aryl, al kyl -heteroaryl, aryl-aBRyl and heteroaral kyl. WO 01/77113
PCT/ US01/ 10869 375 18. The conpound of claim1l, wherein R3 is selected
fromthe group consisting of: Rso R30 Rso Hn=0-4 6N 60 6 COCH3 FF )n
0-2 COR31 COR31 COR31 R32 R33 wherein R30 = H, CH3 or other alkyl groups;
R31 = OH, O alkyl, N-12, Nalkyl; and R32 and R33 may be the sane or
different and are selected independently from

14.  The compound of claim 8, wherein:
~
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g
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N
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wherein M may be absent or present, and if M is absent, Q is linked to E.



H F, d, Br and CH3. WO 01/77113 PCT/US01/ 10869 376 19. The conpound of
claim8, wherein R3 is selected fromthe group consisting of: R30 R30 R30
H n=0-4 woot/77133 1|,,,,,. 6N 60 F F COCH3 ~)n=0-2 COR3RCTUORBI1080OR31 R32
R33 wherein wherein R30 = H, CH3 or 38t her al kyl groups; R31 = OH, O al kyl,
NH2, N-al kyl; and R32 and R33 may be the same or different and are sel ected
I ndependently from H, F, d, Br and CH3, and the noiety: WO 01/77113

PCT/ US01/ 10869 377 G N O is selected fromone of the foll ow ng
structures a, b, ¢, d, e, and f:

15. The compound of claim 8, wherein:

‘7\A
Mo
N\—F

AL
Ry

A

wherein G and J are independently selected from the group consisting of
(CH2)p, (CHR),, (CHR-CHR'),, and (CRR’)p; A and M are independently
selected from the group consisting of O, S, SO, NR, (CH.) p, (CHR),, (CHR-
CHR'),, and (CRR’)p; and Q is CH, CR, or N,

16.  The compound of claim 8, wherein G and J are independently selected
from the group consisting of (CH.),, (CHR),, (CHR-CHR'),, and (CRR’),; and
the moiety A-E-L-M-Q is an aromatic ring consisting of two to eight carbon
atoms, zero to six hetero atoms with X and J being ortho, para or meta with
respect to each other.



<QANR RR RA R R RORRORR ANOANpPp O abANR d wher ein M
may be absent or present, and if Mis absent, Qis linked to EE MR R G
e WO 01/ WQaB7ROI/ US01/ 10869 378 wherein G and J are i ndegpudertoBey
selected fromthe group consisting oB74 (CH2)p, (CHR)p, (CHR-CHR )p, and
(CRR )p; A and M are independently selected fromthe group consisting of

0, S S, NR (CH2)p, (CHR)p, (CHR- CHR )p, or (CRR)p, Qis CH CR, or N
and R14 r~1 N

17.  The compound of claim 16, wherein:

v

f

wherein R is selected from the group consisting of H, alkyl, aryl, heteroalkyl,
heteroaryl, cycloalkyl, alkyl-aryl, alkyl-heteroaryl, aryl-alkyl and heteroaralkyl.



0O f 20. A conpound of claim19, wherein Z = N and R4= H  21. A conpound
of claim 20, wherein Wis C=0 22. A conpound of claim?2l, wherein the

noi ety XWOos7H¢3 ected fromthe group consisting of: Cl-g6r/abkylogedO al kyl ,
NR-al kyl . 23. A conpound of claim 2137%herein:. RU3 ~U02 / Ro Y- : U
wherein Rb is connected directly to Qif Qis present or to Aif Qis
absent; Rc is connected to W Ul through U6 can be part of a six nenbered
carbon ring, or five or six nmenbered ring with one or nore heteroatons; Ra
= H, al kyl, al koxy, hydroxy, thio, halogen nitro, cyano, carboxylic acid,
ester, amde, amno, nitrite, or CF3; is a bond, Cl-C6 al kyl, C2-C6

al kenyl C2-C6_al kynyl, 0, S, SO2, NH, ngal kyl ), S(al kyl ), SOZ(aI kyl) or
N( al kyl ) :18&nd Foa eomppuRd of deiradl , avherein Roisaeledtrd isam tiepgasipl kynyl , 0, S,
SO2, NH, ﬂ% Eéé)f S(al kyl ), SOZ(aI kyl), N(al kyl) or CH2-N(al kyl) with the
CH2 bei ng to the aromatic ring. WO 01/77113 PCT/USO1/ 10869 379 24.
A compound of claim.21, wherein t noi et yWX-Y is selwected fromthe

X
¢
B A

kﬁ)n =0-2 @
COR® cor™

wherein R* = H, CH; or other alkyl groups;

R3" = OH, O-alkyl, NHz, N-alkyl; and

R%2 and R* may be the same or different and are selected independently from
H, F, CI, Br and CHas.



group consisting of the followi ng structures: CH2)3 O CH O ( 0-(CH2)2-4 |
2)4 IVWI (CH2)0-2 (CH2)2 0-(CH2)3 0-(CH2)3 O (CH2)3 HNM NO' M

O (CH2) 3vaor/mH1Me (CH 2)2-4 Me M NNAN M M O\ 'BCTASOID0869 (CH2) 4
O- (CH2)2 4 1V~ 25. A pharnaceuti caB7conposition conprising as an active
ingredient a conpound of claim1l. 26. The pharmaceutical conposition of
claim25 for use in treating disorders associated with HCV. WD 01/77113
PCT/ USOL/ 10869 380

19.  The compound of claim 8, wherein R® is selected from the group

L X *é’ She

fuiN- b R30 R3O RSO
H < ; I i
n = 0-4

et
COR® COR®

wherein wherein R* = H, CH; or other alkyl groups;

R®' = OH, O-alkyl, NH,, N-alkyl; and

R%2 and R* may be the same or different and are selected independently from
H, F, Cl, Brand CH3,

and the moiety:

COR¥ 323



27. The pharmaceutical conposition of claim25 additionally conprising a
phar maceutically acceptable carrier. 28. A nethod of treating disorders
associ at adowi/th1s he HCV protease, said nethod conpri si ngPal/sel/®8@ri ng to
a patient in need of such treatnment a77 pharnaceutical conposition which
conprises therapeutically effective anmounts of a conpound of claim1. 29.
The use of a conpound of claim1l for the nmanufacture of a nedicanent to
treat disorders associated with the HCV protease. 30. A nethod of preparing
a pharmaceutical conposition for treating the disorders associated with
the HCV protease, said nethod comprising bringing into intimate contact a
conpound of claim 1l and a pharnaceut/fsally acceptable carrier. 31. A
conmpound exhi biting HCV protease iphibifory activity, including
enantioners, stereoisoners and tautgners of said conpound, and
pharmaceutically acceptable salts orl=Sol\vat es of said conpound, said
conpound being selected fromthe og?ou s of structures listed below. HO
HOHO CH3 N-N NNN NCH 3 0‘£LﬁL\ NNM¥NNvVv NOOOHO CH3 W

01/ 77113 PCT/ US01/ 10869 381 N

I
o)

wherein M may be absent or present, and if M is absent, Q is linked to E;

W\A

M R’

fuu
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ZzIl

wherein G and J are independently selected from the group consisting of
(CH2)p, (CHR),, (CHR-CHR'),, and (CRR’)p; A and M are independently
selected from the group consisting of O, S, SO2, NR, (CH2),, (CHR),, (CHR-
CHR’),, or (CRR’),, Qis CH, CR, or N; and

/ ﬁ\/
\

/CLNI

o)

R14
{

f

20. A compound of claim 19, wherein Z = N and R*= H.

21. A compound of claim 20, wherein W is C=0.

22. A compound of claim 21, wherein the moiety X-Y is selected from the
group consisting of: C1-C6 alkyl, O-alkyl, NR-alkyl.

23. A compound of claim 21, wherein:

R
x A Ul\/us\vz /“.,
I R

5 |1
A
re” U

L

wherein RP is connected directly to Q if Q is present or to A if Q is absent; R®

4
>

is connected to W; U* through U® can be part of a six membered carbon ring,
or five or six membered ring with one or more heteroatoms;

R® = H, alkyl, alkoxy, hydroxy, thio, halogen, nitro, cyano, carboxylic acid,
ester, amide, amino, nitrile, or CF3;

R® is a bond, C1-C8 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, O, S, SO, NH,
O(alkyl), S(alkyl), SO,(alkyl) or N(alkyl); and

R®is a bond, C1-C6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, O, S, SO,, NH,
O(alkyl), S(alkyl), SO4(alkyl), N(alkyl) or CHx-N(alkyl) with the CH; being
linked to the aromatic ring.



000 OCHS NNNNN OOOH CH3 OO0 _~HNNMNNN, HCNHN 00O
ONONN HH NOO OO 0 WO 01/77113 PCT/USO01/10869 383 NON N,, CN,
HN O O Wolo077133 O N NIN PCT/US01/10869
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24. A compound of claim 21, wherein the moiety X-Y is selected from the

group consisting of the following structures:

O_(CH2)3
i
3 (CHzloo o 3~ (CHolp

O—$CH2)3 ©/O——l(CH2)3 ©/0—ch2)3
HN Q
Y Me” N)w >
Me\E?/O_ I(CH2)3 (?O\/Yhﬁ O/i‘:
e Me Me
7 -~ W (CH2)o4

q
% v =
Me Me g
AN /E&‘ “an,
O\\ /,O O/S A,
o el
O_/__/ ‘/_/_f

%/(CH2)4 E/(CH2)2-4 e g

25. A pharmaceutical composition comprising as an active ingredient a
compound of claim 1.
26.  The pharmaceutical composition of claim 25 for use in treating

disorders associated with HCV.
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27.  The pharmaceutical composition of claim 25 additionally comprising a
pharmaceutically acceptable carrier.

28. A method of freating disorders associated with the HCV protease, said
method comprising administering to a patient in need of such treatment a
pharmaceutical composition which comprises therapeutically effective
amounts of a compound of claim 1.

29. The use of a compound of claim 1 for the manufacture of a
medicament to freat disorders associated with the HCV protease.

30. A method of preparing a pharmaceutical composition for treating the
disorders associated with the HCV protease, said method comprising bringing
into intimate contact a compound of claim 1 and a pharmaceutically
acceptable carrier.

31. A compound exhibiting HCV protease inhibitory activity, including
enantiomers, stereoisomers and tautomers of said compound, and
pharmaceutically acceptable salts or solvates of said compound, said

compound being selected from the compounds of structures listed below:
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Op Hp IOoor7phar maceuti cal conposition for treating di speiEss/M8®oci at ed
with the HCV protease, said conposi897on conprising therapeutically
effective anount of one or nore conpounds in claim31l and a

pharmaceutical ly acceptable carrier. 33. The pharmaceutical conposition of
claim 32, additionally containing an antiviral agent. 34. The
pharmaceutical conposition of claim32 or claim33, still additionally
containing an interferon. B5 The pharmaceutical conposition of claim 34,
wherein said antiviral ~CHa
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agent is ribavirin and said interferon is a-interferon. 36. A conpound of
the formula: x QUA YME R4 ----ZV NR3 0 W 01/77113 PCT/ US01/ 10869
401 wherav@oV7H1OR or NHR, with R being H or al kyl; and XpCWys@/108¢9 M W
L, EE G J, Z, R3 and R4 are as defd¥ed in Claiml.
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32. A pharmaceutical composition for treating disorders associated with the
HCV protease, said composition comprising therapeutically effective amount
of one or more compounds in claim 31 and a pharmaceutically acceptable
carrier.

33.  The pharmaceutical composition of claim 32, additionally containing an
antiviral agent.

34. The pharmaceutical composition of claim 32 or claim 33, still
additionally containing an interferon.

35.  The pharmaceutical composition of claim 34, wherein said antiviral
agent is ribavirin and said interferon is a-interferon.

36. A compound of the formula:



WO 01/77113 PCT/US01/10869
401

wherein V = OR or NHR, with R being H or alkyl; and X, Y, Q, A, M, W, L, E,
G, J, Z, R® and R* are as defined in Claim 1.



