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== novel steroselective processes to inlermediates. The invention is also directed 10 pharmaceutical compositions and to methods for
using the compounds for inhibiting HCV protease or treating a patient sutfering from an HCV infection or physiological condition
related to the infection. Also provided are pharmaceutical combinations comprising, in addition to one or more HCV serine protease

O inhibitors, one or more interterons exhibiting anti-1ICV activity and/or one or more compounds having anti 1iCV activity and a

3 pharmaceutically acceptable carrier, and methods for treating or preventing a HCV infection in a patient using the compositions.
The present invention is also directed 1o a kit or pharmaceutical pack for treating or preventing HCV infection in a patient.
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Peptidomimetic Protease Inhibitors

This invention is directed to peptidomimetic compounds and intermediates thereto, their
preparation including stereoselective synthetic processes to intermediates, pharmaceutical
compositions containing the peptidomimetic compounds, and the use of the peptidomimetic
compounds or compositions thereof as protease inhibitors, particularly as serine protease
inhibitors, and more particularly as hepatitis C virus (“HCV”’) NS3 protease inhibitors. The
peptidomimetic compounds, as HCV NS3 protease inhibitors, are particularly useful in interfering
with the life cycle of the hepatitis C virus and in treating or preventing an HCV infection or
physiological conditions associated therewith. The present invention is also directed to methods
of combination therapy for inhibiting HCV replication in cells, or for treating or preventing an
HCV infection in patients using the peptidomimetic compounds or pharmaceutical compositions,
or kits and pharmaceutical packs therefor. According to the present invention included as
pharmaceutical compositions are those comprising an inhibitor of HCV serine protease in
combination with an interferon having anti-HCV activity; an inhibitor of HCV serine protease in
combination with a compound, other than an interferon, having anti-HCV activity; or an inhibitor
of HCV serine protease in combination with both an interferon having anti-HCV activity and a
compound, other than an interferon, having anti-HCV activity. Further the present invention is
directed to stereoselective methods for preparing chiral bicycloprolinate intermediates useful in

the synthesis of the peptidomimetic compounds.

Background of the Invention

Infection by the HCV is a compelling human medical problem and is now recognized as
the causative agent for most cases of non-A, non-B hepatitis.

The HCV is thought to infect chronically 3% of the world's population [A. Alberti et al.,
"Natural History of Hepatitis C," J. Hepatology, 31, (Suppl. 1), 17-24 (1999)]. In the United
States alone the infection rate is 1.8% or 3.9 million people [M.J. Alter, "Hepatitis C Virus
Infection in the United States," J. Hepatology, 31, (Suppl. 1), 88-91 (1999)]. Of all
patients infected over 70% develop a chronic infection that is believed to be a major cause of
cirrhosis and hepatocellular carcinoma. [D. Lavanchy, "Global Surveillance and Control of
Hepatitis C, " J. Viral Hepatitis, 6, 3547 (1999)]

The replication of the HCV encompasses genomic encoding a polyprotein of 3010-3033

amino acids [Q.-L. Choo, et al., “Genetic Organization and Diversity of the Hepatitis C Virus”,
Proc. Natl. Acad. Sci. USA, 88, 2451-2455 (1991); N. Kato et al., “Molecular Cloning of the
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Human Hepatitis C Virus Genome From Japanese Patients with Non-A, Non-B Hepatitis”, Proc.
Natl. Acad. Sci. USA, 87, 9524-9528 (1990); A. Takamizawa et al., “Structure and Organization
of the Hepatitis C Virus Genome Isolated From Human Carriers”, J. Virol., 65, 1105-1113
(1991)]. The HCV nonstructural (NS) proteins are presumed to provide the essential catalytic

machinery for viral replication. The NS proteins are derived by proteolytic cleavage of the
polyprotein [R. Bartenschlager et al., “Nonstructural Protein 3 of the Hepatitis C Virus Encodes a
Serine-Type Proteinase Required for Cleavage at the NS3/4 and NS4/5 Junctions”, J. Virol., 67,
3835-3844 (1993); A. Grakoui et al. “Characterization of the Hepatitis C Virus-Encoded Serine
Proteinase: Determination of Proteinase-Dependent Polyprotein Cleavage Sites”, J. Virol., 67,
2832-2843 (1993); A. Grakoui et al., Expression and Identification of Hepatitis C Virus
Polyprotein Cleavage Products”, J. Virol., 67, 1385-1395 (1993); L. Tomei et al., “NS3 is a serine

protease required for processing of hepatitis C virus polyprotein”, J. Virol., 67, 4017-4026
(1993)]. In fact, it is the first 181 amino acids of NS3 (residues 1027-1207 of the viral
polyprotein) have been shown to contain the serine protease domain of NS3 that processes all four

downstream sites of the HCV polyprotein [C. Lin et al., “Hepatitis C Virus NS3 Serine

Proteinase: Trans-Cleavage Requirements and Processing Kinetics”, J. Virol., 68, 8147-8157
(1994)].

The HCV NS protein 3 (NS3) contains a serine protease activity that helps in the
processing of the majority of the viral enzymes, and thus is considered essential for viral
replication and infectivity. The essentiality of the NS3 protease was inferred from the fact that
mutations in the yellow fever virus NS3 protease decreases viral infectivity [T.J. Chambers et al.,
“Evidence that the N-terminal Domain of Nonstructural Protein NS3 From Yellow Fever Virus is
a Serine Protease Responsible for Site-Specific Cleavages in the Viral Polyprotein”, Proc. Natl.
Acad. Sci. USA, 87, 8898-8902 (1990)]. More recently, it was demonstrated tha't mutations at the

active site of the HCV NS3 protease could completely abolish the HCV infection in a chimpanzee
model [C.M. Rice et al. “Hepatitis C virus-encoded enzymatic activities and conserved RNA
elements in the 3'-nontranslated region are essential for virus replication in vivo.” J. Virol., 74(4)
2046-51 (2000)]. The HCV NS3 serine protease is also considered essential for viral replication
as it and its associated cofactor, NS4A, help in the processing of all of the viral enzymes. This
processing appears to be analogous to that carried out by the human immunodeficiency virus
(“HIV”) aspartyl protease. In addition, the demonstrated use of HIV protease inhibitors as potent
antiviral agents in man demonstrates that interrupting a protease protein processing stage in the
viral life cycle does result in therapeutically active agents. Consequently, the protease enzyme is

an attractive target for drug discovery.
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Several potential HCV protease inhibitors have been described. PCT Publications
Numbers WO 00/09558, WO 00/09543, WO 99/64442, WO 99/07733, WO 99/07734, WO
99/50230, W098/46630, WO 98/17679 and WO 97/43310, United States Patent No. 5,990,276,
M. Llinis-Brunet et al., Bioorg. Med. Chem. Lett., 8, 1713-1718 (1998), W. Han et al., Bioorg.
Med. Chem. Lett., 10, 711-713 (2000), R. Dunsdon et al., Bioorg. Med. Chem. Lett., 10, 1571-
1579 (2000), M. Llinds-Brunet et al., Bioorg. Med. Chem. Lett., 10, 2267-2270 (2000), and S.
LaPlante et al., Bioorg. Med. Chem. Lett., 10, 2271-2274 (2000) each describe potential HCV

NS3 protease inhibitors. Unfortunately, there are no serine protease inhibitors available currently
as anti-HCV agents.

In fact, there are no anti-HCV therapies except interferon-,, interferon-o/ribavirin
combination and more recently pegylated inteferon-a. The sustained response rates for the
interferon-o therapies and interferon-o/ribavirin however tend to be low (<50%) and the side
effects exhibited by the therapies tend to be significant and severe [M.A. Walker, "Hepatitis C
Virus: an Overview of Current Approaches and Progress," DDT, 4, 518-529 (1999); D.
Moradpour et al., "Current and Evolving Therapies for Hepatitis C," Eur. J. Gas'troenterol.
Hepatol., 11, 1199-1202 (1999); H.L.A. Janssen et al., “Suicide Associated with Alfa-Interferon
Therapy for Chronic Viral Hepatitis,” J. Hepatol., 21, 241-243 (1994); and P.F. Renault et al.,
“Side effects of alpha interferon”, Seminars in Liver Disease 9, 273-277, (1989)]. Furthermore,

the interferon therapies only induce long term remission in only a fraction (~ 25%) of cases [O.
Weiland, “Interferon Therapy in Chronic Hepatitis C Virus Infection”, FEMS Microbiol. Rev.,
14, 279-288 (1994)]. The aforesaid problems with the interferon-o therapies has even led to the

development and clinical study of pegylated derivatized interferon-ot compounds as improved
anti-HCV therapeutics.

In view of the current situation regarding anti-HCV therapeutics, it is clear that there is a
need for more effective and better tolerated therapies.

Furthermore, synthesis of complex peptidomimetic compounds has long been hampered
by the nonstereoselective nature of most synthetic organic processes. It is well known that the
therapeutic activity of enantiomers of peptidomimetic compounds varies widely. It is therefore of
great benefit to provide such stereospecific synthetic processes.

Previous attempts to synthesize chirally specific bicycloprolinate intermediates, useful in
the synthesis of the present therapeutic peptidomimetic protease inhibitors have suffered from
being non enatioselective, or diasteroselective, or long encompassing synthetic pathways, or being

unsuitable for preparing large quantities of product. Thus, there is also a need for a means of
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preparing large quantities of bicycloprolinates in a diastereoselective mamnner and

enantiomerically enriched form.

Summary of the Invention

The present invention relates to a peptidomimetic compound of Zormula 1
11{6 l(j)\ 1 3 0 R'
7 -
Q/L\F ,R WH/N\ 5 /R K N
R N R LV
R O R O )
1

RC%is a bond or diflucromethylene;

wherein:

R! is hydrogen, optionally substituted aliphatic group, optionally substituated cyclic group or
optionally substituted aromatic group;

R?and R® are each independently optionally substituted aliphatic group, cptionally substituted
cyclic group or optionally substituted aromatic group;

R} R’ and R are each independently (optionally substituted aliphatic grooup, optionally
substituted cyclic group or optionally substituted aromatic group)(optionaally substituted
methylene or optionally substituted ethylene), optionally substituted (1,1— or 1,2-)cycloalkylene or
optionally substituted (1,1- or 1,2-)heterocyclylene;

R? R®, R® and R are each independently hydrogen or optionally substitcated aliphatic group;

@ is substituted monocyclic azaheterocyclyl or optionally substittated multicyclic
azaheterocyclyl, or optionally substituted multicyclic azaheterocyclenyl vvherein the
unsaturatation is in the ring distal to the ring bearing the R*-L-(N(R?*)-R’-* C(0)-),N(R®-R>-C(0)-
N moiety and to which the -C(O)-N(R*)-R>-C(O)C(O)NR’R' moiety is attached;

L is -C(O)-, -OC(0)~, -NR'"C(0)-, -S(0)-, or -NR'°S(0),-; and

nisQor 1, or

a pharmaceutically acceptable salt or prodrug thereof, or a solvate of sucta a compound, its salt or
its prodrug,

provided
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N

when IO is substituted A , then L is ~OC(O)- and R’ is optionally substituted
aliphatic, or at least one of R’, R’ and R’ is (optionally substituted aliphatic group, optionally
substituted cyclic group or optionally substituted aromatic group)(optionally substituted
ethanediyl), or R* is optionally substituted aliphatic.

This inventions also provides a compound having the structural formula:

. R® O 0 0
7 1 3 1
R R
R”“w'RwrkN‘Rle@ A
R O R* 0 R

wherein:

R! is hydrogen, optionally substituted aliphatic group, optionally substituted cyclic group or
optionally substituted aromatic group;

R? and R® are each independently optionally substituted aliphatic group, optionally substituted
cyclic group or optionally substituted aromatic group;

R? R’ and R’ are each independently (optionally substituted aliphatic group, optionally
substituted cyclic group or optionally substituted aromatic group)(optionally substituted
methanediyl or optionally substituted ethanediyl);

R R® R®and R' are each independently is hydrogen or optionally substituted aliphatic group;

O is substituted monocyclic azaheterocyclyl or optionally substituted multicyclic
azaheterocyclyl, or optionally substituted multicyclic azaheterocyclenyl wherein the
unsaturatation is in the ring distal to the ring bearing the R*-L-(N(R?)-R"-C(0)-),N(R%-R*-C(O)-
N moiety and to which the -C(0)-N(R*)-R*-C(O)C(O)NR’R' moiety is attached;

L is ~C(O)-, -OC(0)-, -NR*°C(0O)~, -8(0),-, or -NR'*S(0),~; and

nisQor 1, or

a pharmaceutically acceptable salt or prodrug thereof, or a solvate of such a compound, its salt or
its prodrug,

provided

@
when @ is substituted A , then L is ~OC(O)- and R®s optionally substituted

aliphatic, or at least one of R, R’ and R is (optionally substituted aliphatic group, optionally
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substituted cyclic group or optionally substituted .aromatic group)(optionally substituted
ethanediyl), or R* is optionally substituted aliphat-ic.

The invention is also directed to a pharmaceutical composition comprising a compound of
formula 1, and method for using the compound off formula 1 for inhibiting HCV protease, or
treating or preventing an HCV infection in patiensts or physiological condition related to the
infection.

The invention is also directed to a stereos: elective process for preparing a chiral
bicycloprolinate compound that is an intermediates useful in preparing a compound of
formula 1. The synthetic process comprises the s&eps of:

(a) cleaving and cyclizing a compoumnd of formula 24

wherein:

-

arylcycloalkyl;
R js -COR";

R'? is an iminic glycinimide adduct;

is optionally substituted cycloall<yl or optionally substituted fused

R™ is acid protecting group or optionally substituted aliphatic group;

under cleaving and cyclizing conditions to form a compound of formula 25



WO 02/18369 PCT/US01/26008

R is -CONRPRY, -CN;

o ° ° e,

"] -
’ owm-o ’ » ’

or -CO.R'®;
R" is optionally substituted aliphatic group;
5 R is acid protecting group, optionally substituted aryl, or optionally substituted aliphatic
group; and
(b) protecting the nitrogen of the lactam moiety in the compound of formula 25

with an amide protecting group to form a compound of formula 26

H H
o N R“
p°
{26)
10 wherein:

p° is amide protecting group;
R is as described herein; and
(©) reducing the compound of formula 26 under reducing conditions to form a

compound of formula 27

15 @n
wherein:
i)o and R are as described herein; and
@) deprotecting the compound of formula 27 under deprotecting conditions to form a

compound of formula 28



WO 02/18369

H H
N a
}
(28) ;
wherein:
R™ is as dHescribed herein.

PCT/US01/26008

The invemmtion is also directed to the above synthetic process further comprising the step

5 wherein the comp ound of formula 24 is prepared by effecting a Michael addition with an iminic

glycinimide compeound on a compound of formula 29

(29)

wherein:

O

10  arylcycloalkenyl;
R is -CO,R";

wherein:

is optionally substituted cycloalkenyl or optionally substituted fused

the compound of formula 29 may be prepared by esterifying a compound of formula 29a

i1a

(29a)

15 wherein:

O

is optionally substituted cycloalkenyl or optionally substituted fused

arylcycloalkenyl;

R'? is -CEH0, -CORY, -C==N, or -CONRR"; and

R" is as dlescribed herein.

20 Notably, one skilled in the art would know that conversion of ketones to esters may be

accomplished, for example, by a Bayer-Villiger reaction. Conversion of nitriles and amides to

esters may be acccomplished, for example, by aqueous hydrolysis followed by further
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esterification. Conversion of aldehydes to esters may be accomplished, for example, by oxidation
of the aldehyde followed by esterification.

Another aspect of the invention is a compound of formula 1 wherein the substituents are
selected from a combination of preferred or particular embodiments as defined herein.

Another aspect of the invention is a compound of formulae 24-29 wherein the substituents
are selected from a combination of preferred or particular embodiments as defined herein.

Another aspect of the invention are pharmaceutical compositions comprising, in addition

to one or more HCV serine protease inhibitors, one or more interferons or compounds that induce
the production of interferons that exhibit anti-HICV activity and/or one or more compounds
having anti HCV activity, including immunomodulatory compounds such as immunostimulatory
cytokines exhibiting HCV antiviral activity, and a pharmaceutically acceptable carrier.

Another aspect of the invention are methods of treating or preventing a HCV infection in
a patient in need thereof, comprising administering to said patient a pharmaceutically effective
amount of a combination of one or more HCV serine protease inhibitors; one or more interferons
or compounds that induce the production of an inteferon that exhibit anti-HCV activity; and/or
one or more compounds having anti-HCV activity, including immunomodulatory compounds
such as immunostimulatory cytokines exhibiting HCV antiviral activity.

The invention is also directed to the use of one or more HCV serine protease inhibitors in
combination with one or more interferons or compounds that induce the production of an
inteferon that exhibit anti-HCV activity and/or one or more compounds having anti-HCV activity,
including immunomodulatory compounds such as immunostimulatory cytokines exhibiting HCV
antiviral activity, to prepare a medicament for treating or preventing a HCV infection in a patient
in need thereof.

The present invention is also directed to a kit or pharmaceutical pack for treating or
preventing HCV infection in a patient, wherein the kit or pharmaceutical pack comprises a
plurality of separate containers, wherein at least one of said containers contains one or more HCV
serine protease inhibitors (alone or in combination with a pharmaceutically acceptable carrier or
diluent), at least another of said containers contains one or more interferons or compounds that
induce the production of an inteferon that exhibit anti-HCV activity, (alone or in combination
with a pharmaceutically acceptable carrier or diluent) and, optionally, at least another of said
containers contains one or more compounds having anti-HCV activity (alone or in combination
with a pharmaceutically acceptable carrier or diluent), including immunomodulatory compounds
such as immunostimulatory cytokines exhibiting HCV antiviral activity.

The amount of the HCV serine protease inhibitor(s), interferon(s), or anti-HCV

compound(s) in any of the foregoing applications can be a pharmaceutically effective amount, a
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subclinical anti-HCV effective amount, or combinations thereof, so long as the final combination
of HCV serine protease inhibitor(s), interferon(s), or compounds that induce the production of an
interferon that exhibit anti-HCV activity, and/or anti-HCV compound(s) comprises a
pharmaceutically effective amount of compounds that is effective in treating or preventing HCV

infection in a patient.

Brief Description of the Drawings

The above and other aspects, features, and advantages of the present invention will be
better understood from the following detailed description taken in conjunction with the
accompanying drawings, all of which are given by way of illustration only, and are not limitative
of the present invention, in which:

Figure 1 shows the inhibition of HCV replicon RNA accumulation after 48 hour treatment
of replicon-containing cells with Compound CU and interferon-alpha 2B, individually or in
combination.

Figure 2 graphically shows the isobol concavity exhibited by compounds used in
combination that are antagonistic, additive, and synergistic according to the synergy calculation
methods of Greco, Park and Rustom ((1990) Application of a New Approach for the Quantitation
of Drug Synergism to the Combination of cis-Diamminedichloroplatinum and 1-8-D-
Arabinofuranosylcytosine, Cancer Research, 50, 5318-5327).

Figure 3 shows the geometric relationship between o and the amount of curvature in the
isobol. A hypothetical isobol at the E = 50% effect level is displayed with a straight line isobol
that would be expected under additivity. M is the point of intersection of the line y = x and the
hypothetical isobol. N is the point of intersection of the line y = x and the straight line isobol. O
is the origin (0,0). S gives a measure of the amount of curvature in the isobol, where S = ON/OM.
ON is the distance from O to N and OM is the distance from O to M. The parameter o is related
to S by the equation o.= 4(S” - S).

Figure 4 shows the isobol calculations using the method of Greco et al., supra, for the
combination of compound CU and interferon alpha-2B (Schering-Plough) using 6 dilutions of
each compound in Experiment 1

Figure 5 shows the isobol calculations using the method of Greco et al., supra, for the
combination of compound CU and interferon alpha-2A using 6 dilutions of each compound in

Experiment 2.
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Figure 6 shows the isobol calculations using the method of Greco et al., supra, for the
combination of compound CU and interferon alpha-2B (Schering-Plough) using 8 dilutions of
each compound in Experiment 3.

Figure 7 shows the isobol calculations using the method of Greco et al., supra, for the
combination of compound CU and interferon alpha-2A using 8 dilutions of each compound in
Experiment 4.

Figure 8 shows the isobol calculations using the method of Greco et al., supra, for the
combination of compound CU and ovine interferon tau using 8 dilutions of each compound in
Experniment 5.

Figure 9 shows the isobol calculations using the method of Greco et al., supra, for the
combination of compound EC and interferon alpha-2B (Schering-Plough) using 8 dilutions of
each compound in Experiment 6.

Figure 10 shows the isobol calculations using the method of Greco et al., supra, for the
combination of compound EC and interferon alpha-2A using 8 dilutions of each compound in
Experiment 7.

Figure 11 shows the isobol calculations using the method of Greco et al., supra, for the
combination of compound CU and interferon beta using 8 dilutions of each compound in
Experiment 8.

Figure 12 shows the isobol calculations using the method of Greco et al., supra, for the
combination of compound EP and interferon alpha-2B (Schering-Plough) using 8 dilutions of
each compound in Experiment 9.

Figure 13 shows the isobol calculations using the method of Greco et al., supra, for the
combination of Ribavirin and interferon alpha-2B (Schering-Plough) using 8 dilutions of each
compound in Experiment 10.

Figure 14 shows inhibition of HCV replicon RNA accumulation caused by treatment of
replicon cells with either (A) Ribavirin alone or (B) interferon alpha-2B alone. In both panels, the
measured inhibition as well as the inhibition corrected for cytotoxicity of the compounds is

shown.

Detailed Description of the Invention

The contents of each of the patent documents and other references cited herein are herein
incorporated by reference in their entirety.
As used above, and throughout the description of the invention, the following

abbreviationé, unless otherwise indicated, shall be understood to have the following meanings:-
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Designation

ACN

AIBN

BOC or Boc
BOP

n-Bu;SnH
t-Bu
Cbz
chiral PTC

DAST

DCC

DCM
DIBAL-H
DIC

DIPEA
DMAP
DMP reagent

DMF
DMSO
EA
EDCI

PCT/US01/26008
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Reagent or Fragment

acetonitrile

2,2’-azobisisobutyronitrile

tert-butyl carbamate

benzotriazol-1-yl-oxytris (dimethylamino)phosphonium
hexafluorophosphate

tri-n-butyltin hydride

tert-butyl

benzyl carbamate

chiral phase transfer catalyst

(diethylamino)sulfur trifluoride (Et,NSF;)
dicyclocarbodiimide

dichloromethane (CH,Cl,)
Diisobutylaluminum hydride
1,3-diisopropylcarbodiimide
diisopropylethylamine
4-(N,N-dimethylamino)pyridine

Dess-Martin Periodinane reagent

LOAC
i ,I‘—OA)

0™ O 0Ac

dimethylformamide
dimethylsulfoxide

elemental analysis
1-ethyl-3-(3-dimethylaminopropyl)
carbodiimide HCI
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€q

Et
Et,O
EtOH
EtOAc
Et;Si
FMOC

H-Chg-OH
HOAt
HOBT
HOSu
HPLC
LAH

Me

Mel
MeOH
MeOC(O)Cl1
MOMC!
MOM

MS
NaBH,
Na,C,Hs06

13

equivalent(s)

ethyl

diethyl ether

ethanol

ethyl acetate

triethylsilane
9-fluorenylmethoxycarbonyl

O

HgN/\[]/OH

6]
1-hydroxy-7-azabensotriazole
1-hydroxybenztriazole
N-hydroxysuccinamide
high performance liquid chromatography
lithium aluminum anhydride
methyl
methyliodide
methanol
methyl chloroformate
methoxymethylchloride
methoxymethyl
ass Spectroscopy
sodium borohydride
sodium tartrate
N-methyl pyrrolidinone
nuclear magnetic resonance

Polymer bond

PCT/US01/26008

benzotriazole-1-yl-oxytris-pyrrolidino-phosphonium

hexafluorophosphate
1,5,7-triazabicyclo[4.4.0]-dec-5-ene

reverse phase — high pressure liquid chromatography

tert-butyldimethylsilyl chloride

trichloroacetic acid
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TFA trifluoroacetic acid
T£,0 triflate anhydride
THF tetrahydrofuran
THP tetrahydropyran
TLC thin layer chromatography

As used above, and throughout the description of the invention, the following terms,
unless otherwise indicated, shall be understood to have the following meanings:-

"Acid bioisostere” means a group which has chemical and physical similarities producing
broadly similar biological properties to a carboxy group (see Lipinski, Annual Reports in
Medicinal Chemistry, "Bioisosterism In Drug Design” 21, 283 (1986); Yun, Hwahak Sekye,
“Application Of Bioisosterism To New Drug Design" 33, 576-579, (1993); Zhao, Huaxue
Tongbao, "Bioisosteric Replacement And Development Of Lead Compounds In Drug Design”
34-38, (1995); Graham, Theochem, "Theoretical Studies Applied To Drug Design:ab initio
Electronic Distributions In Bioisosteres” 343, 105-109, (1995)). Exemplary acid bioisosteres
include -C(0)-NHOH, -C(0)-CHOH, -C(0)-CH,SH, -C(O)-NH-CN, sulpho, phosphono,
alkylsulphonylcarbamoyl, tetrazolyl, arylsulphonylcarbamoyl, N-methoxycarbamoyl,
heteroarylsulphonylcarbamoyl, 3-hydroxy-3-cyclobutene-1,2-dione, 3,5-dioxo-1,2,4-
oxadiazolidiny] or hydroxyheteroaryl such as 3-hydroxyisoxazolyl, 3-hydoxy-1-methylpyrazolyl
and the like.

“Acidic functional group” means a moiety bearing an acidic hydrogen. Exemplary acid
functional groups include carboxyl (-C(O)OH), -C(O)-NHOH, -C(O)-CH,OH, —C(O)—CHZSH,
-C(O)-NH-CN, sulpho, phosphono, alkylsulphonylcarbamoyl, tetrazolyl, arylsulphonylcarbamoyl,
N-methoxycarbamoyl, heteroarylsulphonylcarbamoyl, 3-hydroxy-3-cyclobutene-1,2-dione, 3,5-
dioxo-1,2,4-oxadiazolidinyl or hydroxyheteroaryl such as 3-hydroxyisoxazolyl,
3-hydoxy-1-methylpyrazolyl, imidazoly], mercapto, and the like, and an appropriate hydroxy such
as an aromatic hydroxy, e.g., hydroxyphenyl.

“Acid protecting group” means an easily removable group that is known in the art to
protect an acidic hydrogen of a carboxyl group against undesirable reaction during synthetic
procedures, €.g., tO block or protect the acid functionality while the reactions involving other
functional sites of the compound are carried out, and to be selectively removable. Such acid
protecting groups are well known to those skilled in the art, having been extensively used in the
protection of carboxyl groups, as described in U.S. Pat. No. 3,840,556 and 3,719,667, the
disclosures of which are hereby incorporated herein by reference. For suitable acid protecting

groups, see T.W. Green and P.G.M.Whuts in "Protective Groups in Organic Chemistry" John
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Wiley and Sons, 1991. Acid protecting group also includes hydrogenation labile acid protecting
group as defined herein. Exemplary acid protecting groups include esters such as substituted and
unsubstituted C1-8 lower alkyl, e.g., methyl, ethyl, z-butyl, methoxymethyl, methylthiomethyl,

2,2,2-trichloroethyl and the like, tetrahydropyranyl, substituted and unsubstituted phenylalkyl
such as benzyl and substituted derivatives thereof such as alkoxybenzyl or nitrobenzyl groups and
the like, cinnamyl, dialkylaminoalkyl, e.g., dimethylaminoethyl and the like, trimethylsilyl,
substituted and unsubstituted amides and hydrazides, e.g., amides and hydrazides of N,N-
dimethylamine, 7-nitroindole, hydrazine, N-phenylhydrazine and the like, acyloxyalkyl groups
such as pivaloyloxymethyl or propionyloxymethyl and the like, aroyloxyalkyl such as
benzoyloxyethyl and the like, alkoxycarbonylalkyl such as methoxycarbonylmethyl,
cyclohexyloxycarbonylmethyl and the like, alkoxycarbonyloxyalkyl such as z-
butyloxycarbonyloxymethyl and the like, alkoxycarbonylaminoalkyl such as t-
butyloxycarbonylaminomethyl and the like, alkylaminocarbonylaminoalkyl, such as
methylaminocarbonylaminomethyl and the like, acylaminoalkyl such as acetylaminomethyl and
the like, heterocyclylcarbonyloxyalkyl such as 4-methylpiperazinyl-carbonyloxymethyl and the
like, dialkylaminocarbonylalky! such as dimethylaminocarbonyl-methyl and the like, (5-(lower
alkyl)-2-oxo-1,3-dioxolen-4-yl)alky!l such as (5-t-butyl-2-oxo-1,3-dioxolen-4-yl)methyl and the
like, and (5-phenyl-2-oxo0-1,3-dioxolen—4-yl)alkyl such as (5-phenyl-2-oxo-1,3-dioxolen-4-
yDmethyl and the like.

“Acid labile amine protecting group” means an amine protecting group as defined herein
which is readily removed by treatment with acid while remaining relatively stable to other
reagents. A preferred acid labile amine protecting group is BOC.

“Aliphatic” means alkyl, alkenyl or alkynyl as defined herein.

“Aliphatic group substituent(s)”” mean substituents attached to an aliphatic group as
defined herein inclusive of aryl, heteroaryl, hydroxy, alkoxy, cyclyloxy, aryloxy, heteroaryloxy,
acyl or its thioxo analogue, cyclylcarbonyl or its thioxo analogue, aroyl or its thioxo analogue,
heteroaroyl or its thioxo analogue, acyloxy, cyclylcarbonyloxy, aroyloxy, heteroaroyloxy, halo,
nitro, cyano, carboxy (acid), -C(O)-NHOH, -C(0)-CHpOH, -C(0)-CH;SH, -C(0)-NH-CN,
sulpho, phosphono, alkylsulphonylcarbamoyl, tetrazolyl, arylsulphonylcarbamoyl,
N-methoxycarbamoyl, heteroarylsulphonylcarbamoyl, 3-hydroxy-3-cyclobutene-1,2-dione, 3,5-
dioxo-1,2,4-oxadiazolidinyl or hydroxyheteroaryl such as 3-hydroxyisoxazolyl,
3-hydoxy-1-methylpyrazolyl, alkoxycarbonyl, cyclyloxycarbonyl, aryloxycarbonyl,
heteroaryloxycarbonyl, alkylsulfonyl, cyclylsulfonyl, arylsulfonyl, heteroarylsulfonyl,
alkylsulfinyl, cyclylsulfinyl, arylsulfinyl, heteroarylsulfinyl, alkylthio, cyclylthio, aryithio,
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heteroarylthio, cyclyl, aryldiazo, heteroaryldiazo, thiol, methylene (H,C=), oxo (O=), thioxo (S=),
Y'Y*N-, Y'Y?NC(0)-, Y'Y?NC(0)O-, Y'Y’NC(O)NY?-, Y'Y?NSO2-, or Y’SO,NY'- wherein R?
is as defined herein, Y' and Y? are independently hydrogen, alkyl, aryl or heteroaryl, and Y3 is
alkyl, cycloalkyl aryl or heteroaryl, or for where the substituent is Y'Y?N-, then one of Y' and Y?
may be acyl, cyclylcarbonyl, aroyl, heteroaroyl, alkoxycarbonyl, cyclyloxycarbonyl,
aryloxycarbonyl or heteroaryloxycarbonyl, as defined herein and the other of Y' and Y? is as
defined previously, or for where the substituent isY'Y>NC(0)-, Y’Y2NC(0)O-, Y'Y’NC(O)NY>-
or Y'Y’NSO3-, Y and Y? may also be taken together with the N atom through which Y' and Y?
are linked to form a 4 to 7 membered azaheterocyclyl or azaheterocyclenyl. Acidic/amide
aliphatic group substituents are carboxy (acid), -C(O)-NHOH, -C(0)-CHyOH, -C(0)-CH,SH,

-C(0)-NH-CN, sulpho, phosphono, alkylsulphonylcarbamoyl, tetrazolyl, arylsulphonylcarbamoyl,
N-methoxycarbamoyl, heteroarylsulphonylcarbamoyl, 3-hydroxy-3-cyclobutene-1,2-dione, 3,5-
dioxo-1,2,4-oxadiazolidiny! or hydroxyheteroaryl such as 3-hydroxyisoxazolyl,
3-hydoxy-1-methylpyrazolyl and Y*Y>NCO-. Non-acidic polar aliphatic group substituents are
hydroxy, oxo (O=), thioxo (S=), acyl or its thioxo analogue, cyclylcarbony! or its thioxo analogue,
aroyl or its thioxo analogue, heteroaroyl or its thioxo analogue, alkoxycarbonyl,
cyclyloxycarbonyl, aryloxycarbonyl, heteroaryloxycarbonyl, acyloxy, cyclylcarbonyloxy,
aroyloxy, heteroaroyloxy, alkylsulfonyl, cyclylsulfonyl, arylsulfonyl, heteroarylsulfonyl,
alkylsulfinyl, cyclylsulfinyl, arylsulfinyl, heteroarylsulfinyl, thiol, Y'Y?N-, Y'Y>NC(0)-,
Y'Y’NC(0)O-, Y'Y’NC(O)NY*- or Y'Y’NSO2-. Exemplary aliphatic groups bearing an
aliphatic group substituent include methoxymethoxy, methoxyethoxy, ethoxyethoxy, (methoxy-,
benzyloxy-, phenoxy-, or ethoxy-)carbonyl(methyl or ethyl), benzyloxycarbonyl,
pyridylmethyloxy-carbonylmethyl, methoxyethyl, ethoxymethyl, n-butoxymethyl,
cyclopentylmethyloxyethyl, phenoxypropyl, phenoxyallyl, trifluoromethyl, cyclopropyl-methyl,
cyclopentylmethyl, carboxy(methyl or ethyl), 2-phenethenyl, benzyloxy, 1- or 2-naphthyl-
methoxy, 4-pyridyl-methyloxy, benzyloxyethyl, 3-benzyloxyallyl, 4-pyridylmethyl-oxyethyl, 4-
pyridylmethyl-oxyallyl, benzyl, 2-phenethyl, naphthylmethyl, styryl, 4-phenyl-1,3-pentadienyl,
phenyl-propynyl, 3-phenylbut-2-ynyl, pyrid-3-ylacetylenyl and quinolin-3-ylacetylenyl, 4-
pyridyl-ethynyl, 4-pyridylvinyl, thienylethenyl, pyridylethenyl, imidazolyl-ethenyl,
pyrazinylethenyl, pyridylpentenyl, pyridylhexenyl and pyridylheptenyl, thienyl-methyl,
pyridylmethyl, imidazolylmethyl, pyrazinylmethyl, tetrahydropyranylmethyl, tetrahydropyranyl-
methyloxymethyl, and the like.

"Acyl" means an H-CO- or (aliphatic or cyclyl)-CO- group wherein the aliphatic group is

as herein described. Preferred acyls contain a lower alkyl. Exemplary acyl groups include
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formyl, acetyl, propanoyl, 2-methylpropanoyl, butanoyl, palmitoyl, acryloyl, propynoyl,
cyclohexylcarbonyl, and the like.

"Alkenoyl" means an alkenyl-CO- group wherein alkenyl! is as defined herein.

"Alkenyl" means an aliphatic hydrocarbon group containing a carbon-carbon double bond
and which may be straight or branched having about 2 to about 15 carbon atoms in the chain.
Preferred alkenyl groups have 2 to about 12 carbon atoms in the chain; and more preferably about
2 to about 4 carbon atoms in the chain. Branched means that one or more lower alkyl groups such
as methyl, ethyl or propy! are attached to a linear alkenyl chain. ‘“Lower alkenyl" means about 2
to about 4 carbon atoms in the chain that may be straight or branched. Exemplary alkenyl groups
include ethenyl, propenyl, n-butenyl, i-butenyl, 3-methylbut-2-enyl, n-pentenyl, hepteﬁyl, octenyl,
cyclohexylbutenyl, decenyl, and the like.. “Substituted alkenyl” means an alkenyl group as
defined above which is substituted with one or more “aliphatic group substituents” (preferably 1
to 3) which may be the same or different and are as defined herein. Exemplary alkenyl alphatic
group substituents include halo or cycloalkyl groups

“Alkenyloxy” means an alkenyl-O- group wherein the alkenyl group is as herein
described. Exemplary alkenyloxy groups include allyloxy, 3-butenyloxy, and the like.

"Alkoxy" means an alkyl-O- group wherein the alkyl group is as herein described.
Exemplary alkoxy groups include methoxy, ethoxy, n-propoxy, i-propoxy, n-butoxy, heptoxy, and
the like. ’

"Alkoxycarbonyl” means an alkyl-O-CO- group, wherein the alkyl group is as herein
defined. Exemplary alkoxycarbonyl groups include methoxycarbonyl, ethoxycarbonyl,
t-butyloxycarbonyl, and the like.

"Alkyl" means an aliphatic hydrocarbon group which may be straight or branched having
about 1 to about 20 carbon atoms in the chain. Preferred alkyl groups have 1 to about 12 carbon
atoms in the chain, more preferred is lower alkyl as defined herein. Branched means that one or
more lower alkyl groups such as methyl, ethyl or propyl are attached to a linear alkyl chain.
“Lower alkyl" means about 1 to about 4 carbon atoms in the chain that may be straight or
branched. “Substituted alkyl” means an alkyl group as defined above which is substituted with
one or more "aliphatic group substituents” (preferably 1 to 3) which may be the same or different,
and are as defined herein.

"Alkylsulfiny]l" means an alkyl-SO- group wherein the alkyl group is as defined above.
Preferred groups are those wherein the alkyl group is lower alkyl.

"Alkylsulfonyl" means an alkyl-SO,-group wherein the alkyl group is as defined above.
Preferred groups are those wherein the alkyl group is lower alkyl.
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" Alkylsulphonylcarbamoyl” means an alkyl-SO,-NH-C(=0)- group wherein the alkyl
group is as herein described. Preferred alkylsulphonylcarbamoyl groups are those wherein the
alkyl group is lower alkyl.

"Alkylthio" means an alkyl-S- group wherein the alkyl group is as herein described.
Exemplary alkylthio groups include methylthio, ethylthio, i-propylthio and heptylthio.

"Alkynyl" means an aliphatic hydrocarbon group containing a carbon-carbon triple bond
and which may be straight or branched having about 2 to about 15 carbon atoms in the chain.
Preferred alkynyl groups have 2 to about 12 carbon atoms in the chain; and more preferably about
2 to about 4 carbon atoms in the chain. Branched means that one or more lower alkyl groups such
as methyl, ethyl or propyl are attached to a linear alkynyl chain. “Lower alkynyl" means about 2
to about 4 carbon atoms in the chain that may be straight or branched. The alkynyl group may be
substituted by one or more halo. Exemplary alkyny! groups include ethynyl, propynyl, n-butynyl,
2-butynyl, 3-methylbutynyl, n-pentynyl, heptynyl, octynyl, decynyl, and the like. ““‘Substituted
alkynyl” means alkyny! as defined above which is substituted with one or more “aliphatic group
substituents” (preferably 1 to 3) which may be the same or different, and are as defined herein.

"Amine protecting group” means an easily removable group that is known in the art to
protect a nitrogen moietyof an amino or amide group against undesirable reaction during synthetic
procedures and to be selectively removable. The use of amine/amide protecting groups is well
known in the art for protecting groups against undesirable reactions during a synthetic procedure
and many such protecting groups are known, for example, T.W. Greene and P.G.M. Wuts,
Protective Groups in Organic Synthesis, 2nd edition, John Wiley & Sons, New York (1991),
incorporated herein by reference. Amine/amide protecting group also includes “acid labile
amine/amide protecting group” and “hydrogenation labile amine/amide protecting group”.
Exemplary amine/amide protecting groups are acyl, including formyl, acetyl, chloroacetyl,
trichloroacetyl, o-nitrophenylacetyl, o-nitrophenoxy-acetyl, trifluoroacetyl, acetoacetyl, 4-
chlorobutyryl, isobutyryl, o-nitrocinnamoyl, picolinoyl, acylisothiocyanate, aminocaproyl,
benzoy! and the like, and acyloxy including methoxy-carbonyl, 9-fluorenylmethoxycarbonyl,
2,2,2-trifluoroethoxycarbonyl, 2-trimethylsilylethoxy-carbonyl, vinyloxycarbonyl,
allyloxycarbonyl, -butyloxycarbonyl (BOC), 1,1-dimethyl-propynyloxycarbonyl,
benzyloxycarbonyl (CBZ), p-nitrobenzyloxycarbonyl, 2,4-dichloro-benzyloxycarbonyl, and the
like.

"Amide protecting group” means an easily removable group that is known in the art to
protect a nitrogen moiety of an amide group against undesirable reaction during synthetic
procedures and to be selectively removable after its conversion to the amine. The use of amide

protecting groups is well known in the art for protecting groups against undesirable reactions
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during a synthetic procedure and many such protecting groups are known, for example, T .W.
Greene and P.G.M. Wuts, Protective Groups in Organic Synthesis, 2nd edition, John Wilezy &
Sons, New York (1991), incorporated herein by reference. Amide protecting group also i-ncludes
“acid labile amide protecting group” and “hydrogenation labile amide protecting group”.
Exemplary amide protecting groups are o-nitrocinnamoyl, picolinoyl, aminocaproyl, benz=oyl and
the like, and acyloxy including methoxy-carbonyl, 9-fluorenylmethoxycarbonyl, 2,2,2-
trifluoroethoxycarbonyl, 2-trimethylsilylethoxy-carbonyl, vinyloxycarbonyl, allyloxycarb onyl, t-
butyloxycarbonyl (BOC), 1,1-dimethyl-propynyloxycarbonyl, benzyloxycarbonyl (CBZ), p-
nitrobenzyloxycarbonyl, 2,4-dichloro-benzyloxycarbonyl, and the like.

“Amino acid” means an amino acid selected from the group consisting of natural and
unnatural amino acids as defined herein. Amino acid is also meant to include -amino acidlis
having L or D stereochemistry at the ci-carbon. Preferred amino acids are those possessineg an
O-amino group. The amino acids may be neutral, positive or negative depending on the
substituents in the side chain. “Neutral amino acid” means an amino acid containing unctarged
side chain substituents. Exemplary neutral amino acids include alanine, valine, leucine,
isoleucine, proline, phenylalanine, tryptophan, methionine, glycine, serine, threonine and
cysteine. “Positive amino acid” means an amino acid in which the side chain substituents are
positively charged at physiological pH. Exemplary positive amino acids include lysine, amginine
and histidine. *“Negative amino acid” means an amino acid in which the side chain substit-uents
bear a net negative charge at physiological pH. Exemplary negative amino acids include &aspartic
acid and glutamic acid. Preferred amino acids are oi-amino acids. Exemplary natural ami—no acids
are isoleucine, proline, phenylalanine, tryptophan, methionine, glycine, serine, threonine,
cysteine, tyrosine, asparagine, glutamine, lysine, arginine, histidine, aspartic acid and glutzamic
acid. Unnatural amino acid” means an amino acid for which there is no nucleic acid codom.
Exemplary unnatural amino acids include, for example, the D-isomers of the natural o-armino
acids as indicated above; Aib (aminobutyric acid), BAib (3-amino-isobutyric acid), Nva
(norvaline), B-Ala, Aad (2-aminoadipic acid), $Aad (3-aminoadipic acid), Abu (2-aminob-utyric
acid), Gaba (y-aminobutyric acid), Acp (6-aminocaproic acid), Dbu (2,4-diaminobutryic ascid), 0-
aminopimelic acid, TMSA (trimethylsilyl-Ala), alle (allo-isoleucine), Nle (norleucine), zemt-Leu,
Cit (citrulline), Orn, Dpm (2,2’ -diaminopimelic acid), Dpr (2,3-diaminopropionic acid), o~ or -
Nal, Cha (cyclohexyl-Ala), hydroxyproline, Sar (sarcosine), and the like; cyclic amino acieds; N°-
alkylated amino acids such as MeGly
(N*-methylglycine), EtGly (N"-ethylglycine) and EtAsn (N°-ethylasparagine); and amino aacids in

which the a-carbon bears two side-chain substituents. The names of natural and unnatural® amino
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acids and residues thereof used herein follow the naming conventions suggested by the TUPAC
Commission on the Nomenclature of Organic Chemistry and the JUPAC-JUB Commission on
Biochemical Nomenclature as set out in "Nomenclature of a-Amino Acids (Recommendations,
1974) " Biochemistry, 14(2), (1975). To the extent that the names and abbreviations of amino
acids and residues thereof employed in this specification and appended claims differ from those
noted, differing names and abbreviations will be made clear.

“Amino acid protecting group” mean a group that protects an acid or amine moiety of the
amino acid or other reactive moiety on the side chain of an amino acid, e.g., hydroxy or thiol. For
examples of “corresponding protected derivatives” of amino acid side chains, see T.W. Green and |
P.G.M. Wuts in "Protective Groups in Organic Chemistry" John Wiley and Sons, 1991.
Protecting groups for an acid group in an amino acid are described herein, for example in the
sections “acidic functional group” and “hydrogenation labile acid protecting group”. Protecting
groups for an amine group in an amino acid are described herein, for example in the sections
“amine protecting group”, “acid labile amine protecting group” and “hydrogenation labile amine
protecting group”.

“Amino acid residue” means the individual amino acid units incorporated into the
compound of the invention.

“Amino acid side chain” means the substituent found on the carbon between the amino
and carboxy groups in a-amino acids. Exemplary * -amino acid side chains include isopropyl,
methyl, and carboxymethyl for valine, alanine, and aspartic acid, respectively.

“Amino acid equivalent” means an amino acid that may be substituted for another amino
acid in the peptides according to the invention without any appreciable loss of function. In
making such changes. substitutions of like amino acids are made on the basis of relative similarity
of side chain substituents, for example regarding size, charge, hydrophilicity, hydropathicity and
hydrophobicity as described herein.

“Aromatic group” means aryl or heteroéryl as defined herein. Exemplary aromatic
groups include phenyl, halo substituted phenyl, azaheteroaryl, and the like.

"Aroyl" means an aryl-CO- group wherein the aryl group is as herein described.
Exemplary aroyl groups include benzoyl, 1- and 2-naphthoyl, and the like.

"Aryl" means an aromatic monocyclic or multicyclic ring system of about 6 to about 14
carbon atoms, preferably of about 6 to about 10 carbon atoms. Encompassed by aryl are fused
arylcycloalkenyl, fused arylcycloalkyl, fused arylheterocyclenyl and fused arylheterocyclyl as
defined herein when bonded through the aryl moiety thereof. The aryl is optionally substituted
with one or more “ring group substituents” which may be the same or different, and are as defined

herein. Exemplary aryl groups include pheny! or naphthyl, or phenyl substituted or naphthyl
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substituted. “Substituted aryl ” means an aryl group as defin: ed above which is substituted with
one or more “ring group substituents” (preferably 1 to 3) whaich may be the same or different and
are as defined herein.

“Aryldiazo” means an aryl-diazo- group wherein the= aryl and diazo groups are as defined
herein.

“Arylene” means an optionally substituted 1,2-, 1,3—, 1,4-, bivalent aryl group, wherein
the aryl group is as defined herein. Exemplary arylene groups include optionally substituted
phenylene, naphthylene and indanylene. A particular arylen.e is optionally substituted phenylene.
“Substituted arylene” means an arylene group as defined above which is substituted with one or
more “ring group substituents™ (preferably 1 to 3) which ma-y be the same or different and are as
defined herein.

"Aryloxy" means an aryl-O- group wherein the aryl group is as defined herein.
Exemplary aryloxy groups include phenoxy and 2-naphthyloxy.

"Aryloxycarbonyl" means an aryl-O-CO- group whesrein the aryl group is as defined
herein. Exemplary aryloxycarbonyl groups include phenoxycarbonyl and naphthoxycarbonyl.

"Arylsulfonyl" means an aryl-SO,- group wherein thae aryl group is as defined herein.

"Arylsulphonylcarbamoyl" means an aryl-SO,-NH-#C(=0)- group wherein the aryl group
is as herein described. An exemplary arylsulphonylcarbamosyl group is
phenylsulphonylcarbamoyl.

"Arylsulfiny]” means an aryl-SO- group wherein the= aryl group is as defined herein.

"Arylthio" means an aryl-S- group wherein the aryl ggroup is as herein described.
Exemplary arylthio groups include phenylthio and naphthylt hio.

“Basic nitrogen atom” means a sp or sp> hybridized_ nitrogen atom having a non-bonded
pair of electrons which is capable of being protonated. Exemplary basic nitrogen atoms include
optionally substituted imino, optionally substituted amino anad optionally substituted amidino
groups.

“Carboxy” means an HO(O)C- (carboxylic acid) grosup.

“Coupling agent” means a compound that reacts witlh the hydroxyl moiety of a carboxy
moiety thereby rendering it susceptible to nucleophilic attack<. Exemplary coupling agents include
DIC, EDCI, DCC, and the like.

"Cycloalkenyl” means a non-aromatic mono- or mul-ticyclic ring system of about 3 to
about 10 carbon atoms, preferably of about 5 to about 10 car bon atoms, and which contains at
least one carbon-carbon double bond. Encompassed by cycleoalkenyl are fused arylcycloalkenyl
and fused heteroarylcycloalkenyl as defined herein when boraded through the cycloalkenyl moiety

thereof. Preferred ring sizes of rings of the ring system incluxde about 5 to about 6 ring atoms; and
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such preferred ring sizes are also referred to as “lower”. “Substituted cycloalkenyl” means an_
cycloalkyenyl group as defined above which is substituted with one or more “ring group
substituents” (preferably 1 to 3) which may be the same or different and are as defined hereina.
Exemplary monocyclic cycloalkenyl include cyclopentenyl, cyclohexenyl, cycloheptenyl, ancd the
like. An exemplary multicyclic cycloalkenyl is norbornylenyl.

"Cycloalkyl" means a non-aromatic mono- or multicyclic ring system of about 3 to albout
10 carbon atoms, preferably of about 5 to about 10 carbon atoms. Preferred ring sizes of ringzs of
the ring system include about 5 to about 6 ring atoms; and such preferred ring sizes are also
referred to as “lower”. Encompassed by cycloalkyl are fused arylcycloalkyl and fused
heteroarylcycloalkyl as defined herein when bonded through the cycloalkyl moiety thereof.
“Substituted cycloalkyl” means a cycloalkyl group as defined above which is substituted witl one
or more “ring group substituents” (preferably 1 to 3) which may be the same or different and are
as defined herein. Exemplary monocyclic cycloalkyl include cyclopentyl, cyclohexyl,
cycloheptyl, and the like. Exemplary multicyclic cycloalkyl include 1-decalin, norbornyl,
adamant-(1- or 2-)yl, and the like.

"Cycloalkylene" means a bivalent cycloalkyl group as defined herein having about 4 to
about 8 carbon atoms. Preferred ring sizes of the cycloalkylene include about 5 to about 6 rirag
atoms; and such preferred ring sizes are also referred to as “lower””. The points of binding on_ the
cycloalkylene group include 1,1-, 1,2-, 1,3, or 1,4- binding patterns, and where applicable thee
stereochemical relationship of the points of binding is either cis or trans. Exemplary
cycloalkylene groups include (1,1-, 1,2- or 1,3-)cyclohexylene and (1,1- or 1,2-)cyclopentylemne.
“Substituted cycloalkylene” means an cycloalkylene group as defined above which is substitiated
with one or more “ring group substituents” (preferably 1 to 3) which may be the same or different
and are as defined herein

"Cyclic" or “Cyclyl” means cycloalkyl, cycloalkenyl, heterocyclyl or heterocyclenyl as
defined herein. The term “lower” as used in connection with the term cych is the same as ncooted
herein regarding the cycloalkyl, cycloalkenyl, heterocyclyl or heterocyclenyl.

"Cyclyloxy™ means a cyclyl-O- group wherein the cyclyl group is as herein described.
Exemplary cycloalkoxy groups include cyclopentyloxy, cyclobexyloxy, quinuclidyloxy,
pentamethylenesulfideoxy, tetrahydropyranyloxy, tetrahydrothiophenyloxy, pyrrolidinyloxy,
tetrahydrofuranyloxy or 7-oxabicyclo[2.2.1]heptanyloxy, hydroxytetrahydropyranyloxy, hydizoxy-
7-oxabicyclo[2.2.1]heptanyloxy, and the like.

“Cyclylsulfinyl” means a cyclyl-S(0)- group wherein the cyclyl group is as herein
described.
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“Cyclylsulfonyl” means a cyclyl-S(O),- group wherein the cyclyl group is as herein
described.

“Cyclylthio” means a cyclyl-S- group wherein the cyclyl group is as herein described.

“Diazo” means a bivalent -N=N- radical.

“Displaceable moiety” means a group that where associated with L as defined herein is
subject to being displaced by nucleophilic attack by a mono- or di-substituted amine moiety with
or without the presence of an agent that facilitates said attack, e.g., coupling agent. Exemplary
displaceable moieties include hydroxy, aliphatic oxy, halo, N-oxysuccinimide, acyloxy, and the
like.

“Effective amount” is means an amount of a compound/composition according to the
present invention effective in producing the desired therapeutic effect.

“Fused arylcycloalkeny]l” means a fused aryl and cycloalkenyl as defined herein.
Preferred fused arylcycloalkenyls are those wherein the aryl thereof is phenyl and the
cycloalkenyl consists of about 5 to about 6 ring atoms. A fused arylcycloalkenyl as a variable
may be bonded through any atom of the ring system thereof capable of such. “Substituted fused
arylcycloalkenyl” means a fused arylcycloalkenyl group as defined above which is substituted
with one or more “ring group substituents” (preferably 1 to 3) which may be the same or different
and are as defined herein. Exemplary fused arylcycloalkenyl include 1,2-dihydronaphthylene,
indene, and the like.

“Fused arylcycloalkyl” means a fused aryl and cycloalkyl as defined herein. Preferred
fused arylcycloalkyls are those wherein the aryl thereof is phenyl and the cycloalkyl consists of
about 5 to about 6 ring atoms. A fused arylcycloalkyl as a variable may be bonded through any
atom of the ring system thereof capable of such. “Substituted fused arylcycloalkyl” means a fused
arylcycloalkyl group as defined above which is substituted with one or more “ring group
substituents” (preferably 1 to 3) which may be the same or different and are as defined herein.
Exemplary fused arylcycloalkyl includes 1,2,3,4-tetrahydro-naphthylene, and the like.

“Fused arylheterocycleny!” means a fused aryl and heterocyclenyl as defined herein.
Preferred fused arylheterocyclenyls are those wherein the aryl thereof is phenyl and the
heterocyclenyl consists of about 5 to about 6 ring atoms. A fused arylheterocyclenyl as a variable
may be bonded through any atom of the ring system thereof capable of such. The designation of
the aza, oxa or thia as a prefix before heterocyclenyl portion of the fused arylheterocyclenyl
define that at least a nitrogen, oxygen or sulfur atom is present, respectively, as a ring atom.
“Substituted fused arylheterocyclenyl” means a fused arylheterocyclenyl group as defined above
which is substituted with one or more “ring group substituents” (preferably 1 to 3) which may be

the same or different and are as defined herein. The nitrogen atom of a fused arylheterocyclenyl
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may be a basic nitrogen atom. The nitrogen or sulfur atom of the kneterocyclenyl portion of the
fused arylheterocyclenyl may also be optionally oxidized to the comresponding N-oxide, S-oxide
or S,S-dioxide. Exemplary fused arylheterocyclenyl include 3H-immdolinyl, 1H-2-0xoquinolyl,
2H-1-oxoisoquinolyl, 1,2-di-hydroquinolinyl, 3,4-dihydroquinolin=yl, 1,2-dihydroisoquinolinyl,
3,4-dihydroisoquinolinyl, and the like.

“Fused arylheterocyclyl” means a fused aryl and heterocyc=lyl as defined herein.
Preferred fused arylheterocyclyls are those wherein the aryl thereo=f is phenyl and the heterocyclyl
consists of about S to about 6 ring atoms. A fused arylheterocyclyM as a variable may be bonded
through any atom of the ring system thereof capable of such. The «designation of the aza, oxa or
thia as a prefix before heterocyclyl portion of the fused arylheteroc=yclyl define that at least a
nitrogen, oxygen or sulfur atom is present, respectively, as a ring a tom. “Substituted fused
arylheterocyclyl” means a fused arylheterocyclyl group as defined above which is substituted with
one or more “ring group substituents” (preferably 1 to 3) which may be the same or different and
are as defined herein. The nitrogen atom of a fused arylheterocycHyl may be a basic nitrogen
atom. The nitrogen or sulfur atom of the heterocyclyl portion of thme fused arylheterocyclyl may
also be optionally oxidized to the corresponding N-oxide, S-oxide - or S,S-dioxide. Exemplary
fused arylheterocyclyl ring systems include indolinyl, 1,2,3,4-tetrathydroisoquinoline, 1,2,3,4-
tetrahydroquinoline, 1H-2,3-dihydroisoindol-2-yl, 2,3-dithydrobenz=|[f]isoindol-2-yl, 1,2,3,4-
tetrahydrobenz[g]-isoquinolin-2-yl, and the like.

“Fused heteroarylcycloalkenyl” means a fused heteroaryl &and cycloalkeny! as defined
herein. Preferred fused heteroarylcycloalkenyls are those wherein the heteroaryl thereof is phenyl
and the cycloalkenyl consists of about 5 to about 6 ring atoms. A fFused heteroaryl-éycloalkenyl
as a variable may be bonded through any atom of the ring system t_hereof capable of such. The
designation of the aza, oxa or thia as a prefix before heteroaryl por tion of the fused
heteroarylcycloalkenyl define that at least a nitrogen, oxygen or su 1fur atom is present,
respectively, as aring atorn. “Substituted fused heteroarylcycloalk=enyl” means a fused
heteroarylcycloalkyenyl group as defined above which is substitute=d with one or more “ring
group substituents” (preferably 1 to 30 which may be the same or lifferent and are as defined
herein. The nitrogen atom of a fused heteroarylcycloalkenyl may be a basic nitrogen atom. The
nitrogen atom of the heteroaryl portion of the fused heteroarylcycleoalkenyl may also be optionally
oxidized to the corresponding N-oxide. Exemplary fused heteroarsylcyclo-alkenyl include 5,6-
dihydroquinolyl, 5,6-dihydroisoquinolyl, 5,6-dihydroquinoxalinyl, 5,6-dihydroquinazolinyl, 4,5-
dihydro-1H-benzimidazolyl, 4,5-di-hydrobenzoxazolyl, and the lik=e.

“Fused heteroarylcycloalkyl” means a fused heteroaryl ancAl cycloalkyl as defined herein.
Preferred fused heteroarylcycloalkyls are those wherein the heterozaryl thereof consists of about 5
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to about 6 ring atoms and the cycloalkyl consists of about 5 to about 6 ring atoms. A fused
heteroarylcycloalkyl as a variable may be bonded through any atom of the ring system thereof
capable of such. The designation of the aza, oxa or thia as a prefix before beteroaryl portion of
the fused heteroarylcycloalkyl define that at least a nitrogen, oxygen or sulfur atom is present,
respectively, as a ring atom. “Substituted fused heteroarylcycloalkyl” means a fused
heteroarylcycloalkyl group as defined above which is substituted with one or more “ring group
substituents™ (preferably 1 to 3) which may be the same or different and are as defined herein.
The nitrogen atom of a fused heteroarylcycloalkyl may be a basic nitrogen atom. The nitrogen
atom of the heteroaryl portion of the fused heteroarylcycloalkyl may also be optionally oxidized
to the corresponding N-oxide. Exemplary fused heteroaryicycloalkyl include 5,6,7,8-
tetrahydroquinolinyl, 5,6,7,8-tetra-hydroisoquinolyl, 5,6,7,8-tetrahydroquinoxalinyl, 5,6,7,8-
tetrahydroquinazolyl,

4,5,6,7-tetrahydro-1H-benzimidazolyl, 4,5,6,7-tetrahydrobenzoxazolyl, 1H-4-oxa-1,5-
diazanaphthalen-2-onyl, 1,3-dihydroimidizole-[4,5]-pyridin-2-onyl, and the like.

“Fused heteroarylheterocyclenyl” means a fused heteroaryl and heterocyclenyl as defined
herein. Preferred fused heteroarylheterocyclenyls are those wherein the heteroaryl thereof
consists of about 5 to about 6 ring atoms and the heterocyclenyl consists of about 5 to about 6 ring
atoms. A fused heteroarylheterocyclenyl as a variable may be bonded through any atom of the
ring system thereof capable of such. The designation of the aza, oxa or thia as a prefix before the
heteroaryl or heterocyclenyl portion of the fused heteroarylhetero-cyclenyl define that at least a
nitrogen, oxygen or sulfur atom is present, respectively, as a ring atom. “Substituted fused
heteroarylheterocyclenyl” means a fused heteroarylheterocyclenyl group as defined above which
is substituted with one or more “ring group substituents” (preferably 1 to 3) which may be the
same or different and are as defined herein. The nitrogen atom of a fused
heteroarylazaheterocyclenyl may be a basic nitrogen atom. The nitrogen or sulfur atom of the
heteroaryl portion of the fused heteroarylheterocyclyl may also be optionally oxidized to the
corresponding N-oxide. The nitrogen or sulfur atom of the heteroary! or heterocyclyl portion of
the fused heteroarylheterocyclyl may also be optionally oxidized to the corresponding N-oxide, S-
oxide or S,S-dioxide. Exemplary fused heteroarylheterocyclenyl include 7,8-
dihydro{1,7]naphthyridinyl, 1,2-dihydro[2,7]-naphthyridinyl, 6,7-dihydro-3H-imidazo[4,5-
cjpyridyl, 1,2-dihydro-1,5-naphthyridinyl,
1,2-dihydro-1,6-naphthyridinyl, 1,2-dihydro-1,7-naphthyridinyl, 1,2-dihydro-1,8-naphthyridinyl,
1,2-dihydro-2,6-naphthyridinyl, and the like.

“Fused heteroarylheterocyclyl” means a fused heteroaryl and heterocyclyl as defined

herein. Preferred fused heteroarylheterocyclyls are those wherein the heteroaryl thereof consists
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of about 5 to about 6 ring atoms and the eterocyclyl consists of about 5 to about 6 ring atoms. A
fused heteroarylheterocyclyl as a variables may be bonded through any atom of the ring system
thereof capable of such. The designation of the aza, oxa or thia as a prefix before the heteroaryl
or heterocyclyl portion of the fused hetersoarylheterocyclyl define that at least a nitrogen, oxygen
or sulfur atom is present, respectively, as aring atom. “Substituted fused heteroarylheterocyclyl”
means a fused heteroarylheterocyclyl gro=up as defined above which is substituted with one or
more “ring group substituents” (preferablly 1 to 3) which may be the same or different and are as
defined herein The nitrogen atom of a fussed heteroarylheterocyclyl may be a basic nitrogen atom.
The nitrogen or sulfur atom of the heteroaaryl portion of the fused heteroarylheterocyclyl may also
be optionally oxidized to the correspondimg N-oxide. The nitrogen or sulfur atom of the

heteroaryl or heterocyclyl portion of the #used heteroarylheterocyclyl may also be optionally

“oxidized to the comresponding N-oxide, S -oxide or S,S-dioxide. Exemplary fused

heteroarylheterocyclyl include 2,3-dihydr-o-1H pyrrol[3,4-b]quinolin-2-yl, 1,2,3,4-tetrahydrobenz
[bl[1,7]naphthyridin-2-yl, 1,2,3,4-tetrahy drobenz [b][1,6]naphthyridin-2-yl, 1,2,3,4-tetra-hydro-
9H-pyrido[3,4-bJindol-2y], 1,2,3,4-tetrah_ydro-9H-pyrido[4,3-blindol-2y], 2,3-dihydro-1H-
pyrrolo[3.4-blindol-2-yl, 1H-2,3,4,5-tetramhydroazepino[3,4-blindol-2-yl, 1H-2,3,4,5-tetra-
hydroazepino[4,3-bJindol-3-yl, 1H-2,3,4, 5-tetrahydroazepino{4,5-b]indol-2 yl, 5,6,7,8-tetra-
hydro[1,7]napthyridyl, 1,2,3,4-tetrhydro[{=22,7]naphthyridyl, 2,3-dihydro[1,4]dioxino[2,3-b]pyridyl,
2,3-dihydro-[1,4]dioxino[2,3-b]pyridyl, 38,4-dihydro-2H-1-oxa[4,6]diazanaphthalenyl, 4,5,6,7-
tetrahydro-3H-imidazo[4,5-c]pyridyl, 6,7 -dihydro{5,8]diazanaphthalenyl, 1,2,3,4-tetrahydro[1,5]-
napthyridinyl, 1,2,3,4-tetrahydro[1,6]nap-thyridinyl, 1,2,3,4-tetrahydro[1,7]napthyridinyl, 1,2,3,4-
tetrahydro[ 1,8]napthyridinyl, 1,2,3,4-tetr&x-hydro[2,6]napthyridinyl, and the like.

"Halo" means fluoro, chloro, brommo, or iodo. Preferred are fluoro, chloro or bromo, and
more preferred are fluoro or chloro.

“Heteroaroyl” means an heteroar—yl-CO- group wherein the heteroaryl group is as herein
described. Exemplary heteroaroyl groupss include thiophenoyl, nicotinoyl, pyrrol-2-ylcarbonyl, 1-
and 2-naphthoyl, pyridinoyl, and the like..

"Heteroaryl"” means an aromatic mmonocyclic or multicyclic ring system of about 5 to
about 14 carbon atoms, preferably about 25 to about 10 carbon atoms, in which one or more of the
carbon atoms in the ring system is/are het-ero element(s) other than carbon, for example nitrogen,
oxygen or sulfur. Preferably the ring systzem includes 1 to 3 heteroatoms. Preferred ring sizes of
rings of the ring system include about 5 to about 6 ring atoms. . Encompassed by heteroaryl are
fused heteroarylcycloalkenyl, fused hetereoarylcycloalkyl, fused heteroarylheterocyclenyl and
fused heteroarylheterocyclyl as defined heerein when bonded through the heteroaryl moiety
thereof. “Substituted heteroaryl” means a heteroaryl group as defined above which is substituted
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with one or more “ring group substituents” (preferably 1 to 3) which may be the same or different
and are as defined herein. The designation of the aza, oxa or thia as a prefix before heteroaryl
define that at least a nitrogen, oxygen or sulfur atom is present, respectively, as a ring atom. A
nitrogen atom of an heteroaryl may be a basic nitrogen atom and may also be optionally oxidized
to the corresponding N-oxide. Exemplary heteroaryl and substituted heteroaryl groups include
pyrazinyl, thienyl, isothiazolyl, oxazolyl, pyrazolyl, furazanyl, pyrrolyl, 1,2,4-thiadiazolyl,
pyridazinyl, quinoxalinyl, phthalazinyl, imidazo[1,2-a]pyridine, imidazo[2,1-b]thiazolyl,
benzofurazanyl, azaindolyl, benzimidazolyl, benzothienyl, thienopyridyl, thienopyrimidyl,
pyrrolopyridyl, imidazopyridyl, benzoazaindolyl, 1,2,4-triazinyl, benzthiazolyl, furanyl,
imidazolyl, indolyl, indolizinyl, isoxazolyl, isoquinolinyl, isothiazolyl, oxadiazolyl, pyrazinyl,
pyridazinyl, pyrazolyl, pyridyl, pyrimidinyl, pyrrolyl, quinazolinyl, quinolinyl, 1,3,4-thiadiazolyl,
thiazolyl, thienyl, triazolyl, and the like. A preferred heteroaryl group is pyrazinyl.

“Heteroaryldiazo” means an heteroaryl -azo- group wherein the heteroaryl and azo groups
are as defined herein.

“Heteroarylidyl”” means a bivalent radical derived from a heteroaryl, wherein the
heteroaryl is as described herein. An exemplary heteroaryldiyl radical is optionally substituted
pyridinediyl.

"Heteroarylsulphonylcarbamoyl” means a heteroaryl-SO-NH-C(=0)- group wherein the
heteroaryl group is as herein described.

"Heterocyclenyl" means a non-aromatic monocyclic or multicyclic hydrocarbon ring
system of about 3 to about 10 carbon atoms, preferably about S to about 10 carbon atoms, in
which one or more of the carbon atoms in the ring system is/are hetero element(s) other than
carbon, for example nitrogen, oxygen or sulfur atoms, and which contains at least one carbon-
carbon double bond or carbon-nitrogen double bond. Preferably, the ring includes 1 to 3
heteroatoms. Preferred ring sizes of rings of the ring system include about 5 to about 6 ring
atorns; and such preferred ring sizes are also referred to as “lower”. Encompassed by
heterocyclenyl are fused arylheterocyclenyl and fused heteroarylheterocyclenyl as defined herein
when bonded through the heterocyclenyl moiety thereof. The designation of the aza, oxa or thia
as a prefix before heterocyclenyl define that at least a nitrogen, oxygen or sulfur atom is present,
respectively, as a ring atom. “Substituted heterocyclenyl” means a heterocyclenyl group as
defined above which is substituted with one or more “ring group substituents” (preferably 1 to 3)
which may be the same or different and are as defined herein . The nitrogen atom of an
heterocyclenyl may be a basic nitrogen atom. The nitrogen or sulfur atom of the heterocyclenyl
may also be optionally oxidized to the corresponding N-oxide, S-oxide or S,S-dioxide.

Exemplary monocyclic azaheterocyclenyl groups include 1,2,3,4-tetrahydrohydropyridine,



10

15

20

25

30

WO 02/18369 PCT/US01/26008

28

1,2-dihydropyr-idyl, 1,4-dihydropyridyl, 1,2,3,6-tetra-hydropyridine, 1,4,5,6-tetrahydro-
pyrimidine, 2-pyrrolinyl, 3-pyrrolinyl, 2-imidazolinyl, 2-pyrazolinyl, and the like. Exemplary
oxaheterocycles=nyl groups include 3,4-dihydro-2H-pyran, dihydrofuranyl, and fluorodihydro-
furanyl. An exzemplary multicyclic oxaheterocyclenyl group is 7-oxabicyclo[2.2.1]heptenyl.
Exemplary momocyclic thiaheterocyclenyl rings include dihydrothiophenyl and
dihydrothiopyr-anyl.

"Hetereocyclyl" means a non-aromatic saturated monocyclic or multicyclic ring system of
about 3 to aborat 10 carbon atoms, preferably about 5 to about 10 carbon atoms, in which one or
more of the car~bon atoms in the ring system is/are hetero element(s) other than carbon, for
example nitrog_en, oxygen or sulfur. Preferably, the ring system contains from 1 to 3 heteroatoms.
Preferred ring ssizes of rings of the ring system include about 5 to about 6 ring atoms; and such
preferred ring ssizes are also referred to as “lower”. Encompassed by heterocyclyl are fused
arylheterocyclyyl and fused heteroarylheterocyclyl as defined herein when bonded through the
heterocyclyl m_ojety thereof. The designation of the aza, oxa or thia as a prefix before
heterocyclyl de=fine that at least a nitrogen, oxygen or sulfur atom is present respectively as a ring
atom. “Substittated heterocyclyl” means a heterocyclyl group as defined above which is
substituted withh one or more “ring group substituents” (preferably 1 to 3) which may be the same
or different anc] are as defined herein The nitrogen atom of an heterocyclyl may be a basic
nitrogen atom. The nitrogen or sulfur atom of the heterocyclyl may also be optionally oxidized to
the correspond:-ing N-oxide, S-oxide or S,S-dioxide. Exemplary monocyclic heterocyclyl rings
include piperid_yl, pyrrolidinyl, piperazinyl, morpholinyl, thiomorpholinyl, thiazolidinyl,
1,3-dioxolanyl,, 1,4-dioxanyl, tetrahydrofuranyl, tetrahydrothiophenyl, tetrahydrothiopyranyl, and

the like. @ as substituted monocyclic azaheterocyclyl is substituted directly or through a
linker by at lea st one substituent that is, or encompasses, or is substituted by an aromatic group as
defined herein; for example aryl, heteroaryl, aryloxy, heteroaryloxy, aroyl or its thioxo analogue,
heteroaroyl or xts thioxo analogue, aroyloxy, heteroaroyloxy, aryloxycarbonyl,

heteroaryloxyc arbonyl, arylsulfonyl, heteroarylsulfonyl, arylsulfinyl, heteroarylsulfinyl, arylthio,
heteroarylthio, aryldiazo, heteroaryldiazo, Y'Y’N-, Y'Y’NC(0)-, Y'Y*NC(0)O-,
Y'Y’NC(O)NY>- or Y'Y?NSO2- wherein at least one of Y' and Y? is, encompasses or is
substituted by zan aryl or heteroaryl moiety. Preferred linkers include —C(O)-, -OC(O)-, lower
alkyl, lower alk<oxy, lower alkenyl, -O-, -S-, -C(0)C(O)-, -S(0)-, -S(O)a-, -NR¥-, where R® is
hydrogen, alky1, cycloalkyl, aryl, aralkyl, heterocyclyl or heteroaryl. Particularly preferred linkers
are —~C(0)- and- ~OC(O)-. “ Substituted multicyclic azaheterocyclyl” means a multicyclic
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azaheterocyclyl group as defined above which is substituted with one or more “ring group
substituents” (preferably 1 to 3) which may be the same or different and are as defined herein.
Substituted multicyclic azaheterocyclenyl” means a multicyclic azaheterocyclenyl group as
defined above which is substituted with one or more “ring group substituents” (preferably 1 to 3)
which may be the same or different and are as defined herein.

"Heterocyclylene" means a bivalent heterocyclyl group as defined herein having about 4
to about 8 carbon atoms. Preferred ring sizes of the heterocyclylene include about 5 to about 6
ring atoms; and such preferred ring sizes are also referred to as “lower”. The points of binding on
the cycloalkylene group include 1,1+, 1,2-, 1,3-, or 1,4- binding patterns, and where applicable the
stereochemical relationship of the points of binding is either cis or trans. Exemplary
heterocyclylene groups include (1,1-, 1,2- or 1,3-)piperidinylene and (1,1- or
1,2-)tetrahydrofuranylene. “ Substituted heterocyclylene’” means a heterocyclylene group as
defined above which is substituted with one or more “ring group substituents” (preferably 1 to 3)
which may be the same or different and are as defined herein.

“Hydrate” means a solvate wherein the solvent molecule(s) is/are H,0.

“Hydrogenation labile amine protecting group” means an amine protecting group as
defined herein which is readily removed by hydrogenation while remaining relatively stable to
other reagents. A preferred hydrogenation labile amine protecting group is Cbz.

“Hydrogenation labile acid protecting group” means an acid protecting group as defined
herein which is readily removed by hydrogenation while remaining relatively stable to other
reagents. A preferred hydrogenation labile acid protecting group is benzyl.

“Hygroscopicity” means sorption, implying an acquired amount or state of water
sufficient to affect the physical or chemical properties of the substance (Eds. J. Swarbrick and J.C.
Boylan, Encyclopedia of Pharmaceutical Technology, 10, 33).

“Iminic glycinimide derivative” means an iminic Schiff base of a glycine that is useful in
the synthesis of of ot-amino acids, both natural and unnatural. The iminic ester functionality may
contain one or more assymetric centers that may aid in stereoinduction during the bond formating
process. In addition, these iminic glycinimide derivatives may be incorporated onto polymeric
supports to facilitate combinatorial synthesis. Iminic glycinimide derivatives may be prepared by
condensing a glycine ester with the appropropriate ketone in the presence of an acid catalyst. The
reaction is facilitated by the removal of water. Iminic glycinimide derivatives are well known in
the art for use in Michael Addition synthetic procedures, for example as disclosed by Guillena,
G., etal.,J. Org. Chem. 2000, 65, 7310-7322, herein incorporated by reference. Particular

examples of iminic glycinimide derivatives according to the invention include one selected from
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rthe group of formulae

T 17
\nj%o ' . R /V/N/\RM
S5 s

“wherein:

M* is a transition metal, preferably CU, more preferably Cu™.

5
14 i _CO,R™, -CN, > El J\é ,
MOM. o 50 so: ’/k %b , Or ~(.:ONI{ISL{B;
Sis optlonally substituted aliphatic group;
R'® is acid protecting group, optionally substituted aryl, or optionally substituted aliphatic
10 group;

R is optionally substituted aryl, optionally substituted aliphatic group,
oH

R“\/E\/"
o )

™oL, &

b

R18 is hydrogen, alkyl, or alkylthio; or optionally substituted aryl;
' and R'® taken together with the carbon to which R'” and R"® are attached

15 %%A&ﬁégg

1s a solid phase.
“Iminic glycinimide derivative adduct” means the resulting compound where an o-
Hhydrogen to the nitrogen and carbonyl moiety of the Schiff base portion is removed and used to

tform an attachment for the bond formation thereto. Particular examples of iminic glycinimide
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derivative adducts according to the invention include one selected from the group of formulae

£ 10 00 70 SR o

H14

wherein:
R, R", and R"® are dlefined as described in the definition of iminic glycinimide

derivative herein.

)

“N-oxysuccinimide” mmeans a moiety of the following structure

0
0=N__

“N-oxide” means a m-oiety of the following structure

"Patient” includes bot-h human and other mammals.

“Peptidomimetic” mean a polymer encompassing amino acid residues joined together
through amide bonds.

“Pharmaceutically acceptable ester" refers to esters that hydrolyze in vivo and include
those that break down readily in the human body to leave the parent compound or a salt thereof.
Suitable ester groups include, for example, those derived from pharmaceutically acceptable
aliphatic carboxylic acids, par-ticularly alkanoic, alkenoic, cycloalkanoic and alkanedioic acids, in
which each alkyl or alkenyl mmoiety advantageously has not more than 6 carbon atoms.

Exemplary esters include formmates, acetates, propionates, butyrates, acrylates, ethylsuccinates,
and the like.

"Pharmaceutically accceptable prodrugs” as used herein refers to those prodrugs of the
compounds of the present invezntion which are, within the scope of sound medical judgement,
suitable for use in contact witka the tissues of humans and lower animals with undue toxicity,
irritation, allergic response, amd the like, commensurate with a reasonable benefit/risk ratio, and
effective for their intended usez, as well as the zwitterionic forms, where possible, of the
compounds of the invention. “The term "prodrug” refers to compounds that are rapidly
transformed in vivo to yield th_e parent compound of the above formula, for example by hydrolysis
in blood. Functional groups tkhat may be rapidly transformed, by metabolic cleavage, in vivo form

a class of groups reactive withm the carboxyl group of the compounds of this invention. They
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include, but are not limited to such groups as alkanoyl (such as acetyl, propanoyl, butanoyl, and
the like), unsubstituted and substituted aroyl (such as benzoyl and substituted benzoyl),
alkoxycarbonyl (such as ethoxycarbonyl), trialkylsilyl (such as trimethyl- and triethysilyl),
monoesters formed with dicarboxylic acids (such as succinyl), and the like. Because of the ease
with which the metabolically cleavable groups of the compounds of this invention are cleaved in
vivo, the compounds bearing such groups act as pro-drugs. The compounds bearing the
metabolically cleavable groups have the advantage that they may exhibit improved bioavailability
as a result of enhanced solubility and/or rate of absorption conferred upon the parent compound
by virtue of the presence of the metabolically cleavable group. A thorough discussion is provided
in Design of Prodrugs, H. Bundgaard, ed., Elsevier (1985); Methods in Enzymology; K. Widder
et al, Ed., Academic Press, 42, 309-396 (1985); A Textbook of Drug Design and Developement,
Krogsgaard-Larsen and H. Bandaged, ed., Chapter 5; “Design and Applications of Prodrugs”
113-191 (1991); Advanced Drug Delivery Reviews, H. Bundgard, 8, 1-38, (1992); J. Pharm. Sci.,
77,285 (1988); Chem. Pharm. Bull., N. Nakeya et al, 32, 692 (1984); Pro-drugs as Novel
Delivery Systems, T. Higuchi and V. Stella, 14 A.C.S. Symposium Series, and Bioreversible
Carriers in Drug Design, E.B. Roche, ed., American Pharmaceutical Association and Pergamon
Press, 1987, which are incorporated herein by reference.

“Pharmaceutically acceptable salts” refers to the relatively non-toxic, inorganic and
organic acid addition salts, and base addition salts, of compoﬁnds of the present invention. These
salts can be prepared in situ during the final isolation and purification of the compounds. In
particular, acid addition salts can be prepared by separately reacting the purified compound in its
free base form with a suitable organic or inorganic acid and isolating the salt thus formed.
Exemplary acid addition salts include the hydrobromide, hydrochloride, sulfate, bisulfate,
phosphate, nitrate, acetate, oxalate, valerate, oleate, palmitate, stearate, laurate, borate, benzoate,
lactate, phosphate, tosylate, citrate, maleate, fumarate, succinate, tartrate, naphthylate, mesylate,
glucoheptonate, lactiobionate, sulphamates, malonates, salicylates, propionates,
methylene-bis-B-hydroxynaphthoates, gentisates, isethionates, di-p-toluoyltartrates,
methanesulphonates, ethanesulphonates, benzenesulphonates, p-toluenesulphonates,
cyclobexylsulphamates and quinateslaurylsulpﬁonate salts, and the like. See, for example S.M.
Berge, et al., “Pharmaceutical Salts,” J. Pharm. Sci., 66, 1-19 (1977) which is incorporated herein
by reference. Base addition salts can also be prepared by separately reacting the purified
compound in its acid form with a suitable organic or inorganic base and isolating the salt thus
formed. Base addition salts include pharmaceutically acceptable metal and amine salts. Suitable
metal salts include the sodium, potassium, calcium, barium, zinc, magnesium, and aluminum

salts. The sodium and patassium salts are preferred. Suitable inorganic base additjon salts are
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prepared from metal bases which include sodium hydride, sodium hydroxide, potassium
hydroxide, calcium hydroxide, aluminum hydroxide, lithium hydroxide, magnesium hydroxide,
zinc hydroxide and the like. Suitable amine base addition salts are prepared from amines which
have sufficient basicity to form a stable salt, and preferably include those amines which are
frequently used in medicinal chemistry because of their low toxicity and acceptability for medical
use. ammonia, ethylenediamine, N-methyl-glucamine, lysine, arginine, ornithine, choline, N,N'-
dibenzylethylenediamine, chloroprocaine, diethanolamine, procaine, N-benzylphenethylamine,
diethylamine, piperazine, tris(hydroxymethyl)-aminomethane, tetramethylammonium hydroxide,
triethylamine, dibenzylamine, ephenamine, dehydroabietylamine, N-cthylpiperidine,
benzylamine, tetramethylammonium, tetraethylammonium, methylamine, dimethylamine,
trimethylamine, ethylamine, basic amino acids, e.g., lysine and arginine, and dicyclohexylamine,
and the like. |
“Ring group substituents™ mean substituents attached to aromatic or non-aromatic ring
systerns inclusive of aryl, heteroaryl, hydroxy, alkoxy, cyclyloxy, aryloxy, heteroaryloxy, acyl or
its thioxo analogue, cyclylcarbonyl or its thioxo analogue, aroyl or its thioxo analogue,
heteroaroyl or its thioxo analogue, acyloxy, cyclylcarbonyloxy, aroyloxy, heteroaroyloxy, halo,
nitro, cyano, carboxy (acid), -C(0)-NHOH, -C(0)-CH,OH, -C(0O)-CH5SH, -C(0)-NH-CN,
sulpho, phosphono, alkylsulphonylcarbamoyl, tetrazolyl, arylsulphonylcarbamoyl,
N-methoxycarbamoyl, heteroarylsulphonylcarbamoyl, 3-hydroxy-3-cyclobutene-1,2-dione, 3,5-
dioxo-1,2,4-oxadiazolidinyl or hydroxyheteroaryl such as 3-hydroxyisoxazolyl,
3-hydoxy-1-methylpyrazoly, alkoxycarbonyl, cyclyloxycarbonyl, aryloxycarbonyl,
heteroaryloxycarbonyl, alkylsulfonyl, cyclylsulfonyl, arylsulfonyl, heteroarylsulfonyl,
alkylsuifinyl, cyclylsulfinyl, arylsulfinyl, heteroarylsulfinyl, alkylthio, cyclylthio, arylthio,
heteroarylthio, cyclyl, aryldiazo, heteroaryldiazo, thiol, Y'Y’N-, Y'Y’NC(O)-, Y'Y’NC(0)O-,
Y'Y’NC(O)NY- or Y'Y°NSO2-, wherein Y, Y? and Y? are independently hydrogen, alkyl, aryl
or heteroaryl, or for where the substituent is Y'Y?N-, then one of Y' and Y may be acyl,
cyclylcarbonyl, aroyl, heteroaroyl, alkoxycarbonyl, cyclyloxycarbonyl, aryloxycarbonyl or
heteroaryloxycarbonyl, as defined herein and the other of Y' and Y? is as defined previously, or
for where the substituent isY'Y’NC(0)-, Y'Y’NC(0)O-, Y'Y>NC(O)NY*>- or Y'Y?NSO2-, Y* and
Y? may also be taken together with the N atom through which Y' and Y? are linked to form a 4 to
7 membered azaheterocyclyl or azaheterocyclenyl. When a ring system is saturated or partially
saturated, the “ring group substituents” further include, methylene (H,C=), oxo (O=) and thioxo
(8=). Acidic/amide ring group substituents are carboxy (acid), -C(0)-NHOH, -C(Q)-CH,OH, -

C(0)-CH,SH, -C(0)-NH-CN, sulpho, phosphono, alkylsulphonylcarbamoyl, tetrazolyl,
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arylsulphonylcarbamoyl, N-methoxycarbamoyl, heteroarylsulphonylcarbamoyl, 3-hydroxy-3-
cyclobutene-1,2-dione, 3,5-dioxo-1,2,4-oxadiazolidinyl or hydroxyheteroaryl such as
3-hydroxyisoxazolyl, 3-hydoxy-1-methylpyrazoly and Y'Y*NCO-. Non-acidic polar ring group
substituents are hydroxy, oxo (O=), thioxo (S=), acyl or its thioxo analogue, cyclylcarbonyl or its
thioxo analogue, aroy! or its thioxo analogue, heteroaroyl or its thioxo analogue, alkoxycarbonyl,
cyclyloxycarbonyl, aryloxycarbonyl, heteroaryloxycarbonyl, acyloxy, cyclylcarbonyloxy,
aroyloxy, heteroaroyloxy, alkylsulfonyl, cyclylsulfonyl, arylsulfonyl, heteroarylsulfonyl,
alkylsulfinyl, cyclylsulfinyl, arylsulfinyl, heteroarylsulfinyl, thiol, Y'Y?N-, Y'Y*NC(O)-,
Y'YZNC(0)O-, Y'Y’NC(O)NY>- or Y'Y2NSO3-.

“Solvate” means a physical association of a compound of this invention with one or more
solvent molecules. This physical association includes hydrogen bonding. In certain instances the
solvate will be capable of isolation, for example when one or more solvent molecules are
incorporated in the crystal lattice of the crystalline solid. “Solvate” encompasses both solution-
phase and isolable solvates. Exemplary solvates include hydrates, ethanolates, methanolates, and
the like.

Embodiments

With reference to inventions described herein, below are particular and preferred
embodiments are related thereto.

A particular embodiment according to the invention is where R® is a bond.

Another particular embodiment according to the invention is where R®is
difluoromethylene.

A particular embodiment according to the invention is where R' is hydrogen or optionally
substituted lower aliphatic group.

Another particular embodiment according to the invention is where R' is hydrogen or
lower alkyl.

A preferred embodiment according to the invention is where R' is hydrogen.

A particular embodiment according to the invention is where R?is optionally substituted
lower aliphatic group or optionally substituted monocyclic group.

Another particular embodiment according to the invention is where R is optionally
substituted lower alkyl, optionally substituted lower alkenyl, or optionally substituted monocyclic
cycloalkyl.

Further particular embodiment according to the invention is where R is carboxymethyl,
1-carboxy-2-phenylethyl, cyclopropyl, cyclobutyl, 1-cyclohexylethyl, 1-phenylethyl, But-2-y1, 1-
pyrid-4-ylethyl, propen-3-yl or 3-methylbut-2-yl; more preferred cyclopropyl.
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A particular embodiment according to the invention is where R is optionally substituted
lower aliphatic group methylene.

Another particular embodiment according to the invention is where R*is optionally halo
substituted lower (alkyl or alkenyl)methylene.

A preferred embodiment according to the invention is where R? is propylmethylene, 2,2-
difluoroethylmethylene, 2,2,2-trifluoromethylene or propen-3-ylmethylene; more preferred R’ is
propylmethylene or 2,2-difluoroethylmethylene; further preferred R? is propylmethylene.

A particular embodiment according to the invention is where R* is hydrogen or optionally
substituted lower aliphatic group.

Another particular embodiment according to the invention is where R” is hydrogen or
lower alkyl.

A preferred embodiment according to the invention is where R* is hydrogen.

A particular embodiment according to the invention is where R? is optionally substituted
lower aliphatic group methylene.

Another particular embodiment according to the invention is where R’ is optionally
(phenyl, carboxy, carboxamido or alkoxycarbonyl) substituted lower (alkyl or alkenyl) methylene.

A preferred embodiment according to the invention is where R’ is methylmethylene,
isopropylmethylene, -butylmethylene, but-2-ylmethylene, butylmethylene, benzylmethylene, 3-
methylbutylmethylene, 2-methylpropyl-methylene, carboxymethylmethylene,
carboxamidomethylmethylene, benzyloxycarbonylmethylmethylene,
benzyloxycarbonylpropylmethylene, or phenylpropen-3-ylmethylene; more preferred R’ is
isopropylmethylene or z-butyl-methylene.

A particular embodiment according to the invention is where R® is hydrogen or optionally
substituted lower aliphatic group.

Another particular embodiment according to the invention is where R® is hydrogen or
lower alkyl.

A preferred embodiment according to the invention is where Réis hydrogen.

A particular embodiment according to the invention is where R’ is optionally substituted
lower aliphatic group methylene, optionally substituted lower cyclic group methylene or
optionally substituted monocyclic (aryl or heteroaryl) methylene.

Another particular embodiment according to the invention is where R’ is optionally
substituted lower alkylmethylene, optionally substituted lower cycloalkylmethylene or optional
substituted phenylmethylene.

A preferred embodiment according to the invention is where R’ is methylmethylene,

isopropylmethylene, n-propylmethylene, phenylmethylene, cyclohexylmethylene,
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cyclopentylmethylene, t-butylmethylene, s-butylmethylene, cyclohexylmethylmethylene, or
phenylmethylmethylene; more preferred is isopropylmethylene, cyclohexylmethylene,
cyclopentylmethylene, t-butylmethylene or s-butylmethylene.

A preferred embodiment according to the invention is also wherein each of R?, R, and R’
is mono substituted methylene.

A preferred embodiment according to the invention is also wherein R? is mono substituted
methylene and has an (S) configuration on the carbon attached to the -C(0)-R’-C(O)-NR'R®
moiety.

A particular embodiment according to the invention is where R® is hydrogen or optionally
substituted lower aliphatic group.

Another particular embodiment according to the invention is where R? is hydrogen or
lower alkyl.

A preferred embodiment according to the invention is where R® is hydrogen.

A particular embodiment according to the invention is where R” is optionally substituted
lower aliphatic group or optionally substituted monocyclic aromatic group.

Another particular embodiment according to the invention is where R® is optionally
substituted lower alky) or optionally substituted monocyclic heteroaryl.

Another particular embodiment according to the invention is where R’ is optionally
(carboxy, (loweralkyl)SO,NH-, (lower alkyl)HNCO-, hydroxy, phenyl, heteroaryl, or (lower
alkyl)OC(O)NH-)-substituted lower alkyl, or optionally substituted monocyclic heteroaryl.

A further preferred embodiment according to the invention is where R® is lower alkyl
substituted by (mono- or di-)MeOC(O)NH-; more preferred is 1,2-di(MeOC(O)NH)ethyl or 1-
(MeOC(O)NH)ethyl.

A preferred embodiment according to the invention is where R’ is (carboxy, (lower
alkyl)HNCO- or tetrazolyl)substituted lower alkyl; more preferred 3-carboxypropyl, 2-tetrazol-
5ylpropyl, 3-(N-methylcarboxamido)propyl or 3-carboxy-2,2-dimethylpropyl; further preferred is
3-carboxypropyl, 2-tetrazol-Sylpropyl or 3-(N-methylcarboxamido)propyl.

Another preferred embodiment according to the invention is where R’ is optionally
substituted lower alkyl; more preferred is 1-hydroxy-2-phenylethyl, methyl, isopropy! or ¢-butyl;
further preferred is methyl, isopropyl or ¢-butyl.
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Another preferred embodiment according to the invention is where R’ is selected from the
0

o e o

group consisting of N

oA 04\>" 84\% Fed Y_l OTH_V[O

N
H
O
HNT N HO v
HO H HO H
H(NH \E/}/ ﬁﬁ HOK \m_’_
'e) PN N

2\

and HO

Yet another preferred embodiment according to the invention is where R’ is pyrazinyl.

A particular embodiment according to the invention is where R'? is hydrogen or
10  optionally substituted lower aliphatic group.

Another particular embodiment according to the invention is where R' is hydrogen or
lower alkyl.

A preferred embodiment according to the invention is where R'® is hydrogen.

A preferred embodiment according to the invention is where @ as a substituted
15  monocyclic azaheterocyclyl is substituted pyrrolidinyl.
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A preferred embodiment according to the invention is where @ as a substituted
Ar
0.0
monocyclic azaheterocyclyl is optionally substituted N or optionally substituted
X
% O
N ,wherein Ar is R that comprises an aromatic moiety; more preferred is optionally
X X
O O o O
substituted N ; further preferred is optionally substituted
L X
;) O ;; O
Further preferred optionally substituted is N or
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A
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; yet further preferred N N

or
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Another preferred embodiment according to the invention is where : as an

optionally substituted multicyclic azaheterocyclyl is optionally substituted N ; more

referred is optionally substituted N . Particular substituents for N are hydroxy,
p P y \ Y

YA

fluoro or oxo.

O

5 Another preferred embodiment according to the invention is where as an

optionally substituted multicyclic azaheterocyclenyl is optionally substituted N ; more

>

ot
"t

preferred is N ; further preferred is

Another preferred embodiment according to the invention is where : as an

optionally substituted multicyclic azaheterocyclenyl is optionally substituted N .
10 A preferred embodiment according to the invention is where the ~C(O)-N(R*)-R*-

C(O)R"C(O)NRZR1 moiety attached to @ is attached a carbon @ to the nitrogen atom.
A preferred embodiment according to the invention is where L is —C(0)- or -OC(0)-.
A preferred embodiment according to the invention is where n is 0.
Another preferred embodiment according to the invention is where n is 1.

15 A preferred embodiment according to the invention is where R'' is ~CO,R".
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1
A preferred embodiment according to the invention is where R'? is R

A particular embodiment according to the invention is where R" is an optionally

substituted aliphatic group.

Another particular embodiment according to the invention is where R™ is an alkyl group.
A preferred embodiment according to the invention is where R* is lower alkyl.

Another preferred embodiment according to the invention is where R" is methyl.

A preferred embodiment according to the invention is where R is —CO,R'®.

A particular embodiment according to the invention is where R" is alkyl.

A preferred embodiment according to the invention is where R* is lower alkyl.

A preferred embodiment according to the invention is where R" is methyl.

A particular embodiment according to the invention is where R'® is optionally substituted

aliphatic.

Another particular embodiment according to the invention is where R'S is alkyl.
A preferred embodiment according to the invention is where R'® is lower alkyl.
A preferred embodiment according to the invention is where R'® is t-Bu.

A particular embodiment according to the invention is where RYis optionally substituted

A preferred embodiment according to the invention is where R'” is phenyl.

A particular embodiment according to the invention is where R'® is optionally substituted

A preferred embodiment according to the invention is where R' is phenyl.

A particular embodiment according to the invention is where p° is selected from the group

consisting of BOC, CBz, and -CO»alkyl.

A preferred embodiment according to the invention is where p’ is BOC.

It is to be understood that this invention covers all appropriate combinations of the

particular and preferred groupings referred to herein.

Particular compounds according to the invention are selected from the group of

compounds A-FH consecutively consisting of
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or a pharmaceutically acceptable salt or prodrug thereof, or a solvate of such a compound, its salt

or its prodrug.
10

A preferred compound is one selected from the group consisting of S, U, BW, BX, BY,
BZ, CE, CU, CW, CY, DZ, EA, EC, EJ, FH, EW, EO, EZ, FG and EN a pharmaceutically
acceptable salt or prodrug thereof, or solvate of such compound, its salt or its prodrug.

15 Another preferred embodiment of the invention are selected from the following group of

compounds:
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EY,

5  or a pharmaceutically acceptable salt or prodrug thereof, or a solvate of such a comapound, its salt
or its prodrug.

Another preferred embodiment of the invention is 2 compound of the form_ula

PG,

prodrug thereof, or a solvate of such a compound, its salt or its prodrug.

or a pharmaceutically accesptable salt or

10 Another preferred embodiment of the invention is compound of formula 1 wherein:
R’ is a bond;
R! is hydrogen;
R? is lower alkyl optionally substituted with 1 to 3 aliphatic group substituents ;or
lower cycloalky optionally substituted with 1 to 3 cyclic group substituents;
15  R’and R’ are each independently methylene optionally substituted with 1 to 3 alipBhatic group
substitutents;
R* R% R®and R' are hydrogen;
R’ is methylene substituted with cycloalkyl, lower alkyl or aryl;or
or (1,1- or 1,2-)cycloalkenyl optionally substituted with cycloalkyl, lower alkyl or saryl;
20 R9is
lower alkyl optionally substituted with 1 to 3 aliphatic group substituents; aor
heteroaryl optionally substituted with 1 to 3 cyclic group substituents;

or heterocyclic optionally substituted with 1 to 3 cyclic group substituents;



WO 02/18369 PCT/US01/26008

80

: is monocyclic azaheterocyclyl, multicyclic azaheterocyclyl, or multicyclic
azaheterocyclenyl optionally substituted with from 1 to 3 cyclic group substituents; and

L is -C(O)-, -OC(O)-.

5 Another preferred embodiment of the invention is a compound selected from the group

consisting of:

10
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or a pharmaceutically acceptable salt or prodrug thereof, or a solvate of such a compound, its salt

or its prodrug.
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Another preferred embodiment of the invention is a compound of formula 1 wherein the
optionally substituted aliphatic group, optionally substituted cyclic group or optionally substituted
aromatic group of R’ is substituted with at least one heteroaryl substituent.

Another preferred embodiment of the invention is a compound of formula 1 wherein the
optionally substituted aromatic group of R’ is optionally substituted heteroaryl.

Another preferred embodiment of the invention is a compound of formula 1 wherein the
optionally substituted aliphatic group of R’ is optionally substituted alkylheteroaryl.

Another preferred embodiment of the invention is a compound wherein the optionally
substituted heteroary group of R’ is pyrazinyl, tetrazolyl, quinolinyl, imidazolyl, isoxazolyl and
pyradonyl, optionally substituted with a ring group substituent.

The compounds of the invention optionally are supplied as salts. Those salts that are
pharmaceutically acceptable are of particular interest since they are useful in administering the
foregoing compounds for medical purposes. Salts that are not pharmaceutically acceptable are
useful in manufacturing processes, for isolation and purification purposes, and in some instances,
for use in separating stereoisomeric forms of the compounds of this invention. The latter is
particularlir true of amine salts prepared from optically active amines.

Where the compound of the invention contains a carboxy group, or a sufficiently acidic
bioisostere, base addition salts may be formed and are simply a more convenient form for use;
and in practice, use of the salt form inherently amounts to use of the free acid form.

Also, where the compound of the invention contains a basic group, or a sufficiently basic
bioisostere, acid addition salts may be formed and are simply a more convenient form for use; and
in practice, use of the salt form inherently amounts to use of the free base form.

A preferred embodiment of a method according to the present invention is for treating a
patient suffering from an HCV infection or physiological conditions related to the infection
comprising administering to the patient a pharmaceutically effective amount of a compound of
formula 1.

Another preferred embodiment of a therapeutic method according to the present invention
is for treating a patient suffering from an HCV infection or physiological conditions related to the
infection comprising administering a pharmaceutically effective amount of a compound of
formula 1 in combination with a pharmaceutically effective amount of another anti-HCV
therapeutic to the patient.

Another object of the present invention is to provide pharmaceutical compositions

comprising, in addition to one or more HCV serine protease inhibitors, one or more interferons

exhibiting anti-HCV activity and/or one or more compounds having anti HCV activity, including
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immunomodulatory compounds such as immunostimulatory cytokines exhibiting HCV antiwiral
activity, and a pharmaceutically acceptable carrier or diluent.

It is another object of the invention to provide a pharmaceutical composition which i_s
effective, in and of itself, for utilization in a beneficial combination therapy because it includlies a
plurality of active ingredients which may be utilized in accordance with the invention.

The invention also provides kits or single packages combining two or more active
ingredients useful in treating or preventing an HCV infection in a patient. A Kit may provide=
(alone or in combination with a pharmaceutically acceptable diluent or carrier), the compourmd of
formula 1 and the additional active ingredient (alone or in combination with diluent or carrie: 1)
other anti-HCV therapeutic.

Compounds of formula 1 may be prepared by the application or adaptation of knowr
methods as used heretofore or described in the literature, or by methods according to this
invention herein.

Another object of the present invention is to provide methods of treating or preventimg a
HCYV infection in a patient in need thereof, comprising administering to said patient a
pharmaceutically effective amount of a combination of one or more HCV serine protease
inhibitors; one or more interferons exhibiting anti-HCV activity; and/or one or more compoumnds
having anti-HCV activity, including immunomodulatory compounds such as immunostimulaatory
cytokines exhibiting HCV antiviral activity.

Another object of the present invention is the use of one or more HCV serine proteasse
inhibitors in combination with one or more interferons exhibiting anti-HCV activity and/or osne or
more compounds having anti-HCV activity, including immunomodulatory compounds such zas
immunostimulatory cytokines exhibiting HCV antiviral activity, to prepare 2 medicament fomr
treating or preventing a HCV infection in a patient in need thereof.

A further object of the present invention is a kit or pharmaceutical pack for treating cor
preventing HCV infection in a patient, wherein the kit or pharmaceutical pack comprises a
plurality of separate containers, wherein at least one of said containers contains one or more . HCV
serine protease inhibitors, at least another of said containers contains one or more interferonss or
compounds that induce the production of an inteferon that exhibit anti-HCV activity (alone cor in
combination with a pharmaceutically acceptable carrier or diluent), and, optionally, at least
another of said containers contains one or more compounds having anti-HCV activity (alone or in
combination with a pharmaceutically acceptable carrier or diluent), including immunomodul atory
compounds such as immunostimulatory cytokines exhibiting HCV antiviral activity.

Yet another object of the present invention is to provide a method of inhibiting hepastitis C

virus replication in a cell, comprising contacting said cell, a hepatitis C virus serine protease
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mnhibitor, and optionally an interferon or compounds that induce the production of an interferon
sthat have anti-hepatitis C virus activity.

The amount of the HCV serine protease inhibitor(s), interferon(s), or anti-HCV
scompound(s) in any of the foregoing applications can be a pharmaceutically effective amount, a
ssuboptimal anti-HCV effective amount, or combinations thereof, so long as the final combination
eof HCV protease inhibitor(s), interferon(s), and/or anti-HCV compound(s) comprises a
[pharmaceutically effective amount of compounds that is effective in treating or preventing HCV
finfection in a patient.

It 1s a further object of the invention to provide a method for preparing a chiral

Tbicycloprolinate compound that is useful in preparing the compound of formula 1.

_Preparation of Compounds of the Invention

The starting materials and intermediates of compounds of the invention may be prepared
“by the application or adaptation of known methods, for example methods as described in the
_Reference Examples or their obvious chemical equivalents.

Compounds of the invention may be prepared by the application or adaptation of known
—methods, by which is meant methods used heretofore or described in the literature, for example
rthose described by R.C. Larock in Comprehensive Organic Transformations, VCH publishers
+(1989).

A compound of formula 1, wherein the variables and O moiety thereof are as

edescribed herein, may be prepared by treating a compound of formula 2, wherein the variables

1'16 j(])\ 0 . R!
7 .R>. R N
Ry B R MY TR
R® O ) R q O

Oxidizing Agent
6
o) O 1
) 0 R
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and : moiety thereof are as described herein, with an appropriate oxidizing agent and
under appropriate conditions. A particular oxidizing agent is DMP reagent. Particular conditions
include carrying out the oxidation in an appropriate organic solvent such as dichloromethane at

about room temperature.

A compound of formula 2, wherein the variables and @ moiety thereof are as

described herein, may be prepared by coupling a compound of formula 3, wherein the variables

and @ moiety thereof are as described herein, and a compound of formula 4, wherein the

}I{(’ 101\ O , o Rl
;
H., .R N~
S S on Py
8 R OH O
L 3 4
Coupling Agent
and Conditions

1|{6 ch)\ 0 3 0 Rl
7 .RZ_RI_N~
Rg/L\(\N'R\ﬂ%n/N\RS ITI Yff
' 4
R O R H O
2

variables thereof are as described herein, with an appropriate coupling agent and under
appropriate conditions. Particular coupling agent and conditions include using DIC and HOAt in
an appropriate organic solvent such as DMF at about 0°C or using PyBop and DIPEA in an

appropriate organic solvent such as dichloromethane at about room temperature.

A compound of formula 3, wherein the variables and @ moiety thereof are as
described herein, may be prepared by coupling a compound of formula 5, wherein the variables

thereof are as described herein, and a compound of formula 6, wherein P? is an acid
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R O
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1. Coupling Agent
and Conditions

2. Acid Deprotecting
Agent and Conditions

Y
0

£q
7
R® 0O 3

protecting group and the @ moiety thereof is as described herein, with an appropriate
coupling agent and under appropriate coupling conditions, followed by an appropriate
deprotecting agent and under appropriate deprotecting conditions. Particular coupling agent and
conditions include using DIC or DCC and HOAt in an appropriate organic solvent such as DMF
or dichloromethane at about 0°C to about room temperature. The deprotecting is carried out using
an appropriate deprotecting agent that depends on the nature of the protecting agent, i.e., whether
it is removable (labile) under acid, base, or hydrogenation conditions, and other reactive moieties
in the compound undergoing deprotection, i.e., a deprotecting agent is chosen to carry out the
deprotection without effecting the other reactive moieties unless a concomitant reaction is desired.
A particular acid protecting agent is C to Cg lower alkyl; more particular methyl. A particular
deprotecting agent is an inorganic base such as an alkali hydroxide; more particular NaOH.
Particular deprotection conditions encompass carrying out the deprotection in an alcoholic solvent
such as methanol or ethanol at about room temperature.

A compound of formula 5, wherein n is 0 and the other variables are as described herein,

i.e., compound 5a, may be prepared by deprotecting a compound of formula 7,
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R® O

]
Rg/L/N‘RSJJ\OPZ

7

Acid Deprotecting
Agent and Conditions

R® O

[}
Rg,L/N‘RSlLOH

Sa
wherein P is an acid protecting group and the other variables thereof are as described herein, with
an appropriate deprotecting agent and under appropriate conditions. The deprotecting is carried
out using an appropriate deprotecting agent that depends on the nature of the protecting agent, i.e.,
5 whether it is removeable (labile) under acid, base, or hydrogenation conditions, and other reactive
moieties in the compound undergoing deprotection, i.e., a deprotecting agent is chosen to carry
out the deprotection without effecting the other reactive moieties unless a concomitant reaction is

desired. A particular acid protecting agent is Cj to Cg lower alkyl; more particular methyl. A

particular deprotecting agent is an inorganic base such as an alkali hydroxide; more particular
10  NaOH. Particular deprotection conditions encompass carrying out the deprotection in an
alcoholic solvent such as methanol or ethanol at about room temperature.
A compound of formula 7, wherein the variables thereof are as described herein, may be
prepared by acylating a compound of formula 8, wherein the variables thereof are as described

herein, with a compound of formula 9, wherein M is a displaceable moiety and the other variables
6

&
RQ/L—M + H/N\RS OP2
9 8
Coupling Conditions
6
Ll
o L= R’ OP
R
7

15
thereof are as described herein, under appropriate conditions. Particular coupling conditions use

DIC or DCC and HOAL in an appropriate organic solvent such as DMF or dichloromethane at
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about 0°C to about room temperature, or PyBop and DIPEA in an appropriate organic solvent
such as DMF or dichloromethane at about room temperature; and preferably the latter conditions.
A particular L is carbonyl. A particular M is hydroxy or N-oxysuccinimide.

A compound of formula 5, wherein n is 1 and the other variables are as described herein,

i.e., compound 5b, may be prepared by deprotecting a compound of formula 10, wherein P? is an
6

e
7
9/L\ R N. 5 2
R Il;{rg \(f)l/ R> "OP
10
Acid Deprotecting

Agent and Conditions

X9
7
R —nR N-r"">om
R® O
5b

acid protecting group and the other variables thereof are as described herein, with an appropriate
deprotecting agent and under appropriate conditions. The deprotecting is carried out using an
appropriate deprotecting agent that depends on the nature of the acid protecting agent, i.e.,
whether it is removeable (labile) under acid, base, or hydrogenation conditions, and other reactive
moieties in the compound undergoing deprotection, i.e., a deprotecting agent is chosen to carry
out the deprotection without effecting the other reactive moieties unless a concomitant reaction is

desired. A particular acid protecting agent is C] to Cg lower alkyl; more particular methyl. A

particular deprotecting agent is an inorganic base such as an alkali hydroxide; more particular
NaOH. Particular deprotection conditions encompass carrying out the deprotection in an
alcoholic solvent such as methanol or ethanol at about room temperature.

A compound of formula 10, wherein the variables thereof are as described herein, may be
prepared by acylating a compound of formula 11, wherein the variables thereof are as described

berein, with a compound of formula 9, wherein the variables thereof are as described herein,
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under appropriate conditions. Particular coupling conditions use DIC or DCC and HOAt in an
appropriate organic solvent such as DMF or dichloromethane at about 0°C to about room
temperature, or PyBop and DIPEA in an appropriate organic solvent such as DMF or
5  dichloromethane at about room temperature; and preferably the latter conditions. A particular L is
carbonyl. A particular M is hydroxy or N-oxysuccinimide.
A compound of formula 11, wherein the variables are as described herein, may be

prepared by deprotecting a compound of formula 12, wherein P' is an amine protecting group

29
1 7
PN R o
R® O 12

Amine Deprotecting Conditions

E
7
H-n-R N._ 5 2
gg\cr)l/ R TOP

10 11

and the other variables thereof are as described herein, with an appropriate deprotecting agent and
under appropriate conditions. The deprotecting is carried out using an appropriate deprotecting
agent that depends on the nature of the amine protecting agent, i.e., whether it is removeable
(labile) under acid, base, or hydrogenation conditions, and other reactive moieties in the

15  compound undergoing deprotection, i.e., a deprotecting agent is chosen to carry out the
deprotection without effecting the other reactive moieties unless a concomitant reaction is desired.
A particular amine protecting agent is Cbz or BOC; more particular Cbz. A particular
deprotecting agent is acid such as HCI or Hy/Pd(OH); more particular Hy/Pd(OH),. Particular
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deprotection conditions encompass carrying out the deprotection in an alcoholic solvent such as

methanol or ethanol or an alkyl alkanoate solvent such as ethyl acetate at about room temperature.
A compound of formula 12, wherein the variables thereof are as described herein, may be

prepared by coupling a compound of formula 13, wherein the variables thereof are as described

5  herein, with a compound of formula 14, wherein the variables thereof are as described herein,

.R_OH /N\ 5JJ\
8

P
NY
R

Coupling Conditions

R NR p?

Rs 012

under appropriate conditions. Particular coupling conditions use HOAt/DIC and DIPEA in an
appropriate organic solvent such as THF at about room temperature.
A compound of formula 4, wherein the variables are as described herein, may be prepared

10 by deprotecting a compound of formula 15, wherein the variables thereof are

oY

Deprotecting
Conditions

RYR
l 4 R"

R OHO

as described herein, with an appropriate deprotecting agent and under appropriate conditions. The
deprotecting is carried out using an appropriate deprotecting agent that depends on the nature of

15  the amine protecting agent, i.e., whether it is removeable (labile) under acid, base, or
hydrogenation conditions, and other reactive moieties in the compound undergoing deprotection,
i.e., a deprotecting agent is chosen to carry out the deprotection without effecting the other

reactive moieties unless a concomitant reaction is desired. A particular amine protecting agent is
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Cbz or BOC; more particular Cbz. A particular deprotecting agent is an acid such as HCl or
Hy/Pd(OH).; more particular Hy/Pd(OH),. Particular deprotection conditions encompass carrying
out the deprotection in an alcoholic solvent such as methanol or ethanol or an alkyl alkanoate
solvent such as ethyl acetate at about room temperature.

A compound of formula 15, wherein the variables thereof are as described herein, may be
prepared by coupling a compound of formula 16, wherein the variables thereof are as described
herein, with a compound of formula 17, wherein the variables thereof are as described herein,

1 3 0. OH 1
P\N,RYR\H/ + H._.R
Iy o)
OH

12

R R
16 17
Coupling
Conditions
_.R!
1 3 0 N
P~_...R__R \
N e
R . 5OH O

under appropriate conditions. A particular amine protecting agent is Cbz or BOC; more particular
Cbz. Particular coupling conditions use HOBT, PyBop and DIPEA in an appropriate organic
solvent such as dichloromethane at about 0°C to about room temperature.

A compound of formula 16, wherein the variables are as described herein may be

prepared by deprotecting a compound of formula 18, wherein the other variables thereof are

pl_ _R® R% _OF
YT

R oH O

18
Acid Deprotecting
Agent and Conditions

P’\N,R" R® _OH
1a

R OH O

16
as described herein, with an appropriate deprotecting agent and under appropriate conditions. The
deprotecting is carried out using an appropriate deprotecting agent that depends on the nature of .
the acid protecting agent, i.e., whether it is removeable (labile) under acid, base, or hydrogenation
conditions, and other reactive moieties in the compound undergoing deprotection, i.e., a A

deprotecting agent is chosen to carry out the deprotection without effecting the other reactive
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moieties unless a concomitant reaction is desired. A particular amine protecting agent is Cbz. A
particular acid protecting agent is C] to Cg lower alkyl; more particular methyl. A particular
deprotecting agent is an inorganic base such as an alkali hydroxide; more particular NaOH.
Particular deprotection conditions encompass carrying out the deprotection in an alcoholic solvent
such as methanol or ethanol at about room temperature.

A compound of formula 18, wherein R® is a bond and the other variables thereof are as
described herein, may be prepared by protecting a compound of formula 20, wherein the variables

thereof are as described herein, with a compound of formula 19, wherein the

0]
3
v -R
PM 4 H N opP’
19 R* OH 20
Protecting
Conditions
1 3 0 2
P~ .-R_R__OP
N hig
R°" OH O
18

variables thereof are as described herein, under appropriate conditions. A particular amine
protecting agent is Cbz or BOC. Particular coupling conditions use an appropriate organic
solvent such as dichloromethane at about 0°C to about room temperature.

A compound of formula 20, wherein R* is hydrogen and the other variables are as

described herein, may be prepared by hydrogenating a compound of formula 21, wherein the

0]
- 3
O\NyR OP2
O OH 21
Hydrogenating
Conditions
0]
3
H\I}I’Rw/U\ op*
R* OH
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variables thereof are as described herein, with am appropriate hydrogenating agent and under
appropriate conditions. A particular hydrogenat-ing agent is Hy/Pd(OH),. Particular
hydrogenating conditions encompass carrying o—ut the hydrogenation in an alcoholic solvent such
as methanol or ethanol or an alkyl alkanoate sol-vent such as ethyl acetate at about room
temperature.

A compound of formula 20 wherein R* —is optionally substituted aliphatic and the other
variables are as described herein may be preparezd by alkylating compound 20’ wherein the
variables are as described herein with compound 22 (alkylating agent) wherein R* is optionally
substituted aliphatic and Q is a displaceable growp such as a halides, tosylates or sulfonates, under

appropriate conditions.

0 0
3 3
rd H\ ”
T v o
H OH R* OH

22 20' 20

Appropriate alkylating agents include aliphatic (Chalides, tosylates or sulfonates). Appropriate
alkylating conditions encompass carrying out to- alkylation in an appropriate organic solvent such
as an alcoholic solvent, e.g., methanol or ethanoe}, or ctheric solvent, e.g., ether or tetrahydrofuran
at about room temparature to about reflux.

A compound of formula 21, wherein the variables are as described herein, may be
prepared by alkylating a compound of formula 22, wherein the variable thereof is as described
herein, with a compound of formula 23, whereir the R*'s independently are optionally

0O
H T(U\OPz + O'\N«CHRTRy

o 22 O 23
Alkylating
Conditions
O
. 3
O\I'\lryR\)J\ OPZ
O OH 21

substituted aliphatic group, optionally substitute=d cyclic group or optionally substituted aromatic
group as described herein, under appropriate cornditions. Particular alkylating conditions
encompass carrying out the alkylation using a stzrong base such as potassium z-butoxide in an

alcoholic solvent such as methanol or ethanol at about room temperature.
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A compound of formula 24 wherein the variables thereof are as described herein, may be
prepared by effecting a Michael addition on a Michael acceptor of formula 29, wherein the

variable thereof is as described herein, with an iminic glycinimide derivative.

(29)

\LMichael Addition Conditions

(24)
Michael additions comprise appropriate aprotic polar solvents, alkali methyl hydroxide bases, and
appropriate temperatures. For Michael additions, see Corey, E.J.; Noe, M.C.; Xu, F. Tetrahedron
10 Letrer 1998, 39, 5347. For the synthesis of chiral phase transfer catalysts, see Corey, E.J.; Noe,
M.C.; Xu, F. J. Am. Chem. Soc. 1997, 119, 12414. Appropriate solvents include DCM, ACN, or
THF depending on the reaction conditions. Appropriate bases include CsOH, NaOH, KOH, and
LiOH. Appropriate temperatures range from about -78°C to about 0°C, more particularly at about
-60°C. Iminic glycinimides useful in the invention are described herein. A preferred iminic
15  glycinimide is N-(diphenylmethylene)glycine tert-butyl ester. In addition, Michael addition
conditions may be affected with or without a phase transfer catalyst (PTC) (chiral and nonchiral).
A preferred PTC isO-[9] allyl-N-9-anthracenylmethylcinchonidium bromide.
A compound of formula 25, wherein the variables thereof are as described herein, may be

prepared by imine cleavage and cyclizing of the compound of formula 24.

H H
H H N R™

R12¢‘° : "'Rn H
24 Cleavage and Cyclizing Conditions (25)

20
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For cleavage and cyclization procedures, see Javidan, A.; Schfer, K.; Pyne, S. Synlett 1996, 100;
Tatsukawa, A.; Dan, M.; Ohbatake, M.; Kawatake, K.; Fukata, T.; Wada, E.; Kanemase, S.;
Kakei, S. J. Org. Chem. 1993, 58,4221. Cleavage and cyclizing conditions include the use of
polar solvents, acid reagents, and temperatures of about room temperature to about 150°C.

5 Preferred conditions include the use of EtOH, AcONa and NH,OH.HCl, and a temperature of
about boiling point for the solvent used.

A compound of formula 26, wherein the variables thereof are as described herein, may be
prepared by protecting the amide of the compound of formula 25, wherein the variables thereof
are as described herein, with a suitable amide protecting group such as BOC. Other suitable

10 protecting groups include CBz, -CO,alkyl. Also see, Greene, T.W.; P.G.M. in Protective Groups
in Organic Synthesis, Wiley, New York, 1991 for other amine protecting groups. Protecting
conditions include the use of aprotic polar solvents, organic bases as catalysts, and temperatures
of about 0°C-100°C. Preferred conditions include the use of ACN, dimethyl amino pyridine, and

a temperature of about room temperature.

H H H "
N R"™ o N iy
H pn

(25) Protecting Conditons. (26)
—

A compound of formula 27, wherein the variables thereof are as described herein, may be
prepared by reducing the protected compound of formula 26, wherein the variables thereof are as

20  described herein.

(26) Reducing conditions @n
-

Two reductions are, in fact, done. The first reduction is of the amide to a hemiaminal using
DIBALH or superhydride [LiBEt;H]. The second reduction is of the hemiaminal to the amine
25  using Et;SiH and BF5*OEt,. See Collado, I; Ezquerra, J.; Mateo, A.L; Rubio, A., J. Org. Chem.
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1998, 63 1995-2001 and Ezqueera, J.; Pedregal, C.; Yruretagoyena, B.; Rubio, A.; Carreno, M .C;;
Escribano, A.; Garcia Ruano, J.L. J. Org. Chem. 1995, 60,2925 for reducing conditions.. Othe=r
usual conditions for converting pyroglutamates into pyrrolidines is the use of BH;* SMe,.

A compound of formula 28, wherein the variables thereof are as described herein, may~ be
prepared by deprotecting the compound of formula 27, wherein the variables thereof are as

described herein.

H H
H H
N R“ N R 14
° H
p
@7) ) Deprotecting conditions (@8)

See Gibson, F.G.; Bermeier, S.C.; Rapoport, H., J. Org Chem. 1994, 59, 3216-3218 for the
conditions for selective removal of N-BOC protecting group in the presence of tert-butyl ester..
One skilled in the art would know that the deprotecting conditions will be dependent upon the
choice of the protecting group. For example, if CBz is used, hydrogenation or basic conditionss
may be used. Preferably, if BOC is used, 1 N HCl in ethyl acetate may be used. See, Greene,
T.W.; P.GM. in Protective Groups in Organic Synthesis, Wiley, New York, 1991.

The person of ordinary skill in the art will appreciate that a compound of formula 3 may
be prepared by coupling a compound of formula 5 with a compound of formula 28 under
conditions described above herein.

Methods for preparing R®, R® or R” as optionally substituted ethanediyl moieties inclucle
those known to those skilled in the art, e.g., those methods described in “The organic Chemistr—y
of B-Lactams” edited by G. Georg, VCH Publishers, Inc. (1993), e.g., pages 240-241 and 303-
305.

Schemes 1-11 that follow exemplify assorted methods for preparing an optionally
substituted multicyclic azaheterocyclyl. The methods in the schemes below are also applicable to

other optionally substituted multicyclic azaheterocyclyls comprising compatible like substituerts.
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SCHEME 10
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Scheme 11
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0 N N 53%
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A. compound of formula 1 including a groﬁp containing one or more nitrogen ring atoms,
preferablyy imine (=N-), may be converted to the corresponding compound wherein one or more

nitrogen r-ing atoms of the group are oxidized to an N-oxide, preferably by reacting with a peracid,
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for example peracetic acid in acetic acid or m-chloroperoxybenzoic acid in an inert solvent such
as dichloromethane, at a temperature from about room temperature to reflux, preferably at
elevated temperature.

In the reactions described hereinafter it may be necessary to protect reactive functional
groups, for example hydroxy, amino, imino, thio or carboxy groups, where these are desired in the
final product, to avoid their unwanted participation in the reactions. Conventional protecting
groups may be used in accordance with standard practice, for examples see T.W. Green and
P.G.M. Wuts in "Protective Groups in Organic Chemistry" John Wiley and Sons (1991); JF.W.
McOmie in “Protective Groups in Organic Chemistry” Plenum Press, 1973.

A compound that is prepared as described herein may be recovered from the reaction
mixture by conventional means. For example, the compounds may be recovered by distilling off
the solvent from the reaction mixture or, if necessary after distilling off the solvent from the
reaction mixture, pouring the residue into water followed by extraction with a water-immiscible
organic solvent and distilling off the solvent from the extract. Additionally, the product can, if
desired, be further purified by various well techniques, such as recrystallization, reprecipitation or
the various chromatography techniques, notably column chromatography or preparative thin layer
chromatography.

According to a further feature of the present invention, compounds of the invention may
be prepared by interconversion of other compounds of the invention.

As an example of the interconversion process, compounds of formula 1 containing
sulphoxide linkages may be prepared by the oxidation of corresponding compounds containing
-S- linkages. For example, the oxidation may conveniently be carried out by means of reaction
with a peroxyacid, e.g., 3-chloroperbenzoic acid, preferably in an inert solvent, e.g.,
dichloromethane, preferably at or near room temperature, or alternatively by means of potassium
hydrogen peroxomonosulphate in a medium such as aqueous methanol, buffered to about pH 5, at
temperatures between about 0°C and room temperature. This latter method is preferred for
compounds containing an acid-labile group.

As another example of the interconversion process, compounds of formula 1 containing
sulphone linkages may be prepared by the oxidation of corresponding compounds containing -S-
or sulphoxide linkages. For example, the oxidation may conVeniently be carried out by means of
reaction with a peroxyacid, e.g., 3-chloroperbenzoic acid, preferably in an inert solvent, e.g.,
dichloromethane, preferably at or near room temperature.

It will be understood that designation of aromaticity with respect to aryls and heteroaryls
herein includes any highly resonant unsaturated ring structure. Alternatively, placement of double

bonds, where indicated, represents one potential structure for the depicted compound but will be
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understood to include other resonant states of the compound as well as protonated and charged
species, only one of which may be shown.

It will be appreciated that compounds of the present invention may contain asymmetric
centers. These asymmetric centers may independently be in either the R or S configuration. It
will be apparent to those skilled in the art that certain compounds of the invention may also
exhibit geometrical isomerism. It is to be understood that the present invention includes
individual geometrical isomers and stereoisomers and mixtures thereof, including racemic
mixtures, of compounds according to the invention. Such isomers can be separated from their
mixtures, by the application or adaptation of known methods, for example chromatographic
techniques and recrystallization techniques, or they are separately prepared from the appropriate
isomers of their intermediates.

For the purpose herein it is understood that tautermeric forms are included in the
recitation. of a given group, e.g., thioxo/mercapto or oxo/hydroxyl.

Acid additional salts are formed with the compounds of the invention in which a basic
function such as an amino, alkylamino, or dialkylamino group is present. The pharmaceutically
acceptable, i.e., nontoxic, acid addition salts are preferred. The salts chosen are chosen optimally
to be compatible with the customary pharmaceutical vehicles and adapted for oral or parenteral
administration. Acid addition salts of the compounds of this invention may be prepared by
reaction of the free base with the appropriate acid, by the application or adaptation of known
methods. For example, the acid addition salts of the compounds of this invention may be
prepared either by dissolving the free base in water or aqueous alcohol solution or other suitable
solvents containing the appropriate acid and isolating the salt by evaporating the solution, or by
reacting the free Base and acid in an organic solvent, in which case the salt separates directly or
can be obtained by concentration of the solution. Some suitable acids for use in the preparation of
such salts are hydrochloric acid, hydrobromic acid, phosphoric acid, sulfuric acid, various organic
carboxylic and sulfonic acids, such as acetic acid, citric acid, propionic acid, succinic acid,
benzoic acid, tartaric acid, fumaric acid, mandelic acid, ascorbic acid, malic acid, methanesulfonic
acid, toluenesulfonic acid, fatty acids, adipate, alginate, ascorbate, aspartate, benzenesulfonate,
benzoate, cyclopentanepropionate, digluconate, dodecylsulfate, bisulfate, butyrate, lactate, laurate,
lauryl sulfate, malate, hydroiodide, 2-hydroxy-ethanesulfonate, glycerophosphate, picrate,
pivalate, pamoate, pectinate, persulfate, 3-phenylpropionate, thiocyanate, 2-naphthalenesulfonate,
undecanoate, nicotinate, hemisulfate, heptonate, hexanoate, camphorate, camphersulfonate, and
others.

The acid addition salts of the compounds of this invention can be regenerated from the

salts by the application or adaptation of known methods. For example, parent compounds of the
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invention can be regenerated from their acid addition salts by treatment with an alkali, e.g.,
aqueous sodium bicarbonate solution or aqueous ammonia solution.

Compounds of this invention can be regenerated from their base addition salts by the
application or adaptation of known methods. For example, parent compounds of the invention
can be regenerated from their base addition salts by treatment with an acid, e.g., hydrochloric
acid.

Base addition salts may be formed where the compound of the invention contains a
carboxy group, or a sufficiently acidic bioisostere. The bases which can be used to prepare the
base addition salts include preferably those which produce, when combined with the free acid,
pharmaceutically acceptable salts, that is, salts whose cations are non-toxic to the patient in
pharmaceutical doses of the salts, so that the beneficial inhibitory effects inherent in the free base
are not vitiated by side effects ascribable to the cations. Pharmaceutically acceptable salts,
including those derived from alkali and alkaline earth metal salts, within the scope of the
invention include those derived from the following bases: sodium hydnde, sodium hydroxide,
potassium hydroxide, calcium hydroxide, aluminum hydroxide, lithium hydroxide, magnesium
hydroxide, zinc hydroxide, ammonia, ethylenediamine, N-methyl-glucamine, lysine, arginine,
ornithine, choline, N,N'-dibenzylethylenediamine, chloroprocaine, diethanolamine, procaine,
N-benzylphenethylamine, diethylamine, piperazine, tris(thydroxymethyl)-aminomethane,
tetramethylammonium hydroxide, and the like.

Compounds of the present invention may be conveniently prepared, or formed during the
process of the invention, as solvates (e.g., hydrates). Hydrates of compounds of the present
invention may be conveniently prepared by recrystallization from an aqueous/organic solvent
mixture, using organic solvents such as dioxan, tetrahydrofuran or methanol.

The starting materials and intermediates may be prepared by the application or adaptation
of known methods, for example methods as described in the Reference Examples or their obvious
chemical equivalents.

The compounds of the invention, their methods or preparation and their biological activity
will appear more clearly from the examination of the following examples which are presented as
an illustration only and are not to be considered as limiting the invention in its scope.

Samples were analyzed by TLC, NMR, RP-HPLC or EA.
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The compounds of the invention, their methods or preparation and their biological activity will
appear more clearly from the examination of the following examples which are presented as an
illustration only and are not to be considered as limiting the invention in its scope.

Samples were analyzed by TLC, NMR, RP-HPLC or EA.

Example 1 — Compounds A-E:

To a DCM solution (10 mL) of compound xi (310 mg, 0.39 mmol) is added TFA (4 mL).
The reaction is stirred at about room temperature for 5 hours. At this point, the solvent is
removed in vacuo. The resulting residue is purified by reverse phase HPLC to give 195 mg
(68%) of compound A,

i

Following the above method and using the appropriate starting materials, the following

consecutive compounds B-E are prepared:
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g D
Example 2 — Compounds F-M:

To a DCM solution (10 mL) of compound xii (350 mg, 0.56 mmol) is added DMP
reagent reagent (307 mg, 0.73 mmol). The reaction is stirred at about room temperature for 2
5  hours and then quenched with 10% Na,SO; for 30 minutes. The reaction mixture is then
extracted with EtOAc (75 mL) and washed with brine. The organic layer is dried and
concentrated in vacuo. The resulting residue is purified with silica gel chromatography (80-90%
EtOAc/Hexanes) to give 248 mg (71%) of compound F

WS s,

Following the above method and using the appropriate starting materials, the following

10

consecutive compounds G-M are prepared:

15
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Example 3 — Compounds N-R:

To a DCM solution (4 mL) of compound xix (~0.22 mmol) is added DMP reagent reagent
(146 mg, 0.34 mmol). After stirring at about room temperature for 2 hours, the reaction is
quenched with 10% Na,SO;. The reaction mixture is then diluted with DCM. The organic layer
is separated and washed with 10% Na,SO; twice and brine. The resulting organic layer is dried
and concentrated in vacuo to give a residue, which is purified by silica gel chromatography (5%

EtOH/EtOAC) to provide 78 mg (56%) of the desired compound N
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Following the above method and using the appropriate starting materials, the following

consecutive compounds O-R are prepared:

/N Ry
E\NL(HYRNI(N%? 0 . o
o /'\ H o N N\:/(LOH
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Example 4 — Compounds S-W:

To a DCM solution (10 mL) of compound xxv (320 mg, 0.5 mmol) is added DMP reagerat
reagent (272 mg, 0.65 mmol). The reaction is stirred at about room temperature for 2 hours and
quenched with 10% Na,SO; for 20 minutes. The resulting mixture is then extracted with EtOAc.
The organic layer is washed with brine, dried and concentrated ir vacuo. The resulting residue is-
purified by silica gel chromatography (80% EtOAc/Hexanes) to give 170 mg (53%) of compouncd
S,
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o

Following the above method and using the appropriate starting materials, the following

consecutive compounds T-W are prepared:

N
G
NS
N\ N N NS Oy O
OIEHOQr“ N on
0 o ¢

O

Example 5 — Compounds X-AD:

To a DCM solution (20 mL) of compound xxvi (400 mg, 0.6 mmol) is added DMP
reagent reagent (329 mg, 0.78 mmol). The reaction is stirred at about room temperature for 1.5
hours and quenched with 10% Na,SO; for 20 minutes. The resulting mixture is then extracted
with EtOAc. The organic layer is washed with brine, dried and concentrated in vacuo. The
resulting residue is purified by silica gel chromatography (70-100% EtOAc/Hexanes) to give 210
mg (53%) of compound X,
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Following the above method and using the appropriate starting materials, thne following

consecutive compounds Y-AD are prepared:

o) 0
-
Gk
N N
o) H o
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Example 6 — Compounds AE-AT:

PCT/US01/26008

Compound xxxiii (150 mg; 0.076 mmol) is dissolved in 5 mL TFA and stirred for two
5  days. The product is purified by RP-HPLC to yield 40 mg (33% yield) of compound AE,

NN

{ N
N .
u HO 7
N N gr O H [0
N N N
0 H o OH
0 o)

Following the above method and using the appropriate starting materials, the following

10  consecutive compounds AF-AI are prepared:

Jo .
h R,

I N.N

gfulr”?(’g LXK

0 ° R)HO( ~J
W
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Compound xxxviii (180 mg, 0.21 mmol) is dissolved in n_eat TFA (5 mL) and left for 3

5  day at about room temperature. At this point, the reaction mixtures is concentrated in vacuo to

give a residue, which is purified by reverse phase HPLC to give 5 0 mg (32%) of the compound

o
?ﬁ%&

10  Example 8 — Compounds AK-AM:

Compound xxxxiii (150 mg; 0.16 mmol) is dissolved in 4-.5 mL TFA and stirred for three
days. The product is purified by RP-HPLC to yield 70 mg (54% -vield) compound AK,

Ji

I(})W

15 Following the above method and using the appropriate st=arting materials, the following

consecutive compounds AL-AM are prepared:
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Example 9 — Compounds AN:
Compound lii (80 mg) is dissolved in 3 mL TFA and 3 mL. DCM. The mixture is stirred

5  at about room temperature for 5 hours. The solvent is removed by evaporation. The resulting

residue is purified by HPLC to yield 62 mg (83%) of compound AN,

10
Example 10 — Compounds AO:
Compound liii (160 mg; 0.2 mmol) is dissolved in 5 mLL. DCM and DMP reagent reagent
(170 mg; 0.4 mmol) is added. The mixture is stirred at about room temperature for three hours.
The solvent is removed by evaporation and the residue is dissolved in 50% acetonitrile/water and
15  purified by RP-HPLC to yield 51 mg (32%) of compound AO,
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Example 11 — Compounds AP:
Compound lix (162 mg; 0.22 mmol) is dis solved in 8 mL of DCM and DMP reagent
reagent (189 mg; 0.44 mmol) is added. The mixtuare is stirred at about room temperature for 3

hours. The solvent is removed by evaporation andll product is purified by RP-HPLC to yield 41
mg (25%) of compound AP,

Example 12 — Compounds AQ:
Compound Ix (70 mg; 0.09 mmol) is dissolved in 5 mL TFA and 5 mL DCM. The
mixture is stirred at about room temperature for 3 “hours. The solvent is removed by vacuum and

the residue is dissolved in 50% acetonitrile/water &and lyophilized to yield compound AQ as a

powder,

H @ 7
N\_)LN N
O H 0 J\@
0" H H

Examble 13 — Compounds AR-BG:

Compound Ixvi (223 mg, 0.326 mmol) is sstirred in a solution of TFA (5 mL) and DCM (5
mL) for 4 hours. TLC (silica gel: 2% MeOH/EtO~Ac) showed complete conversion to the slower

product. The solvent is removed under reduced pr-essure and the product lyophilized to give 198
mg (97%) compound AR,
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Following the above method and using the appropriate starting materials, the following

consecutive compounds AS-BG are prepared:

R
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10  Example 14 — Compounds BH-BS:
Compound Ixxiii (150 mg, 0.15 mmol) is taken up in DCM (3 mL). To this solution is
added TFA (1.5 mL). The resulting solution is stirred overnight. At this point, the reaction is
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concentratecl in vacuo to give a residue. The residue is purified by reverse phase HPLC and
lyophilized fto give 60 mg (50%) of compound BH,

O

/(9
Tt

Following the above method and using the appropriate starting materials, the following

consecutive ccompounds BI-BS are prepared:
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Example 15 — Compounds BT-BU:

138

n,o

IZ
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Following the method of Example 12 and using the appropriate starting materials, the

following consecutive compounds BT-BU are prepared:

Example 16 — Compound BV:

To a dichloromethane solution (4.2 mL) of compound lxxvii (143 mg, 0.21 mmol) is
added DMP reagent reagent (165 mg, 0.39 mumnol). The reaction is stirred at about room
temperature for 2 hours and quenched with 10% Na,SOs (aq.) for 20 minutes. The resulting
mixture is extracted with EtOAc. The organic layer is washed with brine, dried over MgSQO, and
concentrated to a yellow oil. Purification by silica gel chromatography (5% EtOH/EtOAc)
yielded 124 mg (79%) of compound BV,

Qg0
N K
[/ | H 7
NS
%vﬁi& 2
O A O N
N\ 5 X ~J

Example 17 — Compounds BW-CA:

To a dichloromethane solution (20 mL) of compound 1xxxix (420 mg, 0.62 mmol) is
added DMP reagent reagent (342 mg, 0.81 mmol). The reaction is stirred at about room
temperature for 1 hour and quenched with 10% NazSOs for 20 minutes. The resulting mixture is

then extracted with EtOAc. The organic layer is Washed with brine, dried and concentrated in
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vacuo. The resulting residue is purified by silica gel chromatography (80% EtOAc/Hexanes) to
give 208 mg (50%) of compound BW,

/N K
[\Nkrnijf;t(”?r'? -
o) O H 5 T N ON\<]

Following the above method but using the appropriate starting materials, the following

consecutive compounds BX-CA are prepared:

J o
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Example 18 — Compounds CB-CC:
To a dichloromethane solution (6.5 mL) of compound Ixxxvii (200 mg, 0.3 mmol) is

added DMP reagent reagent (227 mg, 0.54 mmol). The reaction is stirred at about room
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temperature for 2 hours and quenched with 10% Na,SOs (aq.) for 20 minutes. The resulting
mixture is extracted with EtOAc. The organic layer is washed with brine, dried over MgSO, and
concentrated to a yellow oil. Purification by silica gel chromatography (5%

EtOH/EtOAC) yields 138 mg (70%) of compound CB,

N OH
MLy e Y A
O O
og*gv

Following the above method but using the appropriate starting materials, the following

compound CC is prepared:

N OH
SYES Favl
N N 4 H
o H o N NVQ
0 0O °

Example 19 — Compound CD:
Compound Ixxxxviii (40 mg, 0.05 mmol) is taken up in TFA (3 mL). The solution stirred

over two nights and is concentrated. The residue is purified on reverse phase HPLC to give 25
0 4\

mg (74%) of compound CD,
Example 20 — Compound CE:

§ 1
)\)L [
Following the method of Example 17 and using the appropriate starting materials, the

following compound CE is prepared:

5\
\“\

fiﬂ/yo%»

Example 21 ~ Compounds CF-CG:
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Following the method of Example 14 and using the appropriate starting materials, the

following consecutive compounds CF-CG are prepared:

F
F
5  Example 22 - Compound CH:
Following the method of Example 16 and using the appropriate starting materials, the
following compound CH is prepared:

QNUY

,.\O

LY

10  Example 23 — Compounds CI-CM
Compound cxi (490 mg, 0.75 mmol) is dissolved in DCM (6 ml.). DMP reagent reagent
(380 mg, 0.9 mmol) is added to this solution and stirred 1 hour. The reaction mixture is quenched
with a 10% Na,SO; solution, and then the organic phase is washed with saturated NaHCO; and
brine. Following the concentration of the organic phase, the resultant residue is

15  chromatographically purified by 70% EtOAc/hexanes to yield compound CI (325 mg, 66.4%).
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Following the above method for preparing the above compound and methods related to
preparing the intermediate thereto, but using the appropriate starting materials the following

consecutive compounds CJ-CM are prepared:
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Example 24 — Compounds CN

To a DCM/THE solution (3 mL/3 mL) of compound cxviii (335 mg, 0.46 mmol) is added
DMP reagent reagent (300 mg, 0.69 mmol). The reaction mixture is stirred at room temperature
for 2 hours and quenched with 10% Na,SO; (aq.) for 20 minutes. The resulting mixture is
extracted with EtOAc. The organic phase is washed with brine, dried over MgSO, and
concentrated to yield a yellow oil. Purification by silica gel chromatography (80%
EtOAc/hexanes) yields compound CN (220 mg, 67%).

UY QQQ,,,,

Example 25 ~ Compounds CO-CR
To a DCM/THF solution (1.5 mL/1.5 mL) of compound cxix (164 mg, 0.25 mmol) is

added DMP reagent reagent (159 mg, 0.38 mmol). The reaction mixture is stirred at room
temperature for 2 hours and quenched with 10% Na,SO; (aq.) for 20 minutes. The resulting
mixture is extracted with EtOAc. The organic phase is washed with brine, dried over MgSO, and
concentrated to yellow oil. Purification by silica gel chromatography (70% EtOAc/hexanes)
yields compound CO (100 mg, 61%).

Uwrutf(?w A
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Following the above method for preparing the above compound and methods related to
preparing the intermediate thereto, but using the appropriate starting materials the following

consecutive compounds CP-CR are prepared:

R enpading

Eﬁﬁﬁggdv

; and

Example 26 — Compounds CS-CT

Compound cxx is dissolved in DCM (3 mL). DMP reagent reagent (180 mg, 0.41 mmol)
is added to the solution, and then stirred for 1 hour. The reaction mixture is quenched with 10%
Na,S0;, and then the organic phase is washed with saturated NaHCOs and brine. Following the
concentration of the organic phase, the residue is chromatographically purified by 100% EtOAc to
yield compound CS (95 mg, 43.7%).

M

Following the above method for preparing the above compound and methods related to

preparing the intermediate thereto, but using the appropriate starting materials the following

compound CT is prepared:
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Example 27 — Compounds CU., El, EK-EM, EO-EZ, and FA-FG
Compound cxxviii (356 mg, 0.52 mmol) is dissolved in DCM (5 mL). DMP reagent
5  reagent (270 mg, 0.63 mmol) is added to this solution and stirred 1 hour. The reaction mixture is
quenched with 10% Na,SO;, and then the organic phase is separated and washed with saturated
NaHCO; and brine. Following the concentration of the organic solvent, the
residue is chromatographically purified by 100% EtOAc to yield compound CU (200 mg, 56.3%).
mp 225-235° C.

10
Following the above method for preparing the above compound and methods related to

preparing the intermediate thereto, but using the appropriate starting materials the following

consecutive compounds EI, EK-EM, EO-EZ and FA-FH are prepared:
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5  Example 28 — Compounds CV-DC
Compound cxxx (330 mg, 0.46 mmol) is dissolved in DCM (5 mL). DMP reagent

reagent (240 mg, 0.56 mmol) is added to this solution and stirred 1 hour. The reaction mixture is
quenched with a 10% Na,SO,, and the organic phase washed with saturated NaHCO; and brine.
Following the concentration of the organic phase, the resulting residue is

10  chromatographically purified by100% EtOAc to yield compound cxxx (280 mg, 85.9%).

S ieeyy

Following the above method for preparing the above compound and methods related to

%@

preparing the intermediate thereto, but using the appropriate starting materials the following

15  consecutive compounds CW-DC are prepared:
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Example 29 — Compounds DD-DE

To a DCM solution (6 mL) of compound cxxxviii (400 mg, 0.57 mmol) is added DMP
reagent reagent (362 mg, 0.85 mmol). The reaction mixture is stirred at room temperature for 2
hours and quenched with 10% Na,SO; (aq.) for 20 minutes. The resulting mixture is extracted
with EtOAc. The extracted organic phase is washed with brine, dried over MgSO, and
concentrated to yield yellow oil. Purification by silica gel (70% EtOAc/hexanes) yields
compound DD (201 mg, 51%).

[kvtttr%)

Following the above method for preparing the above compound and methods related to
preparing the intermediate thereto, but using the appropriate starting materials the following

compound DE is prepared:

[kui(%)

lln

Example 30 — Compound DF

Compound cxxxxiii (165 mg, 0.24 mmol) is dissolved in DCM (5 mL). DMP reagent
reagent (125 mg, 0.29 mmol) is added to the solution and stirred 1 hour. The reaction mixture is
quenched with a 10% Na,SO;, and the organic phase washed with saturated NaHCO; and brine.
Following the concentration of the organic phase, the resultant residue is purified

chromatographically by 70% EtOAc/hexanes to yield compound DF (108 mg, 65.6%).
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Example 31 — Compounds DG-DJ

To a solution of compound cil (0.350 g, 0.516 mmol) in DCM (15 mL) cooled by an ice

5  bathis added DMP reagent reagent (0.281 g, 0.671 mmol). The mixture is stirred at room
temperature for 2 hours, then quenched with 10% Na,SO; solution and stirred for 20 minutes.
The resulting mixture is extracted with DCM (3x20 mL) and the organic extract is dried (MgSO,).
After filtration to remove MgSQy, the filtrate is concentrated and purified by column
chromatography (70% Ethyl acetate/Hexanes) to yield the final compound DG (0.265 g, 76%) as
10 white solid.
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Following the above method for preparing the above compound and methods related to
preparing the intermediate thereto, but using the appropriate starting materials the following

15  consecutive compounds DH-DJ are prepared:
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Example 32 ~ Compounds DK-DN
A DCM solution of compound clx (108 mg, 0.123 mmol) is treated with DMP reagent reagent

5 (78 mg, 0.185 mmol). After stirring at room temperature for 1 hour, the reaction mixture is
diluted with EtOAc (50 mL), and then quenched with 10% Na,SO,. After stirring for 30 minutes,
the organic phase is separated and washed with NaHCO; and brine. The organic phase is dried
and concentrated in vacuo to give a residue that is purified by silica gel chromatography (80%

EtOAc/hexanes) to yield compound DK (84 mg, 78%).
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Following the above method for preparing the above compound and methods related to
preparing the intermediate thereto, but using the appropriate starting materials the following

compounds DL-DN are prepared.

15 >
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Example 33 — Compounds DO-DS
An EtOH solution (10 mL) of compound clxii (174 mg, 0.189 mmol) is hydrogenated using

Pd/C (30% eq., 60 mg, 10% palladium content) for 2.5 hours. The catalyst is then filtered off.
The resulting filtrate is concentrated in vacuo to yield a residue that is purified by semi-

10  preparative reverse phase chromatography and lyophilized to afford compound DO in 70 % yield.
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Following the above method for preparing the above compound and methods related to
15  preparing the intermediate thereto, but using the appropriate starting materials the following

consecutive compounds DP-DS are prepared.
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Example 34 — Compound CW:
Compound clxiii (175 mg, 0.24 mmol) is taken up in DCM_ (3mL). DMP reagent (120
mg, 0.28 mmol) is added to this solution and stirred 1 hour. The re. action is quenched with a 10%
Na,S0; and washed with saturated NaHCO; and brine. Purificatiom by 70% EtOAc yields
10  compound CW (134 mg, 75%).

Example 35 — Compounds CY and DT-DX:
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To a DCM solution (15 mL) of clxxii (290 mg, 0.43 mmol) is added DMP reagent (239
mg, 0.56 mmol). The reaction is stirred at room temperature for 1 hour and quenched with 10%
Na,;SO0; for 20 minutes. The resulting mixture is then extracted with EtOAc. The organic layer is
washed with brine, dried and concentrated in vacuo. The resulting residue is purified by silica gel

chromatography (8-100% EtOAc/Hexanes) to give compound CY (151 mg, 52%).

Following the above method for preparing the above compound and methods related to
preparing the intermediate thereto, but using the appropriate starting materials the following

consecutive compounds DT-DX are prepared.
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Example 36 — Compounds DY

Compound 1xxxv (1.17 mmo}) is taken up in DSCM (5mL). DMP reagent (545 mg, 1.3
mumol) is added to this solution and stirred 1 hour. The= reaction is quenched with a P-Na,SOs (1.5
mmol/g resin) and stirred one hour. P-TBD scavenger resin* (2.5 mmol/g resin) is added and
stirred 45 minutes. The resulting mixture is filtered an-d purified by 50% EtOAc to give
compound DY (440 mg, 50.2% over two steps).
*Reference for P-TBD scavenger resin: J. Parlow et al— Tetrahedron, 55, 6785-6796 (1999).

[r&f

Example 37 - Compound DZ:

The starting material compound clxxxxi (94 mmg, 0.14 mmole) is dissolved in a mixture of
THEF (10 mL) and DCM (20 mL). The DMP reagent (118 mg, 0.28 mmol) is then added. After
stirring at room temperature for 2 hours. The reaction izs dumped in a separatory funnel containing
Dri Solv THF (120 mL). The reaction is washed with 10% Na,SOj; (50 mL), and then brine (75
mL). The organic layer is then separated, dried over M1gSO, and the solvent removed under
reduced pressure. After chromatography (silica gel: el-ution with 50% Dri Solv THF/EtOAc, and
then 4% MeOH/THF). Fractions are checked by MS. _Appropriate fractions are lyopholized to
yield compound DZ (38.8 mg, 41%).
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Example 38 — Compounds EA-EB:
The starting compound clxxxxv (185 mg, 0.26mmol) is dissolved in THF (20 mL). The
5  DMP reagent (219 mg, 0.52 mmol) is then added. After stirring at room temperature for 1 hour.
TLC shows complete conversion to ketone (5% MeOH/THF). The reaction is dumped in a
separatory funnel containing Dri Solv THF (120 mL). The reaction is washed with 10% Na,SOs
(50 mL), and then brine (75 mL). The organic layer is then separated, dried over MgSO, and
solvent removed by reduced pressure to yield a residue that is purified by chromatography (silica
10 gel: elution with 50% Dri Solv THF/EtOAc, and then 4% MeOH/THF) and fractions are checked
by UV and MS. The appropriate fractions are Iyopholized to yield compound EA (159 mg, 88%).
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Following the above method for preparing the above compound and methods related to

fe0n

preparing the intermediate thereto, but using the appropriate starting materials the following
N N Q
™ N
6 i H @ z NH
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To a solution of compound clxxxxviii (0.341 g, 0.503 mmol) in DCM (15 mL) cooled in
20  anice bath is added DMP reagent (0.277 g, 0.654 mmol). The mixture is stirred at room

15  compound EB is prepared:
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Example 39 — Compounds EC-ED:

temperature for 2 hours, then quenched with 10% Na,SOs solution and stirred for 20 minutes.



WO 02/18369 PCT/US01/26008

163

The resulting mixture is extracted withh DCM (3x20 mL) and the organic extract is dried (MgSQ4)-
After filtration to remove MgSQy, the filtrate is concentrated and purified by column
chromatography (70% EtOAc/Hexanes) to give compound EC (0.183 g, 54%) as white solid.
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5 Following the above method —for preparing the above compound and methods related to

preparing the intermediate thereto, bust using the appropriate starting materials the following

compound ED is prepared:
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10  Example 40 — Compounds EE-EG:
Compound ccii (290 mg, 0.377 mmol) is taken up in DCM (5 mL). DMP reagent (175 mg,
0.41 mmol) is added to this solution &and stirred 1 hour. The reaction is quenched with P-Na,SO;
(1.5 mmol/g resin) and stirred 1 hour_ Quenched DMP reagent is scavenged with P-TBD (2.5
mmol/g resin) and stirred 1 hour. Thee resulting mixture is filtered, rinsed with DCM, before
15  being concentrated to a residue. The resulting residue is purified by 50% EtOAc/Hex to yield
compound EE (440 mg, 28%).

Following the above method for preparing the above compound and methods related to
20  preparing the intermediate thereto, buat using the appropriate starting materials the following

compounds EF-EG are prepared:
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Example 41 — Compound EH:

To a DCM solution (3 mL) of compound cciii (140 mg, 0.2 mmol) is added DMP reagent
(133 mg, 0.3 mmol). The reaction is stirred at room temperature for 2 hours and quenched with
10% Na;SOs (aq.) for 20 minutes. The resulting mixture is extracted with EtOAc. The organic
layer is washed with brine, dried over MgSO,, concentrated to a yellow oil that is purified by

silica gel (70% EtOAc/hexane), and after lypholized to yield compound EH (50 mg, 38%).
N
ClL & ¢ »
Y N N N 3
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Example 42 — Compound EJ
Compound ixxxiii (520 mg, 1 mmol) is taken up in DCM (5 mL). PyBOP (624 mg, 1.2
mmol) is added to the above solution and stirred for 5 minutes. Compound cdviii (300
mg, 1.2 mmol) in THF (5 mL) is added drop-wise to this solution, followed by DIPEA (0.22 ml,
1.2 mmol). The reaction is stirred at room temperature overnight under nitrogen. At this point,
the reaction is diluted with EtOAc, washed with saturated NaHCOs, and brine. The organic
phase is dried with MgSO,, filtered, and concentrated to give the crude coupfed intermediate

cdix.
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cdix

This intermediate cdix (~1 mmol) is taken up in DCM (10 mL). Dess-Martin Periodinane (466
mg, 1.1 mmol) is added to this solution. After stirring for 1 hour at room temperature, the
reaction is quenched with a polymer bound Na,SO; (740 mg, 1.5 mmol DMP/ g resin) and stirred
45 minutes. Then, the reaction mixture is scavenged with polymer bound TBD resin (440 mg,
2.5 mmol DMP/ g resin). The resulting mixture is stirred for 45 minutes and then filtered.
Purification is achieved in 5% EtOH/EtOAc to yield compound EJ (245 mg, 32% over 2 steps).
Literature reference for the work-up procedure can be found in Tetrahedron 55 (1999) 6785-
6796.
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Example 43 — Compound EN

Intermediate compound cdvii (415 mg, 0.59 mmol) is taken up in DCM (10 mL) and THF
(10 mL). #BuOH (300 uL) is added followed by Dess-Martin Periodinane (750 mg, 1.77 mmol).
The reaction is stirred 50 minutes and then quenched with P-Na,SO; (1.5 mmol DMP / g resin).
After stirring for 20 minutes at room temperature, the reaction mixture is scavenged with P-TBD

(2.5 mmol DMP/ g resin). After stirring for 1 hour, the resulting mixture was filtered and
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concentrated. Product was purified by silica gel chromatography (50% to 70% EtOAc/Hexanes)
to yield compound EN (220 mg, 53%).
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Mass Spectra [M] were obtained for the following compounds as shown in Table 1 below.

Example

EEERE R NN E<CHnROTOZIr AT mOmmOOw >

TABLE 1

Mass Found

733.3
747.2
657.2
769.4
733.4
625.4
639.3
661.4
643.4
707.3
641.3
689.3
639.3
639.4
7314
6874
653.4
701.4
639.3
747.1
655.4
653.4
703.4
661.3
647.3
663.3
667.4
711.4
725.4
647.3
779.4
689.3
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CS

Cv

X
CY
cz
DA
DB
DC
DD
DE

671.4
806.4
687.5
7354
736.5
870.4
813.3
724.4
653.4
628.2
642.2
614.2
628.3
570.3
520.2
5343
584.3
890.3
685.4
679.3
695.3
697.3
787.4
701.3
669.4
733.5
643.3
653.5
749.4
653.3
717.5
683.4
669.3
675.2
717.2
653.3
683.3
669.3
675.2
661.8
639.3
679.2
709.3
743.3
695.3
665.2
681.3
695.3
701.2
673.3
6933
757.4
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DF
DG
DH
DI
DJ
DK
DL
DM
DN
DO
DP
DT
DU
DV
Dw
DX
DY
Dz
EA
EB
EC
ED
EE
EF
EG
EH
EI
EJ
EK
EL
EM
EN
EO
EP
EQ
ER
ES
ET
EU
EV
EW
EX
EY
EZ

FC

FG

682.3
676.3
676.2
692.5
605.2
874.4
924.5
924.2
952.7
830

842.5
667.4
639.2
740.3
684.2
678.5
749.3
685.3
649.3
700.3
702.3
730.3
775.3
749.3
722.3
665.2
796.4
744.3
730.5
730.5
757.3
703.5
715.5
679.2
651.3
715.3
668.5
732.5
743.3
683.3
750.4
786.4
744.5
780.4
693.4
655.3
655.3
7744
681.5
667.5
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High Resolution Mass Spectra (HRMS) of the following compounds were obtained as shown in

Table 2.

TABLE 2
Example Molecular Formula Calculated MS Mass Found
M+1) (M+1) (M+1)

L C37H52N706 690.3979 690.3986
M C33HS50N706 640.3822 640.3822
y4 C32H48F2ZN706 664.3634 664.3627
AB C36H48F2N706 712.3634 712.3649
CE C34H52N706 654.3979 654.3967
EN C35H52N706F2 704.3947 704.3945

EK C37H63N608S 751.4428 750.4350 (M)
EC C36H59N608 703.4395 703.4382
CA C35H50N706F2 702.3790 702.3801
EZ C40H55N80O6F2 781.4213 781.4196
EU C36HS52N706F2 716.3947 716.3929
CY C35H52N706 666.3979 666.3966
BX C3THS58N706 696.4448 696.4432
S C33HS0N706 640.3823 640.3831
BW C36H54N706 680.4136 680.4126
Ccu C36H54N706 680.4136 680.4128
EJ C40H57N806 745.4401 745.4417
EM C35H54N706 '668.4136 668.4139
None C41H58N706 744.4448 744.4691

Intermediate Example 1 — Compound ii

To an ethanol solution (40 mL) of compound i (8.1 g, 24.4 mmol) is added NaBH,

l

o

(0]
CbzN ->

0”7 N

(924 mg, 24.4 mmol) at —10 °C. The reaction is stirred at that temperature for 30 minutes, and
then quenched with AcOH (3 mL). The reaction mixture is diluted with EtOAc (250 mL), and

washed with NaHCO; and brine. The organic layer is dried and concentrated in vacuo to yield a
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residue that is purified by silica gel chromatography (50% EtOAc/Fexanes) to provide 7.85 g

(97%) of compound ii,
OH
CbzN_
070"

Intermediate Example 2 — Compound iii
To a THF solution (70 mL) of compound ii (4.48 g, 13.4 mmol ) is added at 0°C of NaH (699
mg, 60%, 17.42 mmol). After stirring at that temperature for 40 manutes, neat Mel (1.25 mL,
20.1 mmol) is added. The reaction is stirred at about room temperamture overnight. At this point,
10  the reaction is quenched carefully with saturated solution of NH,CL_ at 0°C. The reaction mixture
is extracted with Et,0 and EtOAc. The organic layer is washed wisth water, brine and dried with
Na,SO,. The organic layer thus obtained is concentrated in vacuo ®o provide the xanthate

compound 1iii,

OC(S)SMe

CbzN R

15

Intermediate Example 3 — Compound iv
The xanthate compound iii (~13.4 mmol) is dissolved in toluenme (100 mL). To this solution is
added AIBN (216 mg, 1.34 mmol). The resulting solution is degasssed with dry nitrogen and then
20 treated with n-BusSnH (5.4 mL., 20.1 mmol). The reaction mixture= is heated at 90 °C for 3 hours.
At this point, the reaction is cooled to room temperature and conce ntrated in vacuo. The resulting
residue is purified with silica gel chrématography (15-20% EtOAc~/Hexanes) to provide 2.8 g

(66% overall from compound ii) of compound iv,
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Intermediate Example 4 — Compound v
To an ethapol solution (21 mL) of compound iv (1 g, 3.15 mmol) is added Pd(OH),/C (655

mg, 20%, 0.95 mmol) under a stream of nitrogen. The resulting reaction mixture is subjeéted to

171

standard hydrogenation (1.5 atm). After 5 hours, the hydrogen source is removed and the reaction

is filtered. The filtrates are concentrated in vacuo to provide the free amine compound v,

\‘\\‘>
HN Nk
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Intermediate Example 5 — Compound vi
To a DCM solution (10 mL) of compound vii (629 mg, 1.95 mmol) is added at about

N.
= o
X OH
N Y N
°© /\
vii
room temperature HOAt (265 mg, 1.95 mmol) and followed by 1 M DCC solution in DCM (1.95
mL, 1.95 mmol). After stirring for 30 minutes, a DCM solution (3 mL) of compound v (1.5

ST

mmol) is added to the above HOAt-activated acid. The reaction is stirred at about room
temperature overnight. At this point, the reaction is filtered through Celite. The filtrates are
diluted with EtOAc (75 mL) and washed with water and brine. The organic layer is dried and
concentrated in vacuo. The resulting residue is purified by silica gel chromatography (70-80%
EtOAc/Hexanes) to afford 620 mg (85%) of compound vi,
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Intermediate Example 6 — Compound viii

To an ethanol solution (10 mL) of compound vi (615 mg, 1.26 mmol) is added 2 N NaOH
aqueous solution (1.26 mL, 2.52 mmol). Tne reaction is stirred overnight at about room
temperature and then acidified to pH 3 usin_g Dowex acidic resins. The solids are filtered off and
the filtrates are concentrated in vacuo to give a residue that is redissolved in 1:1 CH;CN/H,O.
This solution is subjected to lyobhjlization &o provide 495 mg (85%) of compound viii,

2

Intermediate Example 7 — Compound ix
To a DCM solution (10 mL) of compouand viii (230 mg, 0.5 mmol) is added PyBop (417 mg,
0.8 mmol). The reaction is stirred at about -Toom temperature for 30 minutes. To this solution is

then added 2 THF solation (5.25 mL) of commpound x (263 mg, 0.75 mmol) and followed by

N.
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X
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)

viii

-

DIPEA (0.174 mL, 1 mmol). The reaction is stirred at about room temperature overnight and
then quenched with water (30 mL) for 30 nminutes. The reaction mixture is extracted with EtOAc
(100 mL). The organic layer is washed wit"h brine and dried and concentrated in vacuo to afford a
residue that is purified via silica gel chromamtography (5% EtOH/EtOAc) to give ~400 mg (100%)

of compound ix,
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5 Intermediate Example 8 — Compound xi
To a DCM solution (10 mL) of compound ix (396 mg, 0.5 mmol) is added DMP reagent
reagent (278 mg, 0.65 mmol). The reaction is stirred at about room temperature for 1 hour and
then quenched with 10% Na,SO; for 30 minutes. The reaction mixture is then extracted with
EtOAc (75 mL) and washed with brine. The organic layer is dried and concentrated in vacuo.
10 The resulting residue is purified with silica gel chromatography (70% EtOAc/Hexanes) to give
320 mg (81%) of compound xi,

Intermediate Example 9 — Compound xii
To a DCM solution (10 mL) of compound viii (230 mg, 0.5 mmol) is added PyBop (417 mg,
15 0.8 mmol). The reaction is stirred at about room temperature for 30 minutes. To this solution is

then added a THF solution (3.5 mL) of compound xiii (140 mg, 0.75 mmol) and

followed by DIPEA (0.174 mL, 1 mmol). The reaction is stirred at about room temperature
overnight and then quenched with water (30 mL) for 30 minutes. The reaction mixture is

20  extracted with EtOAc (75 mL). The organic layer is washed with brine and dried and
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concentrated in vacuco to afford a residue that is purified via silica gel chromatography (5%

EtOH/EtOAc) to gives in quantitative yield compound xii,

A

Xii

xrz

Intermediate ExampMe 10 — Compound i’
To a methan ol solution (30 mL) of compound i (5 g, 15.1 mmol) is added (BOC),0 (3.3
g, 15.1 mmol) and H-,/Pd(OH),/C (1.6 g, 10% Pd content). The reaction is stirred at about room
10 temperature for 2 hovurs and then filtered through Celite twice. The Celite bed is rinsed with
DCM. The combine.d filtrates are concentrated in vacuo to yield an oily residue that is purified by

silica gel chromatogmraphy (40% EtOAc/Hexanes) to give 3.8 g (85%) of compound 1,

l

W

o)
BOCN S

PN
.
Intermediate Exampe 11 — Compound ii’

15 To a methansol solution (111 mL) of compound i’ (3.7 g, 12.5 mmol) is added at 0°C
NaBH, (0.805 g, 21 mmol). After stirring at 0 °C for 2.5 hours, the reaction solvent is evaporated
slowly in vacuo to yiield a residue that is diluted with EtOAc. This solution is then washed with
water twice. The aqueous layer is extracted with EtOAc. The combined organic layers are dried
with MgSO, and filtsered and concentrated in vacuo to yield a residue that is purified with

20  chromatography to orovide 3.76 g (99%) of compound ii’,
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Intermediate Example 12 — Compound xiv

To a DCM solution (180 mL) of compound ii’ (3.76 g, 12.3 mmol) is added at 0 °C
DMAP (5 g, 40.1 mmol) and then followed by Tf,0 (4 mL, 23.7 mmol). The reaction is stirred at
0 °C for 1 hour and at about room temperature for additional 1.5 hours. The reaction mixture is
then washed twice with 5% NaHCO; and dried with MgSO,. The organic layer thus obtained is
concentrated in vacuo to provide the crude triflate. The resulting triflate (2.7 g, 6 mmol) is
dissolved in DCM (120 mL). To this solution is added DMAP (2.5 g, 20.5 mmol). The resuiting
reaction mixture is heated to reflux overnight. At this point, the reaction is cooled to room
temperature and washed with 5% NaHCOs twice. The reaction mixture is dried with MgSO,
filtered and concentrated in vacuo to yield a brownish oily residue that is purified (1%

MeOH/DCM) to give 500 mg (30%) of compound xiv,

BOCN T
o7 N
o)
Xiv .

Intermediate Example 13 - Compound xv

Compound xiv (500 mg, 1.8 mmol) is dissolved in 4 N HCl in dioxane (6.75 mL). The
reaction is stirred at about room temperature for ~ 4 hours. At this point, the solvent is removed
in vacuo. The resulting residue is titrated with diethylether twice to give in almost quantitative

yield the HCI salt of compound xv,
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Intermediate Example 14 — Compound xvi

To a THF solution (7 mL) of compound vii (579 mg, 1.8 mmol) is added HOAt (245 mg,
1 8 mmol) and DCC (1.8 mL, 1 M in DCM). A suspension is resulted. After stirring at about
r-oom temperature for 15 minutes, a THF solution (6 mL) of compound xv (1.8 mmol) and DIPEA
(0.63 mL, 3.6 mmol) is added to the above suspension. Additional DIPEA (0.8 mL) is added
I_ater. The reaction mixture is stirred overnight at about room temperature. At that point, the
wwvhite solids so formed are filtered off. The white solids are rinsed with THF. The combined
Filtrates and washings are concentrated in vacuo to give the crude product that is purified by silica

£=el chromatography (100% EtOAc) to provide 665 mg (76%) of compound xvi,

s
j

Intermediate Example 15 — Compound xvii

To an ethanol solution (8 mL) of 7 (665 mg, 1.37 mmol) is added 1 N aqueous NaOH
(2.4 mmol) at 0°C. The reaction-is stirred overnight at about room temperature, and then acidified
t .o pH 3 using Dowex acidic resins. The solids are filtered. The resulting filtrates are
cconcentrated in vacuo to give a pale yellow residue that is redissolved in 1:1 CH;CN/H,O and

I-yophilized to give 467 mg (74%) of compound xvii,
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Intermediate Example 16 — Compound xix
A DCM solution (4 mL) of compound xvii (100 mg, 0.22 mmol) is treated with PyBop

5 (207 mg, 0.4 mmol) at about room temperature for 20 minutes. At this point, the above solution

is treated with a THF solution (2.6 mL) of compound xviii (65 mg, 0.32 mmol), followed by
DIPEA

HN N\/\

10
(0.076 mL). After stirring at about room temperature for 7 hours, the reaction is quenched with
water. The reaction mixture is diluted with DCM (60 mL). The organic layer is separated and
washed twice with brine and dried with MgSO,. Upon filtration, concentrated and silica gel
chromatography (5% EtOH/EtOAc), 148 mg (~100%) of compound xix is obtained.

15

Intermediate Example 17 — Compound xx
To a THF solution (100 mL) of N-Cbz-L-valine (14.4 g, 57.2 mmol) is added HOBT
(7.72 g, 57.2 mmol) and EDCI (10.98 g, 57.2 mmol). After stirring at about room temperature for
20 20 minutes, a THF solution (50 mL) containing tert-L-Leucine methyl ester-hydrochloride (10.4
g, 57.2 mmol) and DIPEA (11.9 mL, 68.7 mmol) is added to the above solution. The reaction is
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stirring at about room temperature overnight. Upon standard aqueous work-up and silica gel

chromatography (30% EtOAc/Hexanes) 14 g (64%) of compound xx is afforded.

CbZN\/m o 7~
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Intermediate Example 18 — Compound xxi

To a methanol solution (80 mL) of xx (6.71 g, 17.7 mmol) is added (under a stream of N,)
Pd/C (1.88 g, 10% Pd content). The reaction vessel is subjected to hydrogenation (1 atm H,)
overnight at about room temperature. At this point, the reaction mixture is filtered through a pad
of Celite and concentrated in vacuo to provide the corresponding crude free amine for next step.
A THE solution of this amine (~17.7 mmol) is added to a THF (46 mL) and DMF (5 mL) solution
containing 2-pyrazinecarboxylic acid (2.85 g, 23 mmol), Hobbit (3.12 g, 23 mmol) and EDCI
(441 g, 23 mmol). To the resulting mixture is then added DIPEA (3.08 g, 17.7 mmol). The

reaction is stirred overnight at about room temperature and then quenched with water. The

_ reaction mixture is extracted with EtOAc. The organic layer is washed with brine and

concentrated in vacuo to provide a residue that is purified by silica gel chromatography (40-50%

EtOAc/Hexanes) to provide 3.9 g (63%) of compound xxi,

N
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Intermediate Exarriple 19 — Compound xxii

To a methanol solution (40 mL) of compound xxi (4.67 g, 13.34 mmol) is added 2 N
NaOH (10 mL, 20 mmol). The reaction is stirred at about room temperature for 2 hours. At this
time, an additional amount of 2 N NaOH (3.3 mL, 6.67 mmol) is added to the reaction mixture.
After stirring at about room temperature overnight, the reaction is acidified to pH 3 using acidic
resin. The reaction is then filtered and the filtrates are concentrated in vacuo to yield a residue

that is dissolved in 1:1 CH3;CN/H,0 for lyophilization. 4.15 g (93%) of compound xxii is

obtained.
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Intermediate Example 20 — Compound xxiii

A DCM solution (10 mL) of compound xxii (917 mg, 2.73 mmol) is treated with HOAt
(371 mg, 2.73 mmol) and DCC (2.73 mL, 1 M, 2.73 mmol). After stirring for 30 minutes, the
reaction mixture is treated with a THF solution (10 ml.) of compound v (500 mg, 2.73 mmol).
After stirring at about room temperature overnight, the white solids (urea) are filtered. The
filtrates are concentrated in vacuo to give a residue that is purified by silica gel chromatography

(60-70% EtOAc/Hexanes) to provide 1.06 g (77%) of compound xxiii,

Intermediate Example 21 — Compound xxiv

An ethanol solution (20 mL) of compound xxiii (1.06 g, 2.11 mmol) is treated with 2 N
NaOH (2.11 mL, 4.23 mmol). After stirring at about room temperature overnight, the reaction
mixture is acidified to pH 3 with acidic resin. The solids are filtered off. The resulting filtrates

are concentrated in vacuo to give a residue that is lyophilized to give ~ 1 g (100%) of compound

XXiv,
=z 0
| M
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Intermediate Example 22 — Compound xxv

A DCM solution (10 mL) of compound xxiv (236.7 mg, 0.5 mmol) is treated with PyBop
(417 mg, 0.8 mmol). After stirring at about room temperature for 20 minutes, the reaction
mixture is treated with a DMF solution (5.6 mL) of compound xiii (139.5 mg, 0.75 mmol),
followed by DIPEA (0.174 mL, 1 mmol). After stirring at about room temperature for 8 hours,
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the reaction is quenched with water and extracted with EtOAc. The resulting organic layer is
washed with brine and dried and concentrated in vacuo to give a residue that is purified by silica

gel chromatography (5% EtOH/EtOAc) to afford ~320 mg (100%) of compound xxv,

Intermediate Example 23 — Compound xxvi
A DCM solution (15 mL) of compound xxiv (355 mg, 0.75 mmol) is treated with PyBop
(622 mg, 1.2 mmol). After stirring at about room temperature for 20 minutes, the reaction
mixture is treated with a THF solution (10 mL) of compound xxvii® (156 mg, 0.75
H
H
HN N
o]

xxvii'
F ¥

mmol), followed by DIPEA (0.26 mL, 1.5 mmol). After stirring at about room temperature
ovemight, the reaction is quenched with water and extracted with EtOAc. The resulting organic
layer is washed with brine and dried and concentrated in vacuo to give a residue that is purified by

silica gel chromatography (2% EtOH/EtOAc) to afford ~400 mg (80%) of compound xxvi,

Intermediate Example 24 — Methyl S5-cyanopentanoate
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Potassium Cyanide (4 g, 61.44 mmol) is dissolved in 70 mL water and 200 mL methanol.
To the solution 10 g (51.2 mmol) of methyl 5-bromopentanoate is added and the mixture is
refluxed overnight. The reaction mixture is concentrated to dryness. To the residue, 100 mL of
EtOAc is added to extract the product. The organic is washed with water three times, dried and
concentrated to yield 5.37 g (74%) of methyl 5-cyanopentanoate as an oil.

Intermediate Example 25 — Methyl 5-tetrazol-5-ylpentanoate

Methyl S-cyanopentanoate (4.8 g, 34 mmol) is dissolved in toluene, triethylammonium
chloride (14 g, 102 mmol) and sodium azide (6.63, 102 mmol) is added. The mixture is heated to
reflux for overnight. The reaction mixture is cooled to room temperature, water is added to
extract (3x100 mL) methyl 5-tetrazol-5-ylpentanoate from the organic. To the aqueous phase,
concentrate HCI is added to adjust pH to 2. The product is extracted from the aqueous solution
with EtOAc (3x50 mL). The organic is combined, dried and concentrated to yield 4.25 g (68%)
of methyl 5-tetrazol-5-ylpentanoate.

Intermediate Example 26 — Methyl 5-[N-(1,1-dimethylbenzyl)tetrazol-5-yl]pentanoate

Methy] 5-tetrazol-5-ylpentanoate (4.23 g, 23 mmol) and trichloroacetic acid (8.69 g, 53
mmol) are dissolved in 50 mL of CHCl;. o-Methylstyrene (2.72, 23 mmol) is added to the
solution dropwise, and the reaction mixture is allowed to stirred at about room temperature for
overnight. The reaction mixture is diluted with EtOAc to 200 mL, and organic layer is washed
with 10% aqueous KOH and brine. The organic layer is dried, concentrated. The product is
purified by flash column chromatography to yield 6.6 g (95%) methyl 5-[N-(1,1-
dimethylbenzyl)tetrazol-5-yl]pentanoate.

Intermediate Example 27 — 5-[N-(1,1-dimethylbenzyl)tetrazol-5-yl]pentanoic acid

Methyl 5-[N-(1,1-dimethylbenzyl)tetrazol-5-yl]pentanoate (6.6 g, 21.8 mmol) is dissolved
in methanol (100 mL) and 23 mL of 1 N aqueous NaOH is added. The mixture is stirred
overnight and is concentrated to remove methanol. The residue is dissolved in water (100 mL)
and the solution is neutralized by adding the same equivalent of 1 N aqueous HCI. The product is
extracted with EtOAc (3x50 mL). The organic is dried and concentrated to yield 4.75g (75%) 5-
[N-(1,1-dimethylbenzyl)tetrazol-5-yl)pentanoic acid.

Intermediate Example 28 — Compound xxviii
5-[N-(1,1-dimethylbenzyl)tetrazol-5-yl]pentanoic acid (4.75 g, 16.5 mmol) is dissolved in
DCM (100 mL.), 4.8 g (24.8 mmol) of EDCI and 6 mL of DIPEA are added. To the mixture, N-
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hydroxylsuccinimide (3.8 g, 33 mmol) is added. The reaction mixture is stirred for three hours at
about room temperature. The mixture is diluted with DCM to 200 mL and the solution is washed
with water three times. The organic is dried and concentrated to yield 4.79 g (75%) of compound

Xxviii,

Intermediate Example 29 — Compound xxix

The dipeptide H-Val-Val-OH (3.22 g, 14.9 mmol) is suspended in 50 mL of
N,N-dimethylformamide (DMF) and 4.75 g (12.42 mmol) of compound xxviii is added followed
the addition of 3.4 mL (18.63 mmol) of diisopropylethylamine (DIPEA). The mixture is warmed
up to 40°C and stirred overnight. The solvent is evaporated under high vacuum. The residue is

dissolved in EtOAc and washed with 1 N HCI and brine to yield 5.52 g (91%) of compound xxix,

XX © A o |

Intermediate Example 30 — Compound xxx
1.6 g (3.29 mmol) of compound xxix is dissolved in 20 mL of DCM, 3.3 mL of 1 M
solution of DCC in THF is added. To the mixture, 500 mg (2.73 mmol) of compound v is added.

The mixture is stirred at about room temperature overnight. The mixture is diluted with EtOAc to
100 mL and washed with 1 N HCI, NaHCO; and brine. Purified by column chromatography
(50% EtOAc/hexane) to yield 1.02 g (58%) compound xxx,
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Intermediate Example 31 — Compound xxxi

Compound xxx (1.02 g, 1.57 mmol) is dissolved in 10 mI. MeOH and 2 mLL of 1 N
aqueous NaOH is added. The mixture is stirred overnight. The methanol is removed by
evaporation and the residue is dissolved in water and neutralized with 2 mLL HCI. Following

extraction with EtOAc, 1.00g (~100%) of compound xxxi is afforded.
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Intermediate Example 32 — Compound xxxii

Compound xxxi (300 mg, 0.48 mmol) and PyBop (300 mg, 0.58 mmol) are dissolved in
10 mL DCM. To the solution, compound x (201 mg, 0.58 mmol) is added and then DIPEA (104
ul) is added. The mixture is stirred at about room temperature overnight. The reaction mixture is
then diluted with EtOAc to 100 ml and washed twice with 1 N HCI, twice with NaHCO; and
thrice with brine. The organic is dried and concentrated. The residue is purified by column

chromatography (100% EtOAc) to yield 450 mg (98%) of compound xxxii,
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Intermediate Example 33 — Compound xxxiii
Compound xxxii 360 mg (0.38 mumol) is dissolved in 8 mL. DCM and 240 mg (0.57
5  mmol) of DMP reagent reagent is added. The mixture is stirred at about room temperature for
three hours. The mixture is diluted with EtOAc to 50 mL and washed with brine three times. The
product is purified by column chromatography (25% ethanol/EtOAc) to yield 300 mg (83%) of

compound xxxiii,
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Intermediate Example 34 — Compound xxxiv
To a DCM solution (10 mL) of xxxv (790 mg, 2.80 mmol) is added PyBop (1.7 g,
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3.36 mmol) and Hobbit (450 mg, 3.36 mmol). The resulting solution is cooled to 0°C and t-reated
with a DCM solution (3 mL) of (s)-0-(4-pyridyl)ethylamine (410 mg, 3.36 mmol). This is
followed by the addition of DIPEA (0.5 mL, 3.36 mmol). The reaction is stirred overnight -at
about room temperature. At this point, the reaction mixture is diluted with EtOAc. The whmole is
washed with saturated NaHCO; and brine. The organic layer thus obtained is dried and
concentrated in vacuo. The resulting residue is purified by silica gel chromatography (5%
EtOH/EtOAc) to provide 630 mg (58%) of compound xxxiv,

I </C‘L
@A"i” L@
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XXXiv

Note: (s)-0-(4-pyridyl)ethylamine is obtained from its D-tartrate salt by base wash (1 N Na®OH)

and subsequent EtOAc extraction. The recovery rate is 89%.

Intermediate Example 35 - Cbmpound XXX Vi

To a methanol solution (15 mL) of compound xxxiv (630 mg, 1.64 mmol) is added under
N, Pd/C (150 mg, 10% palladium content). The reaction is stirred under H, overnight. The
reaction mixture is filtered through a pad of Celite® 521. The filtrates are concentrated in v—acuo

to provide 420 mg (~100%) of compound xxxvi,

0
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Intermediate Example 36 — Compound xxxvii

To a DCM solution (3 mL) of compound xxxi (270 mg, 0.43 mmol) is added PyBopo (270
mg, 0.52 mmol). This is followed by addition of compound xxxvi (160 mg, 0.64 mmol) ancd
DIPEA (0.09 mL, 0.52 mmol). The reaction is stirred at about room temperature overnight. At
this point, the reaction is diluted with EtOAc and washed with 0.1N HCI, followed by satursated
NaHCO; and brine. The resulting organic layer is dried and concentrated to give compoundit

xxxvii (430 mg total mass) for next step
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Intermediate Example 37 — Compound xxxviii

To a DCM solution (3 mL) of compound xxxvii (370 mg, 0.43 mmol) is added DMP
reagent reagent (280 mg, 0.65 mmol). The reaction is stirred at about room temperature for 2
hours and then quenched with 10% Na,SO;. After stirring for 30 minutes, the reaction is
extracted with EtOAc. The organic layer is washed with saturated NaHCO; and brine. The
resulting organic layer is dried and concentrated in vacuo to give a residue that is purified by

silica gel chromatography (5% EtOH/EtOAc) to provide 180 mg (49% for 2-steps) of compound

XXXViii,
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Intermediate Example 38 — Compound xxxx
Compound xxix (2.5 g, 5 mmol) is dissolved in 40 mL of DCM, 5.1 mL of 1 M solution
of DCC in THF is added to the solution. To the mixture, 1.08 g (3.53 mmol) of compound xxxix

is added. The mixture is stirred at about room temperature overnight.

HN
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The mixture is diluted with EtOAc to 100 mL, washed sequentially with 1 N@ HCl, NaHCO; and
brine, and then purified by column chromatography (80% EtOAc/hexane) too yield 2.59 g (95%)

of compound xxxx,
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Intermediate Example 39 — Compound xxxxi
Compound xxxx (2.59g, 3.35 mmol) is dissolved in 20 mL. MeOH aand 4 mL of 1 N

aqueous NaOH is added. The mixture is stirred overnight and then rotary ewvaporated to leave a

residue. The residue is dissolved in water and neutralized with 2 mLL HCl. ~"The neutralized
solution is then extracted with EtOAc to yield 2.49 g (~100%) of compoundL xxxxi,
N
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Intermediate Example 40 - Compound xxxxii

Compound xxxxi (847 mg, 1.16 mmol) and 724 mg (1.39 mmol) of~ PyBop are dissolved
in 10 mL DCM. To the solution, compound xiii (260 mg, 1.39 mmol) is adeded and then followed
by the addition of DIPEA (209 wl). The mixture is stirred ét about room termperature overnight.
The reaction mixture is then diluted with EtOAc to 100 mL and washed twisce with 1 N HC],
twice with NaHCO; and thrice with brine. The organic is dried and concenstrated. The residue is
purified by column chromatography (5% ethanol/EtOAc) to yield 930 mg (86%) of compound

XXXX1i,
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Intermediate Example 41 - Compound xxxxiii
Compound xxxxii (350 mg, 0.38 mmol) is dissolved in 10 mL DCM and 242 mg (0.57
5  mmol) of DMP reagent reagent is added. The mixture is stirred at about room temperature for
three hours. The mixture is diluted with EtOAc to 50 mL and washed thrice with brine. The
product is purified by column chromatography (100% EtOAc) to yield 180 mg (51%) of

compound Xxxxiii,
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Intermediate Example 42 — Compound xxxxv
H-Val-Val-OH (5 g, 23 mmol) is suspended in 100 mL DMF, compound xxxxiv

o o)

D A
O Xxxxiv

15 (8.3 g, 27.6 mmol) is added, and then 6.2 mL (35.5 mmol) of DIPEA is added. The mixture is
stirred at 40 °C for two days. The solvent is removed under high vacuum and the residue is
dissolved in 100 mL EtOAc and washed thrice with 1 N HCI and twice with brine. 9.14 g (99%)

of compound xxxxv is afforded.
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Intermediate Example 43 — Compound xxxxvi

PCT/US01/26008

Compound xxxxv (2.8 g, 7 mmol) and 954 mg (7 namol) of HOAt is dissolved in 100 mL
DCM. 7 mL of 1 M DCC/DCM is added. To the reaction rmixture, compound xxxix (2.15 g) is

5  added and the reaction mixture is stirred at about room tempoerature for overnight. The mixture is

concentrated to dryness and the residue is dissolved in EtOAc and purified by column

chromatography (100% EtOAc) to yield 4:57 g (95%) of coesmpound xxxxvi,
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10  Intermediate Example 44 — Compound xxxxvii

Compound xxxxvi (4.57 g, 6.65 mmol) is dissolvedl in 10 mL. TFA and 10 mL DCM.

The mixture is stirred at about room temperature for 4 hourss. The solvent is removed by vacuum

and the residue is dissolved in 50:50 acetonitrile/water and Ayophilized to yield as a powder

compound XXxxvii,
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Intermediate Example 45 ~ Compound xxxxviii

Compound xxxxvii (1 g, 1.59 mmol) and 990 mg (2.28 mmol) of PyBop is dissolved in
20 mL DCM and 1.6 mL of 1 M methylamine in THF is added. The mixture is stirred at about
room temperature for 4 hours. The reaction mixture is diluted to 100 mL with EtOAc and washed
with 1 N HC], NaHCO; and brine. The residue is purified by flash column chromatography (10%
EtOH/EtOAc) to yield 1 g (98%) of compound xxxxviii,
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Intermediate Example 46 — Compound xxxxix

Compound xxxxviii (1 g, 1.55 mmol) is dissolved in 10 mL of MeOH and 2 mL 1 N
NaOH is added. The mixture is stirred at about room temperature for overnight. The solvent is
removed by evaporation. The residue is dissolved in water, neutralized and extracted with EtOAc

to yield 960 mg (98%) of compound xxxxix,
H
o)

XXXXiX

. Intermediate Example 47 — Compound li

Compound xxxxix (315 mg, 0.5 mmol) and 312 mg (0.6 mmol) of PyBop are dissolved in
10 mL DCM. Compound 1 (56 mg, 0.6 mmol) and 108 ul of DIPEA is added. The mixture

O
H, N Y
H (o]
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is stirred at about room temperature overnight, and is diluted to 100 mL wjth EtOAc and washed
with 1 N HCI, NaHCO; and brine. Purified by column chromatography (15% BtOH/EtOAc) to
yield 400 mg (92%) of compound li,
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Intermediate Example 48 — Compound lii
Compound li (400 mg, 0.46 mmol) is Hissolved in 10 mL of DCM and 292 mg

li

(0.69 mmol) DMP reagent reagent is added. T he mixture is stirred at about room temperature for
3 hours. The solvent is removed by evaporatiosn and product is purified by RP-HPLC to yield 130
mg (32%) of compound lii,

(o]

\

0
0 O X
H )
N\/U\N\/(WQ
i H
0 _AC (e} o N
lii

Intermediate Example 49 — Compound liii .

Compound xxxxix (210 mg, 0.33 mmool) and 208 mg (0.4 mmol) of PyBop are dissolved
in 10 mL DCM. Compound xiii (154 mg, 0.83- mmol) is added to the solution followed by the
addition of DIPEA (72 ul, 0.4 mmol). The mixture is stirred at about room temperature
overnight. The reaction mixture is diluted to 1400 mlL. with EtOAc, washed with 1 N HCJ,
NaHCO; and brine, and then purified by flash column chromatography (10% EtOH/EtOAc) to
yield 250 mg (95%) of compound liii,
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Intermediate Example 50 ~ Compound liv
Compound xxxxv (755 mg, 1.88 mmol) and 255 mg (1.88 mmol) of HOAL are dissolved

in 20 mL DCM. 1.88 mL of 1 M DCC/DCM is added. To the reaction mixture, compound v

5 (288 mg) is added and the reaction mixture is stirred at about room temperature for 2 hours. The

mixture is concentrated to dryness and the residue is dissolved in EtOAc and purified by column

chromatography (80% EtOAc/Hexanes) to yield 800 mg (90%) of compound liv,

¢

o)

I H
N 000/\

liv

H 0 ant
N\__/U\N N
0

10  Intermediate Example 51 — Compound lv
Compound liv (800 mg, 1.41 mmol) is dissolved in 10 mL MeOH and 2 mL. NaOH is

added. The mixture is stirred at about room temperature overnight. The solvent is removed by
vacuum and the residue is dissolved in water and neutralized with 2 mL 1 N HCI. The product is

extracted with EtOAc. Evaporation of the extraction solvent afforded 760 mg (~100%) lv,

5
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Intermediate Example 52 — Commpound lvii
Compound lv (760 mg, 1.41 mmol) and 880 mg (1.69 mmol) of PyBop are dissolved in 5
mL DCM. Compound lvi (530 mg, 2.12 mmol) is added to the solution and then 0.31

HZ
H“/'\©

5 Ivi
of DIPEA is added. The mixtur—e is stirred at about room temperature overnight. The reaction
mixture is diluted to 100 mL wi_th EtOAc, washed with 1 N HC], NaHCO; and brine, and then
purified by flash column chrom atography (100% EtOAc) to yield 870 mg (80%) of compound
lvii,

10

Ivii

Intermediate Example 53 — Comnpound lviii
Compound lvii (350 mgz, 0.45 mmol) is dissolved in 5 mL TFA and 5 mL. DCM and the
mixture is stirred at about room temperature for 3 hours. The solvent is removed by evaporation

15  and the product is purified by R P-HPLC to yield 220 mg (69%) of compound lviii,
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Intermediate Example 54 — Compound lix
Compound lviii (200 mg, 0.28 mmol) and 218 mg (0.42 mmol) of PyBop are dissolved in
5 mL. DCM. Methylamine (0.28 mL of 2 M in THF) is added. The mixture is stirred at about
room temperature overnight. The mixture is diluted to 100 mL with EtOAc, washed with 1 N
HC], NaHCO; and brine, and then purified by column chromatography (15% EtOH/EtOAc) to
yield 168 mg (79%) of lix,

lix
Intermediate Example 55 — Compound 1x
Compound lviii (200 mg, 0.26 mmol) is dissolved in 4 mL of DCM and 165 mg (0.39
mmol) of DMP reagent reagent is added. The mixture is stirred at about room temperature for 3
hours. The solvent is removed by evaporation. The residue is dissolved in 50%

acetonitrile/water, and filtered purified by RP-HPLC to yield 140 mg (70%) of compound 1x,

0
0
o
H
N A
i H
o _~
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Intermediate Example 56 — Compound ii

A DCM (30 mL) and EtOH (30 mL) solution of compound i (4 g, 12.1 mmol), under N,
is cooled down to —10° C. NaBH, (458 mg, 12.1 mmol) is added and the solution is stirred at —
10° C for 50 minutes. TLC (50% EtOAc/Hexane) showed total conversion to & slower running
spot. The reaction is carefully quenched with ice and then with a cold saturated solution of
NH,CI (10 mL). The mixture is dumped in DCM (300 mL). The organic layer is washed once
with saturated solution of NH,Cl (60 mL) and twice with brine (60 mL). The organic layer is then

separated, dried over MgSO, and concentrated in vacuo, to yield 3.5 g of compound ii (87%)

Intermediate Example 57 ~ Compound 1xi

In a 250 mL round bottom flask equipped with a H, balloon, an ethanolic solution (50 mL) of
compound ii (3.5 g, 10.5 mmol) is subjected to standard hydrogenation conditions [20%
Pd(OH),/C (1.47 g, 2.1 mmol)] for 5 hours at about room temperature. The catalyst is filtered off
through Celite and washed with DCM. The solvent is then removed under reduced pressure to

yield 2 g (96%) of compound Ixi,

Intermediate Example 58 — Compound Ixii

Under inert atmosphere, a solution of compound Ixi (200 mg, 1 mmol), compound Ixiii,

@
o\n/Né on

0 N
Ixiii
(233 mg, 1.1 mmol), HOAt (1-hydroxy-7-azabenzotriazole) (156 mg, 1.15 mmol) in anhydrous
DMEF (6 mL) is stirred for 20 minutes. The temperature is then taken down to 0°C, followed by
the addition of DIC(0.18 mL, 1.15 mmol). The reaction is stirred overnight at about room
temperature. The solution is diluted with EtOAc and then washed twice with 1 N HCl, twice with

saturated aqueous NaHCO3, and brine. The organic layer is separated dried over MgSO, and the
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solvent removed under reduced pressure. The residue is cleaned by chromatography (silica gel:

70% EtOAc/DCM) to give in 45% yield compound Ixii.

OH
Y o A
O\[]/H\&)LN
0 AL H
o

i Q
P

Intermediate Example 59 — Compound Ixiv

A solution of compound Ixii (777 mg, 2 mumol) in dioxane (6 mL) and 0.5 M NaOH (6
mL) is stirred for 5 hours at about room temperature. Examination by TLC (100% EtOAc) shows
complete conversion to a spot at the origin. The reaction is cooled down with an ice bath
followed by the addition of 1 N HCl (4 mL). Solid NaCl is then added and the whole mixture is
extracted twice with EtOAc (2X150mL). The organic extracts are then combined, dried over

MgSO, and the solvent removed under reduced pressure to give compound Ixiv in 92% yield.

Intermediate Example 60 — Compound Ixv

Under an inert atmosphere, a solution of compound x (203 mg, 0.58 mmol), compound Ixiv
(276 mg, 0.775 mmol), HOAt (1-hydroxy-7-azabenzotriazole) (126 mg, 0.93 mmo!) in anhydrous
DMF (6mL) is stirred for 20 minutes. The temperature is then taken down to 0°C, followed by
the addition of DIC (0.14 mL, 0.93 mmol). The reaction is stirred overnight at about room
temperature. The solution is diluted with EtOAc and then washed twice with 1 N HCI, twice with
saturated aqueous NaHCOs, and brine. The organic layer is separated dried over MgSO, and the
solvent removed under reduced pressure. The residue is purified by chromatography (silica gel:

50% EtOAc/DCM to 80:19:1 EtOAC/DCM/MeOH) to give compound Ixv in 62% yield.
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Intermediate Example 61 — Compound Ixvi

Under an inert atmosphere, to a solution of compound 1xv (287mg, 0.42 mmot) in
anhydrous DCM (15mL) is added the DMP reagent reagent (605mg, 1.43 mmol) The reaction is
stirred for 2 hours at about room temperature. (Note.- The doubling of the amount of the DMP
reagent reagent and the reaction time is to assure that both alcohol groups are completely oxidized
to the corresponding keto groups). Examination by TLC (silica gel: 2% MeOH/EtOAc) shows
complete conversion to the faster product. The reaction is diluted with DCM (150 ml.) and then
washed twice with a 10% aqueous sodium sulfite solution (2X 50mL), twice with saturated
aqueous NaHCO3, and with brine. The organic layer is separated dried over MgSO, and the
solvent removed under reduced pressure. The residue is purified by chromatography (silica gel:

50% EtOAC/DCM to 80:19:1 EtOAC/DCM/MeOH) to give in 77% yield compound Ixvi.

N
\(H\)\gl(oo n 0
U et
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Intermediate Example 62 — Compound 1xvii

To a DCM solution (60 ml) of L-3 pheny! lactic acid (2 g, 12 mmol) is added PyBOP (7.5
g, 14.4 mmol). To this solution is added a DCM solution (20 mL) containing L-valine methyl
ester HCI (2.4 g, 14.4 mmol) and DIPEA (2.6 mL, 14.4 mmol). The resulting reaction mixture is
stirred overnight at about room temperature. At this point, the reaction is diluted with EtOAc (30
mL), washed with NaHCO; (30 mL) and brine (15 mL). The organic layer is dried over Na,SO,,
filtered and concentrated. Purification is achieved in 50% EtOAc/Hex on silica gel to give 2.97 g
(89%) of compound Ixvii,
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Intermediate Example 63 — Compound Ixviii

Compound Ixvii (2.97 g, 10.6 mmol) is taken up in DCM (50 mL) and cooled with an ice
bath. TBSCI (2.1 g, 13.8 mmol) is added to this solution followed by imidazole (0.94 g, 13.8
mmol). The resulting solution is stirred overnight. The reaction is then diluted with EtOAc (50
mL), washed with NaHCO, and brine. The organic layer is dried over Na,SO,, filtered and
concentrated. Purification is achieved in 20% EtOAc/Hexane on silica gel to give 3.79 g (90%)

of compound Ixviii,

0 AL
beviii
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I
Intermediate Example 64 — Compound Ixix

To a methanol (50 ml) solution of compound Ixviii (3.78 g, 9.6 mmol) is added 1 N

aqueous NaOH (14.4 mL, 14.4 mmol). The resulting solution is stirred overnight. The solvent is
partially removed in vacuo. The pH of the reaction mixture is then lowered to 3 using 1 N HCI
aqueous solution. The solution is diluted with EtOAc and brine. The desired product is extracted
with EtOAc (3x50ml). The organic layers are combined, dried over Na,SQ,, filtered and

concentrated to give 3.5 g (96%) of compound Ixix,

H o}
Yoy on
Si— :
I O~
Ixix .

Intermediate Example 65 — Compound Ixx .

To a DCM (15 mL) solution containing compound Ixix (1.1 g, 2.9 mmol) is added HOALt
(0.44 g, 3.2 mmol) followed by a 1 M solution of DCC (3.2 mL, 3.2 mmol) in DCM. After
stirring at about room temperature for 20 minutes, a DCM (15 mL) solution of compound xxxix
(970 mg, 3.2 mmol) is added. This reaction is stirred overnight under N;. The reaction is then
diluted with EtOAc (30 mL), filtered through a pad of silica gel, washed with 0.1 N HCI,
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NaHCOs, and brine. The organic layer is dried over Na,SO,, filtered and comcentrated in vacuo.

Purification is achieved in 50% EtOAc/Hex on silica gel to give 1.5 g (77%) of compound Ixx,

H 3
| N\./U\N
si-0 H
| 0 _Au
Ixx (0]

O AN

5  Intermediate Example 66 ~ Compound Ixxi
To a methanol solution (30 mL) of compound xx (1.5 g, 2.4 mmol) &s added 1 N aqueous
NaOH (3.6 mL, 3.6 mmol). The resulting solution stirred overnight. At thiss point, the solvent is
partially removed, and the pH of the reaction mixture is adjusted to 3 using A N aqueous HCL
The reaction is then diluted with EtOAc (50 mL) and brine (20 mL). The aggueous layer is
10 extracted with EtOAc (3x50mL). The organic layers are combined, dried ower Na,SO,, filtered
and concentrated to provide 1.3 g (92%) of compound 1xxi,
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Intermediate Example 67 — Compound 1xxii
15 To a solution of DCM (2 mL) containing compound Ixxi (180 mg, (3.28 mmol) is added
PyBOP (175 mg, 0.34 mmol) and DIPEA (0.06 mL, 0.34 mmol), followed oy a DCM solution (3
mL) of compound x (150 mg, 0.41 mmol). The resulting solution is stirred eovernight under N,.
The reaction is then diluted with EtOAc (30 mL), washed with NaHCO; anc3 brine. The organic
layer is dried over Na;SOy, filtered and concentrated. Purification is achievezsd in 100% EtOAc on
20  silica gel to give 270 mg (98%) of compound Ixxii,
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Intermediate Exarmple 68 —~ Compound Ixxiii

To a DCM (3 mL) solution of compound Ixxii (270 mg, 0.27 mmol) is added DMP
reagent reagent (140 mg, 0.33 mmol). After stirring at about room temperature for 1.5 hours, the
reaction is quenched with 10% Na,SO; (10 mL). The reaction is diluted with EtOAc (30 mL) and
stirred for 10 minutes. The organic layer is washed with NaHCO; and brine. The organic layer is
dried over Na,SOy, filtered and concentrated. Purification is achieved in 60% EtOAc/Hex. to
give 150 mg (56%) of compound Ixxiii,

H
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Intermediate Example 69 — Compound Ixi

To an ethanol solution (50 mL) of compound ii (3.5 g, 10.5 mmol) is added under a
stream of nitrogen Pd(OH),/C (1.47 g, 20% Pd content, 2.1 mmol). The reaction is subjected to
hydrogenation under 1 atm pressure. Upon completion, the catalysts are filtered through a pad of
Celite and washed with dichloromethane. The filtrates are concentrated in vacuo to give 2 g

(96%) of compound Ixi.
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Intermediate Example 70 — Compound Ixxiv

To a DMF solution (60 mL) of compound vii (9. g, 28.2 mmol) is added HOAt (4 g,
29.4 mmol) and 1,3-disiopropylcarbodiimide (3.7 g, 29.4 mmol). After stirring at about room
temperature for 30 minutes, a DMF solution (10 mL) of c-ompound Ixi (5.1 g, 25.6 mmol) is
added to the above solution. The reaction is stirred at abosut room temperature overnight. At this
point, the white solids are filtered off. The filtrates are cosncentrated in vacuo to give a residue

that is purified by silica gel chromatography to give 9.5 g (67%) of compound Ixxiv,
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Intermediate Example 71 — Compound Ixxv

To a solution of compound Ixxiv (1.5 g, 3 mmol) in anhydrous THF (25 mL) is added
EtiPr,N (0.78 mL, 4.5 mmol) at about room temperature. The mixture is cooled to 0°C and
MOMCI (1.5 mL, 19.7 mmol) is added in a dropwise fash_ion. The reaction is allowed to warm to
room temperature and stirred overnight. The solution is thaen diluted with ether and washed with
water (3 times). The aqueous layers are extracted further Tby ether and all the organic layers are
dried over MgSO, before being concentrated to afford a yeellow oil. The desired isomer of
compound Ixxv is isolated by silica gel chromatography (FEtOAc/Hexanes

OMOM
/N K
LA R X vy
N <N N
o A" O
LXXV O

5/2) in 40% yield with clear separation of diastereomers.

Intermediate Example 72 — Compound Ixxvi

To a solution of compound lxxv (502 mg, 0.9 mmrol) in EtOH (5 mL) is added 2 N
aqueous NaOH (0.9 mL, 1.8 mmol) dropwise at 0°C. The reaction is allowed to warm to room
temperature and stirred overnight. Upon completion of thes saponification, the solution is
acidified to pH 3 with Dowex 50W8X-200 acidic resin. T he solids are filtered off and the

resulting filtrate is concentrated in vacuo to give a oily residue that is lyophilized to give 370 mg

(80 %) compound Ixxvi,
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Intermediate Example 73 — Compound 1xxvii

A dichloromethane solution (4 mL) of compound Ixxvi (110 mg, 0.21 mmo}) is treated
with PyBOP (200 mg, 0.38 mmol). After stirring at about room temperature for 30 minutes, the
reaction mixture is charged with a THF solution (3.2 mL) of compound xiii (60 mg, 0.32 mmol),
followed by EtiPr,N. After stirring overnight at about room temperature, the reaction is quenched
with water and extracted with EtOAc. The resulting organic layer is washed with brine and dried
over MgSO, before being concentrated to a yellow oil. Purification by silica gel chromatography
(5% EtOH/EtOAc) yields 143mg (100%) of compound Ixxvii,

OMOM

LXXVI

Intermediate Example 74 — Compound Ixxviii

To a THF solution (50 mL) of H-Chg-OH 2 (5 g, 19.4 mmol) is added HOBt (2.63 g, 19.4
mmol) and EDCI (3.72 g, 19.4 mmol). After stirring at about room temperature for 20 minutes, a
THF (19 mL) and DMF (10 mL} solution containing tert-L-Leucine methyl ester-hydrochloride
(19.4 mmol) and DIPEA (6.75 mL, 38.8 mmol) is added to the above solution. The reaction is
stirred at about room temperature overnight. Standard aqueous work-up and silica gel
chromatography (15 - 20% EtOAc/Hexanes) affords 2.27 g (30%) of compound 1xxviii,
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Intermediate Example 75 — @ompound I1xxix

To a THF solution (C12 mL) of compound Ixxviii (2.27 g, 5.91 mmol) is added 4 N HCI
solution in dioxane (7.38 miL, 29.5 mmol). The reaction is stirred at about room temperature
overnight. At this point, the= solvent is removed under reduced pressure to yield the compound

Ixxix that is used directly fo-r next reaction.

Ixxix
Intermediate Example 76 ~ Compound 1xxx
To a THF solution of compound Ixxix (5.9 mmol) is added to a THF (20 mL) solution
containing 2-pyrazinecarbozxylic acid (878 mg, 7.08 mmol), HOBt (957 mg, 7.08 mmol) and
EDCI (1.36 g, 7.08 mmol). To the resulting mixture is then added DIPEA (2.05 mL, 11.8 mmol).

Illl

The reaction is stirred overraight at about rcom temperature and then quenched with water. The
reaction mixture is extractecd with BtOAc. The organic layer is washed with brine and
concentrated in vacuo to proovide a residue that is purified by silica gel chromatography (40-50%

EtOAc/Hexanes) to provides 1 g (36%) of compound Ixxx,
N
[/ | H

Ixxx

Intermediate Example 77 — Compound Ixxxi

To a methanol solution (20 mL) of compound lxxx (1 g, 2.56 mmol) is added 2 N NaOH
3.2 mL, 6.4 mmol). The reaaction is stirred at about room temperature overnight. At this point,
the reaction is acidified to ;oH 3 using S N HCl. The reaction is diluted with EtOAc (75 mL), and
washed with water and brin_e. The organic layer thus obtained is dried and concentrated in vacuo
to give a residue that is diss.olved in 1:1 CH;CN/H,O for lyophilization. A total of ~1 g (100%) of
compound Ixxxi is obtainedd.
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Intermediate Example 78 — Compound Ixxxii

A dichloromethane solution (10 mL) of compound Ixxxi (2.56 mmol) is treated with
HOAt (348 mg, 2.56 mmol) and DCC (2.56 mL, 1M, 2.56 mmol). After stirring for 30 minutes,
the reaction mixture is treated with a THF solution (5 mL) of compound v (2.56 mmol). After
stirring at about room temperature overnight, the white solids (urea) are removed by filtration.
The filtrates are concentrated in vacuo to give a residue that is purified by silica gel

chromatography to provide 1.4 g (100%) of the compound Ixxxii,
N )
SYES Fs
SU'S § &y
o P H o OEt
@ °

Ixxxii

Intermediate Example 79 — Compound Ixxxiii

An ethanol solution (15 mL) of compound lxxxii (1.4 g, 2.58 mmol) is treated with 2 N
NaOH (2.58 mL, 5.17 mmol). After stirring at about room temperature overnight, the reaction
mixture is acidified to pH 3 with acidic resin. The solids are filtered off. The resulting filtrates
are concentrated in vacuo to give a residue that is lyophilized to give 1.32 g (~100%) of

compound Ixxxiii,
N v
7 o
SE: f(? )
N . N NN
OH
o A M o
O °

Ixxxiii
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Intermediate Example 80 — Compound 1xxxiv

A dichloromethane solution (15 mL) of compound 1xxxiii (360 mg, 0.7 mmol) is treated
with PyBOP (582 mg, 1.12 mmol). After stirring at about room temperature for 20 minutes, the
reaction mixture is treated with a THF solution (10 mL) of compound xiii (195.6 mg, 1.05 mmol),
followed by DIPEA (0.25 mL, 1.40 mmol). After stirring overnight at about room temperature,
the reaction is quenched with water and extracted with EtOAc. The resulting organic layer is
washed with brine and dried and concentrated in vacuo to give a residue that is purified by silica

gel chromatography (3% EtOH/EtOAc) to afford 420 mg (88%) of compound 1xxxiv,
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Intermediate Example 81 — Compound ii*”

A mixture of anhydrous dichloromethane and ether (20 mL:20 mL) is cooled to —-78°C
under N, (g). To the solution is added TiCl, (1 M in dichloromethane, 10 mL, 10 mmol) and then
MelLi (1.4 M in ether, 7.1 mL, 10 mmol) is added subsequently with stirring for another 30
minutes at -78°C. A solution of compound i (2 g, 6 mmol) in 10 mL dichloromethane is added to
the mixture dropwise at the same temperature over 15 minutes. The solution is slowly warmed up
to —40°C for 10 minutes and then stirred at 0°C for 2 hours. The reaction is quenched by pouring
the mixture into a water/ether mixture (1:1) and then the layers are allowed to separate. The
aqueous layer is further extracted by ether twice. All organic layers is washed by water, brine and
dried over MgSO, before being concentrated to a yellow oil. The desired compound i’ is

isolated by silica gel chromatography (EtOAc/Hexanes 2/1) in 83%

"
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1

Intermediate Example 82 — Compound Ixi’

To the compound ii’” (1.7 g, 5 mmol) is added to 10 wt %Pd on C (0.53 g, 0.5 mmol),
followed by addition of MeOH (17 mL)). Hydrogen gas is flushed through the reaction mixture
and hydrogen gas is maintained for reaction at 1 atm overnight. The reaction mixture is then

filtered and concentrated to afford 929 mg (87%) of compound Ixi’ as a colorless oil.
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Intermediate Example 83 — Compound Ixxxv

To a THF solution (16 mL) of compound xxii (1 g, 3 mmol) is added at about room
temperature HOAt (0.41 g, 3 mmol) and followed by 1 M DCC solution of dichloromethane (3
mL, 3 mmol). After stirring for 30 minutes at about room teroperature, a dichloromethane
solution (6 mL) of compound 1xi’ is added to the above HOAt-activated acid. The reaction is
stirred at about room temperature overnight. At this point, the reaction is filtered through Celite.
The filtrate is diluted with EtOAc (120 mL) and washed with water and then brine. The organic
layer is dried and concentrated to an yellow oil which is purified by silica gel chromatography
(100% EtOAc) to yield 1 g (65%) of compound Ixxxv,

N OH
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Intermediate Example 84 — Compound Ixxxvi

To an ethanol solution (8 mL) of compound Ixxxv (920 mg. 1.7 mmol) is added 2 N
NaOH aqueous solution (1.7 mL, 3.4 mmol). The reaction is stirred overnight at about room
temperature and then acidified to pH 3 by Dowes acidic resin. The solids are filtered off and the
filtrate is concentrated to give a colorless oil, which is redissolved in 1:1 CH;CN/H,O and
lyophilized to provide 800 mg (93%) of compound Ixxxvi. HPLC shows a single product peak.

Ixxxvi
Intermediate Example 85 — Compound Lxxxvii
To a dichloromethane solution (4 mL) of compound Ixxxvi (150 mg, 0.3 mmol) is added
by PyBOP (250 mg, 0.47 mmol). The solution is stirred at about room temperature for 30
minutes, To this solution is then added a THF (4.5 mL) solution of compound xiii (84 mg, 0.45
mmol) followed by EtiPr,N (0.1 mL, 0.6 mmol). The reaction is stirred at about room
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temperature overnight and then quenched with water (25 mL) for 30 minutes. The mixture is then
extracted with EtOAc. The resulting organic layer is washed with brine and dried over MgSOs,
before being concentrated to a yellow oil. Purification by silica gel chromatography (5%
EtOH/EtOAC) yields 200 mg (100%) of compound Ixxxvii,
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Intermediate Example 86 — Compound 1xxxix
Compound Ixxxviii, N-Cbz-L-Valine, (2.5 g, 9.9 mmol) is taken up in THF (30mL).

O/ﬁ\Nj;]/OH
SRAR

Ixxxviii
EDCI (2.29 g, 11.9 mmol) and HOBT (1.62 g, 11.9 mmol) are added and the mixture stirred five
minutes. L-tert-Leucine methyl ester hydrochloride (2.17 g, 11.9 mmol) is added in THF (23.9
mL) followed by DIPEA (2.1mL). The reaction mixture is stirred overnight under nitrogen. The
reaction mixture is diluted with ethyl acetate, washed with 1 N HCI, saturated sodium
bicarbonate, and brine. The organic phase is dried over sodium sulfate, filtered and concentrated.
The concentrate residue is purified in 25% ethyl acetate/hexane to afford 1.1 g (29%) of
compound Ixxxix,

A K

Ixxxix

Intermediate Example 87 — Compound Ixxxx
Compound Ixxxix is hydrolyzed under standard conditions using methyl alcohol (0.3 M)
and 1 N NaOH (1.5 eq) to afford 1.03 g (95%) of compound Ixxxx,

FA S oon
SRR

Ixxxx
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Intermediate Example 88 — Compound Ixxxxi

Compound 1xxxx (385mg, 1.06 mmol) is taken up in dichloromethane (3mL). DCC (1.4
mmol) is added followed by HOAt (190 mg, 1.4mmol). Compound v ( 260 mg, 1.4 mmol) is then
added in dichloromethane (3 mL). The resulting mixture is stirred overnight under nitrogen. The
reaction is diluted with ethyl acetate, filtered through silica gel, and concentrated. The residue is

purified in 50% ethyl acetate / hexane to afford 440 mg (80%) of compound 1xxxxi,

Intermediate Example 89 — Compound Ixxxxii
Compound Ixxxxi is hydrolyzed under standard conditions using ethyl alcohol (0.3 M)
and 1 N NaOH (1.5eq) to afford 390 mg of compound Ixxxx.ii,

Intermediate Example 90 — Compound 1xxxxiii

Compound Ixxxxii (350 mg, 0.7 mmol) is taken up in dichloromethane (3mL). PyBOP
(480 mg, 0.91 mmol) is added followed by compound xiii (170 mg, 0.91 mmol). DIPEA (0.16
mL, 0.91mmol) is added and reaction mixture stirred overnight. The reaction mixture is

concentrated and purified in 100% ethyl acetate to afford 420 mg (90%) of compound Ixxxxiii,

ﬁiNA

OH

Intermediate Example 91 — Compound Ixxxxiv
Compound Ixxxxiii is hydrogenated using 10% Pd/C (1% mo!) in methy] alcohol under
hydrogen to afford 335 mg (100%) of compound Ixxxxiv,



10

15

20

WO 02/18369 PCT/US01/26008

209

Intermediate Example 92 — Compound 1xxxxv

Ethyl 1H-tetrazole-5-acetate (5 g, 32 mmol) is taken up in chloroform (80 mL).
Trichloroacetic acid (12.03 g, 73.65 mmol) is added followed by alpha methyl styrene (3.78 g, 32
mmol). The reaction mixture is stirred overnight. The next day, the solution is diluted with ethyl
acetate, washed with 10% KOH and brine. The organic phase is dried over magnesium sulfate,
filtered and concentrated to afford 8 g (96%) of the corresponding
N-protected ethyl tetrazole-5-acetate. This material is subjected to standard hydrolysis conditions
using ethyl alcohol (0.3 M) and 1 N NaOH (3 eq) to afford 7 g (99%) of compound Ixxxxv,

\\Mon

Ixxxxv

Intermediate Example 93 — Compound 1xxxxvi

C(;mpound Ixxxxv (3.62 g, 14.7 mmol) is taken up in dichloromethane (50 mL). EDCI
(4.32 g, 22.1 mmol) and DIPEA (5.1 mL, 29.4 mmol) are added and stirred for five minutes.
N-hydroxy succinimide (3.38 g, 29.4 mmol) is added and stirred three hours. The reaction is
diluted with dichloromethane and washed with water three times. The organic phase is dried over

sodium sulfate, filtered and concentrated to afford 3.66 g (73%) of compound 1xxxxvi,

o
M
N
X, 0"
. 0
Ixxxxvi

Intermediate Example 94 — Compound Ixxxxvii
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Compound Ixxxxiv (335 mg, 0.62 mmol) and compound 1xxxxvi (343 mmg, 1 mmol) are
taken up in dichloromethane (6 mL). DIPEA (0.17 mL, 1 mmol) is added and re=action mixture
stirred overnight. The reaction is diluted with ethyl acetate, washed with saturate=d sodium
bicarbonate, brine and concentrated. The residue is purified in 5% ethyl alcohol /ethyl acetate to

5  give 80 mg (16%) of compound Ixxxxvii,

Intermediate Example 95 — Compound Ixxxxviii
Compound Ixxxxvii (80 mg, 0.11mmol) is taken up in dichloromethane «(3 mL). DMP
10 reagentreagent (55 mg, 0.13 mmol) is added and stirred for one hour. The react=ion mixture is
diluted with ethy] acetate and quenched with 10% solution of sodium sulfite. Thae organic phase
is washed with saturated sodium bicarbonate and brine. The organic phase is comncentrated and
the reulting residue is purified in 100% ethy] acetate to afford 40 mg (48%) of ccompound

Ixxxxviii,

15
Intermediate Example 96 — Compound xxxix

Compound ic, N-Cbz-4-Hydroxy Pro methyl ester, (2.1 g, 7.9 mmol is p—repared in
OH

20  quantitative yield from compound ¢, N-Cbz-4-hydroxy Pro), is dissolved in DCNMA (25
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.OH
CbzN
o” ~OH
c

mL). CDI(1.54 g, 9.5 mmol) and DIPEA (1.7 mL, 9.5 mmol) are added to the solution and
stirred for 10 minutes. 1,2,3,4-Tetrahydroisoquinoline (TIQ) (1.2 mL, 9.5 mmol) is added drop-
wise to the reaction mixture and stirred five hours. The organic phase is washed with water, 1 N
HCI, and brine. Following the concentration of thee organic phase, the resultant residue is

chromatographically purified by 40% EtOAc/Hexanes to yield compound ci, N-Cbz4-

(32

S Q(

(o]

TIQcarbonyloxy-Pro methyl ester, (2.5 g, 75%).

CbzN

OMe
ci

Compound ci (2.5 g, 5.9 mmol) is dissolved in MeOH (75 mL). The solution is flushed
with N; and Pd/C (10%, 300 mg) is added. The reaction mixture is flushed with H; and stirred

O

overnight. The reaction mixture is filtered through Celite and concentrated to yield compound

compound xxxix, 4-(TIQ-carbonyloxy)-Pro, methyl ester,(1.49 g, 83%).

Intermediate Example 97 — Compound vii

Compound cii, N-pyrazin-2-ylcarbonyl-Val-Val methyl ester, (10.9 g, 32.4 mmol) is

H
[\N]\“/N\_/U\N OMe
: H
0 _Au O
cii

dissolved in THF (80 mL), and then aqueous NaOH (48.6 mL, 48.6 mmol) is added. The
resulting mixture is stirred 48 hours, and then additional NaOH (16.3 mL., 16.3 mmol) is added

and mixture is heated to 40°C for three hours. The pH of the reaction mixture is then lowered to
3, and the acqueous phase extracted with EtOAc and then concentrated to yield crude compound

vii, N-pyrazin-2-ylcarbonyl-Val-Val acid (10.6 g, 100%).
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Intermediate Example 98 — Compound ciii

Compound cii (4.1 g, 12.7 mmol) is dissolved in DCMK (20 mL). HOAt (1.73 g, 12.7
mmol) and DCC (12.7 mmol) are added to this solution, and thae solution stirred for one hour.
Compound xxxix (3.22 g, 10.6 mmol) is added to reaction mix' ture in DCM (10 mL). The
resulting mixture is stirred overnight under N,. The reaction mixture is filtered through silica gel
and concentrated. The resulting residue is purified by silica ge-1 chromatography (50% to 80%
EtOAc/Hexanes gradient) to yield compound ciii,

N-pyrazin-2-ylcarbonyl-Val-Val-4-(TIQcarbonyloxy)--Pro methyl ester, (5.27 g, 81.7%).

pes
DAL

ciii
Intermediate Example 99 ~ Compound civ

Compound ciii (650 mg, 1.29 mmol) is dissolved in TEIF (5 mL). Aqueous NaOH (1.42

IIII

mL, 1.42 mmol) is added to the solution and then stirred overnmight. The pH of the solution is
lowered to 3, and the organic phase is isolated and concentratecd to yield a residue. The residue is
purifed using reverse phase HPLC in acetonitrile/water to yieldl compound civ, N-pyrazin-2-
ylcarbonyl-Val-Val-4-(TIQcarbonyloxy)-Pro acid, (600 mg, 95= %).

SR
CAp I&

Intermediate Example 100 — Compound cv

Hn

N-Boc-L-tert-Leucine (2.3 g, 10 mmol) and L-tert-Leu_cine methyl ester hydrochloride (2
g, 11 mmol) are combined in DMF (30 mL)). HOAt (1.6 g, 11.55 mmol) is then added to the
solution. The resulting mixture is stirred for 20 minutes under N, and then lowered to 0°C
whereupon DIC (1.8 mL, 11.5 mmol) and 2,4,6-collidine (1.45 mL, 11 mmol) are added. The

resulting solution is stirred overnight with warming to room termperature. The reaction mixture is
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diluted with EtOAc, and the organic phase washed with 1 N HCI, saturated NaHCO, and brine.
Following the concentration of the organic phase, the resultant residue is chromatographically

purified by 20% - 30% EtOAc/hexanes gradient to yield compound cv (3.3 g, 92%).

0O H 0]
/QO/U\H N\E/U\O/

é A

Ccv
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Intermediate Example 101 ~ Compound cvi
Compound cv (3.3 g, 9.2 mmol) is hydrol-yzed using dioxane (40 mL) and 0.5 N NaOH
(37 mL, 18.4 mmol) to yield compound cvi (2.9 g, 92%).

Df(

cvi

Intermediate Example 102 — Compound cvii

Compound cvi (2 g, 5.8 mmol) and compeound v (1 g, 5.5 mmol) are dissolved in DMF
(20 mL). HOAt (832 mg, 6.6 mmol) and DIC (1.1 mL, 6.6 mmol) are then added to the solution.
The resulting solution is stirred overnight under NJ;. The reaction mixture is diluted with EtOAc,
and the organic phase washed with 1 N HCI, saturrated NaHCO; and brine. Following the
concentration of the organic phase, the resultant ressidue is chromatographically purified by 20%-
30% EtOAc/hexanes gradient to yield compound cvii (2.4 g, 81%).

@?M S

Intermediate Example 103 — Compound cviii

Compound cvii (2.4 g, 4.72 mmol) is disssolved in DCM (10 mL). TFA (10 mL) is added
to the solution. The resulting solution is stirred foor 4 hours. The reaction mixture is concentrated,
dissolved in EtOAc, and then the organic phase iss washed with 1 N NaOH and brine. The organic
phase is concentrated to yield compound cviii (1.0084 g, 56.1%).

9>

2-Pyrazinecarboxylic acid (181 mg, 1.46 mmol) and compound cviii (541 mg, 1.325

HZN

cviii

Intermediate Example 104 — Compound cix
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mmol) are dissolved in DMF (15 mL). HOAt (207 mg, 1.52 mmol) and DIC (0.24 mL, 1.52
mmol) are added to the solution. The resulting solution is stirred overnight under N,. The
reaction mixture is diluted with EtOAc, and the organic phase washed with 1 N HCI, saturated
NaHCOs and brine. Following the concentration of the organic phase, the resultant residue is

chromatographically purified by 20%-30%-35% EtOAc/hexanes gradient to yield compound cix

(430 mg, 63%).
N >
ey
N

Intermediate Example 105 — Compound ¢x
Compound cix is hydrolyzed using EtOH (7 L) and 1 N NaOH (4.7 mL., 4.7 mmol) to

Z
/
32:

yield compound cx (700 mg, 91.6%).

U*j? EG

Intermediate Example 106 — Compound cxi
Compound cx (690 mg, 1.42 mmol) is dissolved in DCM (9 mL). PyBOP (890 mg, 1.7
mmol) is then added to the solution, followed by the addition of Compound xiii’ (320

O
ZNQNA
oH M

xiii’
mg, 1.7 mmol). To the resulting mixture is added DIPEA (0.3 mL, 1.7 mmol). The reaction
mixture is stirred overnight under N;. The reaction mixture is then diluted with EtOAc, washed
with saturated NaHCO;, and brine. Following the concentration of the organic phase, the
resultant residue is chromatographically purified by 100% EtOAc to yield compound cxi (490 mg,
52.7%).
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Intermediate Example 107 — Co-mpound cxiv
Compound cxii (1.2 g, 3.06 mmol) is dissolved in MeOH (12 mL). After thoroughly

0
CszN\)LNjiro’
LR

cxil
5  flushing with N3, 10 wt% Pd(OBH), on carbon (0.6 g) is added and the mixture is hydrogenated for
overnight, whereupon a compleste reaction mixture is shown by TLC (30% EtOAc/hexanes). The
solution is isolated from solid noaterial by filtration and concentrated to the corresponding

deprotected compound cxiiias a colorless oil (100%)

0

cXiii

10 that is used in the next step witlmout further purification.

2-Pyrazinecarboxylic acid (400 mg, 3.2 mmol, 1.1 eq) is dissolved in DCM/THF (4 mL/4
mlL), and then HOAt (440 mg, 3.2 mmol) and DCC (343 mL, 1 M in DCM) are added. After
stirring at room temperature for 20 minutes, the compound cxiii (0.96 g, 3.2 mmol) obtained
15  previously is dissolved in DCM (6.4 mL) and added to the activated mixture. After stirring
overnight at room temperature, sthe reaction mixture is filtered through Celite and compound cxiv

is purified by column chromatography (30% EtOAc/hexanes)

X

CXiv
to yield a white solid (0.8 g, 80%%).
20
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Intermediate Example 108 ~ Compound cxv

Compound cxiv (0.8 g, 2.2 mmol) is dissolved in MeOH (10 mL.), and then 2 N NaOH
(aq) (3.3 mL, 6.6 mmol) is added. The solution is stirred at room temperature overnight,
whereupon the completion of the reaction mixture is indicated by TLC (50% EtOAc/hexanes).
Acidification to pH 3 by 5 N HCI and diluted with EtOAc is followed by extraction of the organic
phase. The extracted organic phase is washed with brine and dried over MgSOj to yield

compound cxv (0.74, 95%) upon concentration.

O /’W O

CXv

Intermediate Example 109 — Compound cxvi

To a DCM solution (6 ml.) of compound cxv (0.74 g, 2.1 mmol) at room temperature is
added HOAt (290 mg, 2.1 mmol), followed by the addition of 1 M DCC solution in DCM (2.2
mL, 2.2 mmol). After stirring for 30 minutes at room temperaturé, a THF solution (10.5 mL, 0.2
M) of compound v (2.1 mmol) is added to the above HOAt-activated acid.
The reaction mixture is stirred at room temperature overnight. At this point, the reaction mixture
is filtered through celite. The filtrate is diluted with EtOAc (120 mL) and washed with water and
brine. The organic phase is dried and concentrated to a yellow oil that is purified by silica gel
chromatography (50% EtOAc/hexanes) to yield compound cxvi (0.714 g, 66%).

N
[ N w9 7
Nig N\)LE N
o _A o)
/ﬁ 0 OEt

cxvi

Intermediate Example 110 — Compound cxvii

To an EtOH solution of compound cxvi (0.7 g, 1.4 mmol) is added 2 N NaOH aqueous
solution (2 mL, 4 mmol). The reaction mixture is stirred overnight at room temperature, then
acidified to pH 3 by 5 N HCl and diluted with EtOAc is followed by extraction of the organic
phase. The extracted organic phase is washed with brine and dried over MgSO, to yield

compound cxvii (93%) upon concentration.
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N
[ N uw © ‘7
N7 N\)Lﬂ N
0O A o)
/ﬁ 0 OH

cxvii

Intermediate Ex. ample 111 — Compound cxviii

To a DCM/THEF solution (10 mL/2 mL) of compound cvii (300 mg, 0.6 mmol) is added
PyBOP (416 mg=, 0.8 mmol). The solution is stirred at room temperature for 30 minutes. To this
solution is then sadded compound xxxvi’ (200 mg, 0.8 mmol), followed by DIPEA

"1y,

H,N H
OH

o'
(0.22 mL, 1.2 mamol). The reaction mixture is stirred at room temperature overnight and then
quenched with vevater (25 mL) for 30 minutes. The mixture is then extracted with EtOAc. The
resulting organicc phase is washed with brine and dried over MgSQy,, before being concentrated to
yield a yellow o:il. Purification by silica gel chromatography (3-5% EtOH/EtOAc) yields
compound cxvii 1 (335 mg, 76%).

SUER I
Y (0]
AN Na) 1.
i w . N
| /ﬁ - 0" B OH

cxviii

Intermediate Exaample 112 — Compound cxix

To a DCM solution (10 mL) of compound cxvii (340 mg, 0.6 mmol) is added PyBOP
(470 mg, 0.9 mmmol). The solution is stirred at room temperature for 30 minutes. To this solution
is then added cozmpound xiii’ (170 mg, 0.9 mmol), followed by DIPEA (0.24 mL, 1.2 mmol). The
reaction mixtures is stirred at room temperature overnight and then quenched with water (25 mL)

for 30 minutes. The mixture is then extracted with EtOAc. The resulting organic phase is washed
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with brine and dried over MgSOy,, before being concentrated to yellow oil. Purification by silica
gel chromatography (3-5% EtOH/EtOAc) yields compound cxix (164 mg, 36%).

N
[ = H Q ‘.\7 )
N N\)L Y N N N
0o < O N H
/ﬁ O H  OH
CXIX

Intermediate Example 113 — Compound xx

N-Cbz-L-Valine (6.28 g, 25 mmol) is dissolved in DCM (30 mL). HOBT (3.38 g, 25
mmpol) and DCC (25 mL, 1 M solution) are added to this solution and stirred five minutes. L-tert-
Leucine methyl ester hydrochloride (25 mL, 1 M solution) is added to this mixture and stirred
overnight under N>. The reaction mixture is diluted with EtOAc, washed with 1 N HCI, saturated
NaHCOs3, and brine. The organic phase is dried over Na,SOy, filtered and concentrated. The
residue is chromatographically purified by 20%-30% EtOAc/hexanes to yield compound xx
(2.96g, 31%).

Intermediate Example 114 — Compound xxi
Compound xx (2.95 g, 7.8 mmol) is hydrogenated using 10% Pd/C (800 mg) in MeOH
(40 mL) under H; to yield the below corresponding free amine (1.9g, 100%).

7 A
2-Pyrazine-carboxylic acid (970 mg, 7.8 mmol) is dissolved in DCM (20 mL). PyBOP (4.06 g,

7.8 mmol) is added to this solution. The free amine (1.9 g, 7.8 mmol) in DCM (15 mL) is added
to the solution, and then DIPEA (1.36 L, 7.8 mmol) is added. The resulting mixture is stirred

ZT
o
\

o)

overnight under N,. The reaction mixture is diluted with EtOAc, and the organic phase is washed
with saturated NaHCOj; and brine. Following the concentration of the organic phase, the residue
is chromatographically purified by 30%-40% EtOAc/Hexanes to yield compound xxi (2.07g,
75.8%).
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U* J

Imtermediate Example 115 — Compound xxii
Compound xxi is hydrolyzed using MeOH (20 mL) and 1 N NaOH (3 eq) to yield

O H O
N\]/U\N N\_:/lLOH
[N/ "o AN

XXii

c-ompound xxii (1.82g, 93.9%).

Imtermediate Example 116 — Compound xxiii

Compound xxii (895 mg, 2.66 mmol) is dissolved in DCM (10 mL). DCC (3.2 mmol) is
a:dded to the solution, and then HOAt (435 mg, 3.2 mmol) is added. Compound v (3.2 mmol) in
T HF (16 mL) is then added. The resulting mixture is stirred overnight under N,. The reaction
mixture is diluted with EtOAc, filtered through silica gel, and concentrated. The resulting residue
iss chromatographically purified by 50% EtOAc/hexanes to yield compound xxiii (730 mg,
>4.8%).

Imtermediate Example 117 — Compound xxiv
Compound xxiti is hydrolyzed using EtOH (5 mL) and 1 N NaOH (1.5 eq) to yield compound
xzXiv (690 mg, 100%).

Imtermediate Example 118 — Compound cxx

Compound xxiv (245 mg, 0.52 mmol) is dissolved in DCM (3 mL). PyBOP (330 mg,
.62 mmol) is added to the solution, and then compound xiii’ (120 mg, 0.62 mmol) is added. To
thhe resulting mixture is added DIPEA (0.11 mL, 0.62 mmol). The reaction mixture is stirred

owvernight under N;. The reaction mixture is diluted with EtOAc, and the organic phase washed
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with saturated NaHCO; and brine. Following the concentration of the organic phase, the residue

1s chromatographically purified by 5% EtOH/EtOAc to yield compound cxx (220 mg, 60%).

Intermediate Example 119 — Compound xiii’
Boc-NVA-OH (24.96 g, 114.9 mmol) is dissolved in THF (200 mL). CDI (22.35, 137.8

1 f[
e

mmol) is added portion-wise to the solution, and the solution is stirred for 30 minutes. N,O-

10  Dimethylhydroxylamine hydrochloride (12.33 g, 126.4 mmol) is dissolved in DMF (50 mL) and
then DIPEA (22 mL, 126.4 mmol) is added to the solution. The DMF solution is allowed to stir at
room temperature for 20 minutes and then added to THF solution. The resulting mixture is stirred
over a weekend under N,. The reaction mixture is concentrated in vacio to 100 mL total volume.
’f‘hjs organic phase is washed with 1 N HCl, saturated NaHCO; and brine. The organic phase is

15  concentrated to yield crude compound cxxi (25.3 g).

LAH (107.3 mmol) is added to a dry 1-L round bottom flask under N in a 1 M Et,0
solution. This solution is lowered to 0°C, and then compound cxxi (97.5 mmol) is added drop-
20  wise in Et;O (100 mL). Upon completion of the addition, the resulting mixture is stirred for 30
minutes. The reaction mixture is quenched at 0°C by slowly adding EtOAc (50 mL), followed by
slowly adding a 5% KHSO, (50 mL) solution. This mixture is stirred for 30 minutes. The
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organic phase is washed with 1 N HCI, saturated NaHCO;, and brine. The organic phase is

concentrated to yield crude compound cxxii (22.28 g).

X
H
O
cxxii
5 Compound cxxii is dissolved in MeOH (100 mL.). Na,S;0, (16.82 g, 96.6 mmol) is

dissolved in water (100 mL and then added to solution of compound cxxii at 0°C. This mixture is
stored in the refrigerator (5°C) overnight. KCN (7.53 g, 115.9 mmol) in water (100 mL) is added
to reaction mixture and stirred for 1.5 hours at room temperature. The compound is extracted

with EtOAc (3x100 mL). The organic phase is washed with brine (3x50 mL.), dried over MgSOy,

10  filtered and concentrated to yield crude compound cxxiii (15.86g).

O
LS
)
. OH
CXXI

Compound cxxiii (15.86 g) is dissolved in dioxane (100 mL). Concentrated HCI (37%,
100 mL) is added to this solution followed by anisole (10 mL) and reflux is established (110°C).
15  The reaction stirred for 1.5 hours. When the reaction mixture is cooled to room temperature, the
solvent is removed in vacuo to yield a dry paste. The residue is dried overnight under high

vacuum to yield crude compound cxxiv.

H,N OH

OH
CXXiV

20 Compound cxxiv (69.6 mmol) is dissolved in DMF (60 mL) and THF (60 mL). N-
(Benzyl-oxycarbonyloxy)succinimide (17.33 g, 69.6 mmol) is added to the mixture, followed by
the addition of DIPEA (12.1 mL, 69.6 mmol). The reaction mixture is stirred overnight under N,.
The mixture is concentrated to a reduced volume (50 mL) and diluted with EtOAc. The organic
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phase is washed with 0.1 N HCI (2x100 mL) and brine to yield compound cxxv (17.5 g, 54.2%

over five steps).

LR
0] ll:l' OH
OH
XXV
5 Compound cxxv (5.66 g, 20.14 mmol) is dissolved in DCM (60 mL). PyBOP (12.57 g,

24.2 mmol) and HOBT (3.27 g, 24.2 mmol) are added to this solution and stirred five minutes.
The resulting mixture is lowered to 0°C, and then cyclopropylamine (1.67 mL, 24.2 mmol) and
DIPEA (4.2 mL, 24.2 mmol) are added. The reaction mixture is stirred overnight warming to
room temperature. The reaction mixture is washed with 0.1 N HCI, saturated NaHCOs3, and brine.

10 The organic phase is then concentrated and chromatographically purified using 70%
EtOAc/Hexanes to yield compound cxxvi (3.18 g, 49.3%).

Y

CXXvi

Compound cxxvi (3.18 g, 9.94 mmol) is hydrogenated using 10% Pd/C (600 mg) in
15 MeOH (70 mL). The reaction mixture is stirred overnight under Ho, filtered through celite and

concentrated to yield crude compound xiii’ (2.1 g, 100%).

s

Xiii'

Intermediate Example 120 — Compound cxxvii

20 N-Cbz-L-Cyclohexylglycine (3 g, 10.3 mmol) is dissolved in DCM (36 mL). HOAt (1.5
g, 11.28 mmol) and DCC (11.28 mL, 11.28 mmol) are added to this solution and stirred five
minutes. L-tert-Leucine methyl ester hydrochloride (103 mL, 1 M solution, 10.3 mmol) is added

to this mixture and stirred overnight under N,. The reaction mixture is filtered through celite,
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rinsed with EtOAc and concentrated to a residue that is purified chromatographically using 20%-
30% EtOAc/hexanes to yield compound cxxvii (2.2 g, 52%).

o)
©/\OJ\u I H\E)J\O/
/\\

Intermediate Example 121 — Compound Ixxix’
Compound cxxvii (2.2 g, 5.2 mmol) is hydrogenated using 20% Pd(OH),/C (1 g) in
MeOH (15 mL) under H; to yield compound Ixxix’ (1.4 g, 98%).

H,N

Ixxix'

Intermediate Example 122 — Compound lxxx

2-Pyrazinecarboxylic acid (360 mg, 2.9 mmol) is dissolved in DCM (10 mL). PyBOP
(1.81 g, 3.5 mmol) is added to the solution. Compound 1xxix’ (825 mg, 2.9 mmol) in THF (10
mL) is then added to the solution, followed by the addition of DIPEA (0.5 mL, 2.9 mmol). The
resulting mixture is stirred overnight under N,. The reaction mixture is diluted with EtOAc, and
the organic phase washed with saturated NaHCO; and brine. The residue resulting from the

concentration of the organic phase is chromatographically purified by 30% EtOAc/Hexanes to
yield Compound 1xxx (780 mg, 69%).

Intermediate Example 123 — Compound Ixxxi
Compound Ixxx is hydrolyzed using MeOH (10 mL) and 1 N NaOH (3 eq) to yield

compound 1xxxi (615 mg, 81.8%).

Intermediate Example 124 — Compound Ixxxii

Compound Ixxxi (610 mg, 1.6 mmol) is dissolved in DCM (10 mL). DCC (1.94 mL, 1.94
mmol) is then added to the solution, followed by the addition of HOAt (270 mg, 1.94 mmol}).
Compound v (1.94 mmol) in THF (19.4 mL) is then added to the solution. The resulting mixture
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is stirred over two nights under N,. The reaction mixture is diluted with EtOAc, filtered through
silica gel, and concentrated. The resulting residue is purified chromatographically by 40%
EtOAc/hexanes to yield compound Ixxxii (450 mg, 83.4%).

Intermediate Example 125 — Compound Ixxxiii
Compound Ixxxi is hydrolyzed using EtOH (10 mL) and 1 N NaOH (3 eq) to yield
compound Ixxxiii (650 mg, 99%).

Intermediate Example 126 — Compound cxxviii

Compound Ixxxiii (400 mg, 0.78 mmol) is dissolved in DCM (5 mL). PyBOP (610 mg,
1.2 mmol) is added to the solution, followed by Compound xiii’ (230 mg, 1.2 mmol). To the
resulting mixture is added DIPEA (0.2 mL, 1.2 mmol). The reaction mixture is stirred overnight
under N,. The reaction mixture is diluted with EtOAc, and the organic phase washed with
saturated NaHCO; and brine. Following the concentration of the organic phase, the residue is
chromatographically purified by 100% EtOAc to 5% EtOH/EtOAc gradient to yield compound
cxxviii (365 mg, 68.7%).

cxxviii

Intermediate Example 127 — Compound cxxx
Compound Ixxxiii (365 mg, 0.7 mmo}) is dissolved in DCM (5 mL). PyBOP (440 mg,
0.84 mmol) is added to the solution, followed by the addition of compound cxxix (0.84

O
i NJY
OH _

CXXiX
mmol) in THF (8.4 mL). To the resulting mixture is added DIPEA (0.1 mL, 0.84 mmol). The

reaction mixture is stirred overnight under N,. The reaction mixture is diluted with EtOAc, and
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the organic phase is washed with satutrated NaHCO; and brine. Following the concentration of
the organic phase, the resulting residue is chromatographically purified by 100% EtOAc to yield
compound cxxx (350 mg, 70%).

Intermediate Example 128 — Compound cxxxi

Compound cxxv (2.54 g, 9.05 mmol) is dissolved in DCM (30 mL). PyBOP (5.65 g, 10.9
mmol) and HOBT (1.47 g, 10.9 mmol) are added to the solution and stirred five minutes. The
resulting mixture is lowered to 0°C, whereupon (S)-(+)-3-Methyl-2-butylamine (1.27 mL, 10.9
mmol) and DIPEA (1.9 mL, 10.9 mmol) are added. The reaction mixture is stirred overnight with
warming to room température. The organic phase is washed with 0.1 N HCl, saturated NaHCO;
and brine. Following the concentration of the organic phase, the resultant residue is

chromatographically purified by 30% EtOAc/hexanes to yield compound cxxxi (1.44 g, 45.5%).

LS
S
OH

CXXXi

Intermediate Example 129 — Compound cxxix

Compound cxxxi (1.3 g, 3.7 mmol) is hydrogenated using 10% Pd/C (500 mg) in MeOH
(40 mL). The reaction mixture is stirred overnight under H,. The reaction mixture is filtered
through celite and the organic phase concentrated to yield crude compound cxxix (800 mg,

100%).
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Intermediate Example 130 — Compound cxxxiv

Compound cxxxii (1.6 g, 3.7 mmol) is dissolved in MeOH (12 mL). After thoroughly

0
CszN\_/U\N\/éro/
:  H 0

Cxxxii
flushing with N2, 10 wt% Pd(OH), on carbon (0.74 g) is added and the mixture is hydrogenated
overnight, whereupon a complete reaction mixture is shown by TLC (30% EtOAc/hexanes). The
solution is isolated from solid material by filtration and concentrated to yield compound cxxxiii as

colorless oil (100%) that is used in the next

0
HZN\_)LN\/QO/
: H A

CxXxxiii
step without further purification. 2-Pyrazinecarboxylic acid (400 mg, 3.2 mmol, 1.1 eq)
is dissolved in DCM/THF (4mL/4 mL.), and then HOAt (440 mg, 3.2 mmol) and DCC (3.3 mL, 1
M in DCM) is added. After stirring at room temperature for 20 minutes, compound cxxxiii (0.96
g, 3.2 mmol) obtained previously is dissolved in DCM (6.4 mL) and added to the activated
mixture. After stirring over 2 days at room temperature, the reaction mixture is filtered through
Celite, and concentrated to a residue that is purified by column chromatography (50%
EtOAc/hexanes) to yield compound cxxxiv as a white solid (1.06 g, 83%).
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CXXXiv

Intermediate Example 131 — Compound cxxxv

Compound cxxxiv (1.06 g, 2.6 mmol) is dissolved in MeOH (10 mL), and then 2 N
NaOH (aq) (4 mL, 8 mmol) is added. The solution is stirred at room temperature overnight,
whereupon the completion of the hydrolysis is indicated by TLC (50% EtOAc/hexanes). The
solution is acidified to pH 3 by 5 N HC], diluted with EtOAc and then the organic phase is
extracted. The extracted organic phase is washed with brine and dried over MgSO, to yield

compound cxxxv (100%}) upon concentration.
I kS
N/]\”/N\:_/(Lu OH
0] 8 O

CXXXV

Intermediate Example 132 — Compound cxxxvi

To a DCM solution (8 mL) of compound cxxxv (1.44 g, 3.7 mmol) at room temperature
is added HOAt (500 mg, 3.7 mmol), and then 1 M DCC solution in DCM (3.7 mL, 3.7 mmol) is
added. After stirring for 30 minutes at room temperature, a THF solution (18.5 mL, 0.2 M ) of
compound v (3.7 mmol) is added to the above HOAt-activated acid. The reaction mixture is
stirred at room temperature overnight. The reaction mixture is filtered through Celite. The
filtrates are diluted with EtOAc (120 mL) and washed with water and brine. The organic phase is
dried and concentrated to yield yellow oil that is purified by silica gel chromatography (70%
EtOAc/hexanes) to yield compound cxxxvi (1 g, 71%).

(s
o \O o 5 o\\

CXxXXvi
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Intermediate Example 133 — Compound cxxxvii

To an EtOH solution (8 mL) of compound cxxx.vi (1 g, 1.8 mmol) is added 2 N NaOH
aqueous solution (2.7 mL, 5.4 mmol). The reaction mix:ture is stirred overnight at room
temperature, then acidified to pH 3 by 5 N HCI, diluted with EtOAc, and then the organic phase is
extracted. The extracted organic phase is washed with torine and dried over MgSO; to yield

compound cxxxvii (88%) upon concentration.

N
[ T un 9 ‘7
NZ N\/u\}:} N
) \O ) o7 “OH

CXXXVii

Intermediate Example 133 — Compound cxxxviii

To a DCM solution (10 mL) of compound cxxoavii (350 mg, 0.6 mmol) is added PyBOP
(450 mg, 0.86 mmol). The solution is stirred at room tezmperature for 30 minutes. To this
solution is then added compound xiii’ (160 mg, 0.86 mrmol) followed by DIPEA (0.23 mL, 1.3
mmol). The reaction mixture is stirred at room temperaature overnight and then quenched with
water (25 mL) for 30 minutes. The mixture is then extr-acted with EtOAc. The extracted organic
phase is washed with brine and dried over MgSO,, befonre being concentrated to yield yellow oil.

Purification by silica gel chromatography (5% EtOH/Et=OAc) yields compound cxxxviii (407 mg,

88%).
N
[N,lwnj,;ﬁ(@‘w LS

O : A (@] N }Nl
U O H OH

exxxviil

Intermediate Example 134 — Compound cxxxix

5-Methylisoxazole-3-carboxylic acid (200 mg, 2.05 mmol) is dissolved in DCM (5 mL).
PyBOP (1.07 g, 2.05 mmol) is added to the solution. Ccompound 1xxix’ (582 mg, 2.05 mmol) in
DCM (5 mL) is added to the solution, followed by the aaddition of DIPEA (0.36 mL, 2.05 mmol).
The resulting mixture is stirred overnight under N,. Th_e reaction mixture is diluted with EtOAc,

and the organic phase washed with saturated NaHCO; zand brine. The organic phase is
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concentrated, and the resultant residue is purified chromato-graphically by 30% EtOAc/hexanes
to yield Compound cxxxix (495 mg, 61.4%).

Tas.

CXXXIX

5 Intermediate Example 135 — Compound cxxxx
Compound cxxxix is hydrolyzed using MeOH (10 mL)) and 1 N NaOH (3 eq) to yield

compound cxxxx (430 mg, 90%).

e

10  Intermediate Example 136 — Compound cxxxxi
Compound cxxxx (380 mg, 1 mmol) is dissolved in DCM (5 ml.). DCC (1.2 mmol) is
then added to the solution, followed by the addition of HOAt (165 mg, 1.2 mmol). Compound v
(1.2 mmol) is then added in THF (12 mL). The resulting mixture is stirred overnight under N».
The reaction mixture is diluted with EtOAc, filtered through silica gel, and concentrated. The
15  resultant residue is chromatographically purified by 35% EtOAc/hexanes to yield compound

cxxxxi (320 mg, 58%).
Intermediate Example 137 — Compound cxxxxii

CXXXXi
20 Compound cxxxxi is hydrolyzed using EtOH (10 mL) and 1 N NaOH (3 eq) to yield

compound cxxxxii (730 mg, 94.3%).
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Intermedi. ate Example 138 — Compound cxxxxiii

Clompound cxxxxii (240 mg, 0.46 mmol) is dissolved in DCM (5 mL). PyBOP (295 mg,
5  0.56 mmol) is then added to the solution, followed by the addition of Compound xiii’ (110 mg,
0.56 mmool). To the resulting mixture is added DIPEA (0.1 mL, 0.56 mmol). The reaction
mixture iss stirred over two nights under N,. The reaction mixture is diluted with EtOAc, and the
organic p-hase washed with saturated NaHCOs and brine. Following the concentration of the
organic p-hase, the resultant residue is chromatographically purified by 90% EtOAc/hexanes to
10  yield Cormpound cxxxxiii (168 mg, 53%).

CXxxiii

Intermed3ate Example 139 - Compound cxxxxiv
0 a solution of NaOH (2N, 42.1 mL, 84.2 mmol) at 5 °C is added L-alanine (5.00 g, 56.1
15 mmol). sAfter stirring for 10 minutes, methyl chloroformate (6.5 mL, 84.2 mmol) and NaOH (2
N, 42.1 omL, 84.2 mmol) are added dropwise simultaneously. The solution is stirred in ice bath
for 2 houars, then at room temperature for 1 hour. The mixture is washed with EtO (2 x 50 mL),
the aquecus layer is neutralized to pH ~2 with 5 N HC], and extracted with EtOAc (3 x 50 mL).
The extraacted organic phase is washed with brine, dried by MgSO, and concentrated to yield
H o)
/O\n/N\_/U\ on
0]

20 compoumd cxXxxxiv, CXXXXIV

Hae

N-carbormethoxy-L.-alanine, (4.54 g, 54%) as colorless oil.
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Intermediate Example 140 ~ Compound cxxxxvi

A solution of compound cxxxxv (3.57 g, 9.44 mmol) in THF at 5 °C is treated with HOAt

(@] /I\ O

CXXXXV
(1.28 g, 9.44 mmol), and then DCC (9.50 mL, 9.50 mmol) is added. After stirring in ice bath for
45 minutes, a solution of compound v (104 mL, 10.4 mmol) in THF is added. The mixture is
stirred at room temperature overnight. The mixture is cooled to 5 °C and quenched with saturated
NaHCO;. After filtration to remove the precipitated DCU, the mixture is dissolved in EtOAc
(100 mL), washed with saturated NaHCO3, brine, and then dried by MgSO, and concentrated to a
residue purified by silica column chromatography (25% EtOAc/Hexanes) to yield compound

el

cxxxxvi (2.91 g, 57%) as gummy foam.

S

CXXXXVi

Intermediate Example 141 — Compound cviii

To a solution of compound cxxxxvi in MeOH (25 mL) cooled by an ice bath under a
stream of N, is added slowly Pd/C. The mixture is hydrogenated at 1 atm overnight. The catalyst
is removed by filtration, the filtrate is combined with 5 mL. DMF and dried under vacuum to yield

compound cviii.

Intermediate Example 142 — Compound cxxxxvii

To a solution of compound cxxxxiv (0.298 g, 2.03 mmol) and HOAt (0.276 g, 2.03
mmol) in THF cooled in ice bath is treated with DCC (2.05 mL, 2.05 mmol). After stirring in an
ice bath for 0.5 hour, a solution of compound cviii in THF is added, and then DIPEA (0.39 mL,
2.2 mmo]) is added. The mixture is stirred at room temperature overnight, then cooled in an ice

bath, and quenched with saturated NaHCO;. The precipitated DCU is filtered and the filtrate is
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dissolved in EtOAc (100 mL). The organic phase is washed with saturated NaHCOs, brine, and
then dried by MgSO,. After removal of the organic solvent, the residue is.purified by silica
column chromatography (60% EtOAc/Hexanes) to yield compound cxxxxvii (0.47 g, 48%) as

gummy foam.
H 0
\O/U\N N\_/U\N
H o /T\ H
CXXXXVii

Intermediate Example 143 — Compound cxxxxviii

To a solution of compound cxxxxvii (0.47 g, 0.847 mmol) in EtOH (5 mIlJ) at5°Cis
added NaOH (2 N, 1.31 mL, 2.62 mmol). The mixture is stirred at room temperature for 4 hours.
The solution is acidified to pH ~2 with HCI (1N) and the EtOH is removed by rotary evaporation.
The mixture is extracted with EtOAc (3x30 mL) and the combined extract is washed with brine,
and then dried by MgSO,. The solvent is removed and the residue is dried under vacuum to yield

compound cxxxxviii (0.366 g, 82%) as gummy foam.

o 1 4 9 S
H : H OH
A~ %4

CXXXXViii

Intermediate Example 144 — Compound cil

A solution of compound cxxxxviii (0.366 g, 0.718 mmol) in DCM is cooled in an ice bath
and treated with PyBop (0.599 g, 1.15 mmol). After stirring at room temperature for 0.5 hour, the
mixture is cooled by an ice bath and treated with a solution of compound xiii’ (0.200 g, 1.08
mmol) in THF and DIPEA (0.250 mL, 1.44 mmol). The mixture is stirred at room temperature
overnight and then quenched with NH,CI solution. The solvent is concentrated and the mixture is
dissolved in EtOAc (100 mL). The organic phase is washed with saturated NaHCO, brine, and
then dried by MgSO,. After removal of the organic solvent, the residue is purified by column
chromatography (5% EtOH/EtOAc) to yield compound cil (0.35 g, 72%)
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Intermediate Example 145 — Compound cxxi

To a THF solution (85 mL) of N-Boc-Nva-OH (compound 1) (8.68 g, 40 mmol) is
added CDI (7.79 g, 48 mmol). After stirring at room temperature for 30 minutes, the above
solution is treated with a DMF solution (25 mL) containing N,O-dimethyl-hydroxylamine
hydrochloride (4.25 g, 44 mmol) and DIPEA (7.66 mL, 44 mmol). The reaction mixture is stirred
overnight at room temperature. The reaction mixture is then concentrated in vacuo. The resulting
residue is diluted with EtOAc (300 mL). This solution is washed sequentially with 0.1 N HCI (50
mL), saturated NaHCO3 (3 x 50 mL) and brine. The organic phase is concentrated in vacuo to
yield a residue that is purified with silica gel chromatography (40% EtOAc/Hexanes) to
compound cxxi (9.38 g, 94%).

Intermediate Example 146 — Compound cxxii

To a diethyl Et,O solution (50 mL) of compound cxxi (9.38 g, 31.9 mmol) cooled to 0°C is
added (slowly) LAH(34.7 mL, 1 M, 34.7 mmol). The temperature of the reaction flask is
maintained below 5 °C during LAH addition. Upon completion of the addition, EtOAc (20 mlL) is
added to the reaction to quench the excess LAH. Aqueous KHSO, (5%, 20 mL) is then added in a
dropwise fashion in order to keep the temperature below 5 °C. The 6rganic phase is separated and
then washed sequentially with 1 N HCI (3 x 30 mL), saturated NaHCOs (3 x 30 mL) and brine.
The organic phase is concentrated and dried in vacuo to yield crude compound cxxii (5.18 g,
69%).

Intermediate Example 147 — Compound cl

To a THF (25 mL) suspension of Zn (2.75 g, 42 mmol) is added at reflux 0.2 mL of
EtOC(O)CE,Br. This is followed by slowly adding a THF solution (25 mL) of compound cxxii
(3.05 g, 15.0 mmol) and EtOC(O)CF,Br (4.84 mL, 37.5 mrool). Upon completion of the addition

of both reagents, the reaction mixture is further refluxed for 30 minutes. The reaction mixture is
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cooled to room temperature and diluted with DCM (200 mL). The organic phase is washed with
1 NKHSO;. The organic phase is concentrated and dried in vacuo to yield a residue that is
purified by silica gel chromatography (20% EtOAc/Hexane) to yield compound cl (2.78 g, 57%).

OH O
BocHN
FF ]

cl

This preparation is essentially the same as that disclosed by Thaisrivongs et al., J. Med. Chem.,
29, 2080-2087 (1986).

Intermediate Example 148 — Compound cli
A THF solution (40 mL) of compound ¢l (2.78 g, 8.53 mmol) is treated with 1 N NaOH (12.8
mL, 12.8 mmol). After stirring at room temperature overnight, the solvent is partially removed in
vacuo. The remaining reaction mixture is diluted with water (50 mL) and lyophilized to yield
crude compound cli (2.82 g, >100%) as its sodium salt.
OH O

B
ocHN\M ONa
FF

cli

This preparation is essentially the same as that disclosed by Thaisrivongs et al., J. Med. Chem.,
29, 2080-2087 (1986).

Intermediate Example 149 — Compound clii

A DCM solution (10 mL) of the crude compound cli (516 mg, 1.61 mmol) is treated with
HOBT (436 mg, 3.23 mmol) and DIC (0.328 mL, 2.09 mmol). After stirring at room temperature
for 30 minutes, the reaction mixture is treated with a DCM solution (5 mL) containing glycine
benzylester-TsOH salt (815 mg, 2.42 mmol) and DIPEA (0.422 mL, 2.42 mmol). After stirring at
room temperature for 12 hours, the reaction mixture is quenched with water and extracted with
EtOAc. The organic phase is dried and concentrated in vacuo and purified by silica gel

chromatography (40% EtOAc/hexanes) to yield compound clii (495 mg, 69%).
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'HNMR of compound clii (400 MHz, CDCl;): 6 7.29-7.21 (m, SH), 5.16 (bs, 2H), 4.89 (bs, 1H),
4.20-3.90 (m, 4H), 3.80 (bs, 1H), 1.75-1.42 (m, 4H), 1.38 (s, 9H), 0.87 (m, 3H).

OH O

BocHN
PPN N"CO,Bn
FF H

clii

5 Starting from crude compound cli, compounds cliii (83%) and cliv (50%) are prepared in an
identical method to that described for compound clii.
'H NMR of compound cliii (400 MHz, CDCl,): § 7.49 (bs, 1H), 7.34-7.24 (m, 5H), 5.13
(AB q,] =122 Hz, J’ =23.9 Hz, 2H), 4.88 (bd, J = 8.8 Hz, 1H), 4.53 (m, 1H), 3.98-3.91 (m, 2H),
3.82 (m, 1H), 1.65-1.20 [m, 16H, including singlet at 1.37 (9H)), 0.86 (t, J = 7.3 Hz, 3H).

OH O Me
BN N~ >COo,Bn
: FF H
10 \ cliii |
'"H NMR of compound cliv (400 MHz, CDCls): § 7.60-7.0 (m, 10H), 5.30-5.00 (m, 2H), 5.00-
4.75 (m, 2H), 4.15-3.70 (m, 3H), 3.30-3.00 (m, 2H), 1.75-1.20 [m, 13H, including singlet at 1.36
(9HD], 0.86 (bs, 3H).
OH O
BocHN
Y CO.B
! FF N 0280
cliv
15

Intermediate Example 150 — Compound clv
To a DCM (10 mL) and THF (5 mL) solution of the crude compound cli (1 g, 3.13 mmol) is
added HOBT (634 mg, 4.69 mmol) and EDCI (781 mg, 4.07 mmol), and then (s)-0-
methylbenzylamine (0.604 mL, 4.69 mmol). The reaction mixture is stirred overnight at room
20 temperature and then quenched with water. The reaction mixture is extracted with EtOAc. The
organic phase is washed with brine and dried by Na,SO,. The organic phase is concentrated in

vacuo to yield a residue that is purified by silica gel chromatography (20% EtOAc/hexanes) to
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yield compound clv (459 mg, 37%). 'H NMR of compound clv(400 MHz, CDCL,): § 7.32-7.21
(m, 6H), 5.00 (m, 1H), 4.75 (m, 1H), 3.94 (m, 2H), 3.70 (m, 1H), 1.65-1.15 [m, 16H, including
doublet at 1.51 (J=6.8 Hz, 3H), singlet at 1.39 (9H)}, 0.82 (m, 3H).

OH O Me
BocHN g
: FF

)

N
H

clv

Intermediate Example 151 — Compound clvi
Compound clv (220 mg, 0.55 mmol) is dissolved in 4 N HCI in dioxane (10 mL). The
reaction mixture is stirred at room temperature for 2 hours and then concentrated in vacuo to give
10 the crude compound clvi (~100%) as its HCI salt.

OH O Me
HOIHN. N
FF H

clvi

Following the procedure described for preparing compound clvi, compounds clvii, clviii, and

clix are prepared in almost quantitative yield from the crude compound cli.

15
OH ©O
HCI-H,N
RN N~ Co,Bn
: FF H
\ clvii
OH O Me
HCI-H,N
; CO,B
S

clviii
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OH O

wn I
HCI 2 H {:J{ COan

FF

clix

Intermediate Example 152 ~ Compound cix

A DCM solution (4 mL) of the HCI salt of compound vii (96 mg, 0.144 mmoMR) is treated with
PyBOP (120 mg, 0.23 mmol) and DIPEA (0.1 mL, 0.576 mmol). After stirring at- room
temperature for 30 minutes, the solution is treated with a THF solution (4 mL) comtaining
compound clv (0.288 mmol) and DIPEA (0.2 mL, 1.152 mmol). The reaction mi—Xture is stirred at
room temperature overnight. The reaction mixture is then diluted with EtOAc (50 mL), and the
organic phase then washed with NaHCO; and brine. The organic phase is concemmtrated in vacuo
and the residue purified by silica gel chromatography (80% EtOAc/hexanes) to ymeld compound
clx (113 mg, 89%).

i

Illt

N?“ M )\@

Intermediate Example 153 — Compound clxi

A DCM solution (6 mL) of compound vii (140 mg, 0.235 mmol) is treate=d with PyBOP
(196 mg, 0.376 mmol) for 30 minute.;,. A THEF solution (6 mL) of compound clvzi (~0.47 mmol)
and DIPEA (0.327 mlL,, 1.88 mmol) is then added to the above solution. The reacction mixture is
stirred at room temperature overnight and quenched with water (30 minutes). Tlae reaction
mixture is extracted with EtOAc (50 mL). The organic phase is washed with Na_HCO; and brine.
The combined aqueous layers are back extracted with EtOAc (50 mL). The comabined organic
phases are dried and concentrated in vacuo. The resultant residue is purified by ssilica gel

chromatography (80-100 EtOAc/hexanes) to yield compound clxi (104 mg, 48%-).
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Intermediate Example 154 —~ Compound clxii

To a DCM solution (10 mL) of compound clxi (280 mg, 0.304 mmol) is added DMP
reagent reagent (193 mg, 0.456 mmol). The reaction mixture is stirred at room temperature for 3
hours and quenched with 10% Na,SO;. The organic phase is washed with NaHCOj; and brine.
The resulting organic phase is dried and concentrated ir vacuo to yield a residue that is purified
with silica gel chromatography (80-100% EtOAc/hexanes) to yield compound clxii (271 mg,
97%).

N @)
[/'l L0 LN

clxii

Intermediate Example 155 — Compound clxiii

Compound 1xxxiii (220 mg, 0.43 mmol) is taken up in DCM (5 mL). PyBOP (270 mg,
0.51 mmol) is added to the DCM solution and stirred 5 minutes. Compound xxxvi’ (0.51 mmol)
in THF (5.1 mL) is added drop-wise to this solution. DIPEA (0.09 mL, 0.51 mmol) is added to
reaction mixture and stirred overnight under N». The next day, the reaction mixture is diluted
with EtOAc, washed with saturated NaHCO,, washed with brine. Purification by 70% to 90%
EtOAc/Hexane gradient yields compound clxiii (180 mg, 56%).
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Intermediate Example 156 — Compound clxiv

Compound cxxv (2.09 g, 7.4 mmol) is taken up in D*CM (20 mL). PyBOP (4.64 g, 8.9
5 mmol) and HOBt (1.2 g, 8.9 mmol) are added to this solutiomn and stirred five minutes. The

0O

Yy

Iz

Fés

clxiii

resulting mixture is lowered to 0°C where S(-)-o-Methylben=zylamine (1.15 mL, 8.9 mmol) and
DIPEA (1.55 mL, 8.9 mmol) are added. The reaction is stirr—ed overnight with warming to room
temperature. The reaction mixture is washed with 0.1 N HCCJ, sat NaHCOs, and brine.
Purification by 30% EtOAc/Hexanes yields compound clxiv= (1.6 g, 56.3%).

O 6]

J

OH

10 clxiv

Intermediate Example 157 — Compound xxxvi’
Compound clxiv (1.48 g, 3.8 mmol) is hydrogenate~d using 10% Pd/C (300 mg) in MeOH
15 (50 mL). The reaction mixture stirred overnight under H,. The reaction mixture is filtered

through celite and concentrated to give compound xxxvi’ (895 mg, 94.2%).

Intermediate Example 158 — Compound clxvi:
To a DCM solution (15 mL) of compound clxv (2 g, 8.2 mmol) is added HOAt (1.34 g,

BocHN

20 cixv
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9.84 mmol) and DCC (9.84 mL, 1 M, 9.84 mmol). After stirring at room temperature for 20
minutes, a THF solution (9.84 mL) containing tert-L-Leucine methyl ester-hydrochloride (9.84
mmol) and DIPEA (1.72 mL, 9.84 mmol) is added to the above solution. Then DMAP (1 g, 8.2
mmol) is added at room temperature. The reaction is stirred at room temperature overnight.
Following standard aqueous Work—up and silica gel chromatography (20% EtOAc/Hexanes),
compound clxvi (1.75 g, 58%) is obtained.

Intermediate Example 159 — Compound clxvii:

To a THF solution (35 mL) of compound clxvi (1.75 g, 4.73 mmol) is added 4 N HCl
solution in dioxane (11.8 mL, 47.3 mmol). The reaction is stirred at room temperature overnight.
At this point, the solvent is removed under reduced pressure to yield crude clxvii (~100%), which

is redissolved in DMF and used directly in the next reaction.

ZT

HCI-H,NN Y O
O
clxvii

Intermediate Example 160 — Compound clxviii:

To a DCM solution (15 mL) containing 2-pyrazinecarboxylic acid (447 mg, 3.6 mmol),
PyBOP (1.87 g, 3.6 mmol) is added a DMF solution (15 mL) of compound clxvii (811 mg, 3
mmol). To the resulting mixture is then added DIPEA (0.63 mL, 3.6 mmol). The reaction is
stirred overnight at room temperature and then quenched with water. The reaction mixture is
extracted with EtOAc. The organic layer is washed with brine and concentrated in vacuo to
provide a residue that is purified by silica gel chromatography (40% EtOAc/Hexanes) to yield
compound clxviii (0.93 g, 82%). ’
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clxviii

Intermediate Example 16 1 — Compound clxix:
To a MeOH solut _ion (10 mL) of compound clxviii (0.93 g, 2.47 mmol) is added 2 N
5 NaOH (3.71 mL, 7.41 mnmol). The reaction is stirred at room temperature overnight. Then the
reaction is acidified to pHl 3 using 1 N HCI. The reaction is diluted with EtOAc (75 mL), and
washed with water and br-ine. The organic layer thus obtained is dried and concentrated in vacuo

to give compound clxix (—100%).

U*Tr

clxix

10
Intermediate Example 1682 — Compound clxx:
A DCM solution (10 mL) of compound clxix (2.47 mmol) is treated with HOAt (436 mg,
3.21 mmol) and DCC (3. 2mL, 1 M, 3.2 mmol). After stirring for 30 minutes, the reaction
. mixture is treated with a " THF solution (13.6 mL) of compound v (499 mg, 2.72 mmol). After
15  stirring at room temperat-ure overnight, white solids (urea) are filtered. The filtrates are
concentrated in vacuo to give a residue that is purified by silica gel chromatography to yield
compound clxx (0.99 g, “76%).
20 Intermediate Example 1463 — Compound clxxi:

An EtOH soluticon (20 mL) of compound clxx (0.99 g, 1.88 mmol) is treated with 2 N

ZT
Illl<

clxx

NaOH (2.81 mL, 5.63 nmol). After stirring at room temperature overnight, the reaction mixture
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is acidified to pH 3 with 1 N HCl. The reaction mixture is extracted with EtOAc (75 mL). The

organic layer is dried and concentrated ir vacuo to give compound clxxi (772 mg, 82%).

N o) y 0
PRSP
N" "o

OH

o)

clxxi

Intermediate Example 164 ~ Compound clxxi:

A DCM solution (10 mL) of compound cixxi (290 mg, 0.58 mmol) is treated with PyBOP
(484 mg, 0.93 mmol). After stirring at room temperature for 20 minutes, the reaction mixture is
treated with a THF solution (7.5 mL) of compound xiii’ (140 mg, 0.75 mmol), followed by
DIPEA (0.13 mL, 0.75 mmol). After stirring overnight at room temperature, the reaction is
quenched with water and extracted with EtOAc. The resulting organic layer is washed with brine
and dried and concentrated in vacuo. The resulting residue is purified by silica gel
chromatography (5% EtOH/EtOAc) to yield compound clxxii 290 mg (75%).

Intermediate Example 165 — Compound clxxiv:
Compound Ixxxiii (600 mg, 1.17 mmol) is taken up in DCM (4 mL). PyBOP (670 mg,
1.3 mmol) is added, stirred five minutes, and cooled to 0°C. Compound clxxiii (333 mg, 1.3

0
H,N N
oy H
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mmcd]) in THF (13 mL) is added drop-wise to this solution. DIPEA (0.23 ml, 1.3 mmol) is added
to re=action mixture and allowed to warm to ambient temperature with stirring for two nights. The
next: day, the reaction is concentrated and purified by 2% EtOH/EtOAc to give crude compound
chxxziv (900 mg, excess of 100%).

Inteermediate Example 166 — Compound clxxxv:

Compound cxxv (3.01 g, 10.7 mmol) is taken up in DCM (30 mL) and the temperature
lowwvered to ~78 C. PyBOP (6.1g, 11.7 mmol) and HOBT (1.58 g, 11.7 mmol) are added to this
sol-ution followed by (S)-(+)-1-cyclohexylethylamine, compound clxxv, (1.74 mL, 11.7 mmol)
anc] DIPEA (2.1 mL, 11.7 mmol). The resulting mixture stirred overnight at room temperature.
Thse next day, the reaction mixture is diluted with EtOAc, washed with
0.1L. N HC], saturated NaHCOs, and brine. The product is purified in 40% EtOAc/Hex to give 2 g
(4~ .8%) of compound clxxvi.

O Q | |
O/U\N N
@ " oH HJ\O

clxxvi

Instermediate Example 167 — Compound clxxiii:
Compound clxxvi (2 g, 5.13 mmol) is hydrogenated using 10% Pd/C (500 mg) in MeOH
(40mL). The reaction mixture stirred overnight under H,. The reaction mixture is filtered

th-rough celite and concentrated to give compound clxxiii (1.31 g, 99.8%).

Inutermediate Example 168 — Compound clxxix:
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In a round bottom flask under inert atmosphere, compound clxxvii [(S)-(-)-2-0xo0 1,5

H
N

Oﬁ& |

N

O=( )-OH
0o

o

clxxvii
imidazoline dicarboxylic acid 1-benzyl ester] (290 mg, 1.1 mmol) is dissolved in anhydrous
5 DMF (6 mL). HOAt (151 mg, 1.2 mmol) is added and the reaction is stirred at room temperature

for 25 minutes. The reaction is then cooled down in an ice bath . DIC (0.2 mL, 0.16 g, 1.2 mmol)
is then added followed by the addition of compound clxxviii (1 mmol, 435 mg.) in anhydrous
DMF (4 mL). The reaction is allowed to rise slowly to room temperature and stirred for 2 days.
The reaction is then dumped in a separatory funnel containing 120 mL of EtOAc and washed 2X

10 with 1 N HC1 (50 mL) and 1X brine. The organic layer is separated, dried over MgSO,. The
solvent evaporated under reduced pressure and the residue purified by chromatography on silica
gel (load in DCM and elute with 30% then 50% EtOAc/DCM then 2% MeOH/EtOAc) to yield
product clxxix (434 mg, 64%).

Oyﬁ \j\ ‘\w
H Y
& o

clxxix
15

Intermediate Example 169 — Compound cIxxx:
The starting material clxxix (434 mg, 0.64 mmol) is dissolved in Dioxane (6 mL ) and 0.5
20 M aqueous NaOH solution (4 mL, 3 eq.). The reaction is run overnight. TLC in 100% EtOAc

(using PMA stain) shows in addition to the expected acid product at the origin, a faster running
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product. The reaction mixture is acidified to pH 2 with 1 N HCI, and then extracted 2X with
EtOAc. Solid NaCl is added to the aqueous solution to facilitate the extraction. The organic
extracts are then combined, dried over MgSO, and evaporated under reduced pressure. MS
indicates that the CBZ group is removed by the hydrolysis. The resulting compund clxxx

(quantitative yield) is used as is in the next step.

H o
0 ﬁ
HOY SN
0 O 0 o OH

clxxx

Intermediate Example 170 — Cor.npound clxxxi:

In a round bottom flask under inert atmosphere, compound clxxx (279 mg, 0.54 mmol) is
dissolved in anhydrous DMF (6 mL). HOAt (82 mg, 0.65 mmol) is added and the reaction is
stirred at room temperature for 25 minutes. The reaction is then cooled down in an ice bath. DIC
(0.11 mL, 0.65 mmol) is then added, followed by the addition of compound xiii’ (0.7 mmol) in
anhydrous DMF (4 mL). The reaction is allowed to rise slowly to room temperature and stirred
for 21 hours. The reaction is then dumped in a separatory funnel containing 120 mL of EtOAc
and washed 2X with 1 N HC] (50 mL) and 1X brine. The organic layer is separated, dried over
MgSO4. The solvent evaporated by reduced pressure and the product cleaned by chromatography
on silica gel (load in DCM and elute with 50% EtOAc/Hexane, then 3% MeOH/EtOAc, then 20%
EtOH/EtOAc). After removal of solvent, the residue is redissolved in Dri Solv THF and filtered

to remove any silica gel. Removal of the solvent then yields compound clxxxi (434 mg, 64%

yield).
H
®) N &
P TE R Ine
H N T N N H 9H oy
O/ = H 0o ) N\/l\r(N
SRR

chxxxi
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Intermediate Example 171 — Compound clxxxiii:
In a round bottom flask under inert atmosphere, 6-hydroxy picolinic

1

0~ N "COOH
H

(153 mg, 1.1 mmol) is dissolved in anhydrous DMF (6 mL). HOAt (151 mg, 1.2 mmol) is added
and then thereaction is stirred at room temperature for 25 minutes. The reaction is then cooled
down in an ice bath. DIC (0.2 mL, 0.16 g, 1.2 mmol) is then added followed by the addition of
the compound cixxxii (1.0 mmol, 435 mg.) in anhydrous DMF (4 mL). The

o 7
HZN\:/U\ N\/E(l\%
: H 0
o)
O o —

reaction is allowed to rise slowly to room temperature and stirred for 2 days. The reaction is then

dumped in a separatory funnel containing 120 mlL of EtOAc and washed 2X with 1 N. HCl1 (50

clxxxii

mL) and 1X with brine. The organic layer is separated, dried over MgSO,. The solvent is
evaporated by reduced pressure and the product purified by chromatography on silica gel (load in
DCM, elute with 30%, then 50% EtOAc/DCM, and then 2% MeOH/EtOAc) to yield compound
clxxxiii collected (314 mg, 56%).

A~ W,
| N N :
07N c N
H 5 O o o? ~OEt

Intermediate Example 172 — Compound clxxxiv:

The starting material clxxxiii (314 mg, 0.56 mmol) s dissolved in dioxane (5 mlL) and 0.5
M NaOH (3.4 mL, 3 eq). The reaction is run overnight. TLC in 100% EtOAc (using UV) shows
complete conversion to the slow running acid product at the origin. The reaction is acidified to

pH 2 with 1 N HC], and then extracted 2X with EtOAc. Solid NaCl is added to the aqueous fo
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facilitate the extraction. The organic extracts are then combined, dried over MgSQ,, and then
evaporated under reduced pressure to yield compound clxxxiv (0.5 mmol, 89%) that is used as is

in the next step.

clxxxiv

Intermediate Example 173 — Compound clxxxv:

In a round bottom flask under inert atmosphere, acid compound clxxxiv (265mg, 0.5
mmol) is dissolved in anhydrous DMF (6 mL). HOAT (75.6 mg, 0.6 mmo}) is added and the
reaction is stirred at room temperature for 25 minutes. The reaction is then cooled down in an ice
bath. DIC (0.1 mL, 0.6 mmol) is then added followed by the addition of the compound xiii’ (0.65
mmol) in anhydrous DMF (4mlL). The reaction is allowed to rise slowly to room temperature and
stirred for 21 hours. The reaction is then dumped in a separatory funnel containing EtOAc (120
mL) and washed 2X with 1 N HCI (50 ml.) and 1X with brine. The organic layer is separated,
dried over MgSO,. The solvent is evaporated by reduced pressure and the product purified by
chromatography on silica gel (load in DCM, elute with 50% EtOAc/Hexane, then pure EtOAc,
and then 4% MeOH/EtOAc) to yield product compound clxxxv (185 mg, 52%).

o% O “\/%ENEVKC@W
é

clxxxv

Intermediate Example 174 — Compound cxxxxiv’:

To a solution of D-alanine (5 g, 56.1 mmol) in 1 N NaOH (152 mL, 152 mmol) at 0Cis
added a solution of MeOC(O)C] (6.5 mL, 84.2 mmol) in diethyl ether (30 mL). The mixture is
stirred in ice bath for 3 hours and then adjusted to pH 9 with 1 N NaOH. After stirring at room
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temperature for 1 hour, the mixture is washed with ether (3x50 mL), acidified to pH ~ 2 with 5 N
HCl, extracted with EtOAc (5x50 mL). The organic extract is washed with water, brine, and then
dried (MgSO,). The solvent is removed to yield compound cxxxiv,

N-methoxycarbonyl-D-alanine, as colorless oil (6.48 g, 79%).

CXXXiv

Intermediate Example 175 — Compound clxxxvi:

To a solution of N-methoxycarbonyl-D-alanine (0.193 g, 1.31 mmol) and HOAt (0.177 g,
1.31 mmol) in DCM (10 mL) cooled in ice bath is treated with DCC (1.31 mL, 1.31 mmol). After
stirring in an ice bath for 0.5 hour, a solution of prepared compound clxxxii (0.88 mmol) in THF
(8.8 mL) is added. The mixture is warmed up to room temperature and stirred overnight, then
cooled in ice bath, and quenched with saturated NaHCO; solution. The precipitates are filtered
and the filtrate is taken up in EtOAc (100 mL). The organic layer is washed with saturated
NaHCO; solution, brine, and then dried (MgSQ,). After removal of the solvent, the residue is
purified by silica column chromatography (60% EtOAc/Hexane) to yield compound clxxxvi as

N NN
H 0
o o)
O o —
Intermediate Example 176 — Compound clxxxvii:

To a solution of compound clxxxvi (0.321 g, 0.597 mmol) in EtOH (5 mL) at 5°C is
added 2 N NaOH (1.05 mL, 2.1 mmol). The mixture is stitred at room temperature for 4 hours.

gummy foam (0.321 g, 68%).

@)

~o N

0]

Iz
>.n|l|
i

chxxxvi

The solution is acidified to pH ~2 with 1 N HCI and EtOH is removed by rotary evaporation. The
mixture is extracted with EtOAc (3x30 mL) and the combined extract is washed with brine, and
then dried (MgSO,)- Solvent is removed and the residue is dried under vacuum to give compound

clxxxvii as gummy foam (0.235 g, 77%).
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Intermediate Example 177 — Compound clxxxviii:

A solution of compound clxxxvii (0.363 g, 0.712 mmol) in DCM (10 mL) is cooled in an
ice bath and treated with PyBOP (0.594 g, 1.14 mmol). After stirring at room temperature for 0.5
hour, the mixture is cooled in ice bath and treated with a solution of compound xiii’ (1.1 mmol) in
THF (11 mL) and DIPEA (0.249 mL, 1.42 mmol). The mixture is stirred at room temperature
overnight and quenched with NH,Cl solution. The solvent is concentrated and the mixture is
taken up in EtOAc (100 mL). The organic layer is washed with saturated NaHCO; solution,
brine, and then dried (MgSO,). After removal of the solvent, the residue is purified by column
chromatography (5% EtOH/EtOAc) to give clxxxviii (0.341 g, 71%).

Intermediate Example 178 — Compound clxxxix:

Diaminopropionic acid (3 g, 28.7 mmol) is taken up in 1 M NaOH (86.2 mL, 86.2 mmol)
and cooled to 0°C, and then MeOC(O)Cl (5.54 mL, 71.75 mmol) is added in Et,O (25 mL). The
resulting mixture stirred overnight warming to room temperature. The reaction mixture pH is
lowered to 2 and aqueous layer is extracted 3x with EtOAc. Extracts are combined and dried over

Na,SO,, filtered and concentrated to yield compound clxxxix (3.09 g, 48.9%).

1

~ H

0 o N

\OJKN OH
H O
clxxxix

Intermediate Example 179 — Compound cc:
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Compound clxxxix (340 mg, 1.55 mmol) is taken up in DC°M (4 mL). DCC (1.7 mmol)
and HOAt (235 mg, 1.7 mmol) are added followed by compound cL xxxii (1.7 mmol) in DCM (3.4
mL). The reaction mixture stirred overnight. The next day, the rea-ction mixture is filtered
through a pad of silica and concentrated. Purification is achieved it 75% EtOAc/Hex to give

5  compound clxxxx (715 mg, 72.4%).

0
~o - H
20 i3
~07 SN N\;./U\N N
H o) z H o)

chxxxx

Intermediate Example 180 — Compound clxxxxi:
Compound clxxxx (715 mg, 1.12 mmol) is hydrolyzed uncler standard conditions using
EtOH (4 mL) and 1 N NaOH (3 eq) to yield compound clxxxxi (6020 mg, 88.0%).
10

0
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chxxxxi

Intermediate Example 181 — Compound clxxxxii:
Compound clxxxxi (550 mg, 0.9 mmol) is taken up in DC.M (8 mL). PyBOP (675 mg,
1.3 mmol) is added followed by compound xiii’ (1.3 mmol) in THF (1.3 mL). DIPEA (0.23 mL,
15 1.3 mmol) is added and the resulting solution stirred overnight. Thhe next day, the reaction is
diluted with EtOAc, washed with saturated NaHCO3, and then brite, before being concentrated to
yield a residue. The resulting residue is purified by 5% EtOH/Et(OAc to yield compound clxxxxii

(290 mg, 41.5%).
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Intermediate Example 182 — Compound clxxxxiii:
Cbz-cyclohexyglycine-tert-leucine methyl ester (7.36 g, 17.6 mmol) is hydrolyzed under
5  standard conditions using MeOH (60 mL) and 1 N NaOH (52.8 mL, 3 eq) to yield intermediate
clxxxxiii (92%).

clxxxxiii

Intermediate Example 183 — Compound clxxxxiv:

10 Compound clxxxxiii (3.82 g, 9.46 mmol) is taken up in DCM (30 mL). DCC (11.35
mmol) in DCM (11.35 mL) is added, followed by the addition of HOAt (1.54 g, 11.35 mmol).
The resulting mixture stirred five minutes and compound v (9.46 mmol) in THF (40 mL) is added.
The resulting mixture is stirred overnight. The next day, the reaction mixture is diluted with
EtOAc, washed with 1 N HCI, saturated NaHCOs, and then brine, before being concentrated to

15  yield aresidue. The reulting reside is purified by 20% to 30% gradient on silica gel to give
compound clxxxxiv (3.03 g, 56.3%).

clxxxxiv
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Intermediate Example 183— Compound clxxxii:
Compound clxxxxiv (3.03 g, 5.33 mmol) is hydrogenated using 10% Pd/C (500 mg) in
MeOH (30 mL) under H, for 4 hours to yield compound clxxxii (2.3 g, 99%).

Intermediate Example 184 — Compound clxxxxv:

To a solution of 1-amino-I-cyclohexanecarboxylic acid (2.86 g, 20 mmol) in MeOH (40
mL) is added dropwise SOCI, (3 mL) at 0°C. The mixture is slowly warmed up to room
temperature and then refluxed for 5 hours. Et20 is then added to the clear solution and the
precipitate is isolated. The solid is further dried over vacuum to yield compound clxxxxv (95%)
as white powder.

o]
CIH N®

clxxxxv

Intermediate Example 185 —~ Compound clxxxxvi:

2-Pyrazinecarboxylic acid (1 g, 8 mmol, 1 eq) is dissolved in DCM (15 mL) with addition
of HOAt (1.1 g, 8 mmol) and DCC (8 mL, 1 M) in DCM. After stirring at room temperature for
20 minutes, compound clxxxxv (1.3 g, 8 mmol) is added to the activated mixture. DIPEA (2 mL,
12 mmol) is added subsequently, followed by DMAP (1.5 g, 12 mmol). After stirring over 3 days
at room temperature, the reaction mixture is filtered through celite, concentrated and the desired
product clxxxxvi is purified by column chromatography (50% EtOAc/hexane) as yellow oil (2.1
g, 100%).

N\ o
L ¥
N N
0]
cIxxxxvi .

Intermediate Example 186 — Compound clxxxxvii:
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Compound clxxxxvi (1.06 g, 2.6 mmol) is dissolved in MeOH (30 mL) with addition of 2
N NaOH (aq) (12 mL, 24 mmol). The solution is stirred at room temperature overnight before
TLC (50% EtOAc/hexane) indicates complete hydrolysis. The solution is then acidified to pH 3
by 5 N HCl and diluted with EtOAc and followed by extraction of the organic layer. The organic

layer is subsequebtly washed with brine and dryed over MgSOj to yield compound clxxxxvii

N
)& &
N OH
O

chaooxvii

(84%) upon concentration.

Intermediate Example 187 — Compound clxxxxviii:

Compound clxxxvii (1.6 g, 6.4 mmol) is dissolved in DCM (18 mL) and then HOAt (0.96
g, 7 mmol) and DCC (7 mL, 1 M in DCM) are subsequently at room terperature. After stirring
at room temperature for 20 minutes, L-tert-leucine methyl ester hydrochloride (7 mL, 1 M in
THF) is added to the activated mixture. DIPEA (1.2 mL, 7 mmol) is added subsequently,
followed by DMAP (1.2 g, 9.8 mamol). After stirring over 3 days at room temperature, the
reaction mixture is filtered through celite, purified by column chromatography and concentrated
to yield compound clxxxxviii (60% EtOAc/hexane) as white solid (1.74 g, 72%).

Ny o
[/ N o~
N N

o, H o

chxxxxix
Intermediate Example 188 — Compound cic:
Compound clxxxxviii (1.74 g, 4.6 mmol) is dissolved in MeOH (22 mL) with addition of
2 N NaOH (ag) (7 mL, 14 mmol). The solution is stirred at room temperature overnight before
TLC (50% EtOAc/hexane) indicated complete hydrelysis. The solution is acidified topH 3 by 5

. N HCI and diluted with EtOAc and then the organic layer is extracted. The organic layer is

washed with brine and dried over MgSOy and then concentrated to yield compound cic (100%).
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Intermediate Example 189 ~ Compound cc:
To a DCM solution (15 mL) of compound cic (1.5 g, 4.1 mmol) at room temperature is
added HOALt (610 mg, 4.5 mmol), followed by 1 M DCC solution in DCM (4.5 mL, 4.5 mmol).

5 After stirring for 30 minutes at room temperature, then a THF solution (20 mL, 0.2 M) of
compound v (4 mmol) is added. The reaction is stirred at room temperature overnight. Then, the
reaction is filtered through celite. The filtrate is concentrated to a yellow oil which is purified by
silica gel chromatography (50% EtOAc/hexane) to yield compound cci (660 mg, 32%).

[: y i N/
N éﬁj
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o 0\\
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10  Intermediate Example 190 - Compound cci:
To an EtOH solution (6 mL) of compound cc (600 mg, 1.13 mmol) is added 2 N NaOH
(1.7 mL, 3.4 mmol). The reaction is stirred for 2 hours at room temperature, then acidified to pH
3 by 5 N HCI. The mixture is then diluted with EtOAc, followed by extraction of the organic
layer. Subsequently, the organic layer is washed with brine and then dried over MgSO, to yield

15  compound cci (92%) upon concentration.

N ‘7
[: 4 o
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0 o)
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Intermediate Example 191 — Compound ccii:
20 To a DCM solution (8 mL) of ccii (310 mg, 0.62 mmol) is added PyBOP (420 mg, 0.8
mmol). The solution is stirred at room temperature for 30 minutes. To this solution is then added

compound xiii’ (8 mL, 0.1 M) in THF, followed by the addition of DIPEA (0.23 mL, 1.3 mmol).
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The reaction is stirred at room temperature overnight and then quenched with water (25 mL) for
30 minutes. The mixture is then extracted with EtOAc. The resulting organic layer is washed
with brine and then dried over MgSOs, before being concentrated to yield a yellow oil.

Purification by silica gel chromatography (3% EtOH/EtOAc) yields compound ccii (140 mg,

33%).
[N\ v @ \ W
) N N/ Q /B
0 H O N Ilj
O H oOH

cCii

Intermediate Example 192-Compound ccxiv

To a solution of compound cciii, ters-butyl (N-diphenylmethylene)-glycine ester, (6 g,
0.0206 mmol) and chiral PTC (1.68 g, 0.00206 mmol) in dry DCM (48 mL), under N,
atmosphere, at —60 °C, is added CsOHeH,0 (6.9 g, 0.0412 mmol). To the reaction mixture is
added dropwise 1-carboxy-1-cyclopentene methyl ester (5.2 mL, 0.0412 mmol) in 10 mL of
DCM. The mixture is stirred for 4 days at —60 °C, then diluted with 200 mL of Et,O and 15 mL
of saturated NH,CI aqueous solution is added. Phases are separated and the organic phase is
washed with 15 mL water and 15 mL brine. The aqueous phases are extracted with 100 mL of
Et,0. The organics phases are joined and dried over Na,SO4. Crude product is obtained by
removal of the solvent dissolved in 100 mL of EtOH and then NH,OHeHCI (1.43 g, 0.0206
mmol) and NaOAc (1.68 g, 0.0206 mmof) are added. The mixture is refluxed for 48 hours. Then
the solvent is removed and the crude residue obtained is directly purified by flash chromatography
eluting with 30 %-50 % EtOAc/hexane to yield compound cciv (65 %) as a white solid.
C,H1oNO;3 (MW =225.29); MS: nv/z (M + 1) = 226.5. Enantiomeric excess: 18 % ee,
determined by Chiral HPLC.

)

AN
iy

OXI}T)\COJ-BU
H

cciv

Intermediate Example 193 - Compound ccv
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To a solution of compound cciv (2 g, 0.0088 mmol) in 60 mL of ACN is added a catalytic
amount of DMAP (0.216 g, 0.0017 mmol) and a solution of di-terz-butyl-di-carbonate (2.49 g,
0.011 mmol) in 30 mL of ACN. The mixture is stirred for 14 hours at room temperature, then
diluted with 100 mL of DCM, and washed with saturated NaHCO5 (10 mL) and with brine (10
mL). The organic phase is dried over Na,SO4. Evaporation of the solvent yields a crude product
that is purified on a silica gel column eluting with 15 % EtOAc/hexane to give compound ccv
(86%) as white solid. C;7HyNOs MW =325,40 MS: m/z (M™ + 1) = 326.2
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Intermediate Example 194 — Compound ccvi

To a solution of compound ccv (1.7 g, 0.0052 mmol) in 50 mL. of THF (0.14 M) at
—78 °C, is added DIBAL-H (7.8 mL, 0.0078 mmol). The mixture is stirred for 1 hour, then 10 mL
of MeOH are added. The mixture is diluted with 25 mL of EtOAc and 25 mL of saturated
aqﬁeous solution of sodium tartrate, and then stirred at room temperature for an hour. The phases
are separated and the aqueous phase is extracted once with 50 mL of EtOAc. The organic phases
are combined and dried over Na,SO,. Evaporation of solvent gave a crude residue that is used
without any purification. The crude is dissolved in 25 mL of DCM, Et,Si (0.84 mL., 0.0052
mmo) is added, and then the mixture is cooled to —78 °C before the dropwise addition of
BF;0Et: (0.71 mL, 0.0061 mmol). After 30 minutes Et;Si (0.84 mlL) and BF;0Et, (0.71 mL) are
added and the mixture stirred for 2 hours to ~78 °C. The reaction is then quenched with saturated
aqueous NaHCOs (10 mL) and extracted with DCM (2x 20 mL). The organic phases are
combined and dried over Na,SOy. Evaporation of solvent gives a crude residue that is purified by
flash chromatography eluting with 13 % EtOAc/hexane to yield compound ccvi (87 %).-
C17HpNO, MW =311,42 MS: m/z (M" + 1) = 312.6
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- ~

N° "CO,t-Bu

BOC
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Intermediate Example 195 - Compound ccvii

Compound ccvi (0.5 g, 0.0016 mmol) is dissolved in 8 mL of 1 N HCI in EtOAc
(prepared by bubbling dry HCl into dry EtOAc then diluting to 1 N with additional EtOAc). The
mixture is stirred for 6 hours at room temperature. Solvent is removed in vacuo and the resulting
precipitate is dissolved in Et;O. After stirring the mixture for 15 minutes, the solvent is removed
under reduced pressure. The resulting white solid is washed with Et,O and the compound ccvii
(0.27 g, 80% yield) is isolated by filtration. C)oH;NO, MW 211,15 MS: m/z (M* + 1) = 212.6

ot
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Intermediate Example 196 - Compound v

To a solution of compound ccxvi (0.230 g, 0. 74 mmol) in DCM(3.7 mL) is added TFA
(2.85 mL). The mixture is stirred overnight, then solvent is removed in vacuo to dryness and the
residue is dissolved in EtOH (7.5 mL). The mixture is cooled at O °C and SOC), (0.22 mL, 2.96
mmol) is added dropwise and then refluxed for 2 hours. EtOH is removed at reduced pressure
and the residue dissolved in DCM (10 mL). The resulting solution is washed twice with a
saturated aqueous solution of NaHCO; (5 mL). Phases are separated and the organic phase is
dried over Na;SOy and solvent removed in vacuo to yield compound v (80 %) as oil. C,oH;7NO,
M.W.:183.25 MS: m/z (M" + 1) = 184.2

Intermediate Example 197 — Compound cd

1-Benzylimidazole (6 g, 37.9 mmol) is taken up in Et,0 (180 mL). The resulting solution
is Jowered to —60° C and treated with n-BuLi (1.6 M, 24 mL). The reaction is stirred for 30
minutes and then CO is bubbled through mixture for 15 minutes. The precipitate is filtered,
rinsed with Et;O and then taken up in H,O. This aqueous solution is acidified to pH 3 with 5 N
HCI. The desired product, cd, is isolated after lyophilization as a white solid.
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Intermediate Example 198 — Compound cdi
A DCM solution (100 mL) of compound i (9.25 g, 27.9 mmol) is treated at 0° C with DAST
(9.2 mL, 69.8 mmol). After stirring at room temperature overnight, the reaction is quenched with
ice and extracted with DCM (200 mL). The organic layer is washed with brine and concentrated.
in vacuo. The residue is purified with silica gel chromatography (30% EtOAc/hexanes) to yield
8.5 g (86%) of the desired fluorinated intermediate. A portion of this intermediate (4.5 g, 14.2
mmol) is dissolved in EtOH (75 mL). This solution is subjected to standard hydrogenation
conditions using Pd(OH),/C (2.98 g, 20% Pd content, 4.26 mmol). After stirring overnight at
room temperature, the reaction mixture is filtered through Celite. The filtrates are concentrated in

vacuo to yield compound cdi (2.5 g, 96%).

Intermediate Example 199 ~ Compound cdii

To a solution of compound cd (890 mg, 4.4 mmol) taken up in DCM (15 mL). HOBT
(595 mg, 4.4 mmol) and DCC (4.4 mmol, 1 M in DCM) are added and stirred for 20 minutes. A
DCM solution (15 mL) of Ixxix” (990 mg, 3.5 mmol) is added to this mixture. The resulting
mixture is stirred overnight under nitrogen. The reaction mixture is diluted with EtOAc, washed
with saturated NaHCO; and brine. The organic layer is concentrated in vacuo to give a residue,

which is purified in 30% EtOAc/Hexaues to yield compound cdii (666 mg, 41%).
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cdii
5 Intermediate Example 200 — Compound cdiii
Compound cdiii is prepared from compound cdii under standard hy-drolysis conditions
using methyl alcohol (10 mL) and I N NaOH (3 eq). 565 mg of compound cdiii are recovered
(88%).
10
O H O
NQKU\N N\/U\ o
&’N "o /:\\
15 cdiii

Intermediate Example 201 - Compound cdiv
Compound cdiii (1.24 mmol) is taken up in DCM (5 mL). DCC (1.6 mumol, 1 M DCM) is
The resulting mixture is stirreed 20 minutes and

added followed by HOAT (1.6 mmol)

O)L(‘af ?L P
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compound cdi (1.6 mmol) is added dropwise in THF (8 mL). The reaction is stirred overnight.
The reaction is filtered and rinsed with EtOAc. The combined organic layer is washed with
saturated NaHCOs, brine, dried over MgSO,, and concentrated. Purification is achieved in 30%
EtOAc/Hexanes to yield compound cdiv (565 mg, 70%).

cdiv

Intermediate Example 202 - cdv
Compound cdv (565 mg, 0.86 mmol) is prepared from compound cdiv under standard
hydrolysis conditions using ethyl alcohol (10 mL) and 1 N NaOH (3 eq). 490 mg (91%) of

compound cdv is recovered.

cdv

Intermediate Example 203 - cdvi

Compound cdv (490 mg, 0.78 mmol) is taken up in DCM (10 mL). PyBOP (520 mg, 1
mmol) is added to DCM solution followed by a THF solution (10 ml.) of xiii (186 mg, 1 mmol).
DIEA (0.18 mL, 1 mmol) is added to the reaction mixture and stirred overnight under nitrogen.
The next day, the reaction is diluted with EtOAc, washed with saturated NaHCO; and brine.
Purification is achieved in 100% EtOAc to yield compound cdvi (478 mg, 77%).



WO 02/18369 PCT/US01/26008

262

cdvi

Intermediate Example 204 - cdvii

5 Compound cdvi (478 mg, 0.6 mmol) is hydrogenated us ing Pd(OH),/C (20% dry basis,
100 mg) in MeOH (40 mL). The reaction mixture is stirred ove=rnight under hydrogen. At this
point, the reaction mixture is filtered through Celite and concertrated to yield compound cdvii

(417 mg, 98%).

10
eF
0 hoO s
Q\Nj/tm N8 A
NH 0 _A
N M
: OH
cdvii
15

Intermediate Example 205- cdx
Compound cxxv (Purchased from Albany Molecular Researcch Inc., 1.5 g, 5.2 mmol) is taken
up in DCM (15 mL). PyBOP (2.7 g, 5.2 mmol) and HOBT (700D mg, 5.2 mmol) are added to this
solution. A THF solution (15 mL) of (-)-alpha-(4-pyridyl)ethy=] amine (640 mg, 5.2 mmol) is
20 added to above solution, followed by DIEA (0.93 mi, 5.2 mmol ). [The (-)-alpha<(4-pyridyl)ethyl
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amine is obtained from the tartrate salt of (-)-alpha-(4-pyridyl)ethyl amine (Aldrich) by stirring
with 1 N NaOH (2 eq) for 1 hour followed by extraction with EtOAc (3x) 70% recovery].

The reaction is stirred overnight at room temperature. The reaction mixture is washed with
saturated NaHCOj, and brine. The product is purified in 5% EtOH/EtOAc to yield 2 g (99%) of

5 intermediate compound cdx.

o) 0
©/\O/U\N N/k©
o _N

cdx

10  Intermediate Example 206 - cdviii
Compound cdx (2 g, 5.2 mmol) is hydrogenated using 10% Pd/C (500 mg) in MEOH (50
mL). The reactiop mixture is stirred overnight under hydrogen. The product is filtered through

celite and concentrated to give compound cdviii (1.3 ,g 98%).

‘ o)
H,N N X
H | ‘
OH _N

15 cdviii
Pharmacology
Compounds according to the invention as described herein as being useful for being able
to inhibit HCV protease, and thus, are also useful for inhibiting HCV replication.
Accordingly, an invention herein is directed to a method of inhibiting HCV protease
20  comprising contacting an anti-HCV protease inhibitory amount of a compound of formula 1 with
a composition comprising HCV protease.
Yet another invention herein is directed to a method of inhibiting replication of HCV
comprising contacting HCVwith an effective amount of a compound of formula 1.
Furthermore, another invention herein is directed to a method of treating a patient suffering from

25  or subject to an HCV infection comprising administering to the patient a pharmaceutically
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effective amount of compound of formula 1. “References herein to treating an HCV infection
should be understood to include prophylactic —therapy to prevent or inhibit the infection as well as
the treatment of an established acute or chronfic HCV infection or physiological conditions
associated with HCV infection to essentially cure the patient of the infection, inhibit the degree
(amount) of infection or ameliorate the physiclogical conditions associated therewith. “Effective
amount” is meant to describe an amount of th.e compound of the present invention effective
within the scope of reasonable biological judgzement, suitable for use in contact with the cells of
humans and other mammals without undue towxicity, irritation. allergic response and the like, and
are commensurate with a reasonable benefit/r-isk ratio in treating an HCV infection and thus
producing the desired therapeutic effect.

Physiological conditions discussed hesrein include some, but not all, of the possible
clinical situations where an anti-HCV treatme=nt is warranted. Those experienced in this field are
well aware of the circumstances requiring eitTher an anti-HCV treatment.

A particular aspect of the invention parovides for a compound according to the invention
to be administered in the form of a pharmace utical composition, though the compound may be
administered alone. “Pharmaceutical compossition” means a composition comprising 2 compound
of formula 1 and at least one component selescted from the group comprising pharmaceutically
acceptable carriers, diluents, coatings, adjuvaants, excipients, or vehicles, such as preserving
agents, fillers, disintegrating agents, wetting agents, emulsifying agents, emulsion stabilizing
agents, suspending agents, isotonic agents, sweetening agents, flavoring agents, perfuming agents,
coloring agents, antibacterial agents, antifungal agents, other therapeutic agents, lubricating
agents, adsorption delaying or promoting agents, and dispensing agents, depending on the nature
of the mode of administration and dosage forms. The compositions may be presented in the form
of tablets, pills, granules, powders, aqueous ssolutions or suspensions, injectable solutions, elixirs
or syrups. Examplary suspending agents inc-lude ethoxylated isostearyl alcohols, polyoxyethylene
sorbitol and sorbitan esters, microcrystalline cellulose, aluminum metahydroxide, bentonite, agar-
agar and tragacanth, or mixtures of these subtostances. Examplary antibacterial and antifungal
agents for the prevention of the action of microorganisms include parabens, chlorobutanol,
phenol, sorbic acid, and the like. Examplary- isotonic agents include sugars, sodium chloride and
the like. Examplary adsorption delaying age=nts to prolong absorption include aluminum
monosterate and gelatin. Examplary adsorption promoting agents to enhance absorption include
dimethyl sulphoxide and related analogs. Exxamplary carriers, diluents, solvents, vehicles,
solubilizing agents, emulsifiers and emulsiom stabilizers, include water, chloroform, sucrose,
ethanol, isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl alcohol, tetrahydrofurfuryl
alcohol, benzyl benzoate, polyols, propylenez glycol, 1,3-butylene glycol, giycerol, polyethylene
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glycols, dimethylformamide, Tween® 60, Span® 80, cetostearyl alcohol, myristyl alcohol,
glyceryl mono-stearate and sodium lauryl sulfate, fatty acid esters of sorbitan, vegetable oils (such
as cottonseed oil, groundnut oil, corn germ oil, olive oil, castor oil and sesame oil) and injectable
organic esters such as ethyl oleate, and the like, or suitable mixtures of these substances.
Examplary excipients include lactose, milk sugar, sodium citrate, calcium carbonate, dicalcium
phosphate phosphate. Examplary disintegrating agents include starch, alginic acids and certain
complex silicates. Examplary lubricants include magnesium stearate, sodium lauryl sulphate,
talc, as well as high molecular weight polyethylene glycols.

Other therapeutic agents may be used in combination with a compound of the present
invention, including other anti-HCV agents. Some Examplary known anti-HCV agents include
immunomodulatory agents, such as o —, § — or y—interferons; pegylated derivatized interferon-o
compounds, other antiviral agents such as ribavirin and amantadine; other inhibitors of hepatitis C
protease; inhibitors of other targets in the HCV life cycle including the helicase, polymerase,
metalloprotease, internal ribosome entry, or broad-spectrum antiviral compounds such as VX-
497, an inhibitor of cellular inosine monophosphate dehydrogenase, IMPDH, covered by United
States Patent No. 5,807,876; or combinations thereof. Therapeutic agents used in combination
with a compound of the present invention may be administered separately, simultaneously or
sequentially.

The choice of material in the pharmaceutical composition other than the compound of
formula 1 is generally determined in accordance with the chemical properties of the active
compound such as solubility, the particular mode of administration and the provisions to be
observed in pharmaceutical practice. For example, excipients such as lactose, sodium citrate,
calcium carbonate, dicalcium phosphate and disintegrating agents such as starch, alginic acids and
certain complex silicates combined with lubricants such as magnesium stearate, sodium lauryl
sulphate and talc may be used for preparing tablets.

The pharmaceutical compositions may be presented in assorted forms such as tablets,
pills, granules, powders, aqueous solutions or suspensions, injectable solutions, elixirs or syrups.

“Liquid dosage form” means the dose of the active compound to be administered to the
patient is in liquid form, for example, pharmaceutically acceptable emulsions, solutions,
suspensions, syrups and elixirs. In addition to the active compounds, the liquid dosage forms may
contain inert diluents commonly used in the art, such solvents, solubilizing agents and emulsifiers.

Solid compositions may also be employed as fillers in soft and hard-filled gelatin
capsules using such excipients as lactose or milk sugar as well as high molecular weight

polyethylene glycols, and the like.



10

15

20

30

WO 02/18369 PCT/US01/26008

266

When aqueouss suspensions are used they can contain emulsifying agents or agents which
facilitate suspension.

The oily phases of the emulsion pharmaceutical composition may be constituted from
known ingredients in 2 known manner. While the phase may comprise merely an emulsifier
(otherwise known as aan emulgent), it desirably comprises a mixture of at least one emulsifier with
a fat or an oil or with Bboth a fat and an oil. Preferably, a hydrophilic emulsifier is included
together with a lipoph_ilic emulsifier that acts as a stabilizer. It is also preferred to include both an
oil and a fat. Togethe:x, the emulsifier(s) with or without stabilizer(s) make up the emulsifying
wax, and the way toge=ther with the oil and fat make up the emulsifying ointment base which
forms the oily disperseed phase of the cream formulations.

If desired, the= aqueous phase of the cream base may include, for example, a least 30%
w/w of a polyhydric a_lcohol, i.e. an alcohol having two or more hydroxyl groups such as
propylene glycol, butzne 1,3-diol, mannitol, sorbitol, glycerol and polyethylene glycol (including
PEG 400) and mixturess thereof. The topical formulations may desirably include a compound that
enhances absorption Or penetration of the active ingredient through the skin or other affected
areas.

The choice off suitable oils or fats for a formulation is based on achieving the desired
cosmetic properties. "Thus the cream should preferably be a non-greasy, non-staining and
washable product witlh suitable consistency to avoid leakage from tubes or other containers.
Straight or branched chain, mono- or dibasic alkyl esters such as di-isopropyl myristate, decyl
oleate, isopropy! palnmitate, butyl stearate, 2-ethylhexyl palmitate or a blend of branched chain
esters known as Crod_amol CAP may be used. These may be used alone or in combination
depending on the projperties required. Alternatively, high melting point lipids such as white soft
paraffin and/or liquid. paraffin or other mineral oils can be used.

In practice, a compound/pharmaceutical compositions of the present invention may be
administered in a suit-able formulation to humans and animals by topical or systemic
administration, inclucling oral, inhalational, rectal, nasal, buccal, sublingual, vaginal, colonic,
parenteral (including subcutaneous, intramuscular, intravenous, intradermal, intrathecal and
epidural), intracistermmal and intraperitoneal. It will be appreciated that the preferred route may
vary with for examplse the condition of the recipient.

“Pharmaceut -ically acceptable dosage forms™ refers to dosage forms of the compound of
the invention, and includes, for example, tablets, dragees, powders, elixirs, syrups, liquid
preparations, includirg suspensions, sprays, inhalants tablets, lozenges, emulsions, solutions,

granules, capsules anud suppositories, as well as liquid preparations for injections, including
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liposome preparations. Techniques and formulations generally may be found in Remington’s
Pharmaceutical Sciences, Mack Publishing Co., Easton, PA, latest edition.

“Formulations suitable for oral administration” may be presented as discrete units such as
capsules, cachets or tablets each containing a predetermined amount of the active ingredient; as a
powder or granules; as solution or a suspension in an aqueous liquid or a non-aqueous liquid; or
as an oil-in-water liquid emulsion or a water-in-oil liquid emulsion. The active ingredient may
also be presented as a bolus, electuary or paste.

A tablet may be made by compression or moulding, optionally with one or more
accessory ingredients. Compressed tables may be prepared by compressing in a suitable machine
the active ingredient in a free-flowing form such as a powder or granules, optionally mixed with a
binder, lubricant, inert diluent, preservative, surface active or dispersing agent. Moulded tablets
may be made by moulding in a suitable machine a mixture of the powdered compounds
moistened with an inert liquid diluent. The tablets may optionally be coated or scored and may be
formulated so as to provide slow or controlled release of the active ingredient therein.

Solid compositions for rectal administration include suppositories formulated in
accordance with known methods and containing at least one compound of the invention.

If desired, and for more effective distribution, the compounds can be microencapsulated
in, or attached to, a slow release or targeted delivery systems such as a biocompatible,
biodegradable polymer matrices (e.g., poly(d,l-lactide co-glycolide)), liposomes, and
microspheres and subcutaneously or intramuscularly injected by a technique called subcutaneous
or intramuscular depot to provide continuous slow release of the compound(s) for a period of 2
weeks or longer. The compounds may be sterilized, for example, by filtration through a bacteria
retaining filter, or by incorporating sterilizing agents in the form of sterile solid compositions
which can be dissolved in sterile water, or some other sterile injecfable medium immediately
before use.

“Formulations suitable for nasal or inhalational administration” means formulations
which are in a form suitable to be administered nasally or by inhalation to a patient. The
formulation may contain a carrier, in a powder form, having a particle size for example in the
range 1 to 500 microns (including particle sizes in a range between 20 and 500 microns in
increments of 5 microns such as 30 microns, 35 microns, etc.) Suitable formulations wherein the
carrier is a liquid, for administration as for example a nasal spray or as nasal drops, include
aqueous or oily solutions of the active ingredient. Formulations suitable for aerosol
administration may be prepared according to conventional methods and may be delivered with

other therapeutic agents. Inhalational therapy is readily administered by metered dose inhalers.
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“Forrmulations suitable for oral administration” means formulations which are in a form
suitable to bee administered orally to a patient. The formulations may be presented as discrete
units such ass capsules, cachets or tablets each containing a predetermined amount of the active
ingredient; ass a powder or granules; as solution or a suspension in an aqueous liquid or a non-
aqueous liqunid; or as an oil-in-water liquid emulsion or a water-in-oil liquid emulsion. The active
ingredient may also be presented as a bolus, electuary or paste.

“Fommulations suitable for parenteral administration” means formulations that are in a
form suitabl: € to be administered parenterally to a patient. The formulations are sterile and include
emulsions, ssuspensions, aqueous and non-aqueous injection solutions, which may contain
suspending aagents and thickening agents and anti-oxidants, buffers, bacteriostats and solutes
which rende=r the formulation isotonic, and have a suitably adjusted pH, with the blood of the
intended rec=ipient.

“Formulations suitable for rectal or vaginal administrations” means formulations that are
in a form su_itable to be administered rectally or vaginally to a patient. The formulation is
preferably imn the form of suppositories that can be prepared by mixing the compounds of this
invention w:ith suitable non-irritating excipients or carriers such as cocoa butter, polyethylene
glycol or a suppository wax, which are solid at ordinary temperatures but liquid at body
temperature- and therefore, melt in the rectum or vaginal cavity and release the active component.

“Foermulations suitable for systemic administration™ means formulations that are in a form
suitable to Ioe administered systemically to a patient. The formulation is preferably administered
by injection_, including transmuscular, intravenous, intraperitoneal, and subcutaneous. For
injection, thae compounds of the invention are formulated in liquid solutions, preferably in
physiologic ally compatible buffers such as Hank’s solution or Ringer’s solution. In addition, the
compounds may be formulated in solid form and redissolved or suspended immediately prior to
use. Lyoph_ilized forms are also included. Systematic administration also can be by transmucosal
or transderrmal means, or the compounds can be administered orally. For transmucosal or
transdermal: administration, penetrants appropriate to the barrier to be permeated are used in the
formulationa. Such penetrants are generally known in the art, and include, for example, bile salts
and fusidic acid derivatives for transmucosal administration. In addition, detergents may be used
to facilitate permeation. Transmucosal administration may be through use of nasal sprays, for
example, or- suppositories. For oral administration, the compounds are formulated into
conventionaal oral administration forms such as capsules, tablets, and tonics.

“Foormulations suitable for topical administration™ means formulations that are in a form
suitable to e administered topically to a patient. The formulation may be presented as a topical

ointment, salves, powders, sprays and inhalants, gels (water or alcohol based), creams, as is
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generally known in the art, or incorporated into a matrix base for application in a patch, which
would allow a controlled release of compound through the transdermal barrier. When formulated
in an ointment, the active ingredients may be employed with either a paraffinic or a water-
miscible ointment base. Alternatively, the active ingredients may be formulated in a cream with
an oil-in-water cream base. Formulations suitable for topical administration in the eye include
eye drops wherein the active ingredient is dissolved or suspended in a suitable carrier, especially
an aqueous solvent for the active ingredient. Formulations suitable for topical administration in
the mouth include lozenges comprising the active ingredient in a flavored basis, usually sucrose
and acacia or tragacanth; pastilles comprising the active ingredient in an inert basis such as gelatin
and glycerin, or sucrose and acacia; and mouthwashes comprising the active ingredient in a
suitable liquid carrier.

“Solid dosage form” means the dosage form of the compound of the invention is solid
form, for example capsules, tablets, pills, powders, dragees or granules. In such solid dosage
forms, the compound of the invention is admixed with at least one inert customary excipient (or
carrier) such as sodium citrate or dicalcium phosphate or (a) fillers or extenders, as for example,
starches, lactose, sucrose, glucose, mannitol and silicic acid, (b) binders, as for example,
carboxymethylcellulose, alignates, gelatin, polyvinylpyrrolidone, sucrose and acacia, (¢)
humectants, as for example, glycerol, (d) disintegrating agents, as for example, agar-agar, calcium
carbonate, potato or tapioca starch, alginic acid, certain complex silicates and sodium carbonate,
(e) solution retarders, as for example paraffin, (f) absorption accelerators, as for example,
quaternary ammonium compounds, (g) wetting agents, as for example, cetyl alcohol and glycerol
monostearate, (h) adsorbents, as for example, kaolin and bentonite, (i) lubricants, as for example,
talc, calcium stearate, magnesium stearate, solid polyethylene glycols, sodium lauryl sulfate, (j)
opacifying agents, (k) buffering agents , and agents which release the compound(s) of the
invention in a certain part of the intestinal tract in a delayed manner.

Actual dosage levels of active ingredient(s) in the compositions of the invention may be
varied so as to obtain an amount of active ingredient(s) that is (are) effective to obtain a desired
therapeutic response for a particular composition and method of administration for a patient. A
selected dosage level for any particular patient therefore depends upon a variety of factors
including the desired therapeutic effect, on the route of administration, on the desired duration of
treatment, the etiology and severity of the disease, the patient’s condition, weight, sex, diet and
age, the type and potency of each active ingredient, rates of absorbtion, metabolism and/or
excretion and other factors. ‘

Total daily dose of the compounds olf this invention administered to a patient in single or

divided doses may be in amounts, for example, of from about 0.001 to about 100 mg/kg body
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weigght daily and preferably 0.01 to 10 mg/kg/day. For example, in an adult, the doses are
geneerally from about 0.01 to about 100, preferably about 0.01 to about 10, mg/kg.body weight per
day by inhalation, from about 0.01 to about 100, preferably 0.1 to 70, more especially 0.5 to 10,
mg/ kg body weight per day by oral administration, and from about 0.01 to about 50, preferably
0.01L to 10, mg/kg body weight per day by intravenous administration. The percentage of active
ingr-edient in a composition may be varied, though it should constitute a proportion such that a
suitzable dosage shall be obtained. Dosage unit compositions may contain such amounts of such
submmultiples thereof as may be used to make up the daily dose. Obviously, several unit dosage
formmns may be administered at about the same time. A dosage may be administered as frequently
as ruecessary in order to obtain the desired therapeutic effect. Some patients may respond rapidly
toa higher or lower dose and may find much weaker maintenance doses adequate. For other
patisents, it may be necessary to have long-term treatments at the rate of 1 to 4 doses per day, in
acccordance with the physiological requirements of each particular patient. It goes without saying
that ., for other patients, it will be necessary to prescribe not more than one or two doses per day.

The formulations can be prepared in unit dosage form by any of the methods well known
in thhe art of pharmacy. Such methods include the step of bringing into association the active
ingredient with the carrier that constitutes one or more accessory ingredients. In general the
forrmulations are prepared by uniformly and intimately bringing into association the active
ingr-edient with liquid carriers or finely divided solid carriers or both, and then, if necessary,
shapping the product.

The formulations may be presented in unit-dose or multi-dose containers, for example
seal ed ampoules and vials with elastomeric stoppers, and may be stored in a freeze-dried
(Iycophilized) condition requiring only the addition of the sterile liquid carrier, for example water
for finjections, immediately prior to use. Extemporaneous injection solutions and suspensions may
be prepared from sterile powders, granules and tablets of the kind previously described.

Compounds within the scope of the present invention exhibit marked pharmacological
acti~vities according to tests described in the literature and below, which tests results are believed

to c: orrelate to pharmacological activity in humans and other mammals.

IN WITRO ENZYME ASSAY PROCEDURE
Inhiibition of HCV NS3 Serine Protease

HCV NS3 protease domain was expressed and purified as described previously
(Ve:xtex, PCT publication W098/17679; which is incorporated herein by reference). The
chromogenic peptide substrate, EDVVAbuC-p-nitroanilide, and the NS4A cofactor fragment
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(-KKGSVVIVGRIVLSGK-) for NS3 protease was custom synthesized by American Peptide Com
(Ca). The compounds of this invention were tested for their ability to inhibit HCV NS3 protease
activity using a spectrophotometric assay with EDVVAbuC-p-nitroanilide as substrate. The assay
was run in a 96-well microtiter plate using a SpectraMax 250 reader (Molecular Devices,
Sunnyvale, CA) with kinetic capability. Cleavage of EDVV AbuC-p-nitroanilide (500 uM)
substrate by purified HCV NS3 protease (0.5 uM) was performed at 30°C in the buffer containing
30 uM NS4A fragment, 46 mM Hepes, pH 8.0, 92 mM NaCl, 18% glycerol, 5 mM DTT, and
7.5% DMSO in the absence or presence of the testing compound. The reaction was monitored for
pNA (p-nitroaniline) release at 405 nm.

The determination of the kinetic parameters including Vmax, K and Vi, /Ky is
performed under the conditions as described above. Ki values are calculated from rate vs.
[inhibitor] plots, at fixed concentrations of enzyme and substrate, by a nonlinear least squares fit
of the data to the equation of Morrison for tight binding competitive inhibition [J. F. Morrison,
Biochim. Biophys. Acta., 185, 269-286 (1969)]. The Prism program (GraphPad Software, Inc.)
is used for this procedure.

The HCV serine protease inhibitors disclosed herein can be used in combination with
other molecules that directly exhibit or indirectly elicit anti-HCV activity either prophylactically
in patients at risk for contracting HCV infection, or to treat patients that are already infected. The
term “anti-HCV activity” refers to the capacity of a molecule, when present, to completely inhibit
or reduce accumulation of HCV virions compared to HCV virion accumulation in the absence of
such molecule, and/or the capacity of a molecule to reduce or ameliorate conditions or symptoms
associated with HCV infection or pathogenesis in patients. Molecules having anti-HCV activity
include those that disrupt one or more steps in HCV infection or replication, as well as those that
evoke immunomodulating and antiproliferative actions in host cells. Molecules having anti-HCV
activity can inhibit HCV-specific replicative events such as, but not limited to, HCV-directed
nucleic acid or protein synthesis. Stages of HCV replication at which molecules having anti-HCV
activity can act include cell entry (e.g., attachment; penetration); uncoating and release of the
HCV genome; replication of the HCV genome (e.g., replication of either strand of the viral RNA
genome; transcription of viral messenger RNA); translation of HCV proteins; posttranslational
modification of HCV proteins (e.g., proteolytic cleavage; glycosylation); intracellular transport of
viral proteins; assembly of virion components; and release of viral particles (e.g., budding).
Classes of molecules having anti-viral activity include, but are not limited to, soluble receptor
decoys and antireceptor antibodies; ion channel blockers, capsid stabilizers, and fusion protein

inhibitors; inhibitors of viral polymerases, reverse transcriptase, helicase, primase, or integrase;
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antisense oligonucleotides and ribozymes; immunomodulating and immunostimulating agents,
including cytokines such as interferons, as well as peptide agonists, steroids, and classic drugs
such as Jevamisole; inhibitors of regulatory proteins; protease inhibitors; assembly protein
inhibitors; and antiviral antibodies and cytotoxic lymphocytes. The term “anti-HCV effective
amount” or “pharmaceutically effective amount” refers to an amount of a compound, or
combination of compounds as disclosed herein, effective in reducing or ameliorating conditions
or symptoms associated with HCV infection or associated pathogenesis in patients, or in reducing
viral levels in vitro or in vivo. In vitro applications include the Replicon Assay system, described
below, where such amounts are effective in reducing HCV replicon RNA accumulation and/or the
accumulation of proteins encoded by genes contained therein.

Compounds having anti-HCV activity contemplated for use in the compositions and
methods of combination therapy disclosed herein include, but are not limited to,
immunomodulatory molecules, including immunostimulatory cytokines, and other compounds
known to have HCV antiviral activity, such as various antiviral nucleosides and nucleotides.

Immunomodulatory molecules contemplated for use in combination with the HCV serine
protease inhibitors disclosed herein include, but are not limited to, interfcron-alpha 2B (Intron A,
Schering Plough); Rebatron (Schering Plough, Interferon-alpha 2B + Ribavirin); pegylated
interferon alpha (Reddy, K.R. et al. Efficacy and safety of pegylated (40-kd) interferon alpha-2a
compared with interferon alpha-2a in noncirrhotic patients with chronic hepatitis C. Hepatology
33, 433-438 (2001)); consensus interferon (Kao, I.H., Chen, P.J., Lai, M.Y. & Chen, D.S.
Efficacy of consensus interferon in the treatment of chronic hepatitis C. J. Gastroenterol.
Hepatol. 15, 1418-1423 (2600)); interferon-alpha 2A (Roferon A; Roche); lymphoblastoid or
"natural” interferon; interferon tau (Clayette, P. et al. IFN-tau, a new interferon type I with
antiretroviral activity. Pathol. Biol. (Paris) 47, 553-559 (1999)); interleukin 2 (Davis, G.L.,
Nelson, D.R. & Reyes, G.R. Future options for the management of hepatitis C. Seminars in Liver
Disease 19, 103-112 (1999)); Interleukin 6 (Davis, G.L., Nelson, D.R. & Reyes, G.R. Future '
options for the management of hepatitis C. Seminars in Liver Disease 19, 103-112 (1999));
Interleukin 12 (Davis, G.L., Nelson, D.R. & Reyes, G.R. Future options for the management of
hepatitis C. Seminars in Liver Disease 19, 103-112 (1999)); Ribavirin; and compounds that
enhance the development of a type 1 helper T cell response (Davis, G.L., Nelson, D.R. & Reyes,
G.R. Future options for the management of hepatitis C. Seminars ir Liver Disease 19, 103-112
(1999)). Interferons may ameliorate viral infections by exerting direct antiviral effects and/or by

modifying the immune response to infection. The antiviral effects of interferons are often
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mediated through inhibition of viral penetration or uncoating, synthesis of viral RNA, translation
of viral proteins, and/or viral assembly and release.

Compounds that stimulate the synthesis of interferon in cells (Tazulakhova, E.B.,
Parshina, O.V., Gusev, T.S. & Ershov, F.I. Russian Experience in Screening, Analysis, and
Clinical Application of Novel Interferon Inducers. J. Interferon Cytokine Res. 21, 65-73)) include,
but are not limited to, double stranded RINA, alone or in combination with tobramycin, and
Imiquimod (3M Pharmaceuticals) (Sauder, D.N. Immunomodulatory and pharmacologic
properties of imiquimod. J. Am. Acad. Dermatoi. 43, S6-11 (2000)).

Other compounds known to have, or that may have, HCV antiviral activity by virtue of
non-immunomodulatory mechanisms include, but are not limited to, Ribavirin (ICN
Pharmaceuticals); inosine 5’-monophosphate dehydrogenase inhibitors (VX-497, being developed
by Vertex Pharmaceuticals); amantadine and rimantadine (Younossi, A.M. and Perillo, R.P. The
roles of amantadine, rimantadine, ursodeoxycholic acid, NSAIDs, alone or in combination with
alpha interferons, in the treatment of chronic hepatitis C. Seminars in Liver Disease 19, 95-102
(1999)); LY217896 (U.S. Patent 4,835,168) (Colacino, J.M. et al. Evaluation of the anti-influenza
virus activities of 1,3,4-thiadiazol-2-ylcyanamide (1LY217896) and its sodium salt. Antimicrobial
Agents & Chemotherapy 34, 2156-2163 (1990)); and 9-Hydroxyimino-6-methoxy-1,4a-dimethyl-
1,2,3,4,4a,9,10,10a-octahydro-phenanthrene-1-carboxylic acid methyl ester; 6-Methoxy-1,4a-
dimethyl-9-(4-methyl-piperazin-1-ylimino)-1,2,3,4,4a,9,10,10a-octahydro-phenanthrene-1-
carboxylic acid methyl ester-hydrochloride; 1-(2-Chloro-phenyl)-3-(2,2-diphenyl-ethyl)-urea
(U.S. Patent 6,127,422).

Formulations, doses, and routes of administration for the foregoing molecules are either
taught in the references cited below, or are well-known in the art as disclosed, for example, in
F.G. Hayden, in Goodman & Gilman’s The Pharmacological Basis of Therapeutics, Ninth
Edition, Hardman et al., Eds., McGraw-Hill, New York (1996), Chapter 50, pp. 1191-1223, and
the references cited therein. Alternatively, once a compound that exhibits HCV antiviral activity
has been identified, a pharmaceutically effective amount of that compound can be determined
using techniques that are well-known to the skilled artisan. Note, for example, Benet et al., in
Goodman & Gilman’s The Pharmacological Basis of Therapeutics, Ninth Edition, Hardman et
al., Eds., McGraw-Hill, New York (1996), Chapter 1, pp. 3-27, and the references cited therein.
Thus, the appropriate forumulations, dose(s) range, and dosing regimens, of such a compound can
be easily determined by routine methods.

The drug combinations of the present invention can be provided to a cell or cells, or to a

human patient, either in separate pharmaceutically acceptable formulations administered
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simultaneously or sequentially, formulations containing more than one therapeutic agent, or by
an assortment of single agent and multiple agent formualtions. However administered, these
drug combinations form an anti-HCV effective amount of components.

A large number of other immunomodulators and immunostimulants that can be used in
the methods of the present invention are currently available and include: AA-2G; adamantylamide
dipeptide; adenosine deaminase, Enzon; adjuvant, Alliance; adjuvants, Ribi; adjuvants, Vaxcel;
Adjuvax; agelasphin-11; AIDS therapy, Chiron; algal glucan, SRI; algammulin, Anutech;
Anginlyc; anticellular factors, Yeda; Anticort; antigastrin-17 immunogen, Ap; antigen delivery
system, Vac; antigen formulation, IDBC; antiGnRH immunogen, Aphton; Antiherpin; Arbidol;
azarole; Bay-q-8939; Bay-r-1005; BCH-1393; Betafectin; Biostim; BL-001; BL-009; Broncostat;
Cantastim; CDRI-84-246; cefodizime;
chemokine inhibitors, ICOS; CMYV peptides, City of Hope; CN-5888; cytokine-releasing agent,
St; DHEAS, Paradigm; DISC TA-HSV; JO7B; I01A; 101Z; ditiocarb sodium; ECA-10-142;
ELS-1; endotoxin, Novartis; FCE-20696; FCE-24089; FCE-24578; FL.T-3 ligand, Immunex;
FR-900483; FR-900494; FR-901235; FT'S-Zn; G-proteins, Cadus; gludapcin; glutaurine;
glycophosphopeptical