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ABSTRACT

ANTIVIRAL COMPOUNDS

The invention is related to anti-viral compounds, compositions containing such
compounds, and therapeutic methods that include the administration of such

compounds, as well as to processes and intermediates useful for preparing such
compounds.

No Suitable Figure.
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ANTIVIRAL COMPOUNDS

5 FIELD OF THE INVENTION
The invention relates generally to compounds with HCV inhibitory activity.
‘ BACKGROUND OF THE INVENTION

Hepatitis C is recognized as a chronic viral disease of the liver which is

characterized by liver disease. Although drags targeting the liver are in wide use and have
10 shown effectiveness, toxicity and other side effects have limited their usefulness.

Inhibitors of HCV are uscful to limit the establishment and progression of infection by
HCV as well as in diagnostic assays for HCV.

There is a need for new HCV therapeutic agents.

SUMMARY OF THE INVENTION
15  Inone embodiment the invention provides a compound of the invention which is a

compound of formula I:

2 3 0 8
? %s’{’? R
s N N/ ~ Q/
? H
N
ZZb
728 \h
()

20  or a pharmaceutically acceptable salt, or prodrug thereof, wherein:
R'is independently selected from H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl,
heterocycle, halogen, haloalkyl, alkylsulfonamido, arvisulfonamido, -
C{(OYNHS(0);-, or ~S{0);-, optionally substituted with one or more Al :
R is selected from,

25 a) -C(Y' yad,
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by {(C2-1®alkyl, (C3-T)eyeloalkyl or (C1-4)alkyl-{C3-T)eycloalkyl, where said
cycloalkyl and alkyl-cycloalkyl may be optionally mono-, di- or tri-substituted
with (C1-3)alkyl, or
where said alkyl, cycloalky!l and alkyl-cycloalkyl may optionally be mono-
or di-substituted with substituents selected from hydroxy and O-
{Cl-d)alkyi, or
where each of said alkyl-groups may optionally be mono-, di- or tri-
substituted with halogen, or
where each of said cycloalkyl groups being 5-, 6- or 7-membered, one or
two ~CH;- groups not being directly linked to each other may be
optionally replaced by ~O- such that the O-atom is linked to the N
atom to which R? is attached via at least two C-atoms,
¢) phenyl, (C1-3)alkyl-phenyl, hetercaryl or (C1-3)alkyl-heteroaryl,
wherein the hetercaryl-groups are 5- or 6-membered having from 1 to 3
heteroatoms selected from N, O and S, wherein said phenyl and heteroaryl
groups may optionally be mono-, di- or trisubstituted with substituents
selected from halogen, -OH, (C1-4}alkyi, O-(C1-4Jalkyl, S-(Cl-dalkyl, -
NH,, -CF; -NH{{Ci-4)alkyl) and -N{{C1-4)alkyl);, -CONH; and -CONH-
{C1-4)alkyl; and wherein said (C1-3)alkyl may optionally be substituted
with one or more halogen;
Q)  -8(0nA);or
e  -C(Y)-X-Y;
R’ is H or (C1-6)alkyl;
v! is independently O, S, N(A™), N(O)(A®), N(OA), N(OXOA™) or
NON(A' YA
Zis 0, S, or NR”;
Z' is an organic group having a three dimentional shape that will fit the extended
82 region of the HCV NS3 serine protease domain;
7% is H, (C1-10)alkyl, (C2-10)alkenyl, (C2-10)alkynyl;
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Q'is A% or Q' and Z* taken together with the atoms to which they are attached
form a heterocycle, which heterocycle may optionally be substituted with
one or more oxo (=0}, R* or A%

each X is independently a bond, O, 8, or NRg;

Y is a polycarbocycle or a polyheterocycle, which polycarbocycle or a
polyheterocyele is optionally substituted with one or more R?, halo,
carboxy, hydroxy, (C1-10)alkyl, (C2-10)alkenyl, (C2-10)alkynyl, (Cl-
10Yalkanoyl, (C1-10)alkoxy, (Cl-10)alkanovloxy, (Cl-10)alkoxycarbonyl,
NRyRp, SR, S(OJR,, or S{O)R;

each R* is independently -P{Y*YOAW0AD), -PYHOAHMN(AY),
POY)HAD(OA?), -POY HATN(AY,), or PY I IN(AZR)N(A®));

each Y'is independently G, §, or NRS;

each R, and Ry is independently H, (C1-10alkyl, (C2-10}alkenyl, (C2-10)alkynyl,
(Ci-10alkanoyl, (C1-10)alkoxy, (C1-10)alkanoyloxy, or {Ci-
10)alkoxyearbonyl, which (C1-10)alkyl, (C2-10)alkenyl, (C2-10}alkynyl,
{C1-10)alkanoyl, (C1-10)alkoxy, (Cl-10)alkanoyloxy, or {C1-
10)alkoxycarbonyl, is optionally substituted with one or more R*, halo,
hydroxy, carboxy, cyano, or (C1-10)alkoxy; or R, and R, together with the
nitrogen to which they are attached form a pyrrolidine, piperidine,
piperazine, morpholino, or thiomerpholino ring;

each R, is independently H, (Ci1-10)atkyl, (C2-10alkenyl, (C2-10)alkynyl, (C1-
10)alkanoyl, or (C1-10)alkoxycarbonyl;

7% is H, (C1-10)alkyl, (C2-10)alkenyl, (C2-10)alkynyl, haloalkyl, (C1-

103alkyl-8(=0},-(C1-10)alkyl, or cycloalkyl, wherein any carbon atom
of 722 may optionally be replaced with a heteroatom selected from O, S,
S(=0), S(=0),, or N and wherein any cycloalkyl is optionally substituted
with one or more (C1-10)alkyl, (C2-10)atkenyl, (C2-10)atkynyl,
haloalkyl, F, Ci, Br,or I; or zZ* optionally forms a heterocycle with one
or more RE, Rz, Q’, or AS;

Alis independently selected from PRT, H, -OH, -C(O)OH, cyano, alkyl, alkenyl,

alkynvl, amino, amido, imido, imino, halogen, CF,, CH2CF3, cycloalkyl,

3
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nitro, aryl, aralkyl, alkoxy, aryloxy, heterocycle, -C(Az}g, —C(AE}Q-C(O)AZ,
C(OYA?, -C(OYOA?, -O(A?), -N(A”),, -S(AT), -CH2P(Y ' WAT(OA?Y),
-CH2P(Y YAP(N(A®R), -CHP(Y H(OADOAD,

OCH,P(Y WOAZHOA?), -OCH,P(Y ' WAZ(OAY),

5 OCHP(Y WA(N(A%)), -C(OYOCHP(Y HOANCA,
-C(O)OCH;P(Y'YAM)OA?), -C(O)YOCHP(Y A% N(A ),
-CHoP(Y ' Y(OA")(N(A™),), -OCHP(Y WOAYIN(A ),

-C(OYOCH,P(Y HOANN(A®)), -CHP(Y YN(AT))(N(A%)),
-C(OYOCHP(Y ) (N(A")(N(A%)2), -OCHP(Y HYN(AR)N(A)),

10 {CHa)m-heterocyele, ~{CH2)nC{O)¥Calkyl, ~-O-(CH)i-0-C(0O)-Oalkyl, -O-
(CH)-O-C{O}-(CH;)m-alkyl, (CH3),O-C{O)-O-alkyl, -(CH;y)nO-C(0)-O-
cycloalkyl, -N(HYC(MeYC(0O0-alkyl, SR, S(O)R,, S{ORR,, or alkoxy
aryisulfonamide,

wherein each A” may be optionally substituted with
15 fw4d
—R', -P(Y(OA’)OAY), -P(Y YOA)N(A)), -P(Y)A®NOAY),
-P(Y HATIN(AY), or POYHYN(ADDN(A™Y),
-C(::O)N(Az)z), halogen, alkyl, alkenyl, alkynyl, aryl,
carbocycle, heterocycle, aralkyl, aryl sulfonamide, aryl
20 alkylsulfonamide, aryloxy sulfonamide, aryloxy
alkylsulfonamide, arvloxy arylsulfonamide, alkyl
sulfonamide, alkyloxy sulfonamide, alkyloxy
alkyisulfonamide, aryithio, -(CHj)pheterocyele, -(CHz ) -
C(OC)0-alkyl, -O{CH2)nOC(0)0alkyl, -O-(CHz)m-0-C(O)-
25 (CHphm-alkyl, -(CHy)iy-0-C(0)-0-alkyl, -(CHa)u-O-C(O)-
O-cycloalkyl, -N(H)YC(CH3)C{O)O-alkyl, or alkoxy
arylsulfonamide, optionally substituted with R

optionally each independent instance of A’ and Ql can be taken together with one

X , ’
or more A” or Q' groups to form a ring; and

03
[

A? is independently selected from PRT, H, alkyl, alkenyl, alkynyl, amino, amino
acid, alkoxy, aryloxy, cyano, haloalkyl, cycloalkyl, aryl, heteroaryl,
4
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heterocycle, alkylsulfonamide, or arylsulfonamide, wherein each Alis
optionally substituted with A°.

Riis A’ ; and

mis 0 to 6.

The present invention also provides a pharmaceutical composition comprising a
compound of the invention and at least one pharmaceutically acceptable carrier.

The present invention also provides a pharmaceutical composition for use in
treating disorders associated with HCV.

The present invention also provides a pharmaceutical composition further
comprising a nucleoside analog.

The present invention also provides for a pharmaceutical composition further
comprising an interferon or pegylated interferon.

The present invention also provides for a pharmaceutical composition wherein
said nucleoside analogue is selected from ribavirin, viramidine levovinn, a L-nucleoside,
and isatoribine and said interferon is a-interferon or pegylated interferon.

The present invention also provides for a method of treating disorders associated
with hepatitis C, said method comprising administering to an individual a pharmaceutical
composition which comprises a therapeutically effective amount of a compound of the
invention.

The present invention also provides a method of inhibiting HCV, comprising
administering to a mammal afflicted with a condition associated with HCV activity, an
amount of a compound of the invention, effective to inhibit HCV.

The present invention also provides a compound of the invention for use in
medical therapy (preferably for use in inhibiting HCV or treating a condition associated
with HCV activity), as well as the use of a compound of the invention for the
manufacture of a medicament useful for inhibiting HCV or the treatment of a condition
associated with HCV activity in 2 mammal.

The present invention also provides synthetic processes and novel intermediates
disclosed herein which are useful for preparing compounds of the invention. Some of the
compounds of the invention are useful to prepare other compounds of the invention.

In another aspect the invention provides a compound of formulal, ora

pharmaceutically acceptable salt or prodrug thereof, for use in the prophylactic or

35
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therapeutic treatment of hepatitis C or a hepatitis C associated disorder.

In another aspect the invention provides a method of inhibiting HCV activity in a
sample comprising treating the sample with a compound of the invention.

In one embodiment the invention provides a compound having improved
inhibitory or pharmacokinetic properties, including enhanced activity against
development of viral resistance, improved oral hioavailability, greater potency or
extended effective half-life in vivo. Certain compounds of the invention may have fewer

side effects, less complicated dosing schedules, or be orally active.

BETAILED DESCRIPTION OF THE INVENTION
Reference will now be made in detail to certain embodiments of the invention,
examples of which are illustrated in the accompanying structures and formulas. While the
invention will be described in conjunction with the enumerated embodiments, it will be
vnderstood that they are not intended to limit the invention to those embodiments. On the
contrary, the invention is intended to cover all altematives, modifications, and
equivalents, which may be included within the scope of the present invention as defined

by the embodiments.

Compounds of the Invention

The compounds of the invention exclude compounds heretofore known. However
it is within the invention to use compounds that previously were not known to have
antiviral properties for antiviral purposes (e.g. to produce an anti-viral effect in an
animal}). With respect to the United States, the compounds or compositions herein
exclude compounds that are anticipated under 35 USC §102 or that are obvious under 35
USC §103.

Whenever a compound described herein is substituted with more than one of the
same designated group, e.g., "R'™ or "A>", then it will be understood that the groups may
be the same or different, i.e., each group is independently selected.

“Alkyl” is C1-C18 hydrocarbon containing normal, secondary, tertiary or cyclic
carbon atoms. Examples are methyl (Me, -CH3), ethy! (Et, -CH2CH3), 1-propyl (n-Pr, n-
propyl, ~-CHpCH2CH3), 2-propyl (i-Pr, i-propyl, -CH(CH3)?2), 1-butyl (n-Bu, n-butyl, -

CH2CH2CH2CH3), 2-methyl-1-propyl (i-Bu, i-butyl, -CH2CH{CH3)2), 2-butyl (5-Buy, s-
6
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butyl, -CH(CH3)CH2CH3), 2-methyl-2-propyl (-Bu, t-butyl, -C(CH3)3), t-pentyl (n-
pentyl, -<CH2CH2CH2CH2CH3), 2-pentyl (-CH(CH3)CH2CH2CH3), 3-pentyl (-
CH(CH2CH3)2), 2-methyl-2-butyl (-C(CH3 )} CH2CH3), 3-methyl-2-butyl (-
CH(CH3)CH(CH3)2), 3-methyl-1-butyl (-CH2CH2CH(CH3)2), 2-methyl-1-butyl (-
CH2CH(CH3)CH2CH3), 1-hexyl (-CH2CH2CH2CH2CH2CH3), 2-hexyl (-
CH{CH3)CH2CH2CH2CH3), 3-hexyl (-CH(CH2CH3)(CH2CH2CH3)), 2-methyl-2-
pentyl (-C(CH3)2CH2CH2CH3), 3-methyl-2-pentyl (-(CH(CH3)CH(CH3}CH2CH3), 4-
methyl-2-pentyl ((CH(CH3)CH2CH(CH3)2), 3-methyl-3-pentyl (-C(CH3}{(CH2CH3)2),
2-methyl-3-pentyl ((CH(CH2CH3)YCH(CH23)?), 2,3-dimethyl-2-butyl (-
C(CH3)2CH(CH3)2), 3,3-dimethyl-2-butyl (-CH(CH3)C(CH3)3, and cyclopropylmethyl

A

“Alkenyl” is C2-C1g hydrocarbon containing normal, secondary, tertiary or cyclic
carbon atoms with at least one site of unsaturation, i.e. a carbon-carbon, sp’? double bond.
Examples include, but are not limited to, ethylene or vinyl (-CH=CH3)}, allyl
(-CH,CH=CH,), cyclopentenyl (-CsH;)}, and 5-hexenyl (-CH, CH,CH,CH,CH=CH;).

“Alkynyl” is C2-Cig hydrocarbon containing normal, secondary, tertiary or cyclic
carbon atoms with at least one site of unsaturation, f.e. a carbon-carbon, sp triple bond.
Examples include, but are not limited to, acetylenic (-C=CH) and propargyl (-CH,C=CH),

“Alkylene” refers to a saturated, branched or siraight chain or cyclic h;;idrocarbon
radical of 1-18 carbon atoms, and having two monovalent radical centers derived by the
removal of two hydrogen atoms from the same or two different carbon atoms of a parent
alkane. Typical alkylene radicals include, but are not limited to, methylene (-CHj-} 1,2-
ethyl (-CH,CHy-), 1,3-propyl (-CH,CH,CHy-), 1, 4-butyl (-CH,CH,CH,CH3-), and the like.

“Alkenylene” refers to an unsaturated, branched or siraight chain or cyclic
hydrocarbon radical of 2-18 carbon atoms, and having two monovalent radical centers
derived by the removal of two hydrogen atoms from the same or two different carbon atoms
of a parent alkene. Typical alkenylene radicals include, but are not limited to, 1,2-ethylene

(-CH=CH-).
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“Alkynylene” refers to an unsaturated, branched or straight chain or cyclic
hydrocarbon radical of 2-18 carbon atoms, and having two monovalent radical centers
derived by the removal of two hydrogen atoms from the same or two different carbon atoms
of a parent alkyne. Typical alkynylene radicals include, but are not limited to, acetylene
(-C=C-), propargy] (-CH,C=C-), and 4-pentyny! (-CH,CH,CH,C=CH-).

“Aryl” means a monovalent aromatic hydrocarbon radical of 6-20 carbon atoms
derived by the removal of one hydrogen atom from a single carbon atom of a parent aromatic
ring system. Typical aryl groups include, but are not limited to, radicals derived from
benzene, substituted benzene, naphthalene, anthracene, biphenyl, and the like.

“Arylalkyl” refers to an acyclic alkyl radical in which one of the hydrogen atoms
bonded to a carbon atom, typically a terminal or sp® carbon atom, is replaced with an aryl
radical. Typical arylalkyl groups include, but are not limited to, benzyl, 2-phenylethan-1-
yl, naphthylmethyl, 2-naphthylethan-1-yl, naphthobenzyl, 2-naphthophenylethan-1-yl and
the like. The arylalkyl group comprises 6 to 20 carbon atoms, e.g., the alkyl moiety,
including alkanyl, alkenyl or alkynyl groups, of the arvlalkyl group is 1 to 6 carbon atoms
and the aryl moiety is 5 to 14 carbon atoms.

The term “polycarbocycle” refers 10 a saturated or unsaturated polycyclic ring
system having from about 6 to about 25 carbon atoms and having two or more rings {e.g.
2,3, 4, or 5 rings}. The rings can be fused and/or bridged to form the polycyclic ring
system. For example, the term includes bicyclo [4,5], [5,5], [5,6] or [6,6] ring systems, as

well as the following bridged ring systems:
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(1e,[2.1.1},[2.2.1),[3.3.3], [43.1}, {2.2.2],[42.2], [4.2.1}, [4.3.2], [3.1.1], [3.2.1],
[4.3.3],[3.3.2}, [3.2.2] and [3.3.1] polycyclic rings, respectively) that can be linked to the
remainder of the compound of formula (I) through any synthetically feasible position.
Like the other polycarbocycles, these representative bicyclo and fused ring systems can
optionally comprise one or more double bonds in the ring system.

The term “polyheterocycle” refers to a polycarbocycle as defined herein, wherein
one or more carbon atoms is replaced with a heteroatom (e,g, G, S, S{0), S(0),, N (O
IR,, or NR,); wherein each R, is independently H, (C1-10alkyl, {(C2-10)alkenyl, (C2-
10}alkynyl, (C1-10)alkanoyl, S(O}NRR,, S(O):R,, or (C1-10)alkoxy, wherein each (C1-
10)alkyl, (C2-10)alkenyi, (C2-10)alkynyl, (Cl1-10)alkanoyl, and (C1-10)alkoxy is
optionally substituted with one or more halo).

*“Substituted alkyl™, “substituted aryl”, and “substituted arvlalkyl” mean alkyl,
aryl, and arvlalkyl respectively, in which one or more hydrogen atoms are each
independently replaced with a non-hydrogen substituent. Typical substituents include,
but are not limited to, - X, -R, -0, -OR, -SR, -§’, -NR;, -NR3, =NR, -CXs, ~-CN, -OCN,
-SCN, -N=C=0, -NCS, -NO, -NG,, =N, -N3;, NC(=0)R, -C(=O)R, -C(=O}NRR
-8(=0)0, -S(=0);0H, -8(=0)2R, -O8(=0),0R, -S(=0)NR, -S(=0)R, -OP=0)O:RR -
P(=0)0.RR -P(=0)(0),, -P(=0}{OH),, -C(=0)R, -C(=0)X, -C(S)R, -C{O)OR, -C(O)0",
-C{S)OR, -C{O)SR, -C(8)SR, -C{O)NRR, -C{S)NRR, -C(NR)NRR, where each X is
independently a halogen: F, Cl, Br, or §; and each R is independently -H, alkyl, aryl,

9
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heterocycle, protecting group or prodrug moiety. Alkylene, alkenylene, and alkynylene
groups may also be similarly substituted.

The term “optionally substituted” in reference to a particular moiety of the
compound of formula I, (e.g., an optionally substituted aryl group) refers to a moiety
having 0, 1, 2, or more substituents.

The symbol “-----* means that a bond is a single or double bond. In a non-
Eeo b Ew -t Eeo by
SO NSRS
limiting example, [ Z" canbe D Z" or D &=

“Haloalkyl” as used herein includes an alkyl group substituted with one or more
halogens (e.g. F, Cl, Br, or I}. Representative examples of haloalkyl include
trifluoromethyl, 2,2, 2-trifluorcethyl, and 2,2 2-trifluoro- 1 -(trifluoromethyljethyl.

“Heterocycle” as used herein includes by way of example and not limitation these

heterocycles described in Paguette, Leo A Pringiples of Modern Heterocovelic Chemistry

{W.A. Benjamin, New York, 1968), particularly Chapters 1, 3, 4,6, 7,and 9; The

Chemistry of Heterocyclic Compounds. A Series of Monographs” (John Wiley & Sons,

New York, 1950 to present), in particular Volumes 13, 14, 16, 19, and 28; and /. 4m.
Chem. Soc. (1960} 82:5566. In one specific embodiment of the invention “heterocycle”
includes a “carbocycle” as defined herein, wherein one or more (e.g. 1, 2, 3, or 4) carbon
atoms have been replaced with a heteroatom {e.g. O, N, or 8).

Examples of heterocycles include by way of example and not limitation pyridyl,
dihydroypyridyl, tetrahydropyridyl {piperidyl), thiazolyl, tetrahydrothiophenyl, sulfur
oxidized tetrabydrothiophenyl, pyrimidinyl, furanvl, thienyl, pyrrolyl, pyrazolyl,
imidazolyl, tetrazolyl, benzofuranyl, thianaphthalenyl, indolyl, indolenyl, quinolinyl,
isoquinolinyl, benzimidazolyl, piperidinyl, 4-piperidonyl, pyrrolidinyl, 2-pyrrolidonyl,
pyrrolinyl, tetrahydrofuranyl, tetrahydroguinolinyl, tetrahydroisoquinolinyl,
decahydroquinolinyl, octahydroisoguinolinyl, azocinyl, triazinyl, 6H-1,2,5-thiadiazinyl,
2H,6H-1,5,2-dithiazinyl, thienyl, thianthrenyl, pyranyl, isobenzofuranyl, chromenyl,
xanthenyl, phenoxathinyl, 2H-pyrrolyl, isothiazolyl, isoxazolyl, pyrazinyl, pyridazinyl,
indolizinyl, isoindolvl, 3H-indolyl, 1H-indazoly, purinyl, 4H-quinolizinyl, phthalazinyl,
naphthyridinyl, quinoxalinyl, quinazolinyl, cinnolinyl, pteridinyl, 4H-carbazolyl,

10
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carbazolyl, B-carbolinyl, phenanthridinyl, acridinyl, pyrimidinyl, phenanthrolinyl,
phenazinyl, phenothiazinyl, furazanyl, phenoxazinyl, isochromanyl, chromanyl,
imidazolidinyl, imidazolinyl, pyrazolidinyl, pyrazolinyl, piperazinyl, indolinyl,
isoindolinyl, quinuclidinyl, morpholinyl, oxazolidinyl, benzotriazolyl, benzisoxazolyl,

oxindolyl, benzoxazolinyl, isatinoyl, and bis-tetrahydrofuranyl:

OQ

aw

<é\lill

By way of cxample and not limitation, carbon bonded heterocycles are bonded at
position 2, 3, 4, 5, or 6 of a pyridine, position 3, 4, 5, or 6 of a pyridazine, position 2, 4, 5,
or 6 of a pyrimidine, position 2, 3, 5, or 6 of a pyrazine, position 2, 3, 4, or 5 of a furan,
tetrahydrofuran, thicfuran, thiophene, pyrrole or tetrahydropyrrole, position 2, 4, or S of
an oxazole, imidazole or thiazole, position 3, 4, or 5 of an isoxazole, pyrazole, or
isothiazole, position 2 or 3 of an aziridine, position 2, 3, or 4 of an azetidine, position 2, 3,
4, 5, 6, 7, or 8 of a quinoline or position 1, 3, 4, 5, 6, 7, or 8 of an iscquinoline. Still more
typically, carbon bonded heterocycles include 2-pyridyl, 3-pyridyl, 4-pyridyl, 5-pyridyl,
6-pyridyl, 3-pyridazinyl, 4-pyridazinyl, S-pyridazinyl, 6-pyridazinyl, 2-pyrimidinyl, 4-
pyrimidinyl, S-pyrimidinyl, 6-pyrimidinyl, 2-pyrazinyi, 3-pyrazinyl, 5-pyrazinyl, 6-
pyrazinyl, 2-thiazolyl, 4-thiazolyl, or 5-thiazolyl

By way of example and not limitation, nitrogen bonded heterocycles are bonded at
position 1 of an aziridine, azetidine, pyrrole, pyrrolidine, 2-pyrroline, 3-pyrroline,
imidazole, imidazolidine, 2-imidazoline, 3-imidazoline, pyrazole, pyrazoline, 2-
pyrazoline, 3-pyrazoling, piperidine, piperazine, indole, indoline, 1H-indazole, position 2
of a isoindole, or isoindoline, position 4 of a morpholine, and position 9 of a carbazole, or
B-carboline. Still more typically, nitrogen bonded heterocycles include 1-aziridyl, 1-
azetedyl, 1-pyrrolyl, 1-imidazolyl, 1-pyrazolyl, and 1-piperidinyl.

“Carbocycle” refers to a saturated, unsaturated or aromatic ring having up to about
25 carbon atoms. Typically, a carbocycle has about 3 to 7 carbon atoms as a monocycle,
about 7 to 12 carbon atoms as a bicycle, and up to about 25 carbon atoms as a polycycle,

Monocyclic carbocycles typically have 3 to 6 ring atoms, still more typically 5 or 6 ring

11
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atoms. Bicychc carbocycles typically have 7 to 12 ring atoms, e.g., arranged as a bicyclo
(4,51, [5,5], {5,6] or [6,6] system, or 9 or 10 ring atoms arranged as a bicyclo [5,6] or [6,6]
system. The term carbocycle includes “cycloalkyl” which is a saturated or unsaturated
carbocycle. Examples of monocyclic carbocycles include cyclopropyl, cyclobutyl,
cyclopentyl, 1-cyclopent-1-enyl, 1-cyclopent-2-enyl, 1-cyclopent-3-enyl, cyclohexyl, 1-
cyclohex-1-enyl, 1-cyclohex-2-enyl, 1-cyclohex-3-enyl, phenyl, spiryl and naphthyl.
When Q' and Z* taken together with the atoms to which they are attached form a
heterocycle, the heterocycle formed by Q' and Z* taken together with the atoms to which
they are attached may typically comprise up to about 25 atoms.

The term “chiral” refers to molecules which have the property of non-
superimposability of the mirror image partner, while the term “achiral” refers to
molecules which are superimposable on their mirror image partner.

The term “sterecisomers” refers to compounds which have identical chemical
constitution, but differ with regard to the arrangement of the atoms or groups in space.

“Diastereomer” refers to a stereoisomer with two or more centers of chirality and
whose molecules are not mirror images of one another. Diastereomers have different
physical properties, e.g., melting points, boiling points, spectral properties, and
reactivities. Mixtures of diastereomers may separate under high resolution analytical
procedures such as electrophoresis and chromatography.

“Enantiomers” refer to two sterecisomers of a compound which are non-
superimposable mirror images of one another.

The term “treatment” or “treating,” to the extent it relates to a disease or condition
includes preventing the disease or condition from occurring, inhibiting the disease or
condition, eliminating the disease or condition, and/or relieving one or more symptoms of
the disease or condition.

The term “PRT” is selected from the terms “prodrug moiety” and
“protecting group” as defined herein.

Stereochemical definitions and conventions used herein generally follow S. P.
Parker, Ed., McGraw-Hill Dictionary of Chemical Terms (1984) McGraw-Hill Book

Company, New York; and Eliel, E. and Wilen, S, Stereochemistry of Organic

Compounds {1994) John Wiley & Sons, Inc., New York. Many organic compounds exist

in optically active forms, i.e., they have the ability fo rotate the plane of plane-polarized
12
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light. In describing an optically active compound, the prefixes Dand L or R and S are
used to denote the absolute configuration of the molecule about its chiral center(s). The
prefixes d and 1 or (+) and (-) are employed to designate the sign of rotation of plane-
polarized light by the compound, with (-) or I meaning that the compound is levorotatory.
A compound prefixed with (+) or d is dextrorotatory. For a given chemical structure,
these sterecisomers are identical except that they are mirror images of one another. A
specific sterecisomer may also he referred 1o as an enantiomer, and a mixture of such
isomers is often called an enantiomeric mixture. A 50:50 mixture of enantiomers is
referred to as a racemic mixture. or a racemate, which may occur where there has been no
stereoselection or stereospecificity in a chemical reaction or process. The terms “racemic
mixture” and “racemate” refer to an equimolar mixture of two enantiomeric species,
devoid of optical activity. The invention includes all sterecisomers of the compounds

described herein.

Z1 groups
The compounds of the invention have inhibitory activity toward HCV protease.
Unexpectedly, it has been found that compounds possessing the acyl sulfamate group of

the following formula:

O

J\"\*\w f
9 /\\/R

/z?A H

are suitably stable under physiological conditions. Additionally, it has been determined
that representative compounds possessing this sulfamate group are unexpectedly potent
inhibitors of HCV polymerase.

The crystal structure of the 52 region of the HCV NS3 serine protease is known.
See for example Y.S. Tsantrizos et al., Angew. Chem. Int. Ed. 2003, 42, 12, 1356-1360.
The extended 82 region of the HCV NS3 serine protease domain interacts with the P2
group of several classes of inhibitors which act by competing with the natural viral

peptide substrates for binding to the substrate binding site and active site of the protease.

13



10

15

20

25

30

WO 2669/603677 PCT/US2008/607928

Specifically, crystal structure analysis reveals that the N83 residues, aspartic acid (Asp)
168 and arginine (Arg) 155, form a salt bridge which orients the planes of the carboxcylic
acid moiety of Asp 168 and the guanidinium moiety of Arg 155 parallel to the plane of
the P2 group when the inhibitor is bound. This flat stacking interaction likely includes a
combination of Van der Waals and hydrophobic forces that help promote the formation of
a complex between the NS3 protein and the inhibitor.

The 7-methoxy group of several known inhibitors may also form favorable
electronic interactions with the coplanar guanidinium moiety of Arg 155 (~3.5 A between
the two planes of atoms) which also helps stabilize the complex. Similarly, the
orientation of NS3 residues, Asp 81 and histidine (His) 57, of' the catalytic triad form a
flat surface against which a portion of the inhibitor P2 group can pack. Again, the
coplanar stacking arrangement between the inhibitor P2 group and NS3 residues &1 and
57 likely provide a combination of attractive Van der Waals and hydrophobic forces that
help increase the affinity between the protease and the inhibitor. For more elaborated P2
groups, the backbone carbonyl oxygens of residues valine (Val) 78 and Asp 79 come in
close contact to substitutions at the 8-position of the isoquinoline ring. Larger
substitutions off of the 2-postion of the isoquinoline ring, such as isopropyl
aminothiazoles, come in close proximity to tyrosine (Tyr) 56.

In light of this understanding regarding the S2 region of the HCV NS3 serine
protease, one skilled in the art can identify Z' groups that have a three dimensional shape
that will fit the extended S2 region of the HCV NS3 serine protease domain to provide a
serine protease inhibitor of formula 1 that possesses the benefits of the acyl sulfamate
group discussed above. Accordingly, the structure of Z' in the compounds of formula (1)
can vary considerably, provided Z' has a three dimensional shape that will fit the
extended 52 region of the HCV NS3 serine protease domain to provide a compound with
serine protease inhibiting activity. In one embodiment of the invention, Z'isanan
organic group having a three dimentional shape that will fit the extended 32 region of the
HCV NS3 serine protease domain.

Additionally, it is known that it can be desirable for protease inhibitors to have
favorable interactions {e.g. interactions such as Van der Waals or hydrophobic
interactions) with one or more residues corresponding to Histidine 57, Aspartic acid 81,

Arginine 155, and Aspartic acid 168 of the extended S2 region of the HCV NS3 serine
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protease domain. In another embodiment, the invention Z' is an organic group that has
favorable interactions (e.g. interactions such as Van der Waals or hydrophobic
interactions) with one or more residues corresponding to Histidine 37, Aspartic acid 81,
Arginine 155, and Aspartic acid 168 of the extended S2 region of the HCV NS3 serine
protease domain.

Additionally, it is known that it can be desirable for protease inhibitors to have
favorable interactions with one or more residues corresponding to Tyrosine 56, Valine 78,
and Aspartic acid 79 of the extended S2 region of the HCV NS3 serine protease domain.
In another embodiment, the invention Z' is an organic group that has favorable
interactions {e.g. interactions such as Van der Waals or hydrophobic interactions) with
one or more residues corresponding to Tyrosine 56, Valine 78, and Aspartic acid 79 of

the extended S2 region of the HCV NS3 serine protease domain.

A large number of pyrole cyclopropyl based compounds have been reported to
possess activity as protease inhiibitors. Based on the variety of structures tested to date, it
is believed that the potency of this class of pyrole cyclopropy! compounds can be

improved by incorporating the above sulfamate group into this class of compounds.

For example, the above sulfamate group can be incorporated into the compounds
reported in International Patent Application Publication Number WO 2006/007700 and
WO 2006/007708 in place of the ~-C(=0)NHSO,-R* group of formula (1) therein; the
above sulfamate group can be incorporated into the compounds reported in WO
2004/113365, WO 2005/010029, and WO 2004/072243 n place of the -C{=0)G group of
formutla (1) therein; the above sulfamate group can be incorporated into the compounds
reported in WO 2006/086381 in place of the —C{=0)W group of formula (I) therein; the
above sulfamate group can be incorporated into the compounds reported in United States

Patent 6,878,722 in place of the group

4

o
2y (SO

(CHz)y

of formula (1) therein; the above sulfamate group can be incorporated into the compounds

reported in WO 2003/099274 in place of the -C(=O}N{H)SOu,R; group of formula (I}

~

15



10

20

WO 2009/005677 ' PUT/US2068/007928

therein; the above sulfamate group can be incorporated into the compounds reported in
WO 2004/094452 in place of the ~C(=0)W group of formula (I) therein; the above
sulfamate group can be incorporated into the compounds reported in WO 2005/095403 in
place of the —Y group of formula (1) therein; and the above sulfamate group can be

,

incorporated into the compounds reported in WO 2007/015824 in place of the -C(=0)-R”
group of formula (1) therein.

In one embodiment, the invention provides a compound of formula (I} as
described herein, wherein Z! has any of the values defined for R? in WO 2006/007700 or
WO 2006/007708.

In one embodiment, the invention provides a compound of formula () as

described herein, wherein Z' has any of the values defined for W in WO 2004/113365.

In one embodiment, the invention provides a compound of formula (I} as

described herein, wherein Z! has any of the values defined for -M-Q in WO 2005/010029.

In one embodiment, the invention provides a compound of formula (I} as

described herein, wherein Z' has any of the values defined for W in WO 2004/072243.

In one embodiment, the invention provides a compound of formula (1) as
described herein, wherein Z' has any of the values defined for —O-L-R' in

WO 2006/086381.

in one embodiment, the invention provides a compound of formula (I} as

described herein, wherein Z' has any of the values defined for

N\ %
LIS
Ry
Ou ;5“‘

in United States Patent 6,878,722,
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In one embodiment, the invention provides a compound of formula (1) as
described herein, wherein 7! has any of the values defined for -X-R’ in

WO 2003/099274,

In one embodiment, the invention provides a compound of formula () as

described herein, wherein Z' has any of the values defined for

Ry R

r\ﬂ ’!\ii—R
R5’7 N

Rg O}\rfd

in WO 2004/094452.

In one embodiment, the invention provides a compound of formula (I) as
described herein, wherein Z' has any of the values defined for ~-W-C(=V)-Q in WO
2005/095403.

In one embodiment, the invention provides a compound of formula (I) as
described herein, wherein Z' has any of the values defined for R' in WO 2007/015824.

The entire content of International Patent Application Publication Numbers
WO 2006/007700, WO 2006/007708, WO 2004/113365, WO 2005/010029, WO
2004/072243, WO 2006/086381, WO 2003/099274, WO 2004/094452, WO
2005/095403, and WO 2007/015824 as well as the entire content of United States Patent
6,878,722 is hereby incorporated herein by reference. In particular, the definitions for the
groups substituted at the 3-position of the pyrole rings in formulae (I) therein as well as
information relating to suitable synthetic routes for preparing the compounds of formulae

(1) therein are hereby incorporated herein by reference.

Prodrugs
The term “prodrug” as used herein refers to any compound that when

administered to a biological system generates the drug substance, i.e. active ingredient, as
g y g g gr

a result of spontaneous chemical reaction(s), enzyme catalyzed chemical reaction(s),
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photolysis, and/or metabolic chemical reaction(s). A prodrug is thus a covalently modified
analog or latent form of a therapeutically-active compound.

“Prodrug moiety” refers to a labile functional group which separates from the active
inhibitory compound during metabolism, systemically, inside a cell, by hydrolysis,
enzymatic cleavage, or by some other process {Bundgaard, Hans, “Design and Application

of Prodrugs” in A Textbook of Drug Design and Development (1991), P. Krogsgaard-

Larsen and H. Bundgaard, Eds. Harwood Academic Publishers, pp. 113-191). Enzymes
which are capable of an enzymatic activation mechanism with the phosphonate prodrug
compounds of the invention include, but are not limited to, amidases, esterases, microbial
enzymes, phospholipases, cholinesterases, and phosphases. Prodrug moictics can serve to
enhance solubility, absorption and lipophilicity to optimize drug delivery, bicavailability
and efficacy. A prodrug moiety may include an active metabolite or drug itself.

Exemplary prodrug moieties include the hydrolytically sensitive or labile
acyloxymethyl esters ~CH,OC(=0)R’ and acyloxymethyl carbonates ~CH,0C{(=0)OR’
where R® is C—Cs alkyl, C;—Cg substituted alkyl, Ce—Cyp aryl or Cg—Cap substituted aryl.
The acyloxyalkyl ester was first used as a prodrug strategy for carboxylic acids and then
applied to phosphates and phosphonates by Farquhar et al. (1983} J. Pharm. Sci. 72: 324,
also US Patent Nos. 4816570, 4968788, 5663159 and 5792756. Subsequently, the
acyloxyalkyl ester was used to deliver phosphonic acids across cell membranes and to
enhance oral bioavailability. A close variant of the acyloxyalkyl ester, the
alkoxycarbonyloxyalkyl ester (carbonate), may also enhance oral bioavailability as a
prodrug moiety in the compounds of the combinations of the invention. An exemplary
acyloxymethyl ester is pivaloyloxymethoxy, (POM) ~CHOC(=0O)C(CHa)s. An
exemplary acyloxymethyl carbonate prodrug moiety is pivaloyloxymethylcarbonate
(POC) ~CHL,OCEHEOYOC(CH3);.

Arvl esters of phosphorus groups, especially phenyl esters, are reported to
cnhance oral bicavailability (De Lombaert et al. (1994) J. Med. Chem. 37: 498). Phenyl
esters containing a carboxylic ester ortho to a phosphate have also been described
{Khamnei and Torrence, {1996} J. Med. Chem. 39:4109-4115). Benzyl esters are
reported to generate parent phosphonic acids. In some cases, substituents at the ortho-or

para-position may accelerate the hydrolysis. Benzyl analogs with an acylated phenol or
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an alkylated phenol may generate the phenolic compound through the action of enzymes,
e.g., esterases, oxidases, etc., which in turn undergoes cleavage at the benzylic C-O bond
to generate phosphoric acid and a quinone methide intermediate. Examples of this class
of prodrugs are described by Mitchell et al. (1992) J. Chem. Soc. Perkin Trans. Il 2345;
Glazier WO 91/19721. Still other benzylic prodrugs have been described containing a
carboxylic ester-containing group attached to the benzylic methylene (Glazier WO
91/19721). Thio-containing prodrugs are reported to be useful for the intracellular
delivery of phosphonate drugs. These proesters contain an ethylthio group in which the
thiol group is either esterified with an acyl group or combined with another thiol group to
form a disulfide. Deesterification or reduction of the disulfide generates the free thio
intermediate which subsequently breaks down to the phosphoric acid and episulfide
(Puech et al. (1993) dniiviral Res., 22: 155-174; Benzaria et al. (1996) J. Med. Chem. 39:
4958).

Protecting Groups

In the context of the present invention, protecting groups include prodrug moieties
and chemical protecting groups.

“Protecting group” refers to a moiety of a compound that masks or alters the
properties of a functional group or the properties of the compound as a whole. Chemical
protecting proups and strategies for protection/deprotection are well known in the art. See
e.g., Protective Groups in Organic Chemistry, Theodora W. Greene, John Wiley & Sons,
Inc.,, New York, 1991, Protecting groups are often utilized to mask the reactivity of
certain functional groups, to assist in the efficiency of desired chemical reactions, e.g.,
making and breaking chemical bonds in an ordered and planned fashion. Protection of
functional groups of a compound alters other physical properties besides the reactivity of
the protected functional group, such as the polanty, lipophilicity (hydrophobicity), and
other properties which can be measured by common analytical tools. Chemically
protected intermediates may themselves be biologically active or inactive.

Protected compounds may also exhibit altered, and in some cases, optimized
properties in vitro and in vivo, such as passage through cellular membranes and resistance
to enzymatic degradation or sequestration. In this role, protected compounds with

intended therapeutic effects may be referred to as prodrugs. Another function of a
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protecting group is to convert the parental drug into a prodrug, whereby the parental drug
is released upon conversion of the prodrug in vive. Because active prodrugs may be
absorbed more effectively than the parental drug, prodrugs may possess greater potency
in vivo than the parental drug. Protecting groups are removed either in vitro, in the
instance of chemical intermediates, or i vivo, in the case of prodrugs. With chemical
intermediates, it is not particularly important that the resulting products after
deprotection, e.g., alcohols, be physiologically acceptable, although in general it is more
desirable if the products are pharmacologically innocuous.

Protecting groups are available, commonly known and used, and are optionally
used to prevent side reactions with the protected group during synthetic procedures, i.e.
routes or methods to prepare the compounds of the invention. For the most part the
decision as to which groups to protect, when to do so, and the nature of the chemical
protecting group “PG” will be dependent upon the chemistry of the reaction to be
protecied against {e.g., acidic, basic, oxidative, reductive or other conditions) and the
intended direction of the synthesis. The PG groups do not need to be, and generally are
not, the same if the compound is substituted with multiple PG. In general, PG will be
used to protect functional groups such as carboxyl, hydroxyl, thig, or amino groups and to
thus prevent side reactions or to otherwise facilitate the synthetic efficiency. The order of
deprotection to vield free, deprotected groups is dependent upon the intended direction of
the synthesis and the reaction conditions o be encountered, and may occur in any order as
determined by the artisan.

Various functional groups of the compounds of the invention may be protected.
For example, protecting groups for ~OH groups (whether hydroxyl, carboxylic acid,
phosphonic acid, or other functions) include “ether- or ester-forming groups”. Ether- or
ester-forming groups are capable of functioning as chemical protecting groups in the
synthetic schemes set forth herein. However, some hydroxy! and thio protecting groups
are neither ether- nor ester-forming groups, as will be understood by those skilled in the
art, and are included with amides, discussed below.

A very large number of hydroxyl protecting groups and amide-forming groups
and corresponding chemical cleavage reactions are described in Protective Groups in
Organic Synthesis, Theodora W. Greene (John Wiley & Sons, Inc., New York, 1991,

ISBN 0-471-62301-6) (“Greene”). See also Kocienski, Philip J.; Protecting Groups
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{Georg Thieme Verlag Stuttgart, New York, 1994), which is incorporated by reference in
its entirety herein. In particular Chapter 1, Protecting Groups: An Overview, pages 1-20,
Chapter 2, Hydroxyl Protecting Groups, pages 21-94, Chapter 3, Diol Protecting Groups,
pages 95-117, Chapter 4, Carboxyl Protecting Groups, pages 118-154, Chapter 5,
Carbonyl Protecting Groups, pages 155-184. For protecting groups for carboxylic acid,
phosphonic acid, phosphonate, sulfonic acid and other protecting groups for acids see
Greene as set forth below.

By way of example and not limitation, A>, A% and R' are all recursive substituents
in certain embodiments. Typically, each of these may independently ocour 20, 19, 18, 17,
16, 15,14, 13,12, 11,10,9,8,7,6,5,4, 3,2, 1, or , times in a given embodiment. More
typically, each of these may independently occur 12 or fewer times in a given
embodiment. Whenever a compound described herein is substituted with more than one
of the same designated group, e.g., “R'” or “A””, then it will be understood that the
groups may be the same or different, i.e., each group is independently selected. Wavy
lines indicate the site of covalent bond attachments to the adjoining groups, moieties, or
atoms.

In one embodiment of the invention, the compound is in an isolated and purified
form. Generally, the term “isolated and purified” means that the compound is
substantially free from biological materials {e.g. blood, tissue, cells, etc.}). In one specific
embodiment of the invention, the term means that the compound or conjugate of the
invention is at least about 50 wt.% free from biological materials; in another specific
embodiment, the term: means that the compound or conjugate of the invention is at least
about 75 wt.% free from biclogical materials; in ancther specific embodiment, the term
means that the compound or conjugate of the invention is at least about 90 wt.% free from
biological materials; in another specific embodiment, the term means that the compound
or conjugate of the invention is at least about 98 wt.% free from biological materials; and
in another embodiment, the term means that the compound or conjugate of the invention
is at least about 99 wt.% free from biological materials. In another specific embodiment,
the invention provides a compound or conjugate of the invention that has been

synthetically prepared {(e.g., ex vivo).
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Cellular Accumulation

In one embodiment, the invention provides compounds capable of accumulating
in human PBMC (peripheral blood mononuclear cells). PBMC refer to blood cells having
round lymphocytes and monocytes. Physiologically, PBMC are critical components of
the mechanism against infection. PBMC may be isolated from heparinized whole blood
of normal healthy donors or buffy coats, by standard density gradient centrifugation and
harvested from the interface, washed (e.g. phosphate-buffered saline) and stored in
freezing medium. PBMC may be cultured in multi-well plates. At various times of
culture, supernatant may be either removed for assessment, or cells may be harvested and
analyzed (Smith R. etal (2003) Blood 102(7):2532-2540). The compounds of this
embodiment may further comprise a phosphonate or phosphonate prodrug. More
typically, the phosphonate or phosphonate prodrug can have the structure A’ as described

herein.

Sterepisomers

The compounds of the invention may have chiral centers, e.g., chiral carbon or
phosphorus atoms. The compounds of the invention thus include racemic mixtures of all
sterecisomers, including enantiomers, digstereomers, and atropisomers. In addition, the
compounds of the invention include enriched or resolved optical isomers at any or all
asymmetric, chiral atoms. In other words, the chiral centers apparent from the depictions
are provided as the chiral isomers or racemic mixtures. Both racemic and diastereomeric
mixtures, as well as the individual optical isomers isolated or synthesized, substantially
free of their enantiomeric or diastereomeric pariners, are all within the scope of the
invention. The racemic mixtures are separated into their individual, substantially
optically pure isomers through well-known technigues such as, for example, the
separation of diastereomeric salts formed with optically active adjuncts, e.g., acids or
bases followed by conversion back to the optically active substances. In most instances,
the desired optical isomer is synthesized by means of stereospecific reactions, beginning
with the appropriate stereoisomer of the desired starting material.

The compounds of the invention can also exist as tautomeric isomers in certain
cases. Although only one delocalized resonance structure may be depicted, all such
forms are contemplated within the scope of the invention. For example, ene-amine
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tautomers can exist for purine, pyrimidine, imidazole, guanidine, amidine, and tetrazole

systems and all their possible tautomeric forms are within the scope of the invention.

Salts and Hydrates
Examples of physiologically acceptable salts of the compounds of the invention

include salts derived from an appropriate base, such as an alkali metal (for example,
sodium), an alkaline earth metal (for example, magnesium), ammonium and NX,'
{wherein X 1s C;-C, alkyl). Physiologically acceptable salts of a hydrogen atom or an
amino group include salts of organic carboxylic acids such as acetic, benzoic, lactic,
fumaric, tartaric, maleic, malonic, malic, isethionic, lactobionic and succinic acids;
organic suifonic acids, such as methanesulfonic, ethanesulfonic, benzenesulfonic and p-
toluenesulfonic acids; and inorganic acids, such as hydrochlorie, sulfuric, phosphoric and
sulfamic acids. Physiologically acceptable salts of a compound of a hydroxy group
include the anion of said compound in combination with a suitable cation such as Na'© and
NX," (wherein X is independently selected from H or a C;—Cq alkyl group).

For therapeutic use, salts of active ingredients of the compounds of the invention
will typically be physiologically acceptable, i.e. they will be salis derived from a
physiologically acceptable acid or base. However, salts of acids or bases which are not
physiologically acceptable may also find use, for example, in the preparation or
purification of a physiologically acceptable compound. All salts, whether or not derived
form a physiologically acceptable acid or base, are within the scope of the present
invention.

Metal salts typically are prepared by reacting the metal hydroxide with a

compound of this invention. Examples of metal salts which are prepared in this way are

salts containing Li*, Na™, and K*. A less soluble metal salt can be precipitated from the
solution of a more soluble salt by addition of the suitable metal compound.

In addition, salts may be formed from acid addition of certain organic and
inorganic acids, e.g., HCI, HBr, HpSO4, H3PO4 or organic sulfonic acids, to basic
centers, typically amines, or to acidic groups. Finally, it is to be understood that the
compositions herein comprise compounds of the invention in their un-ionized, as well as
zwitterionic form, and combinations with stoichiometric amounts of water as in hydrates.

Also included within the scope of this invention are the salts of the parental
23
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compounds with one or more amino acids. Any of the natural or unnatural amino acids
are suitable, especially the naturally-occurring amino acids found as protein components,
although the amino acid typically is one bearing a side chain with a basic or acidic group,
e.g., lysine, arginine or glutamic acid, or a neutral group such as glycine, serine,

threonine, alanine, isoleucine, or leucine.

Methods of Inhibition of HCV

Another aspect of the invention relates to methods of inhibiting the activity of
HCV comprising the step of treating a sample suspected of containing HCV with a
compound or composition of the invention.

Compounds of the invention may act as inhibitors of HCV, as intermediates for
such inhibitors or have other utilities as described below. The inhibitors will generally
bind to locations on the surface or in a cavity of the hver. Compounds binding in the
liver may bind with varying degrees of reversibility. Those compounds binding
substantially irreversibly are ideal candidates for use in this method of the invention.
Once labeled, the substantially irreversibly binding compounds are useful as probes for
the detection of HCV. Accordingly, the invention relates to methods of detecting NS3 in
a sample suspected of containing HCV comprising the steps of’ treating a sample
suspected of containing HCV with a composition comprising a compound of the
invention bound to a label; and observing the effect of the sample on the activity of the
label. Suitable labels are well known in the diagnostics field and include stable free
radicals, fluorophores, radioisotopes, enzymes, chemiluminescent groups and
chromogens. The compounds herein are labeled in conventional fashion using functional
groups such as hydroxyl or amino. In one embodiment the invention provides a
compound of formula (I} that comprises or that is bound or linked to one or more
detectable labels. Within the context of the invention samples suspected of
containing HCV include natural or man-made materials such as living organisms; tissue
or cell cultures; biological samples such as biclogical material samples (blood, serum,
urine, cerebrospinal fluid, tears, sputum, saliva, tissue samples, and the like); laboratory
samples; food, water, or air samples; bioproduct samples such as exiracts of cells,
particularly recombinant cells synthesizing a desired glycoprotein; and the like. Typically

the sample will be suspected of containing HCV. Samples can be contained in any
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medium including water and organic solvent/water mixtures, Samples include living
organisms such as humans, and man made materials such as cell cultures.

The treating step of the invention comprises adding the compound of the invention
to the sample or it comprises adding a precursor of the composition to the sample. The
addition step comprises any method of administration as described above.

If desired, the activity of HCV after application of the compound can be observed
by any method including direct and indirect methods of detecting HCV activity.
Quantitative, qualitative, and semiquantitative methods of determining HCV activity are
all contemplated. Typically one of the screening methods described above are applied,
however, any other method such as observation of the physiological properties of a living
organism are also applicable.

Many organisms contain HCV, The compounds of this invention are useful in the
treatiment or prophylaxis of conditions associated with HCV activation in animals or in
man.

However, in screening compounds capable of inhibiting HCV it should be kept in
mind that the results of enzyme assays may not always correlate with cell culture assays.

Thus, a cell based assay should typically be the primary screening tool.

Screens for HCV Inhibitors

Compounds of the invention are screened for inhibitory activity against HCV by
any of the conventional techniques for evaluating enzyme activity. Within the context of
the invention, typically compounds are first screened for inhibition of HCV in vitro and
compounds showing inhibitory activity are then screened for activity in vive. Compounds

having in vitro Ki (inhibitory constants) of less then about 5 X 10-0 M, typically less than

about 1 X 10-7 M and preferably less than about 5 X 10-8 M are preferred for in vivo use.

Useful in vitro screens have been described in detail.

Pharmaceutical Formulations

The compounds of this invention are formulated with conventional carriers and
excipients, which will be selected in accord with ordinary practice. Tablets will contain
excipients, glidants, fillers, binders and the like. Aqueous formulations are prepared in

sterile form, and when intended for delivery by other than oral administration generally
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will be isotonic. All formulations will optionally contain excipients such as those set

forth in the Handbook of Pharmaceutical Excipients (1986). Excipients include ascorbic

acid and other antioxidants, chelating agents such as EDTA, carbohydrates such as
dextrin, hydroxyalkylcellulose, hydroxyalkylmethylcellulose, stearic acid and the like.
The pH of the formulations ranges from about 3 to about 11, but is ordinarily about 7 to
10.

While it is possible for the active ingredients to be administered alone it may be
preferable to present them as pharmaceutical formulations. The formulations, both for
veterinary and for human use, of the invention comprise at least one active ingredient, as
above defined, together with one or more acceptable carriers therefor and optionally other
therapeutic ingredients. The carrier(s) must be “acceptable” in the sense of being
compatible with the other ingredients of the formulation and physiclogically innocuous to
the recipient thereof.

The formulations include those suitable for the foregoing administration routes.
The formulations may conveniently be presented in unit dosage form and may be
prepared by any of the methods well known in the art of pharmacy. Techniques and

formelations generally are found in Remington’s Pharmaceutical Sciences {Mack

Publishing Co., Easton, PA). Such methods include the step of bringing into association
the active ingredient with the carrier which constitutes one or more accessory ingredients.
In general the formulations are prepared by uniformly and intimately bringing into
association the active ingredient with liguid carriers or finely divided solid carriers or
both, and then, if necessary, shaping the product.

Formulations of the present invention 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 a solution or a
suspension in an aqueous or non-aqueous liguid; or as an oil-in-water liquid emulsion or a
water-in-oil liquid emulsion. The active ingredient may also be administered as a bolus,
electuary or paste.

A tablet is made by compression or molding, optionally with one or more
accessory ingredients. Compressed tablets 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
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dispersing agent. Molded tablets may be made by molding in a suitable machine a
mixture of the powdered active ingredient moistened with an inert liquid diluent. The
tablets may optionally be coated or scored and optionally are formulated so as to provide
slow or controlled release of the active ingredient therefrom.

For administration to the eye or other external tissues e.g., mouth and skin, the
formulations are preferably applied as a topical ointinent or cream containing the active
ingredient(s) in an amount of, for example, 0.075 to 20% w/w {inchuding active
ingredient(s) in a range between 0.1% and 20% in increments of 0.1% w/w such as 0.6%
wiw, 0.7% wiw, etc.}, preferably 0.2 to 15% w/w and most preferably 0.5 to 10% w/w.
When formulated in an cintment, the active ingredients may be employed with ¢ither 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.

If desired, the aqueous phase of the cream base may include, for example, at least
30% w/w of a polyhydric alcohol, i.e. an alcohol having two or more hydroxyl groups
such as propylene glycol, butane 1,3-dicl, mannitol, sorbitol, glycercl and polyethylene
giyeol (including PEG 400) and mixtures thereof. The topical formulations may
desirably include a compound which enhances absorption or penetration of the active
ingredient through the skin or other affected arcas. Examples of such dermal penetration
enhancers include dimethyl sulphoxide and related analogs.

The oily phase of the emulsions of this invention may be constituted from known
ingredients in a known manner. While the phase may comprise merely an emulsifier
{otherwise known as an emulgent), it desirably comprises a mixture of at least one
emulsifier with a fat or an oil or with both a fat and an oil. Preferably, a hydrophilic
emulsifier is included together with a lipophilic emulsifier which acts as a stabilizer. It is
also preferred to include both an oil and a fat. Together, the emulsifier(s) with or without
stabilizer(s) make up the so-called emulsifying wax, and the wax together with the oil and
fat make up the so-called emulsifying ointment base which forms the oily dispersed phase
of the cream formulations.

Emulgents and emulsion stabilizers suitable for use in the formulation of the

invention include Tween® 60, Span® 80, cetostearyl alcohol, benzyl alcohol, myristyl
alcohol, glycervl mono-stearate and sodium lauryl sulfate.

The choice of suitable oils or fats for the formulation is based on achieving the
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desired cosmetic properties. The cream should preferably be a non-greasy, non-staining
and washable product with suitable consistency to avoid leakage from tubes or other
containers. Straight or branched chain, mono- or dibasic alky! esters such as di-
isoadipate, isocetyl stearate, propylene glycol diester of coconut fatty acids, isopropyl
myristate, decyl oleate, isopropyl palmitate, butyl stearate, 2-cthylhexyl palmitate or a
blend of branched chain esters known as Crodamol CAP may be used, the last three being
preferred esters. These may be used alone or in combination depending on the properties
required. Alternatively, high melting point lipids such as white soft paraffin and/or liquid
paraffin or other mineral oils are used.

Pharmaceutical formulations according to the present invention comprise one or
more compounds of the invention together with one or more pharmaceutically acceptable
carriers or excipients and optionally other therapeutic agents. Pharmaceutical
formulations containing the active ingredient may be in any form suitable for the intended
method of administration. When used for oral use for example, tablets, troches, lozenges,
aqueous of oil suspensions, dispersible powders or granules, emulsions, hard or soft
capsules, syrups or elixirs may be prepared. Compositions intended for oral use may be
prepared according to any method known to the art for the manufacture of pharmaceutical
compositions and such compositions may contain one or more agenis including
sweetening agents, flavoring agents, coloring agents and preserving agents, in order to
provide a palatable preparation. Tablets containing the active ingredient in admixture
with non-toxic pharmaceutically acceptable excipient which are suitable for manufacture
of tablets are acceptable. These excipients may be, for example, inert diluents, such as
calcium or sodium carbonate, lactose, lactose monochydrate, croscarmellose sodium,
povidone, calcium or sodium phosphate; granulating and disintegrating agents, such as
maize starch, or alginic acid; binding agents, such as cellulose, microcrystalline cellulose,
starch, gelatin or acacia; and lubricating agents, such as magnesium stearate, stearic acid
or talc. Tablets may be uncoated or may be coated by known techniques including
microencapsulation to delay disintegration and adsorption in the gastrointestinal tract and
thereby provide a sustained action over a longer period. For example, a time delay
material such as glyceryl monostearate or glyceryl distearate alone or with a wax may be

employed.
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Formulations for oral use may be also presented as hard gelatin capsules where
the active ingredient is mixed with an inert solid diluent, for example calcium phosphate
or kaolin, or as soft gelatin capsules wherein the active ingredient is mixed with water or
an o1l medium, such as peanut oil, liquid paraffin or olive oil.

Aqueous suspensions of the invention contain the active materials in admixture
with excipients suitable for the manufacture of aqueous suspensions. Such excipients
include a suspending agent, such as sodium carboxymethylcellulose, methylcellulose,
hydroxypropyl methylcelluose, sodium alginate, polyvinylpyrrolidone, gum tragacanth
and guim acacia, and dispersing or wetting agents such as a naturally occurring
phosphatide {e.g., lecithin}, a condensation product of an alkylene oxide with a fatty acid
{e.g., polyoxyethylenc stearate), a condensation product of ethylene oxide with a long
chain aliphatic alcohol (e.g., heptadecacthylencoxycetanol}, a condensation product of
ethvlene oxide with a partial ester derived from a fatty acid and a hexitol anhydride {e.g.,
polyoxyethylene sorbitan monooleate). The agueous suspension may also contain one or
more preservatives such as ethyl or n-propyl p-hydroxy—bcnzoaté, one or more coloring
agents, one or more flavoring agents and one or more sweetening agents, such as sucrose
or saccharin.

il suspensions may be formulated by suspending the active ingredientina
vegetable oil, such as arachis oil, olive oil, sesame oil or coconut oil, or in a mineral oil
such as liquid paraffin. The oral suspensions may contain a thickening agent, such as
beeswax, hard paraffin or cetyl alcohol. Sweetening agents, such as those set forth above,
and flavoring agents may be added to provide a palatable oral preparation. These
compositions may be preserved by the addition of an antioxidant such as ascorbic acid.

Dhspersible powders and granules of the invention suitable for preparation of an
agueous suspension by the addition of water provide the active ingredient in admixture
with a dispersing or wetting agent, a suspending agent, and onc or more preservatives.
Suitable dispersing or wetting agents and suspending agents are exemplified by those
disclosed above. Additional excipients, for example sweetening, flavoring and coloring
agents, may also be present.

The pharmaceutical compositions of the invention may also be in the form of oil-
in-water emulisions. The oily phase may be a vegetable oil, such as olive oil or arachis oil,

a mineral oil, such as liquid paraffin, or a mixture of these. Suitable emulsifying agents
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include naturally-occurring gums, such as gum acacia and gum tragacanth, naturally
occurring phosphatides, such as soybean lecithin, esters or partial esters derived from
fatty acids and hexitol anhydrides, such as sorbitan monooleate, and condensation
products of these partial esters with ethylene oxide, such as polyoxyethylene sorbitan
monooleate. The emulsion may also contain sweetening and flavoring agents. Syrups and
elixirs may be formulated with sweetening agents, such as glycerol, sorbitol or sucrose.
Such formulations may also contain a demulcent, a preservative, a flavoring or a coloring
agent,

The pharmaceutical compositions of the invention may be in the form of a sterile
injectable preparation, such as a sterile injectable aqueous or oleaginous suspension. This
suspension may be formulated according to the known art using those suitable dispersing
or wetting agents and suspending agents which have been mentioned above. The sterile
injectable preparation may also be g sterile injectable solution or suspension in a non-
toxic parenterally acceptable diluent or solvent, such as a solution in 1,3-butane-diol or
prepared as a lyophilized powder. Among the acceptable vehicles and solvenis that may
be employed are water, Ringer’s solution and isotonic sodium chloride solution. In
addition, sterile fixed oils may conventionally be employed as a solvent or suspending
medium. For this purpose any bland fixed oil may be employed including synthetic
mono- or diglycerides. In addition, fatty acids such as oleic acid may hikewise be used in
the preparation of injectables.

The amount of active ingredient that may be combined with the carrier material to
produce a single dosage form will vary depending upon the host treated and the particular
mode of administration. For example, a time-release formulation intended for oral
administration to humans may contain approximately 1 to 1000 mg of active material
compounded with an appropriate and convenient amount of carrier material which may
vary from about 3 to about 95% of the total compositions (weight:weight). The
pharmaceutical composition can be prepared to provide easily measurable amounts for
administration. For example, an aqueous solution intended for intravenous infusion may
contain from about 3 to 800 pg of the active ingredient per milliliter of solution in order
that infusion of a suitable volume at a rate of about 30 mL/hr can occur.

Formulations suitable for administration to the eye include eye drops wherein the

active ingredient is dissolved or suspended in a suitable carrier, especially an aqueous
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solvent for the active ingredient. The active ingredient is preferably present in such
formulations in a concentration of (.5 to 20%, advantageously 0.5 to 10% particularly
about 1.5% w/w.

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.

Formulations for rectal administration may be presented as a suppository with a
suitable base comprising for example cocoa buiter or a salicylate.

Formulations suitable for intrapulmonary or nasal administration have a particle
size for example in the range of 0.1 to 500 microns {including particle sizes in a range
between 0.1 and 500 microns in increments microns such as 0.5, 1, 30 microns, 35
microns, etc.), which is administered by rapid inhalation through the nasal passage or by
inhalation through the mouth so as (o reach the alveolar sacs. Suitable formulations
include aqueous or oily solutions of the active ingredient. Formulations suitable for
aerosol or dry powder administration may be prepared according to conventional methods
and may be delivered with other therapeutic agents such as compounds heretofore used in
the treatment or prophylaxis of conditions associated with HCV activity.

Formulations suitable for vaginal administration may be presented as pessaries,
tampons, creams, gels, pastes, foams or spray formulations containing in addition to the
active ingredient such carriers as are known in the art to be appropriate.

Formulations suitable for parenteral administration include agueous and non-
aqueous sterile injection solutions which may contain anti-oxidants, huffers, bacteriostats
and solutes which render the formulation isotonic with the blood of the intended
recipient; and aqueous and non-agueous sterile suspensions which may include
suspending agents and thickening agents.

The formulations are presented in unit-dose or multi-dose containers, for example
sealed ampoules and vials, and may be stored in a freeze-dried (Ivophilized) condition
requiring only the addition of the sterile liquid carner, for example water for injection,
immediately prior to use. Extemporancous injection solutions and suspensions are

prepared from sterile powders, granules and tablets of the kind previously described.
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Preferred unit dosage formulations are those containing a daily dose or unit daily sub-
dose, as herein above recited, or an appropriate fraction thereof, of the active ingredient.

It shouid be understood that in addition to the ingredients particularly mentioned
above the formulations of this invention may include other agents conventional in the art
having regard to the type of formulation in question, for example those suitable for oral
administration may include flavoring agents.

The invention further provides veterinary compositions comprising at least one
active ingredient as above defined together with a veterinary carrier therefor.

Veterinary carriers are materials useful for the purpose of administering the
composition and may be solid, liquid or gaseous materials which are otherwise inert or
acceptable 1n the veterinary art and are compatible with the active ingredient. These
veterinary compositions may be administered orally, parenterally or by any other desired
route.

Compounds of the invention can also be formulated to provide controlled release
of the active ingredient to allow less frequent dosing or to improve the pharmacokinetic
or toxicity profile of the active ingredient. Accordingly, the invention also provides
compositions comprising one or more compounds of the invention formulated for
sustained or coniroiled release.

Effective dose of active ingredient depends at least on the nature of the condition
being treated, toxicity, whether the compound is being used prophylactically (lower
doses), the method of delivery, and the pharmaceutical formulation, and will be
determined by the clinician using conventional dose escalation studies. It can be expected
to be from sbout 6.0001 to about 100 mg/kg body weight per day. Typically, from about
0.01 to about 10 mg/kg body weight per day. More typically, from about .01 to about 5
mg/kg body weight per day. More typically, from about .05 to about 0.5 mg/kg body
weight per day. For example, the daily candidate dose for an adult human of
approximately 70 kg body weight will range from 1 mg to 1000 mg, preferably between 5

mg and 500 mg, and may take the form of single or multiple doses.

Routes of Administration

One or more compounds of the invention (herein referred to as the active

ingredients) are administered by any route appropriate to the condition to be treated.
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Suitable routes include oral, rectal, nasal, topical (including buccal and sublingual),

vaginal and parenteral (including subcutaneous, intramuscular, intravenous, intradermal,
intrathecal and epidural), and the like. It will be appreciated that the preferred route may
vary with for example the condition of the recipient. An advantage of the compounds of

this invention is that they are orally bioavailable and can be dosed orally.

Combination Therapy

Active ingredients of the invention can also be used in combination with other
active ingredients. Such combinations are selected based on the condition to be treated,
cross-reactivities of ingredients and pharmaco-properties of the combination.

It is also possible to combine any compound of the invention with one or more
other active ingredients in a unitary dosage form for simultaneous or sequential
administration to a patient. The combination therapy may be administered as a
simultaneous or sequential regimen. When administered sequentially, the combination
may be administered in two or more administrations.

The combination therapy may provide “synergy” and “synergistic effect”, i.e. the
effect achieved when the active ingredients used together is greater than the sum of the
effects that results from using the compounds separately. A synergistic effect may be
attained when the active ingredients are: (1) co-formulated and administered or delivered
simultancously in a combined formulation; (2) delivered by alternation or in paralle] as
separate formulations; or (3} by some other regimen. When delivered in alternation
therapy, a synergistic effect may be attained when the compounds are administered or
delivered sequentially, e.g., in separate tablets, pills or capsules, or by different injections
in separate syringes. In general, during alternation therapy, an effective dosage of each
active ingredient is administered sequentially, i.e. serially, whereas in combination
therapy, effective dosages of two or more active ingredients are administered together.

Suitable active therapeutic agents or ingredients which can be combined with the
compounds of formula I can include interferons, e.g., pegylated rIFN-alpha 2b, pegylated
rIFN-alpha 2a, rIFN-alpha 2b, IFN alpha-2b XL, rIFN-alpha 2a, consensus IFN alpha,
infergen, rebif] locteron, AVI-005, PEG-infergen, pegylated IFN-beta, oral interferon
alpha, feron, reaferon, intermax alpha, r-IFN-beta, infergen + actimmune, IFN-omega

with DUROS, and albuferon; ribavirin analogs, e.g., rebetol, copegus, levovirin VX-497,
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and viramidine (taribavirin); NS5a inhibitors, e.g., A-831 and A-689; NS5b polymerase
inhibitors, e.g., NM-283, valopicitabine, R1626, PSI—éIBO'(RiMé), HCV-796, BILB
1941, MK-0608, NM-107, R7128, VCH-759, PF-868554, G8K 625433, and XTL-2125;
NS3 protease inhibitors, e.g., SCH-503034 (SCH-7), VX-950 (Telaprevir), ITMN-191,
and BILN-2065; alpha-glucosidase 1 inhibitors, e.g., MX-3253 (celgosivir) and UT-
2318B; hepatoprotectants, e.g., IDN-6556, ME 3738, MitoQ, and LB-84451; non-
nucleoside inhibitors of HCV, e.g., benzimidazole derivatives, benzo-1,2,4-thiadiazine
derivatives, and phenylalanine denivatives; and other drugs for treating HCV, e g.,
zadaxin, nitazoxanide (alinea), BIVN-401 (virostat), DEBICO-025, VGX-410C, EMZ-702,
AVT1 4065, bavituximab, oglufanide, PYN-17, KPEQ2003002, actilon (CPG-10101),
KRN-7000, civacir, GI-5005, ANA-975 (isatoribine}, XTL-6865, ANA 971, NOV-205,
tarvacin, EHC-18, and NIM211.

In yet another embodiment, the present application discloses pharmaceutical
compositions comprising a compound of the present invention, or a pharmaceutically
acceptable salt, solvate, and/or ester thereof, in combination with at least one additional
therapeutic agent, and a pharmaceutically acceptable carrier or excipient.

According to the present invention, the therapeutic agent used in combination with
the compound of the present invention can be any agent having a therapeutic effect when
used in combination with the compound of the present invention. For example, the
therapeutic agent used in combination with the compound of the present invention can be
interferons, ribavirin analogs, NS3 protease inhibitors, NS5b polymerase inhibitors,
alpha-glucosidase | inhibitors, hepatoprotectants, non-nucleoside inhibitors of HCV, and
other drugs for treating HCV,

In another embodiment, the present application provides pharmaceutical
compositions comprising a compound of the present invention, or a pharmaceutically
acceptable salt, solvate, and/or ester thereof, in combination with at least one additional
therapeutic agent selected from the group consisting of pegylated rIFN-alpha 2b,
pegylated riFN-alpha 2a, riFN-alpha 2b, IFN alpha-2b X1, rlFN-alpha 2a, consensus [FN
alpha, infergen, rebif] locteron, AVI-005, PEG-infergen, pegylated IFN-beta, oral
interferon alpha, feron, reaferon, intermax alpha, r-IFN-beta, infergen + actimmune, [FN-
omega with DURQOS, albuferon, rebetol, copegus, levovirin, VX-497, viramidine
{(tartbavirin}, A-831, A-689, NM-283, valopicitabine, R1626, PSI-6130 (R1656), HCV-
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796, BILB 1941, MK-0608, NM-107, R7128, VCH-759, PF-868554, GSK 625433, XTL-
2125, SCH-503034 (SCH-7), VX950 (Telaprevir), ITMN-191, and BILN-2065, MX-
3253 (celgosivir), UT-231B, IDN-6556, ME 3738, MitoQ, and L.B-84451, benzimidazole
derivatives, benzo-1,2 4-thiadiazine derivatives, and phenylalanine derivatives, zadaxin,
nitazoxanide (alinea), BIVN-401 (virostat), DEBIO-025, VGX-410C, EMZ-702, AVI]
4065, bavituximab, oglufanide, PYN-17, KPE02003002, actilon (CPG-10101), KRN-
7000, civacir, GI-5005, ANA-975 (isatoribine), XTL-6865, ANA 971, NOV-205,
tarvacin, EHC-18, and NIM811 and a pharmaceutically acceptable carrier or exipient.

In yet another embodiment, the present application provides a combination
pharmaceutical agent comprising:

a) 3 first pharmaceutical composition comprising a compound of the present
invention, or a pharmaceutically acceptable salt, solvate, or ester thereof; and

b) a second pharmaceutical composition comprising at least one additional
therapeutic agent selected from the group consisting of HIV protease inhibiting
compounds, HIV non-nucleoside inhibitors of reverse transcriptase, HIV nucleoside
inhibitors of reverse transcriptase, HIV nucleotide inhibitors of reverse transcriptase, HIV
integrase inhibitors, gpd41 inhibitors, CXCR4 inhibitors, gpl2Q inhibitors, CCRS5
inhibitors, interferons, ribavirin analogs, NS3 protease inhibitors, alpha-glucosidase 1
inhibitors, hepatoprotectants, non-nucleoside inhibitors of HCV, and other drugs for
treating HCV, and combinations thereof.

Combinations of the compounds of formula | and additional active therapeutic
agents may be selected to treat patients infected with HCV and other conditions such as
HIV infections. Accordingly, the compounds of formula I may be combined with one or
more compounds useful in treating HIV, for example HIV protease inhibiting
compounds, HIV non-nucleoside inhibitors of reverse transcriptase, HIV nucleoside
inhibitors of reverse transcriptase, HIV nucleotide inhibitors of reverse transcriptase, HIV
integrase inhibitors, gp41 inhibitors, CXCRA4 inhibitors, gpl20 inhibitors, CCRS
inhibitors, interferons, ribavirin analogs, NS3 protease inhibitors, NS5b polymerase
inhibitors, alpha-glucosidase 1 inhibitors, hepatoprotectants, non-nucleoside inhibitors of
HCV, and other drugs for treating HCV.

More specifically, one or more compounds of the present invention may be

combined with one or more compounds selected from the group consisting of 1) HIV
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protease inhibitors, e.g., amprenavir, atazanavir, fosamprenavir, indinavir, lopinavir,
ritonavir, lopinavir + ritonavir, nelfinavir, saquinavir, tipranavir, brecanavir, darunavir,
TMC-126, TMC-114, mozenavir (DMP-450), JE-2147 (AG1776), AG1859, DG335, L-
756423, RO0334649, KNI-272, DPC-681, DPC-684, and GW640385X, DG17, PPL-100,
2) a HIV non-nucleoside inhibitor of reverse transcriptase, e.g., capravirine, emivirine,
delaviridine, efavirenz, nevirapine, (+) calanolide A, etravirine, GW5634, DPC-083,
DPC-961, DPC-963, MIV-150, and TMC-120, TMC-278 (nilpivirine), efavirenz, BILR
355 BS, VRX 840773, UK-453,061, RDEASD6, 3) a HIV nucleoside inhibitor of reverse
transcriptase, e.g., zidovudine, emtricitabine, didanosine, stavudine, zalcitabine,
lamivudine, abacavir, amdoxovir, elvucitabine, alovudine, MIV-210, racivir (£-FTC), D-
d4FC, emtricitabine, phosphazide, fozivudine tidoxil, fosalvudine tidoxil, apricitibine
{AVXT754), amdoxovir, KP-1461, abacavir + lamivudine, abacavir + lamivudine +
zidovudine, zidovudine + lamivudine, 4) a HIV nucleotide inhibitor of reverse
transcriptase, e.g., tenofovir, tenofovir disoproxil fumarate + emitricitabine, tenofovir
disoproxil fumarate + emtriciiabine + efavirenz, and adefovir, 5) a HIV integrase
inhibitor, e.g., curcumin, derivatives of curcumin, chicoric acid, derivatives of chicoric
acid, 3,5-dicaffeoylguinic acid, derivatives of 3,5-dicaffeoylquinic acid,
surintricarboxylic acid, derivatives of aurintricarboxylic acid, caffeic acid phenethyl ester,
derivatives of caffeic acid phenethyl ester, tyrphostin, derivatives of tyrphostin, quercetin,
derivatives of quercetin, S-1360, zintevir (AR-177), L.-870812, and L-870810, MK-0518
{raltegravir), BMS-707035, MK-2048, BA-O11, BMS-538158, GSK364735C, 6) a gp4!l
inhibitor, e.g., enfuvirtide, sifuvirtide, FBOO6M, TRI-1144, SPC3, DESS, Locus gp4l,
CovX, and REP 9, 7) a CXCR4 inhibitor, e.g., AMID-070, 8) an entry inhibitor, e.g.,
SPO1A, TNX-355, 9) a gpl20 inhibitor, e.g., BMS5-488043 and BlockAide/CR, 10} a
G6PD and NADH-oxidase inhibitor, e.g., immunitin, 10) a CCRS inhibitor, e.g.,
aplaviroc, vicriviroc, INCB9471, PRO-140, INCB15050, PF-232798, CCRSmAb004, and
maraviroc, 11) an interferon, e.g., pegylated rIFN-alpha 2b, pegylated rIFN-alpha 2a,
rIFN-alpha 2b, IFN alpha-2b XL, rfFN-alpha 2a, consensus IFN alpha, infergen, rebif,
locteron, AVI-005, PEG-infergen, pegylated IFN-beta, oral interferon alpha, feron,
reaferon, intermax alpha, r-IFN-beta, infergen + actimmune, IFN-omega with DURGCS,
and albuferon, 12) ribavirin analogs, e.g., rebetol, copegus, levovirin, VX-497, and

viramidine (taribavirin) 13) NS5a inhibitors, e.g., A-831 and A-689, 14) NS5b
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polymerase inhibitors, e.g., NM-283, valopicitabine, R1626, PSI-6130 (R1656), HCV-
796, BILB 1941, MK-0608, NM-107, R7128, VCH-759, PF-868554, GSK625433, and
XTL-2125, 15) NS3 protease inhibitors, e.g., SCH-503034 (3CH-7), VX-950
{Telaprevir), ITMN-191, and BILN-2065, 16) alpha-glucosidase 1 inhibitors, e.g., MX-
3253 (celgosivir) and UT-231B, 17) hepatoprotectants, e.g., IDN-6556, ME 3738, Mito(Q,
and LB-84451, 18) non-nucleoside inhibitors of HCV, e.g., benzimidazole derivatives,
benzo-1,2,4-thiadiazine derivatives, and phenylalanine derivatives, 19) other drugs for
treating HCV, e.g., zadaxin, nitazoxanide (alinea), BIVN-401 (virostat}, DEBIO-025,
VGX-410C, EMZ-702, AVI 4065, bavituximab, oglufanide, PYN-17, KPE02003002,
actilon {CPG-10101), KRN-7000, civacir, GI-5005, ANA-975 (isatoribine), XTL-6865,
ANA 971, NOV-205, tarvacin, EHC-18, and NIM811, 19) pharmacokinetic enhancers,
e.g., BAS-100 and SP1452, 20)RNAse H inhibitors, e.g., ODN-93 and ODN-112, 21)
other anti-HIV agents, e.g., VGV-1, PA-457 (bevirimat), ampligen, HRG214, cytolin,
polymun, VGX-410, KD247, AMZ 0026, CY'T 99007, A-221 HIV, BAY 50-4798,
MDX010 (iplimumab), PBS119, ALG889, and PA-1050040.

Metabolites of the Compounds of the Invention

Also falling within the scope of this invention are the in vivo metabolic products
of the compounds described herein. Such products may result for example from the
oxidation, reduction, hydrolysis, amidation, esterification and the like of the administered
compound, primarily due to enzymatic processes. Accordingly, the invention includes
compounds produced by a process comprising contacting a compound of this invention

with a mammal for a period of time sufficient to yield a metabolic product thereof. Such

products typically are identified by preparing a radiolabelled (e.g., C 14 o1 H3) compound
of the invention, administering it parenterally in a detectable dose (e.g., greater than about
0.5 mg/kg) to an animal such as rat, mouse, guinea pig, monkey, or to man, allowing
sufficient time for metabolism to occur (typically about 30 seconds to 30 hours) and
isolating its conversion products from the urine, blood or other biological samples. These
products are easily isolated since they are labeled (others are isolated by the use of
antibodies capable of binding epitopes surviving in the metabolite). The metabolite
structures are determined in conventional fashion, e.g., by M5 or NMR analysis. In

general, analysis of metabolites is done in the same way as conventional drug metabolism
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studies well-known to those skilled in the art. The conversion products, so long as they
are not otherwise found in vivo, are useful in diagnostic assays for therapeutic dosing of
the compounds of the invention even if they possess no HCV ~inhibitory activity of their
OWIL

Methods for determining stability of compounds in surrogate gastrointestinal
secretions are known. Compounds are defined herein as stable in the gastrointestinal tract
where less than about 50 mole percent of the protected groups are deprotected in
surrogate intestinal or gastric juice upon incubation for 1 hour at 37 °C. Simply because
the compounds are stable to the gastrointestinal tract does not mean that they cannot be
hydrolyzed in vivo. The phosphonate prodrugs of the invention typically will be stable in
the digestive system but are substantially hydrolyzed to the parental drug in the digestive

lumen, liver or other metabolic organ, or within cells in general.

Exemplary Methods of Making the Compounds of the Invention.

The invention also relates to methods of making the compositions of the
invention. The compositions are prepared by any of the applicable techniques of organic
synthesis. Many such techniques are well known in the art. However, many of the
known technigues are elaborated in Compendium of Organic Synthetic Methods (John
Wiley & Sons, New York), Vol. 1, lan T. Harrison and Shuyen Harrison, 1971; Vol. 2,

lan T. Harrison and Shuyen Harrison, 1974; Vol. 3, Louis 5. Hegedus and Leroy Wade,
1977; Vol. 4, Leroy G. Wade, jr., 1980; Vol. §, Leroy G. Wade, Ir., 1984; and Vol. 6,
Michael B. Smith; as well as March, J., Advanced Organic Chemistry, Third Edition,

{(John Wiley & Sons, New York, 1985), Comprehensive Organic Synthesis. Selectivity,

Strategy & Efficiency in Modern Organic Chemistry. In 9 Volumes, Barry M. Trost,

Editor-in-Chief (Pergamon Press, New York, 1993 printing). Uther methods suitable for
preparing compounds of the invention are described in International Patent Application
Publication Number WO 2006/020276.

A pumber of exemplary methods for the preparation of the compositions of the
invention are provided below. These methods are intended to illustrate the nature of such
preparations and are not intended to limit the scope of applicable methods.

Generally, the reaction conditions such as temperature, reaction time, solvents,

work-up procedures, and the like, will be those common in the art for the particular

8

43



10

15

20

25

30

WO 2009/065677 PCT/US2008/607928

reaction to be performed. The cited reference material, together with material cited
therein, contains detailed descriptions of such conditions. Typically the temperatures will
be -100°C to 200°C, solvents will be aprotic or protic, and reaction times will be 10
seconds to 10 days. Work-up typically consists of quenching any unreacted reagents
followed by partition between a water/organic layer system (extraction) and separating
the layer containing the product.

Oxidation and reduction reactions are typically carried out at temperatures near
room {emperatire {(about 20 °C), although for metal hydride reductions frequently the
temperature is reduced to 0 °C to -100 °C, solvents are typically aprotic for reductions
and may be either protic or aprotic for oxidations. Reaction times are adjusted to achieve
desired conversions.

Condensation reactions are typically carried out at temperatures near room
temperature, although for non-equilibrating, kinetically controlled condensations reduced
temperatures {0 °C to -100 °C) are also common. Solvents can be either protic (common
in equilibrating reactions) or aprotic {common in kinetically controlled reactions}.

Standard synthetic technigues such as azeotropic removal of reaction by-producis
and use of anhydrous reaction conditions (e.g., inert gas environments) are common in the
art and will be applied when applicable.

The terms “treated”, “treating”, “treatment”, and the like, when used in connection
with a chemical synthetic operation, mean contacting, mixing, reacting, allowing to react,
bringing into contact, and other terms common in the art for indicating that one or more
chemical entities is treated in such a manner as o convert it to one or more other
chemical entities. This means that “treating compound one with compound two” is
synonymous with “allowing compound one to react with compound two”, “contacting
compound one with compound two”, “reacting compound one with compound two”, and
other expressions common in the art of organic synthesis for reasonably indicating that
compound one was “ireated”, “reacted”, “allowed to react”, etc., with compound two.
For example, treating indicates the reasonable and usual manner in which organic
chemicals are aliowed to react. Normal concentrations (0.01M to 10M, typically 0.1M to
IM), temperatures (-100 °C to 250 °C, typically -78 °C to 150 °C, more typically -78 °C
to 100 °C, still more typically 0 °C to 100 °C), reaction vessels (typically glass, plastic,

metal), solvents, pressures, atmospheres (fypically air for oxygen and water insensitive
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reactions or nitrogen or argon for oxygen or water sensitive), etc., are intended unless
otherwise indicated. The knowledge of similar reactions known in the art of organic
synthesis are used in selecting the conditions and apparatus for “ireating” in a given
process. In particular, one of ordinary skill in the art of organic synthesis selects
conditions and apparatus reasonably expected to successfully carry out the chemical
reactions of the described processes based on the knowledge in the art.

Modifications of each of the exemplary schemes and in the examples (hereafter
“exemplary schemes”) leads to various analogs of the specific exemplary materials
produce. The above-cited citations déscribing suitable methods of organic synthesis are
applicable to such modifications.

In each of the exemplary schemes it may be advantageous o separaie reaction
products from one another and/or from starting materials. The desired products of each
step or series of steps is separated and/or purified (hereinafier separated) to the desired
degree of homogeneity by the techniques common in the art. Typically such separations
involve multiphase extraction, crystallization from a solvent or solvent mixture,
distiliation, sublimation, or chromatography. Chromatography can involve any nomber of
methods including, for example: reverse-phase and normal phase; size exclusion; ion
exchange; high, medium, and low pressure liquid chromatography methods and
apparatus; small scale analytical; simulated moving bed (SMB) and preparative thin or
thick layer chromatography, as well as technigues of small scale thin layer and flash
chromatography.

Another class of separation methods involves treatment of a mixture with a
reagent selected to bind to or render otherwise separable a desired product, unreacted
starting material, reaction by product, or the like. Such reagents include adsorbents or
absorbents such as activated carbon, molecular sieves, ion exchange media, or the like.
Alternatively, the reagents can be acids in the case of a basic material, bases in the case of
an acidic material, binding reagents such as antibodies, binding proteins, selective
chelators such as crown ethers, liquid/liguid ion extraction reagents (LIX), or the like.

Selection of appropriate methods of separation depends on the nature of the
materials involved. For example, boiling point, and molecular weight in distiliation and
sublimation, presence or absence of polar functional groups in chromatography, stability

of materials in acidic and basic media in multiphase exiraction, and the like. One skilled
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in the art will apply techniques most likely to achieve the desired separation.

A single stereoisomer, e.g., an enantiomer, substantially free of its sterecisomer
may be obtained by resolution of the racemic mixture using a method such as formation
of diastereomers using optically active resolving agents (Stereochemistry of Carbon
Compounds, (1962) by E. L. Eliel, McGraw Hill; Lochmuller, C. H.,, (1975) J

Chromatogr., 113, 3 283-302). Racemic mixtures of chiral compounds of the invention

can be separated and isolated by any suitable method, including: (1} formation of ionic,
diastereomeric salts with chiral compounds and separation by fractional crystallization or
other methods, (2) formation of diastereomeric compounds with chiral derivatizing q
reagents, separation of the diastereomers, and conversion o the pure sterecisomers, and
(3) separation of the substantially pure or enriched sterenisomers directly under chiral
conditions.

Under method (1), diastereomeric salts can be formed by reaction of
enantiomerically pure chiral bases such as brucine, quinine, ephedrine, strychnine, a-
methyl-B-phenylethylamine (amphetamine), and the like with asymmetric compounds
bearing acidic functionality, such as carboxylic acid and sulfonic acid. The diastercomeric
salts may be induced to separate by fractional crystallization or ionic chromatography.
For separation of the optical isomers of amino compounds, addition of chiral carboxylic
or sulfonic acids, such as camphorsulfonic acid, tartaric acid, mandelic acid, or lactic acid
can result in formation of the diastereomeric salts.

Alternatively, by method (2), the substrate to be resolved is reacted with one
enantiomer of a chiral compound to form a diastereomeric pair {(Eliel, E. and Wilen, S.

{1994) Stereochemistry of Organic Compounds, John Wiley & Souns, Inc., p. 322).

Diastereomeric compounds can be formed by reacting asymmetric compounds with
enantiomerically pure chiral derivatizing reagents, such as menthy! derivatives, followed
by separation of the diastereomers and hydrolysis to yield the free, enantiomerically
enriched xanthene. A method of determining optical purity involves making chiral esters,
such as a menthyl ester, e.g., (-) menthyl chloroformate in the presence of base, or
Mosher ester, a-methoxy-a-(irifluoromethyl)pheny! acetate (Jacob L (1982) /. Org.
Chem. 47:4165), of the racemic mixture, and analyzing the NMR spectrum for the

presence of the two atropisomeric diastereomers. Stable diastereomers of atropisomeric
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compounds can be separated and isolated by normal- and reverse-phase chromatography
following methods for separation of atropisomeric naphthyl-isoquinolines (Hoye, T., WO
96/15111). By method (3), a racemic mixture of two enantiomers can be separated by
chromatography using a chiral stationary phase (Chiral Liguid Chromatography (1989}
W. J. Lough, Ed. Chapman and Hall, New York; Okamoto, (1990) J. of Chromatogr.
513:375-378). Enriched or purified enantiomers can be distinguished by methods used to
distinguish other chiral molecules with asymmetric carbon atoms, such as optical rotation

and circular dichroism.

Specific Embodiments of the Invention

In one specific embodiment the invention 7' is A,

In one specific embodiment the invention Z' is selected from:

wherein each L is independently CH or N; and wherein cach 7' is optionally substituted
with one or more A”.

In one specific embodiment the invention Z' is a group -Z*-Q, wherein: 2 isa
direct bond, -O-, -S-, -S(=0), -8(=0),, -C(=0}-, -C(=0}0-, or -OC(=0}-; and Q is a
bicyclic [4.4.0] ring system wherein at least one ring is aromatic, which ring system
comprises one or more carbon atoms and optionally comprises one or more O, S, $(=0),

S(=Q0);, -N=, or -N{AS)- in the ring system; wherein each A’is independently A’ or the
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point of attachment to Z°; and wherein the ring system is optionally substituted on one or
more carbon atoms with A>.

In one specific embodiment the invention Z' is a group -Z2.Q, wherein: 7' is a
direct bond, -O-, -S-, -C(=0)-, -C(=0)0-, or -OC(=0)-; and Q is a bicyclic [4.4.0] ring
system wherein at least one ring is aromatic, which ring system comprises one or more
carbon atoms and optionally comprises one or more ~N= or -N{A")- in the ring system,
and which ring system is optionally substituted on one or more carbon atoms with A”.

In one specific embodiment the invention Z' is a group -2°-Q, wherein: Z’isa
direct bond, -O-, -5-, -C(=0}-, -C(=0)0-, or -OC(=0)-; and (Q 1s a bicyclic [4.4.0] ring
system wherein both rings are aromatic, which ring system comprises one or more carbon
atoms and optionally comprises one or more —N= in the ring system, and which ring
system is optionally substituted on one or more carbon atoms with A’

In one specific embodiment the invention Z' is a group -Z*-Q, wherein: 27 isa
direct bond, -O-, -5-, -C(=0}-, -C(=0)0G-, or -OC(=0}-; and Q is a bicyclic {4.4.0] ring
system wherein both rings are aromatic, which ring system comprises one or more carbon
atoms and comprises 1, 2, 3, or 4 -N=in the ning system, and which ring system is
optionally substituted on one or more carbon atoms with A°.

In oneg specific embodiment the invention Z'isa group -Z°.Q, wherein: Zisa
direct bond, -O-, -8-, -C(=0)-, -C{(=00-, or -0C{=0)-; and Q is a bicyclic [4.4.0} ring
system wherein both rings are aromatic, which ring system comprises one or more carbon
atoms and comprises 1 or 2 ~N= in the ring system, and which ring system is optionally
substituted on one or more carbon atoms with A®,

In one specific embodiment the invention Z' is a group -2°-Q, wherein: Z° is a
direct bond, -O-, -§-, -C(=0}-, -C(=0)0-, or -OC(=0)-; and Q is a I-naphthyl or 2~
naphthyl ring system that is optionally substituted with one or more A,

In one specific embodiment the invention Z' is a group -2°-Q, wherein: Z’isa
direct bond, -O-, -8-, -8(=0), -8{=0},, -C(=0)-, -C(=0)0-, or -OC(=0}-; and Qis a
bicyclic [4.3.0] ring system wherein at least one ring is aromatic, which ring system
comprises one or more carbon atoms and optionally comprises one or more O, S, 5(=0),
§(=0),, -N=, or -N(A%)- in the ring system; wherein each A’ is independently A’ or the
point of attachment to Z°; and wherein the ring system is optionally substituted on one or

more carbon atoms with A>. In one specific embodiment the invention 2% is a direct
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bond, -O-, or -OC{=0}-. In one specific embodiment the invention 7% is a direct bond. In
one specific embodiment the invention Z* is -O-. In one specific embodiment the
invention Z? is -C(=0)O-.

In one specific embodiment the invention 2 is selected from:
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In one specific embodiment the invention Z! is selected from:

45



WO 2009/603677

Q.

~..

10

y/ .

\fN

r Ph

% MeQ /\
~ZN =N
(0N O

46

PCT/US2I008/007928



WO 2609/605677

i Me Oy~ 2y~ O
MeO \ﬁ MeO : SN m

LA N
I N \E/
O
O

47

PCT/US2008/607928



WO 2609/605677 PCT/US2008/067928

(i;i i Br
AN OM
s \\J/O © s Nap SEL Moo AN Ot
NN LN P ] A
0 o
5 h > O

10

48



10

WO 2009/603677

PCT/US2008/007928

MeO

MeD

Ma0

49



WO 2009/603677 PCT/USI008/007928

MeO Nth MeO

10

50



WO 2009/003677 PCT/USIN08/607928

S
3! !
Crr UL W O Y
N ? ? /\N ?
10 /

51



WO 2009/065677 PCT/US2008/007928

H N._-OMe
Cox L Tl
i s i
N AN NN

N 0 N ? N O
| |
®

N
Ry NN
i
NN

and

O

In one specific embodiment the invention Z' is selected from:
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In one specific embodiment the invention provides a compound of formula I:
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or a pharmaceutically acceptable salt, or prodrug thereof, wherein:

R' is independently selected from H, alkyl, alkenyl, alkynyl, aryl, cycloaltkyl,
heterocycle, halogen, haloalkyl, alkylsulfonamido, arylsulfonamido, -
C{O)NHS(O);-, or -5(0)-, optionally substituted with one or more A’

R” is selected from,

a) -C(Y')(AY),

by (C2-10)alkyl, (C3-7)cycloalkyl or {C1-4)alkyl-(C3-Tcycloalkyl, where said

cycloalkyl and alkyl-cycloalkyl may be optionally mono-, di- or tri-substituted

with (C1-3alkyl, or

where said alkyl, cycloalkyl and alkyl-cycloalkyl may optionally be mono-
or di-substituted with substituents selected from hydroxy and O-
(Cl-4)alkvl, or

where each of said alkyl-groups may optionally be mono-, di- or tri-
substituted with halogen, or

where each of said cycloalkyl groups being 5-, 6- or 7-membered, one or
two —CHz- groups not being directly linked to each other may be
optionally replaced by —O- such that the O-atom is linked to the N
atom to which R is attached via at least two C-atoms,

¢) phenyl, (C1-3)alkyl-phenyl, heteroaryl or (C1-3)alkyl-heteroaryl,
wherein the heteroaryl-groups are 5- or 6-membered having from 110 3
hetercatoms selected from N, O and S, wherein said phenyl and heteroaryl
groups may optionally be mono-, di- or trisubstituted with substituents
selected from halogen, -OH, (C1-4)alkyl, O~(C1-4)alkyl, S-(Cl-4)alkyl, -
NH,, -CF; -NH{(C1-4)alkyl) and -N({C1-4)alkyl),, -CONH; and -CONH-

N
2
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(C1-4)alkyl; and wherein said (C1-3)alkyl may optionally be substituted
with one or more halogen;

d)  -SO)ua’);or

e -CY)X-Y;

5 R’ is H or (C1-6)alkyl;

¥' is independently O, S, N(A"), N(O}A), N(OA®), N(OYOA) or
NN(A (A%,

ZisO, S, or NRB;

7! is selected from the following structures:

E LYRC

AN
O.
o
10
15 each R, is R, H, halo, -O(AY), trifluoromethoxy, NRR,, C(=0)NRR,,

S(=0)NR R, or {C1-10)alkyl, wherein one or more carbon atoms of said (Cl-
10)alkyl is optionally replaced by O, §, S(=0), S(=0); or NR;, and which
(C1-10)alky! is optionally substituted with one or more hydroxy, halo,

cyano, NRyR,, C(=O)NRR;, (C1-10)alkoxy, carboxy, (Cl-
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10jalkoxycarbonyl, aryl, heteroaryl, or heterocyelyl; or R, and Ry, taken
together with the atoms to which they are attached form a 5 or 6 membered
heterocyclic ring containing one or more O, S, or NRy;

each Ry is RY, H, F, C1, Br, I, CFs, (C1-10)alkyl, or XR®;

each R 1s R“, H, cyano, F, Cl, Br, I, -C(FO)NR4R,, CEFOINRR,, NRR,, SR,,
S{O)R;, or S{O)R,, S(=0)NRR, (Ci-10)alkoxy, cycloalkyl, aryl, or
heteroaryl, which aryl or heteroaryl is optionally substituted with one or
more groups independently selected from halo, hydroxy, (C1-10)alkyl,
(C2-10)alkenyl, (C2-10)alkynyl, (C1-10)alkanoyl, (C1-10)alkoxy, (C1-
[0)alkanoyloxy, {C1-10)alkoxycarbonyl, NRR,,; SR,, S(O)R,, or S{OnR;;
wherein any (C1-10)alkoxy of R, is optionally substituted with cne or
more halo, (C1-6)alkoxy, or NR,Ry;

R and R, are each independently H, (C1-10)alkvl, or aryl , which is optionally
substituted with one or more halo;

each R, is H, hydroxy, carboxy, cyano, (C1-10)alkyl, (C2-10)alkenyl, (C2-
10)alkynyl, (Ci-10)alkanoyl, (Ci-10alkoxy, (Ci-10)alkanoyloxy, (C1-
10)atkoxycarbonyl, NR.R,, SR,, S(O)R,, or S(O)R,;

each Ryis H, NRR,, C(=0)NR R, S(=0)NRK,, AZ, hydroxy, carboxy, cyano,
(C1-10alkyl, (C2-10)alkenyl, (C2-10)alkynyl, (C1-10)alkanoyl, (Ci-
10)alkoxy, (Cl-10)alkanoyloxy, (Cl-10)alkoxycarbonyl, NR.R,;, SR,
S{O)R,, or S(O)R; '

each R, is H, Al , C(=0)NRR,, or S(=0)LNRR;;

each Ry is H, cyane, F, Cl, Br, I, -C(=OINRGR,, -CEOINRSR,, (C1-10)alkoxy,
cycloalkyl, or phenyl that is optionally substituted with one or more F, Cl,
Br, §, (C1-103alkyl, or (C1-10)alkoxy;

each L is independently CH or N;

one of Eor D is O, 8, or NR, and the other E or D is CRyor N;

Z% is H, (C1-10)alkyl, (C2-10)alkenyl, (C2-10)alkynyl;

Q' is (C1-10)alkyl, (C2-10)alkenyl, or (C2-10)alkynyl which Q' is optionally
substituted with R,; or Q' and Z** taken together with the atoms to which
they are aitached form a heterocycle, which heterocycle may optionally be

substituted with one or more oxo (=0), R®, or A
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each X is independently a bond, O, S, or NRz;

Y is a polycarbocycle or a polyheterocycle, which polycarbocycle or a
polyheterocycle is optionally substituted with one or more R*, halo,
carboxy, hydroxy, (C1-10)alkyl, (C2-10)alkenyl, (C2-10}alkynyl, (C1-
10)alkanoyl, (C1-10)alkoxy, (C1-10)alkanoyloxy, (Cl1-10)alkoxycarbonyl,
NRR,, SR, S(O)R,, or S(O)R;

each R* is independently -P(Y ) (OA®)OA?), -P(Y ) OAN(AY),
-POYHANOAY), PO YAYN(AY)), or POYYN(AT)MN(A);

each Y’is independently O, S, or NRB;

each R, and R, is independently H, (C1-10)alkyl, (C2-10)alkenyl, (C2-10}alkynyl,
(C1-10alkanoyl, (Cl-10)alkoxy, (Ci-10)alkanoyloxy, or (Cl-
10jalkoxycarbonyl, which (C1-10)alkyl, (C2-1Malkenyl, (C2-10)alkynyl,
{C1-10yalkanoyl, (C1-10}alkoxy, (Cl-10)alkanovloxy, or (Cl-
10)alkoxycarbonyl, is optionally substituted with one or more R®, halo,
hydroxy, carboxy, cyano, or (C1-10)alkoxy; or R, and R, together with the
nitrogen to which they are attached form a pyrrolidine, piperidine,
piperazine, morpholino, or thiomorpholino ring;

each R; is independently H, (C1-10}alkyi, (C2-10)alkenyl, (C2-10)alkynyl, (C1-
10alkanoyl, or {C1-10)alkoxycarbonyl;

each R, and R, 1s independently H, {(C1-10)alkyl, (C2-10)alkenyl, (C2-10)alkynyl,
(Ci-10)alkanoyl, S(:O}zAz, (Cl-10alkoxy, {Ci-10)alkanovloxy, or {Cl1-
10)alkoxycarbonyl, which (C1-10)alkyl, (C2-10)alkenyl, (C2-10)alkynyl,
{C1-10)alkanoyl, (C1-10)alkoxy, (C1-10)alkanoyloxy, or {C1-
10)alkoxycarbonyl, is optionally substituted with one or more R”, halo
hydroxy, carboxy, cyano, or {C1-10)alkoxy; or R; and R, together with the
nitrogen to which they are attached form a pyrrolidine, piperidine,
piperazine, morpholino, or thiomorpholino ring wherein one or more
carbon atoms of said pyrrolidine, piperidine, piperazine, morpholine or
thiomorpholino ring is optionally replaced by S(=0), S(=0),, or C(=0);

each R, is RY, H, F, Cl, Br, I, CF,, (C1-10)alkyl, or XR?
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each R,, and R, is independently H or (C1-10)alkyl or Ry and R, together with the
nitrogen to which they are attached form a azetidine, pyrrolidine,
piperidine, piperazine, morpholine, or thiomorpholine ring which ring is
optionally substituted with hydroxy;

Z%is H, (C1-10yalkyl, (C2-10)alkenyl, (C2-10)alkynyl, haloalkyl, (C1-

[ Malkyl-S(=0),-(C1-10)alkyl, or cycloalkyl, wherein any carbon atom
of Z* may optionally be replaced with a heteroatom selected from O, S,
S(=0), 5(=0),, or N and wherein any cycloalkyl is optionally substituted
with one or more (C1-10)alkyl, (C2-10)alkenyl, (C2-10)alkynyl,
haloalkyl, F, CL, Br,or [; or z optionally forms a heterocycle with one
ormore R, Rz, Qi, or A%

Alis independently selected from PRT, H, -OH, -C(O)YOH, cyano, alkyl, alkenyi,
alkynyl, amino, amido, imido, imino, halogen, CF3, CH,CF;, cycloatkyi,
nitro, aryl, aralkyl, alkoxy, aryvioxy, heterocycle, ~C(A2)3, -C(A2)2~C(D}A2,
-CIO)A?, -C(O)0A?, -O(AY), -N{A%),, -S(AY), -CH.P(Y WANOA?Y,
-CHP(Y YA (N(AT)), -CHP(Y ) (OA%)(0AY),

SOCH,P(Y YOAYD(OAY), -OCH,P(Y Y AH(0OAY),
-OCH:P(Y NAHN(AYL), -C(OYOCHP(Y HOANDA?),
-C(O)OCH;P(Y YATNOAY), -CO)OCHP(Y YA N(A,),
-CH:P(Y YOAMN(AD),), -OCHP(Y HOA)N(A ),
-C(OYOCHP(Y YOAT)N(A®)), -CHP(Y HIN(AT)(N(A?)),
-C(OYOCHP(Y YN(AT)N(A%),), -OCHP(Y HIN(A ))(N(A®)2),
{CH:)m-heterocycle, -(CH;},,C{O)0alkyl, -O-(CH}»-0-C(0)-Calkyl, -O-
(CH1)-O-C(O)-(CHy)m-alkyl, -(CHy),, O-C(0)-O-alkyl, -(CH)mO-C(0)-0O-
cycloatkyl, -N(HYC(Me)}C(O)O-alkyl, SR,, S(O)R,, S(O)R,, or alkoxy
arylsulfonamide,
wherein each A> may be optionally substituted with
04
-RY, -PY')OAH(OAY), -PIY)OAYN(A)), -P(Y')(AP)OA?),
-P(Y'YA)N(A™)), or PY YN(ATN(A ),
-C{=0)N(A%),), halogen, alkyl, alkenyl, alkynyl, aryi,
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carbocycle, heterocycle, aralkyl, aryl sulfonamide, aryl
alkylsulfonamide, arvloxy sulfonamide, arvloxy
alkylsulfonamide, aryloxy arylsulfonamide, alkyl
sulfonamide, alkyloxy sulfonamide, alkyloxy
alkylsulfonamide, arylthio, -(CH;)pheterocyele, -(CHylm-
C(O)O-alkyl, -O(CH2),OC(0O)0alkyl, -O-(CH2)mn-O-C(O}-
{CH2)m-alkyl, (CH2)m-O-C(0)-0-alkyl, ~(CHz)m-0-C(O)-
O-cycloalkyl, -NH)YC{CH;)YC(O)O-alkyl, or alkoxy
arylsulfonamide, optionally substituted with R';

optionally each independent instance of A’ and QE can be taken together with one

or more A> or Q! groups to form a ring;

Alis independently selected from PRT, H, alkyl, alkenvyl, alkynyl, amino, amino
acid, alkoxy, aryloxy, cyano, haloalkyl, cycloalkyi, arvi, heteroaryl,
heterocycle, alkylsulfonamide, or arylsulfonamide, wherein each Alis
optionally substituted with A’

Ris H, alkyl, alkenyl, alkynyl, arvl, heteroaryl, or cycloalkyl, which Rfis
optionally substituted with one or more Rg;

each R, is independently H, alkyl, alkenyl, alkynyl, halo, hydroxy, cyano,
arylthio, cvcloalkyl, aryl, heteroarvi, alkoxy, NRyR,, -C(=OINRyR,;, or
-C(=0}ORy, wherein each aryl and heteroaryl is optionally substituted with
one or more alkyl, halo, hydroxy, cyane, nitro, amino, alkoxy,
alkoxycarbonyl, alkanoyloxy, haloalkyl, or haloalkoxy; wherein each alkyl
of R, is is optionally substituted with one or more halo, alkoxy, or cyano;

each Ry and R, is independently H, alkyl, or haloalkyl; and

misto 6.

In one specific embodiment the invention provides a compound of formula It
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1 . O
Z A3 D% {;,0 f
E 8 K
A3 N N O
; H
N
2
z ZZa Y1
(1

or a pharmaceutically acceptable salt, or prodrug thereof, wherein:

R' is independently selected from H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl,
heterocycle, halogen, haloalkyl, alkylsulfonamido, arylsulfonamido, -
C(OYNHS(0);-, or —S(0),-, optionally substituted with one or more A”;

R? is selected from,

a) -C(Y )(A),

b} (C2-103alkvi, (C3-Ticycloalkyl or (Cl-4)alkyl-(C3-7icycloalkyl, where said

cycloalkyl and alkyl-cycloalkyl may be optionally mono-, di- or tri-substituted

with (C1-3)alkyl, or

where said alkyl, cycloalkyl and atkyvl-cycloalkyl may optionally be mono-
or di-substituted with substituents sclected from hydroxy and O-
{Ci-4)alkyl, or

where each of said alkyl-groups may optionally be mono-, di- or tri-
substituted with halogen, or

where each of said cycloalkyl groups being 5-, 6- or 7-membered, one or
two —CHj- groups not being directly linked to each other may be
optionally replaced by —~O- such that the O-atom is linked to the N
atom to which R? is attached via at least two C-atoms,

¢) phenyl, (C1-3)alkyl-phenyl, heteroaryt or (C1-3)alkyl-heteroaryl,
wherein the heteroaryl-groups are 5- or 6-membered baving from 1 to 3
hetercatoms selected from N, O and S, whercin said phenyl and heteroaryl
groups may optionally be mono-, di- or trisubstituted with substituents
selected from halogen, -OH, (Cl-4)alkyl, O-(C1-4)alkyl, S-(C1-4)alkyl, -
NHa, -CF; -NH((C1-4)alkyl) and -N{(C1-4)alkyl)z, -CONH; and -CONH-
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(C1-4)alkyl; and wherein said (C1-3)alkyl may optionally be substituted
with one or more halogen;

d)y  -S(OnA™; or

&)  -C(Y)-X-Y;

R’ is H or (C1-6)alkyl;

Y' is independently O, S, N(A™), N(O}A>), N(OA®), N(OYOA®) or
NENAHA);

Zis 0, S, or NR?;

7' is selected from the following structures:

each R, is R*, H, halo, -Of Az), triflucromethoxy, NRR,, C{=O)NRR,,

S(=0)NRR, or (C1-10)alkyl, wherein one or more carbon atoms of said (C1-
10)alkyl is optionally replaced by O, S, S(=0}, §(=0), or NRy and which
{C1-10)alky! is optionally substituted with one or more hydroxy, halo,
cvano, NRyRp, C(=O)NRR;, (C1-10)alkoxy, carboxy, (C1-
16}alkoxyearbonyl, aryf, heteroaryl, or heterocyelyl; or R, and Ry, taken
together with the atoms to which they are attached form a § or 6 membered
heterocyclic ring containing one or more O, S, or NRy;

each Ry is RY, H, F, CL, Br, I, CF3, (C1-10)alkyl, or XR™;
60
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each R, is R*, H, eyano, F, Cl, Br, 1, -C(=0)NRgR,, C(=OINRR,, NRR,, SR,,
S{O)R,, or S(O}R,, S(=0)NRR,, (C1-10alkoxy, cycloalkyl, aryl, or
heteroaryl, which aryl or heteroaryl is optionally substituted with one or
more groups independently selected from halo, hydroxy, (C1-10)alkyl,
(C2-10)alkenyl, (C2-10}alkynyl, (C1-10}alkanoyl, (C1-10)alkoxy, (C1-
10)alkanoyloxy, (C1-10)alkoxycarbonyl, NRRp; SR, S(O)R,, or S{O),R;
wherein any (C1-10)alkoxy of R, is optionally substituted with one or
more halo, ({C1-6)alkoxy, or NR,Ry;

Rq and R, are each independently H, (C1-10}alkyl, or aryl , which is optionally
substituted with one or more halo;

each Ry is H, hydroxy, carboxy, cyano, (C1-10)alkyl, (C2-10)alkenyl, (C2-
1Qalkynyl, (C1-10)alkanoyl, (Cl-10)alkoxy, (Cl-10)alkanoyloxy, (Cl-
10)alkoxycarbonyl, NRR,, SR,, S{O)R,, or S(OLR,;

each Ry is H, NRR,, C(=O}NRR,, S(=0):NRR,, A% hydroxy, carboxy, cyano,
(C1-10)alkyl, (C2-10)alkenyl, (C2-10)alkynyl, (Ci-10)alkanoyl, (C1-
10)alkoxy, (C1-10)alkanoyloxy, (C1-10}alkoxycarbonyl, NR.R,, SR,
S(OJR,, or S{ORR;

each R, is H, A?, C(=0)NRR,, or S(=0);NRR;;

each Ry is H, cyano, F, Cl, Br, I, -C(=O)NR4R,, -C(=OINRR,, (C1-10)alkoxy,
cycloalkyl, or phenyl that is optionally substituted with one or more F, Cl,
Br, I, (C1-10)alkyl, or (C1-10)alkoxy:;

each L is independently CH or Nj

one of Eor D is O, S, or NR, and the other E or D is CRy0or N;

7™ is H, (C1-10)alkyl, (C2-10)alkenyl, (C2-10)alkynyl;

Q' is (C1-10)atkyl, (C2-10)alkenyl, or (C2-10)alkyny! which Q' is optionally
substituted with R.; or Q' and Z** taken together with the atoms to which
they are attached form a heterocycele, which heterocycle may optionally be
substituted with one or more oxo (=0), R* or A%

each X is independently a bond, O, §, or NRa;

Y is a polycarbocycle or a polyheterocycle, which polycarbocycle or a
polyheterocycle is optionally substituted with one or more R*, halo,

carboxy, hydroxy, (C1-10}alkyl, (C2-10)alkenyl, (C2-18)alkynyi, (C1-
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1Malkanoyl, (C1-10)alkoxy, (C1-10)alkanoyloxy, (Cl-10)alkoxycarbonyl,
NRsR;, SR,, S{O)R,, or S{O)R,;
each R*is independently -P(Y>)(OAZ)OA?), -P(Y W OA)N(A®Y),
PY)AOA?), -P(YHATIN(A ), or PO IN(ATR)N(A);
each Y'is independently G, §, or NR3;
each R, and R;, is independently H, (C1-10)alkyl, (C2-10)alkenyl, (C2-10)alkynyl,
(C1-1Q)alkanoyl, (C1-10)alkoxy, (Ci-10)alkanoyloxy, or (Cl-
18)alkoxycarbonyl, which {C1-10)alkyl, (C2-10)alkenyl, (C2-10)alkynyl,
(C1-10)alkanovl, (C1-10Yalkoxy, (C1-10)alkanoyloxy, or (C1-
10)alkoxyearbonyl, is optionally substituted with one or more R*, halo,
hydroxy, carboxy, cyano, or (C1-10)alkoxy; or R, and R,, together with the
nitrogen to which they are attached form a pyrrolidine, piperidine,
piperazine, morpholino, or thiomorpholino ring;
each R, is independently H, (C1-10}alkyl, (C2-10}alkenyl, (C2-10)atkynyl, (C1-
10)alkanoyl, or (C1-10)alkoxycarbonyl;
each R, and R, is independently H, (C1-10)alkyl, (C2-10)alkenyl, (C2-10)alkynyl,
{C1-10)alkanoyl, S(:O)zAz, (Ci-10)alkoxy, (C1-10)alkanovioxy, or (Cl-
1Q)alkoxycarbonyl, which (C1-10Yalkyl, (C2-10)alkenyl, (C2-10)alkynvl,
{C1-10)alkanoyl, (C1-10)alkoxy, (Ci-1(lalkanoyloxy, or (C1-
10)alkoxycarbonyl, is optionally substituted with one or more R*, halo
hydroxy, carboxy, cyano, or {C1-10)alkoxy; or R and R, together with the
nitfrogen to which they are attached form a pyrrolidine, piperidine,
piperazine, morpholino, or thiomorpholino ring wherein one or more
carbon atoms of said pyrrolidine, piperidine, piperazine, morpholino or
thiomorpholino ring is optionally replaced by 8(=0), 3(=0),, or C{=0);
each R, is R%, H, F, CI, Br, I, CF3, (C1-10)alkyl, or XR®
each R,, and R, is independently H or (C1-10)alkyl or R,, and Ry together with the
nitrogen to which they are attached form a azetidine, pyrrolidine,
piperidine, piperazine, morpholine, or thiomorpholine ring which ring is
optionally substituted with hydroxy;
7% is H, (C1-10)alkyl, (C2-10)alkenyl, (C2-10)alkynyl, haloalkyl, (C1-

10)alkyl-S(=0)-(C1-10)alkyl, or cycloalkyl, wherein any carbon atom
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of 2% may optionally be replaced with a heteroatom selected from O, S,
S(=0), S(=0),, or N and wherein any cycloalkyl is optionally substituted
with one or more (C1-10)alkyl, (C2-10)alkenyl, (C2-10)alkynyl,
halealkyl, F, Cl, Br, or I; or 2% optionally forms a heterocycle with one

2 Al ;
or more R, R°, Q' or Ag;

A’ is independently selected from PRT, H, -OH, -C(O)OH, cyano, alkyl, alkenyl,

alkynyl, amino, amido, imido, imino, halogen, CF3, CHyCF3, cyeloalkyl,
nitro, aryl, aralkyl, alkoxy, aryloxy, heterocycle, -C(A%)s, -C(A%)2-C(O)A?,
-C(OIA?, -C(O)OAZ, -O(AY), -N(AY),, -S(A?), -CH.P(Y WATH0AY,
-CHyP(Y " )(A%)(N(A%)), -CH:P(Y ' Y(OAT)OAY),
-OCH,P(Y WOAOA?), -OCHPIY YAMOA?),
-OCHP(Y YA%)N(A),), -C(O)OCHP(Y ) (OA(0AY,
-C(OYOCH,P(Y WAHOA?), -C(OYOCHP(Y YAHN(AT),),
-CHaP(Y YOAH(N(A),), -OCHP(Y WOANA ),
-C(OYOCHPY HOAHMN(A ), -CHP(Y HIN(A R MN(A),
-C(OYOCH P(Y HYIN(A R (N(A ), -OCH:P(Y YN(ADDHN(AT),
«(CHa)m-heterocycle, -(CHa)mC(0)0alkyl, ~0-(CHa)n-0-C(0)-Oalkyl, -O-
(CH)-0-C{O)-(CH) m-alkyl, (CH2)mO-C(O)-0-alkyl, «(CHy)nO-C(O)-0-
eycloalkyl, -NHYC(Me)C(O)C-alkyl, SR,, S(QIR,, S{OLR,, or alkoxy
arylsulfonamide,
wherein each A’ may be optionally substituted with
ltod
—R', -P(Y')OAHOA?), -P(YNOAHHN(A®),), -P(Y' NATHOAY,
PY WAHIN(A)), or PIY YN(A,IN(A ),
-C(=0)N(A?);), halogen, alkyl, alkenyl, alkynyl, aryl,
carbocycle, heterocycle, aralkyl, aryl sulfonamide, aryl
alkylsulfonamide, aryloxy sulfonamide, aryloxy
alkylsulfonamide, aryloxy arylsulfonamide, alkyl
sulfonamide, alkyloxy sulfonamide, alkyloxy
alkylsulfonamide, arylthio, -(CHa)pheteroeycle, -(CHo)p-
C(0)0-alkyl, ~-O(CH)mOC(0)Oalkyl, -O-(CHa)m-O-C(O)-
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(CH z)m-al'kyl, -{CH)m=0-C{0)-O-alkvl, -(CH)m-0-C(O)-
O-cycloatkyl, -N(H)C(CH;)C(0)O-alkyl, or alkoxy
arylsulfonamide, optionally substituted with R';

optionally each independent instance of A% and Q1 can be taken together with one

or more A’ or (’,2I groups to form a ring;

Alis independently selected from PRT, H, alkyl, alkenyl, alkynyl, amino, amino
acid, alkoxy, aryloxy, cyano, haloalkyl, cycloalkyl, aryl, heteroaryl,
heterocycle, alkylsulfonamide, or arylsulfonamide, wherein each Alis
optionally substituted with A”;

R'is H, alkyl, alkenyl, alkynyl, aryl, heteroaryl, or cycloalkyl, which R'is
optionally substituted with one or more Rg;

each R, is independently H, alkyl, alkenyl, alkynyl, hale, hydroxy, cyano,
arylthio, cycloalkyl, arvl, heteroaryl, alkoxy, NRyR;, -C(=0O)NRR;, or
-C(=0)OR, wherein each aryl and hetercaryl is optionally substituted with
one or more alkyl, halo, hydroxy, cyano, nitro, amino, alkoxy,
alkoxycarbonyl, alkanoyloxy, haloalkyl, or haloalkoxy; wherein each alkyl
of Ry is is optionally substituted with one or motr halo or cyano;

each Ry, and R, is independently H, alkyl, or haloalkyl; and

mis{to 6.

In one specific embodiment the invention provides a compound of formula i

o)
z} 3 Q o]
? 7 R’
~
A3 N N \0/
Ii H
N
RZ’NH z Q'
23) 4
Z 223 Y'
{(H

or a pharmaceutically acceptable salt, or prodrug thereof, wherein:
R' is independently selected from H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl,
heterocycle, halogen, haloalkyl, alkylsulfonamido, arylsulfonamideo, -

C{O)NHS(O);-, or -8(0),-, optionally substituted with one or more A%
64
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R? is selected from,
a) -C(Y ')A,
b) (C2-10)alkyl, (C3-7)eycloalkyl or (C1-4)alkyl-(C3-7)cycloalkyl, where said
cycloalkyl and alkyl-cycloalkyl may be optionally mono-, di- or tri-substituted
with (C1-3)alkyl, or
where said alkyl, cycloalkyl and alkyl-cycloalkyl may optionally be mono-
or di-substituted with substituents selected from hydroxy and O-
{(C1-4)alkyl or
where each of said alkyl-groups may optionally be mono-, di- or tri-
substituted with halogen, or
where each of said cycloalkyl groups being 5-, 6- or 7-membered, one or
two ~CH,- groups not being direcily linked to each other may be
optionally replaced by —O- such that the O-atom is linked to the N
atom to which R? is attached via at least two C-atoms,
¢} phenyl, (C1-3alkyi-phenyl, heteroaryl or (C1-3)alkyl-heteroaryi,
wherein the heteroaryl-groups are 5- or 6-membered having from 1 t0 3
heteroatoms selected from N, O and 8, wherein said phenyl and heteroaryl
groups may optionally be mono-, di- or trisubstituted with substituents
selected from halogen, -OH, (Cl1-4)alkyl, O-(C1-4)alkyl, 8-(C1-4)alkyl, -
NH,, -CF; -NH({({C1-4)alkyl} and -N{{C1-4)alkyl},, -CONH; and -CONH-
{C1-43alkyl; and wherein said {(C1-3)alkyl may optionally be substituted
with one or more halogen;
d  -SOpAY); or
e} -CYH-X-Y;
R? is H or (C1-6)alkyl;
v' is independently O, S, N(A%), N(O)(A>), N(OA®), N(OY0AY) or
NON(A YA
7150, 8, or NR?;

Z' is selected from the following structures:
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each R is R*, H, halo, trifluoromethoxy, NRR,, C(=OINRR,,

S(=0}NRR, or {C1-10)alkyl, wherein one or more carbon atoms of said (C1-
10)alkyl is optionally replaced by O, S, S§(=0), 8(=0}, or NR; and which
{C1-10)alkyl is optionally substitted with one or more hydroxy, halo,
cyano, NR:R;,, C(=0)NRR,, (C1-10)alkoxy, carboxy, (C1-

1 0)alkoxycarbonyi, aryl, heteroaryl, or heterocycelyl; or R, and R, taken
together with the atoms to which they are attached form a 5 or 6 membered
heterocyclic ring containing one or more O, 8, or NRy;

each Ry is RY, H, F, C1, Br, 1, CFs, (C1-10)alkyl, or XR;

each R.is R%, H, cyano, F, Cl, Br, L, -C(=0)NR4R., C(=0)NRR,, NR.R,, $(=0)-
:NRR,, (C1-10)alkoxy, eycloalkyl, aryl, or hetercaryl, which aryl or
heteroaryl is optionally substituted with one or more groups independently
selected from halo, hydroxy, (C1-10)alkyl, (C2-10)alkenvl, (C2-
10alkynyl, (C1-10}alkanoyl, (C1-1Qalkoxy, (C1-10)alkanoyloxy, (Cl-
10Yalkoxycarbonyl, NR,Ry; SR;, S{O)R,, or S(ORR;

Ry and R, are each independently H or (C1-10)alkyl;

each R, is H, hydroxy, carboxy, cyano, {(C1-10)alkyl, (C2-10)alkenyl, (C2-
10)alkynyl, (C1-10)alkanoyl, (C1-10)alkoxy, (Ci-10)alkanoyloxy, (C1-
10)alkoxycarbonyl, NR,R,, SR, S{(O)R,, or S{O)R;
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each Ry is H, NRR,, C(=0O)NRR,, S(=OhNR(R,, A%, hydroxy, carboxy, cyano,
{C1-10yalkyl, (C2-10)alkenyl, (C2-10)alkynyl, (Ci-10)alkanoyl, (C1-
10)alkoxy, (C1-10)alkanoyloxy, (C1-10)alkoxycarbonyl, NR,R;, SR,
S{O)R,, or S(ORR;

each R, is H, A®, C(=0)NRR,, or S(=0),NR,R;;

each Ry, 18 H, cyano, F, Cl, Br, |, -C(=OINRyR., (C1-10)alkoxy, cycloalkyl, or
phenyl that is optionally substituted with one or more F, Cl, Br, ], (C1-
13)alkyl, or (C1-10)alkoxy;

each L is independently CH or N;

oneofEorDis G, §, or NRy and the other Eor D is CRyor N;

2% is H, (C1-10)alkyl, (C2-10)alkenyl, (C2-10)alkynyl;

QI is (C1-10)alkyl, (C2-10)alkenyl, or (C2-10)alkynyl which Q} is aptionally
substituted with R* or Reor Qi and Z* taken together with the atoms to
which they are attached form a heterocycle, which heterocycle may
optionally be substituted with one or more oxo (=0), R*, or A”;

each X is independently a bond, O, S, or NR’;

Y is a polycarbocycle or a polyhsterocycle, which polycarbocycle ora
polvheterocycle is optionally substituted with one or more R*, halo,
carboxy, hydroxy, (C1-10)alkyl, (C2-10)alkenyl, (C2-10)alkynyl, (C1-
10alkanovl, (C1-10)alkoxy, (Cl-10alkanoyloxy, (C1-10)alkoxycarbonyi,
NRgR;, SR, S(O)R,, or S(O):Ry;

each R? is independently -P(Y’)(OA™YOA?), -P(Y )OANN(AY,),
POYHATHOAY), P YAHN(A), or PV HNAT)N(A));

each Y’ is independenily O, S, or NRS;

each R, and R, is independently H, (C1-10)alkyl, (C2-10)alkenyl, (C2-10)alkynyl,
(C1-10)alkanoyl, (C1-10)alkoxy, {C1-10}alkanoyloxy, or {C1-
10)atkoxycarbonyl, which (C1-10)alkyl, (C2-10)alkenyl, (C2-10)alkynyl,
(C1-10)alkanoyl, (Cl-10)alkoxy, (Ci-10jalkanoyloxy, or {Cl-
10)alkoxycarbonyl, is optionally substituted with one or more R*, halo,

hydroxy, carboxy, cyano, or (Cl-10)alkoxy; or R, and R, together with the
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nitrogen to which they are attached form a pyrrolidine, piperidine,

piperazine, morpholino, or thiomorpholino ring;

each R, is independently H, (C1-10)alkyl, (C2-10)alkenyl, (C2-10)alkynyl, (C1-

10)alkanoyl, or (C1-10)alkoxycarbonyl;

each R and R, is independently H, (C1-10)alkyl, (C2-10)alkenyl, (C2-10)alkynyl,

(C1-10)alkanoyl, S(=0)A%, (Cl-10)alkoxy, (C1-10)alkanoyloxy, or (C1-
10)alkoxycarbonyl, which (C1-10)alkyl, (C2-10)alkenyl, (C2-10)alkynyl,
(Cl-10)lkanoyl, (C1-10)alkoxy, (C1-10)alkanoyloxy, or (C1-
10)alkoxycarbonyl, is optionally substituted with one or more R, halo
hydroxy, carboxy, cvano, or (C1-10)alkoxy; or R, and R, together with the
nitrogen to which they are attached form a pyrrolidine, piperidine,
piperazine, morpholino, or thiomorpholine ring wherein one or more
carbon atoms of said pyrrolidine, piperidine, piperazine, morpholino or

thiomorpholino ring is optionally replaced by S(=0}, 5(=0),, or C(=0);

Z% is H, (C1-10)alkyl, (C2-10)alkenyl, (C2-10)alkynyl, haloalkyl, (C1-

1Malkyl-S(=0},-(C1-103alkyl, or cycloalkyl, wherein any carbon atom
of Z* may optionally be replaced with a heteroatom selected from O, S
or N and wherein any cycloalkyl is optionally substituted with one or
more {(C1-10)alkyl, (C2-10)alkenyl, (C2-10)alkynyl, F, CL, Br, or I; or

zZ optionally forms a heterocycle with one or more RES RZ, QE, or A’ ;

A’is independently selected from PRT, H, -OH, -C{(G)OH, cvano, alkyl, alkenyl,

alkynyl, amino, amido, imido, imino, halogen, CF;, CH,CF;, cycloalkyl,
nitro, aryl, aralkyl, alkoxy, aryloxy, heterocycle, -C{A%)3, -C(A%)-C(O)A?,
-C(OIA%, -C(OI0A?, -O(A?), -N(AY),, -S(AD), -CH.P(Y YAHOAD,
-CHP(Y'YWAP)N(A%)), -CHP(Y HOATNOA?,

-OCH.P(Y HY(OAH(OA?), -OCHP(Y YAHOAY,

-OCHP(Y' HAHN(A),), -C(C)OCHP(Y WOA'NOAY,
-C(O)OCHP(Y')AHHOA?), -C(OYOCH,P(Y YA N(A)),

-CHP(Y YOAH)N(AY,), -OCHP(Y YOAH(N(A®)),

-C{OYOCHP(Y YOA)N(A™,), -CHP(Y HYN(AT(N(AD)),
-C(O)OCHP(Y YN(AZ)(N(A®)), -OCHP(Y Y(N(AT))(N(A®)),

~(CHa)m-heterocyele, -(CHy)mC(0)0alkyl, ~O-(CHy)n-0-C(O)-Oalkyl, -O-
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(CH3)-O-C(O)-(CHy)-alkyl, -(CH2)m0-C(0)-0-alkyl, -(CH2)mO-C(0)-O-
cycloalkyl, -N{H)C(Me)C(O)O-alkyl, SR, S{(OR,, S(O);R,, or alkoxy
arylsulfonamide,

wherein each A> may be optionally substituted with

5 w4
~R', P(Y)OA)OAY), -F(YHOA)MN(A), -F(Y'HATOAY),
-POY YAHNA ), or PIY YIN(A ) (N(AT),
-C(T»O}N(Az)z), halogen, alkyl, alkenyl, alkynyl, aryl,
carbocycle, heterocycle, aralkyl, aryl sulfonamide, aryl
10 atkylsulfonamide, aryloxy sulfonamide, aryvloxy

alkylsulfonamide, aryloxy arvlsulfonamide, alkyl
sulfonamide, alkyloxy sulfonamide, altkyloxy
alkylsulfonamide, arylthio, -(CHs)mheterocycle, -(CHy) -
C{O)0-alkyl, ~-O(CH2)nOC(0O)Oalkyl, ~-O-(CH)m-0O-C(O}-
15 {CHpm-alkyl, -(CH3)C-C(O)-O-alkyl, (CHpp-O-C{O)-
O-cycloalkyl, -N(HYC(CH3)C(O)O-alkyl, or alkoxy
arylsulfonamide, optionally substituted with R';

optionally each independent instance of A’ and Qi can be taken together with one

or more A” or Ql groups to form a ring;

20 Ais independently selected from PRT, H, alkyl, alkenvl, alkynyl, amino, amino
acid, alkoxy, arvlioxy, cvane, haloalkyl, cycloalkyl, aryl, heteroaryl,
heterocycle, alkylsulfonamide, or arylsulfonamide, wherein each Alis
optionally substituted with A%,

R'is H, alkyl, alkenyl, alkynyl, aryl, heteroaryl, or cycloalkyl, which R'is
25 optionally substituted with one or more Ry;
each R, is independently H, alkyl, alkenyl, atkynyl, halo, hydroxy, cyano,
arylthio, cycloalkyl, aryl, heteroaryl, alkoxy, NRuR;, -C(=O)NRuR,,
wherein each aryl and heteroaryl is optionally substituted with one or more
alkyl, halo, hydroxy, cyvano, nitro, amino, alkoxy, atkoxycarbonyl,
30 alkanoyloxy, haloalkyl, or haloalkoxy;

each Ry and R, is independently H, alkyl, or haloalkyl; and
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mis O to 6.

In one specific embodiment of the invention Z' is selected from the following

structures:
o
=

HsCO Ny e HaCO N

Lz s

OgS 0.8
5
10
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In a specific embodiment of the invention Z' is selected from the following

structures:
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In a specific embodiment of the invention R, is a heteroaryl ring selected from:

:a«@“ fﬁ:}s teﬁ 2 ;?/13
NOINOIEINS

N

which heteroaryl ring is optionally substituted with one or more (C1-10}alkyl, halo, or
NRRp; wherein each R; and R, is independently H or (C1-10)alkyl.

In a specific embodiment of the invention R is selected from:

o X

,‘ENSO 2% :;'O *%i\/c {?Z/L\JQ

<

In a specific embodiment of the invention R, is selected from:
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In a specific embodiment of the invention Ry is H, F, Cl, Br, methyl or
trifluoromethyl.

In a specific embodiment of the invention Ry, is H, F, Cl, methyl or
trifluoromethyi.

In a specific embodiment of the invention R, is H, methoxy, trifluoromethoxy,
chloro, N-{2-cyancethylaming, N-(3,3,3-trifluorosthylamino, 2-methoxyethoxy, 2-
hydroxyethoxy, 2-hydroxy-2-methylpropoxy, 2-amino-2-methylpropoxy, N,N-
dimethylaminocarbonylmethoxy, morpholinocarbonylmethoxy, 2-[N-(2,2,2-
rifluoroethyljaminojethoxy, 2-morpholinoethoxy, cyclopropyloxy 2,2,2-trifluoroethoxy
or 2-(N,N-diemthylamino)ethoxy.

In a specific embodiment of the invention R, is H, methoxy, trifluoromethoxy,
chiorg, N-(2-cyanoethylamino, N-(3,3,3-trifluoroethylyamino, 2-methoxyethoxy, 2-
hydroxyethoxy, 2-hydroxy-2-methylpropoxy, 2-amino-2-methylpropoxy, N,N-
dimethylaminocarbonylmethoxy, morpholinocarbonyimethoxy, 2-[N-(2,2,2-

triflucroethyl}aminclethoxy, or 2-morpholinocthoxy.
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In a specific embodiment of the invention Z' is selected from the following

siructures:

'
MeQO No N
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5
In a specific embodiment of the invention Z' is selected from the following
structures:
@]
H COo
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W

In a specific embodiment of the invention R, is selected from:

/< “< HN'—"<
N ==
N and ;
“122-»‘{\ (-ZZN ::>
10
In a specific embodiment of the invention Rfis aryl, heteroaryl, or cycloalkyl,
which R is optionally substituted with one to three A3.
In a specific embodiment of the invention R is cyclopropyl which Rfis optionally
substituted by up to four A3.

15 In a specific embodiment of the invention R’ is cyclopropyl which Rfis optionally

substituted by one A3,
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In a specific embodiment of the invention Rfis H, alkyl, alkenyl, alkynyl, aryl,
heteroaryl, or cycloalkyl, which Rfis optionally substituted with one or more Rg;

each R, is independently H, alkyl, alkenyl, alkynyl, halo, hydroxy, cyano,

arylthio, cycloalkyl, aryl, heteroaryl, alkoxy, NRyR,, -C(=O}NR4R;, or
-C(=0)OR,, wherein each aryl and heteroaryl is optionally substituted with
one or more alkyl, halo, hydroxy, cyanoe, nitro, amino, alkoxy,
alkoxycarbonyl, alkanoyloxy, haloalkyl, or haloalkoxy; wherein each alkyl
of R, is is optionally substituted with one or motr halo or cyano; and

each Ry, and R; is independently H, alkyl, or haloalkyl.

In a specific embodiment of the invention Rlis H, atkyl, alkenyl, alkynyl, aryl,
heteroaryl, or cycloalkyl, which R is optionally substituted with one or more Rg;

each R, is independently H, alkyl, alkenyl, alkynyl, halo, hydroxy, cyano,

arylthio, cycloalkyl, aryl, hetercaryl, alkoxy, NRuR;, -C{=0)NRR;,
wherein each aryl and heteroaryl is optionally substituted with one or more
alkyl, halo, hydroxy, cyano, nitro, amino, alkoxy, altkoxycarbonyl,
alkanoyloxy, halealkyl, or halealkoxy;

cach Ry, and R is independently H, alkyl, or haloalkyl;

In a specific embodiment of the invention R' is phenyl, cyclopropyl, 2-
fluorophenyl, 4-chiorophenvi, Z-chlorophenyl, 2,6-dimethyiphenyl, Z-methylphenyl, 2,2-
dimethylpropyl, 2,2-diflucroethyl, 2,2,2-trifluoroethyl, or 1-methyicyclopropyl.

In a specific embodiment of the invention R is cyclopropyl.

In a specific embodiment of the invention R is 1-methyleyclopropyl.

In a specific embodiment the invention provides a compound of formula I which

is a compound of formulia (I}
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(i)

or a pharmaceutically acceptable salt, or prodrag thereof, wherein: R, is ters-
butoxycarbonyl, cyclopentyloxycarbonyl, 2,2, 2-trifluoro-1,1-dimethylethyloxycarbonyl,
tert-butylaminocarbonyl, 1-methylcyclopropyloxycarbonyl, 2-(N,N-dimethylamino}-1-1-
dimethylethoxycarbonyl, 2-morpholino-1-1-dimethylethoxycarbonyl, tetrahydrofur-3-
yloxycarbonyl, or

e

.

In a specific embodiment of the invention Q' is (C1-10)alkyl, (C2-10)alkenyl, or
(C2-10)alkynyl which Q' is optionally substituted with R.; or Q' and Z* taken together
with the atoms to which they are attached form a heterocycle, which heterocycle may
optionally be substituted with one or more oxo (=0}, R4, or AE; each R is R4, H, cyano, F,
Cl, By, L, -C(=0O)NR4R,, C(=O)NRR,, NRR,, SR,, 8(O}R,, or S{(O}:R,, S{=0}NRR,,
{(C1-10)alkoxy, eycloalkyl, aryl, or heteroaryl, which aryl or heteroaryl is optionally
substituted with one or more groups independently selected from halo, hydroxy, (C1-
10)alkyl, (C2-10)alkenyt, (C2-10)alkynyl, (C1-10)alkanoyl, (C1-10)alkoxy, (C1-
10Yatkanoyloxy, (C1-10)alkoxycarbonyl, NR;R;; SR,, S(O)R,, or S{(O);R,; wherein any
{C1-10)alkoxy of R.is optionally substituted with one or more halo, (C1-6)alkoxy, or
NRR;; Ry and R, are each independently H, (C1-10)alkyl, or aryl , which is optionally
substituted with one or more halo; each R, and Ry is independently H, (C1-10)alkyl, (C2-
i Malkenyl, (C2-10)alkynyl, (C1-10)alkanoyl, (Cl-10)alkony, (C1-10)alkanoyloxy, or
{C1-10)alkoxycarbonyl, which (C1-10)alkyl, (C2-10)alkenyl, {C2-10)alkynyl, (C1-
10)alkanoyl, (C1-10)alkoxy, (C1-10)alkanoyloxy, or (C1-10)alkoxycarbonyl, is
optionally substituted with one or more R*, halo, hydroxy, carboxy, cyano, or (C1-

10jalkoxy; or R, and R,, together with the nitrogen to which they are attached form a
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pyrrolidine, piperiding, piperazine, morpholino, or thiomorpholino ring; each R is
independently H, (C1-10)alkyl, (C2-10)alkenyl, (C2-10)alkynyl, (C1-10)alkanoyl, or (C1-
10)alkoxycarbonyl; each R, and R, is independently H, (C1-10)alkyl, (C2-10)alkenyl,
(C2-10)alkynyl, (C1-10)alkanoyl, S(=0hA% (C1-10)alkoxy, (C1-10)alkanoyloxy, or (C1-
10)alkoxycarbonyl, which (Ci-10)alkyl, (C2-10)alkenyl, (C2-10)alkynyl, (CI-
10)alkanovl, (C1-10)alkoxy, (C1-10)alkanoyloxy, or {C1-10)alkoxycarbonyl, is
optionally substituted with one or more R*, halo hydroxy, carboxy, cyano, or (C1-
10)alkoxy; or Rg and R, together with the nitrogen to which they are attached form a
pyrrolidine, piperidine, piperazine, morpholino, or thiomorpholino ring wherein one or
more carbon atoms of said pyrrolidine, piperidine, piperazine, morpholino or
thiomorpholino ring is optionally replaced by S(=0)}, 8(=0),, or C(=0) and; each R and
R, is independently H or (C1-10)alkyl or Ry, and R, together with the nitrogen to which
they are attached form a azetidine, pyrrolidine, piperidine, piperazine, morpholine, or
thiomorpholine ring which ring is optionally substituted with hydroxylL

In 3 specific embodiment of the invention Z is O; Y'is O; and one of 2% or 7% is
hydrogen.

In a specific embodiment of the invention Q' is vinyl, ethyl, cyanomethyl, propyl,
2-fluoroethyl, 2,2-diflucroethyl, or 2-cyancethyl.

In a specific embodiment of the invention Q' and 77 taken together with the
atoms to which they are attached form a 12-18 membered heterocycle, which heterocycle
may optionally be substituted with one or more oxo (=0) or A”.

In a specific embodiment of the invention Q' is H.
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In a specific embodiment the invention provides a compound of formula T which

is a compound of formula (I}

O\ /3 /Rf
T

5  or apharmaceutically acceptable salt, or prodrug thereof.
In a specific embodiment the invention provides a compound of formula [ which

is a compound of formula (JV):

Z'l AS 0\\;‘\ //G /Rf
L N
/ AT
28
z ‘s (V)

or a pharmaceutically acceptable salt, or prodmg thereof.

16 In a specific embodiment of the invention Z* is ferf-butyl, |-methylcyclohexyl,
tetrahydropyran-4-yi, 1-methyicyclohexyl, 4,4-diftuorocyclohexyl, 2,2, 2-trifluoro-1-
triflucromethylethyl, or cyclopropyl.

In a specific embodiment the invention provides a compound of formulal, or a
pharmaceutically acceptable salt, or prodrug thereof,

15 wherein:

R'is independently selected from H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl,
heterocycle, halogen, haloalkyl, alkvisulfonamido, arylsuifonamideo, -
C(ONHS(O),-, or —S(O)»-, optionally substituted with one or more A’

R? is selected from,

20 a) -C(Y')(A%),

835



10

WO 2009/605677 PCT/US2008/007928

b} (C2-10)alkyl, (C3-T)eycloalkyl or (C1-4)alkyl-(C3-7)eycloalkyl, where said
cycloalkyl and alkyl-cycloalkyl may be optionally mono-, di- or tri-substituted
with (C1-3}alkyl, or
where said alkyl, cycloalkyl and alkyl-cycloalkyl may optionally be mono-
or di-substituted with substituents selected from hydroxy and O-
(Ci-$yalkyl, or
where each of said alkyl-groups may optionally be mono-, di- or tri-
substituted with halogen, or
where each of said cycloalkyl groups being 5-, 6- or 7-membered, one or
two ~CH;3- groups not being directly linked to each other may be
optionally replaced by —O- such that the O-atom is linked to the N
atom to which R? is attached via at least two C-atoms,
¢} phenyl, (Ci-3)alkyl-phenyl, heteroaryl or (C1-3)alkyl-heteroaryl,
wherein the heteroaryl-groups are 5- or 6-membered having from 1 to 3
heteroatoms selected from N, O and S, wherein said phenyl and hetercaryl
groups may optionally be mono-, di- or trisubstituted with substituents
selected from halogen, -OH, (C1-4)alkyl, O-(Cl-4)atkyl, 5-(Cl-4)alkyl, -
NH;, -CF3 -NH{{C1-4)alkyl} and -N{{C1-4)alkyl);, -CONH; and -CONH-
(C1-4)alkyl; and wherein said (C1-3)alkyl may optionally be substituted
with one or more halogen;
&) -SOn(A)or
e  -CY)X-Y;
R? is H or (C1-6)alkyl;
v! is independently O, S, N(A”), N(O)(A>), N(OA™), N(OYOA) or
NON(AY)(A);
7Zis 0, S, or NR;

7! is selected from the following structures:
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each R, is R®, H, halo, trifluoromethoxy, NR.R,, C(=O)NR,R,,
S(=0)NRR, or (C1-10)alkyl, wherein one or more carbon atoms of said (C1-

5 10)alkyl 1s optionally replaced by O, S, 3(=0), S(=0}; or NRy, and which
{C1-10)alky! is optionally substituted with one or more hydroxy, hala,
cyano, NRgRy, C(=OINRR,, (C1-10)alkoxy, carboxy, (C1-
10)alkoxycarbonyl, aryl, heteroarvl, or heterocyclyl; or R, and Ry, taken
together with the atoms to which they are attached form a § or 6 membered

10 heterocyelic ring containing one or more O, S, or NRy;
each Ry is RY, H, F, Cl, Br, I, CF3, (C1-10)alkyl, or XR>;
each Rois R, H, cyano, F, Cl, Br, I, -C(=0)NR4R,, C(=O)NRR,, NR.R,, $(=0)-
NRGR,, (C1-1Q)alkoxy, cycloalkyl, aryl, or heteroaryl, which aryl or
heteroaryl is optionally substituted with one or more groups independently
15 selected from halo, hydroxy, (C1-10)alkyl, (C2-10)alkenyl, (C2-
10Yalkynyl, (C1-10)alkanoyi, (C1-10)alkoxy, (C1-10)alkanoyloxy, (Cl-
10)alkoxycarbonyl, NR,Ry; SR,, S(O)R;, or S(O)R;
Rq4 and R, are each independently H or (C1-10)alkyl;
each R, is H, hydroxy, carboxy, cyano, (C1-10)alkyl, (C2-10)alkenyl, (C2-
2Q 1Oalkynyl, (C1-10)alkanoyl, (C1-10)alkoxy, (Cl-10)alkanoyloxy, (C1-
10)alkoxycarbonyl, NR:R;, SR, S(O)R,, or S(O)R,;
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each Ry is H, NRR,, C(=0)}NRR,, S(=0),NRR,, A? hydroxy, carboxy, cyano,
(C1-10)alkyl, (C2-10)alkenyl, (C2-10)alkynyl, (C1-10)alkanoyl, (C1-
1Q)alkoxy, (C1-1 Q)aikanoyloxy, (Ci-10)alkoxycarbonyl, NR,R,, SR,,
S{OR,, or S(O):Ry;

5 each R, is H, A*, C(=0)NRR,, or S(=0}LNRR;;

each Ry is H, cyano, F, Cl, Br, I, -C{=0)NR4R,, (C1-10)alkoxy, cycloalkyl, or
phenyl that is optionally substituted with one or more F, Cl, Br, 1, (C1-
10Yaltkyl, or (C1-10)alkoxy;

each L is independently CH or N;

10 oneof EorDis O, S, or NRy and the other Eor D is CRyor N;

7™ is H, (C1-10)alkyl, (C2-10)alkenyl, (C2-10)alkynyl;

Q' is (C1-10)alkyl, (C2-10)alkenyl, or (C2-10)alkynyl which Q' is optionaily
substituted with R* or R or QE and 7% taken together with the atoms to
which they are attached form a heterocycle, which heterocycle may

15 optionally be substituted with one or more oxo (=0}, RY, or A%

each X is independently abond, O, S, or NRB;

Y is a polycarbocycle or a polyheterocycle, which polycarbocycle or a
polyheterocycle is optionally substituted with one or more R?, halo,
carboxy, hvdroxy, (C1-10)alkyl, (C2-10)alkenyl, (C2-10)alkynyl, (C1-

20 Malkanoyl, (Ci-10)alkoxy, (Cl-10)atkancyloxy, (Cl-10)atkoxyearhonyl,
NRqR;, 3R, S(O)R,, or S{O)R;

each R*is independently -P(Y WOAZ}OA?Y), -P(Y*}OAHN(AY),
PYYAPNOAT), -POYHADHNAY), or PIY )INADIN(A )

each Y’ is independently O, S, or NRg;

25 each R; and R, is independently H, (C1-10)alkyl, (C2-10)alkenyl, (C2-10)alkynyl,
{C1-10)alkanovl, (C1-10)atkoxy, (C1-10)alkanoyloxy, or (C1-
I Galkoxycarbonyl, which (C1-10)alkyl, (C2-10)alkenyl, (C2-10)alkynyl,
{C1-10)alkanovl, {C1-10}alkoxy, (C1-10)alkanoyloxy, or (Cl-
10)alkoxycarbonyl, is optionally substituted with one or more R?, halo,

30 hydroxy, carboxy, cyano, or (C1-10)alkoxy; or R, and R;, together with the
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nitrogen to which they are attached form a pyrrolidine, piperidine,
piperazine, morpholino, or thiomorpholino ring;

cach R; is independently H, (C1-10)alkyl, (C2-10)alkenyl, (C2-10}alkynyl, (C1-
10alkanoyl, or {C1-10)alkoxycarbonyl;

5 each Rq and R, is independently H, (C1-10)alkyl, (C2-10)alkenyl, (C2-10)alkynyl,
{(C1-10)alkanoyl, S(=O)2AZ, {(C1-10)alkoxy, {C1-10)alkanoyloxy, or {C1-
1®)atkoxycarbonyl, which (C1-10)alkyl, (C2-10)alkenyl, (C2-10)alkynyl,
(C1-10)alkanoyl, (C1-10)alkory, (C1-10%alkanoyloxy, or (C1-
10)alkoxycarbonyi, is optionally substituted with one or more R*, halo

10 hydroxy, carboxy, cyano, or (C1-10)alkoxy; or R and R, together with the
nifrogen to which they are attached form a pyrrolidine, piperidine,
piperazine, morpholino, or thiomorpholino ring wherein one or more
carbon atoms of said pyrrolidine, pipenidine, piperazine, morpholino or
thiomorpholino ring is optionally replaced by S(=0), 8(=0}),, or C{=0);

15 Z* is H, (C1-10)alkyl, (C2-10)alkenyl, (C2-10)alkynyl, haloalkyl, (C1-

10}alkyl-S(=0),-(C1-10)alkyl, or cycloalkyl, wherein any carbon atom
of 2% may optionally be replaced with a heteroatom selected from O, S
or N and wherein any cycloalkyl is optionally substituted with one or
more (C1-10)alkyl, (C2-10)alkenyl, (C2-10alkynyl, F, Cl, Br,or L; or

20 z= optionally forms a heterocycle with one or more R, R% Q', or A%

Alis independently selected from PRT, H, -OH, -C{O)OH, cyano, alkvl, alkenyl,

alkynyl, amino, amido, imido, imino, halogen, CFs, CH,CF5, cycloalkyl,
nitro, aryl, aralkyl, alkoxy, aryloxy, heterocycle, -C(Az}g, =C(A2)2=C(O)A2,
-C(O)A%, -C(O)OA?, -O(AY), -N(A%),, -S(A?), -CHP(Y ) AN OA?),

25 -CHoP(Y WAT)IN(A)), -CHP(Y )(OAP(O0AY),
-OCHP(Y WOAM(0A?), -OCH,P(Y Y A)OA?),
-OCHP(Y )(AY)(N(A%)2), -C(OYOCHP(Y'YOAP(OA?),
-C(O)OCH:P(Y)A')(OA?), -C(OYOCHP(Y YA N(A ),
-CHzP(Y'YOAH(N(A™), -OCHP(Y HY(OADN(AD,),

30 -C(O)YOCHP(Y )OADN(A?),), -CHZP(Y YN(AD)(N(A)),
-C{OYOCHP(Y YN(AP))(N(A)), -OCHP(Y YN(AT)N(A)),

-(CHy)m-heterocyele, (CH2)mC(O)0alkyl, ~O-(CHz)m-0-C(O)-Oalkyl, -O-
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(CH3)-O-C({O)-(CH3 ) -alkyl, -(CH)O-C(0)-0-alkyl, -(CH,)0-C(0)-O-
cycloalkyl, -N{HYC(Me)C({0O)O-alkyl, SR,, S(O)R,, S(O):R,, or alkoxy
arylsulfonamide,
wherein each A’ may be optionally substituted with
lto4
-R!, -P(Y'YOAH(OA?), -P(Y')OA")N(A%Y,), -P(Y')(A%HOA?,
-P(YHAT)IN(A™)), or POY YINAIN(AT),
-C(=ON(AY)), halogen, alkyl, alkenyl, alkynyl, aryl,
carbocycle, heterocycle, aralkyl, aryl sulfonamide, aryl
alkylsulfonamide, arvloxy sulfonamide, arvloxy
atkylsulfonamide, arvloxy arylsulfonamide, alkyl
sulfonamide, alkyloxy sulfonamide, altkyioxy
alkylsulfonamide, arvithio, -(CHa)mheterocyele, -{(CH)m-
C(00-alkyl, -O(CH)nOC{0)0alkyl, -O-(CH)u-0O-C(O)-
(CHy)meadkyl, «{CH}-0-C{0)-O-alkyl, (CH3}~O-C(O}-
O-cycloalkyl, -NH)YC{CHYC(O)YO-alkyl, or alkoxy
arylsulfonamide, optionally substituted with RY
optionally each independent instance of A’ and Q] can be taken together with one

or more A° or Q1 groups to form aring;

A? is independently selected from PRT, H, alkyl, alkenyl, alkynyl, amino, amino
acid, alkoxy, aryloxy, cyano, haloalkyl, cycloalkyl, aryl, heteroaryl,
heterocycle, alkyisulfonamide, or arylsulfonamide, wherein each Ais
optionally substituted with A;

R'is H, alkyl, alkenyl, alkynyl, arvl, heteroaryl, or cycloalkyl, which RMis
optionally substituted with one or more Ry;

each R, is independently H, alkyl, alkenyl, alkynyl, halo, hydroxy, cyano,
arylthio, cycloalkyl, aryl, heteroaryl, alkoxy, NRyR;, -C(=O)NRyR;,
wherein each aryl and heteroaryl is optionally substituted with one or more
alkyl, halo, hydroxy, cyano, nitro, amino, alkoxy, alkoxycarbonyi,
alkanoyloxy, haloalkyl, or haloalkoxy;

each Ry and R; is independently H, alkyl, or haloalkyl; and

90



16

20

25

WO 2009/005677 PCT/USZG08/667928

mis 0 to 6.

In a specific embodiment of the invention X is O, S, or NR®,

In a specific embodiment of the invention X is O.

In a specific embodiment of the invention Y is a polycarbocycle.

In a specific embodiment of the invention Y is polyheterocycle.

In a specific embodiment of the invention Y is a fused carbocyclic ring system.

In a specific embodiment of the invention Y is a fused heterocyclic ring system.

In a specific embodiment of the invention Y is a fused carbocyelic ring system
comprising one or more double bonds.

In a specific embodiment of the invention Y is a fused heterocyclic ring system
comprising one or more double bonds.

In a specific embodiment of the invention Y is a bridged carbocycelic ring system.

In a specific embodiment of the invention Y is a bridged heterocyclic ring system.

In a specific embodiment of the invention Y is a bridged carbocyclic ring system
comprising one or more double bonds.

In a specific embodiment of the invention Y is a bridged heterocyclic ring svstem
comprising one or more double bonds.

In a specific embodiment of the invention Y comprises a bridged ring system

A Ay ok

A=

selected from:

wherein one or more carbon atoms in the bridged ring system is optionally replaced with
0, S, S(0), S(0), N'(O)R,, or NR,; wherein each R, is independently H, (C1-10)alkyl,
(C2-10)alkenyl, (C2-10)alkynyl, (C1-10)alkanoyl, S(O)}NR,R,, S(O)R,, or (C1-
10Yalkoxy, wherein each (Cl-10)alkyl, (C2-10)alkenyl, (C2-10)alkynyl, (C1-10)alkanoyl,

and (C1-10)alkoxy is optionally substituted with one or more halo; and wherein the ring
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system optionally comprises one or more double bonds. In a specific embodiment of the
invention the ring system comprises one or more double bonds. In a specific embodiment
of the invention one or more carbon atoms in the bridged ring system is replaced with O,
S, S(0), $(0O),, N'(O)R,, or NR,; wherein each R, is independently H, (C1-10)alkyl,
(C2-10)alkenyl, (C2-10)alkynyl, (Ci-10)alkanoyl, S{(O)NRR,, S(ORR,, or (C1-
10)atkoxy, wherein each (C1-10}alkyl, (C2-10)alkenyl, (C2-10)alkynyl, (C1-10)alkanoyl,
and (C1-10)alkoxy is optionally substituted with one or more halo.

In a specific embodiment of the invention Y comprises a fused ring system

selected from:

eolie-
Ok

u CD

a

1
LD

wherein one or more carbon atoms in the fused ring system is optionally replaced with O,
S, S(0), $(O), N'(O)R,, or NR,; wherein each R, is independently H, (C1-10)alkyl,
{C2-10)alkenyl, (C2-10)alkynyl, (C1-10}alkanoyl, S{O)NR,R,, S(O):R,, or (Cl-
10)alkoxy, wherein each (C1-10)alkyl, (C2-10)alkenyl, (C2-10)alkynyl, (Ci-10)alkanoyl,
and {C1-10)alkoxy is optionally substituted with one or more halo; and wherein the ring
system optionally comprises one or more double bonds. In a specific embodiment of the
invention one or more carbon atoms in the fused ring system is replaced with O, §, 5(0),
8(0)z, N'(O)R,, or NR,; wherein each R, is independently H, (C1-10)alkyl, (C2-
10)alkenyl, (C2-10)alkynyl, (C1-10)alkanoyl, S{O):NR R, S(O):Ry, or (Cl-10)alkoxy,
wherein each (C1-10)alkyl, (C2-10)alkenyl, (C2-10)alkynyl, (C1-10)alkanoyl, and (C1-
10}alkoxy is optionally substituted with one or more halo.

In a specific embodiment of the invention Y is selected from:
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O XOr () A~

5 In a specific embodiment the invention provides a compound of formula (V)

o 0.0 g

ze ()

H y ¢l H,CO
. I 3 Ny
P N P SN
F O..
10 Ot Ope 4
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5 R'is H, alkyl, alkenyl, alkynyl, aryl, heteroaryl, or cycloalkyl, which Riis
optionally substituted with one or more Ry
Q' is H, (C1-10)alkyl, (C2-10)alkenyl, or (C2-10)alkynyl which (C1-
10alkyl, (C2-10)alkenyl, or (C2-10)alkynyl is optionally substituted with one or
more K or Ql and Z* taken together with the atoms to which they are attached
10 form a heterocycle, which heterocycle may optionally be substituted with one or
more oxo (=Q) or halo;
R?is -C(=0)-X-Y*;
X is a bond, O, 8, or NH;
¥* is (C2-10)alkyl, (C3-7)cycloalkyl, heterocycle, polycarbocycle, or
15 polvheterocycle, which (C2-10}alkvl, (C3-7)cycloalkyl, heterocycle,
polycarbocycle, or polyheterocycle is optionally substituted with one or more (C1-
10)alkyl, halo, carboxy, hydroxy, (C1-10)alkanoyl, (C1-10)alkoxy, (C1-
10Yalkanoyloxy, (C1-10}alkoxycarbonyl, triflucromethyl, NR R, SR;, S(O)R,, or
S(O)Ry
20 each R, cyano, F, Cl, Br, S(ORR,, (C1-10}alkoxy, or cycloalkyl;
cach Ry is independently H, (CI-10)alkyl, or aryl , which is optionally
substituted with one or more halo;

95



10

15

20

25

30

WO 2009/605677 PCTIUS2008/007928

each R, is independently H, alkyl, alkenyl, alkynyl, halo, hydroxy, cyano,
arylthio, cycloalkyl, aryl, heteroaryl, alkoxy, NRyR;, -C(=C)NRR;, or
-C{(=0)ORy, wherein each aryl and heteroary! is optionally substituted with one or
more alkyl, halo, hydroxy, cyano, nitro, amino, alkoxy, alkoxycarbonyl,
alkanoyloxy, haloalkyl, or haloalkoxy; wherein each alkyl of R, is is optionally
substituted with one or motr halo, alkoxy, or cyano;

each Ry, and R, is independently H, alkyl, or haloalkyl;

each R, and Ry is independently H, (C1-10)alkyl, (C2-10)alkenyl, (C2-
1Malkynyl, (Ci-10)alkanoyl, (C1-10)alkoxy, (C1-10)alkanoyloxy, or (Cl-
i(alkoxycarbonyl, which (C1-10)alkyl, (C2-10)alkenvl, (C2-10)alkynvl, (C1-
1Q)alkanoyl, (C1-1d)atkoxy, (C1-10)alkanoyloxy, or (Ci—lﬁ)alk@gycm‘bonyl, is
optionally substituted with one or more halo, hydroxy, carboxy, cvano, or (C1-
10)alkoxy; or R, and R, together with the nitrogen to which they are attached
form a pyrrolidine, piperidine, piperazine, morpholing, or thiomorpholino ring;
and

each R; is independently (C1-10)alkyl.

In a specific embodiment of the invention X is a bond; and Y is pyrrol-1-y1,
morpholino, or (C2-10)alkyl.

In a specific embodiment of the invention R’ is pyrrol-1-ylcarbonyl,
morpholinocarbonyl, or 3,3-dimethylbutanoyl.

In a specific embodiment of the invention X is O; and Y* is tert-butyl,
cyclopentyl, 1,1-dimethylethyl, cyclopropyl, tetrahydrofuranyl, isopropyl, 2,2-
dimethylpropyl, cyclobutyl or

3

2

which Y* is optionally substituted with one or more (C1-10)alkyl, halo, (C1-10)alkoxy,
trifluoromethyl, or NRR .

In a specific embodiment of the invention R? is tert-butoxycarbonyl,
cyclopentoxyecarbonyl, 1,1-dimethyl-2,2,2-trifluoroethoxy, 1-
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methylcyclopropyloxycarbonyl, 2-(N,N-dimethylamino)-1,1dimethylethoxycarbonyl, 2-

morpholino-1,1dimethylethoxycarbonyl, 3-tetrahydrofuran ylﬁxycarbeny.i,

isopropoxycarbonyl, 2-methoxy-1,1-dimethylethoxycarbonyl, 2,2-

dimethylpropoxycarbonyl, I-triflucromethylcyclobutyloxycarbonyl,

cyclobutyloxycarbonyl, 1-methylcyclopentyloxycarbonyl, 1-

trifluoromethyleyclopentyloxycarbonyl, 1-trifluoromethylcyclobutyloxycarbonyl, and
o

In a specific embodiment of the invention X is NH; and and Y* (C2-10)alkyl that
is optionally substituted with one or more halo.

In a specific embodiment of the invention R? is is teri-butylaminocarbonyl, or
1,1-dimethyl-2 2 2-trifluorocthylaminocarbonyl.

In a specific embodiment of the invention R'is alkyl, aryl, cycloalkyl, which Ris
optionally substituted with one or more R® independently selected from alkyl, halo,
-C(=0)YORy, or triflucromethyl, wherein each alky! of R®is optionally substituted with
one or more halo, alkoxy, or cyano.

In a specific embodiment of the invention R'is phenyl, cyclopropyl, 2-
flucrophenyl, 4-chlorophenyl, 2-chlorophenyl, 2,6-dimethylphenyl, 2-methylphenyl, 2,2-
dimethylpropyl, 2,2-diflucroethvl, 2,2, 2-triflucrocthyl, I-methylcyclopropyl, 1-
isopropvicyclopropyl, 1-propylevclopropyl, 2,2,2-triflucro-1,1-dimethylethyl, 1-
{methoxycarbonylcyelopropyl, 1-ethyleyclopropyl, 1-triflusromethyleyelobuiyl, 1-
{methoxymethylcyclopropyl, 1-(2-cyanoethylcyclopropyl, or 1-(2,2,2-
trifluoroethyl)cyclopropyl.

In a specific embodiment of the invention Q' is hydrogen, methyl, ethyl, vinyl,
cyanomethyl, propyl, 2-fluoroethyl, 2,2-difluoroethyl, 2-cyanoethyl, 2-methoxyethyl, 2-
methylsulfonylethyl, or eyclopropyl.

In a specific embodiment of the invention Z** is selected from fert-butyl,
tetrahydropyran-4-yl, 1-methyleyclohexyl, 4,4-difluorocyclohexyl, cyclohexyl,

cyclopentyl, 1-trifluoromethyleyclopropyl, and
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or a pharmaceutically acceptable salt, or prodrug thereof.
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In a specific embodiment the invention provides a compound selected from:
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_ap
N4

or a pharmaceutically acceptable salt, or prodrug thereof.

in one embofiment, the compounds of the invention exclude the compound:

5  as well as pharmaceutically acceptable salts and prodrugs thereof.

In one embofiment, the compounds of the invention exclude compounds of

formula I1I wherein Z' is hydrogen.

In one embofiment, the compounds of the invention exclude compounds of

formula 11l wherein Z! is hydrogen or alkyl.

10 In one embofiment, the compounds of the invention exclude compounds of

formula 11T wherein Rf is phenethyl.

In one embofiment, the compounds of the invention exclude compounds of

formula 11T wherein R is phenethyl, benzyl, or 3-phenylpropyl.

In one embofiment, the compounds of the invention exclude compounds of

15 formula I wherein Z' is hydrogen.
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In one embofiment, the compounds of the invention exchide compounds of

formula [ wherein Z' is hydrogen or alkyl.

In one embofiment, the compounds of the invention exclude compounds of

formula I wherein R is phenethyl.

In one embofiment, the compounds of the invention exclude compounds of

formula I wherein R’ is phenethyl, benzyl, or 3-phenylpropyl.

In one embofiment, the compounds of the invention exclude compounds of

formula I wherein R’ is aryl optionally substituted with one or more alkyl.

In one embofiment, the compounds of the invention exclude compounds of
formula [ wherein Z' is -O(C=0)-N{R,}(Ry) wherein R, is H, alkyl, alkenyl, or aryl, all of
which are optionally substituted with halo, ¢yano, nitro, alkoxy, amido, amino, or phenyl;
and Ry is (i) alkyl; alkyl substituted with carboxy (alkyl}; cycloalkyl; cycloalkyl(aryl);
alkenyl; alkyl{aryl}; all of which may be substituted from one to three times with halo,
alkyl, or alkoxy; or R; is heterocycle which may be substituted from one to three limes
with halo, alkyl, alkvl{carboxy or phenyl; or (i) aryl, which may be substituted from one
to three times with halo; alkyl, which may iiself be substituted with one to three halo;
alkoxy; nitro; thic(alkyl); phenyl; alkanoyl; benzoyl; benzoyl oxime; carboxy; carboxy
{alkyl}; (alkyl) carboxy; phenoxy; (alkyl) carboxy (alkyl) or aryl, which may be
substitutes with heterocycle, which heterocycle includes one to three ntrogen, oxygen, or
sulfur atoms and which heterocycle itself may be substituted with alkyl, alkoxy,
trifluoromethyl, or alkyl {carboxy); or R, and R; may join to form a § or 6 membered
heterocycle, or join to form a 5 or 6 membered heterocycle fused with one or two aryl

groups.

In one embofiment, the compounds of the invention exclude compounds of
formula T wherein Z' is linked to the remainder of formula I through the oxygen of a
-O(C=0)-N linkage.
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Schemes and Examples

General aspects of these exemplary methods are described below and in the
Examples. Each of the products of the following processes is optionally separated,
isolated, and/or purified prior to its use in subsequent processes.

A number of exemplary methods for the preparation of compounds of the
invention are provided herein, for example, in the Examples hercinbelow. These methods
are intended to illustrate the nature of such preparations are not intended to limit the
scope of applicable methods. Certain compounds of the invention can be used as

intermediates for the preparation of other compounds of the invention.

EXAMPLES

Example }

| 0,0
0" NH,

A three necked round bottom equipped with a reflux condensor was charged with chlorosulfony!
isocyanate {5.25 ml, 0.06 mol} and cooled to 0 °C. Formic acid (2.25 mL, 0.06 mol) was added
dropwise with rapid stirring with rapid gas evolution observed. Upon complete addition of formic
acid, the reaction was let warm to room temperature. After 2 b, the resultant reaction vessel
containing the solid sulfamoyi chloride was cooled to 0 °C and phenol (1.88 g, 0.02 mol)
dissolved in NMP (25 mL} was added dropwise via an addition funnel. The reaction was let warm
to room temperature. After 3 h stirring, the reaction mixture was poured into cold saturated
agueous NaCl {120 mL) and exiracted with EtOAc. After removal of the separated organic
solvent, the crude product was purified by column chromatograpby on silica (35%

EtOAc/hesane) to provide sulfamic acid phenvl ester (2.8 g, 81%): LCMS found 173.9 [M+H]".
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N-t-Boc-cis-4-hydroxy-L-proline methyl ester (100.0 g, 407.7 mmol) and DABCO (1.5¢eq, 68.6g,
611.6 mmol) were dissolved in anhydrous toluene (200 mL) in a 2 L three necked round bottom
flask. It was equipped with a mechanical stirrer and an addition funnel. After cooling the solution
to 0 °C under nitrogen, 4-bromo-benzenesulfonyl chloride (1.3eq, 135.6g, 530.0 mmol) dissolved
in 300 mL of toluene was added through addition funnel over a period of in 60 minutes. The
reaction solution was stirred and warmed to room temperature overnight. The mixture was slowly
poured into 2L 1M Na,COs (aq.), and was extracted with EtOAc (2L). The organic phase was
washed by 0.5N HCi 2L), H,O (1L) and brine (1L). It was then dried over Mg30, and

concentrated to give a yellow oily product.

The brosylate (407.7 miuol) was dissolved in dichloromethane (300 mL.). 4.0 M HCI in dioxane
{500 ml) was added to the reaction sclution slowly and the reaction solution was allowed to stir
at room temperature for 2 hours at which point ether {(500ml) was added and the reaction stirred
for 15 min. The resultant white precipitate was collected by filtration. The solid was washed with
ether and hexane and dried under vacumn. It afforded 153.0 g of HCl amine salt (381.8 mmol,

§4% over two steps).

To a solution of Boc-fert-butyl-glycine (97.0g, 420.0 mmol) in DMF (200mL) and DCM (200mL)
were added HATU (217.76g, 572.7 mmol} and DIPEA (126 mL, 1145.4 mmol) at room
temperature. After the mixture was stirred for 20 min at room temperature, a solution of the
previous HCI salt (153.0 g, 381.8 mmol) and Hunig’s base (126 mi, 1145.4 mmol}) in DMF
(200mL) and dichloromethane (200mL} was added to the above acid mixture in one portion. The
reaction mixture was stirred at room temperature for 3h, with monitoring by LCMS. The reaction
mixture was concentrated to remove dichloromethane under reduced pressure and the white solid
that formed was filtered off. The remaining DMF solution was diluted with ethyl acetate (1L},
washed successively with 3% LiCl (aq) (3x650mL), saturated NH,Cl (2x500mL), 0.5N HCl (ag)
{2x600rmL), brine (500}, saturated NaHCO; (3x500mL), and brine (800mL). The resulting
arganic fraction was dried (MgSO,) and concentrated to afford crude dipeptide (111g).

To a solution of the methyl ester (120 g, 207.8 mmol) in THF (300 ml), MeOH (75 ml) was
added a solution of LiOH (26.18 g, 623.4 mumol} in H,O (150 mL). The solution was allowed to
stir at room temperature for 4 hours. The mixture was cooled in an ice-bath while acidifying with
3N HCl to pH 5.5, stirred for 10min, and the resulting white solids were collected by filtration.
The solids were washed with more water, ether and hexane. The solids were dried under vacuum

at 40°C overnight to give 95.78g (82%) of the acid.
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To a solution of the carboxylic acid (81.4 g, 144.27 mmol) in DMF (200mL) and dichloromethane
(200ml) was added HATU (82.3g, 216.4 mmol) and DIPEA base (47.5 mL, 432.8 mmol) at
room temperature. After the mixture was stirred for 20 min at room temperature, a solution of 1-
amino-2-vinyl-cyclopropanecarboxylic acid methyl ester (158.7 mmol) and Hunig’s base (47.5
mi, 1145.4 mmol) in DMF (200mL) and dichloromethane {200mlL) was added to the above acid
mixture in on¢ portion. The reaction mixture was stirred at room temperature for 3h and
monitored by LCMS. After the mixture was concentrated under reduced pressure to remove
dichloromethane, the white solids that formed were filtered off. The remaining DMF solution was
diluted with ethyl acetate (600mL) and successively washed with 3% LiCl (aq)} (2x550ml),
saturated NH,C1 (500mL), IN HC] (aq) (500mL), saturated NaHCO; (500ml)), and bnine
{300mL). The resulting organic fraction was dried (Na,SO4) and concentrated to afford crude
tripeptide 1-{[4-(4-bromo-benzenesulfonyloxy}-1-2-tert-butoxycarbonylamine-3,3-dimethyl-
butyryl}-pyrrolidine-2-carbonyl}-amino} -2-vinylcyclopropanecarboxylic acid methy! ester

(111g). LCMS found 685.6 [M+H]".

2-(2-(I1sopropylamino)thiazol-4-y1)-7-methoxyquinolin-4-ol (1.72 g, 5.46 mmol) was dissolved in
NMP (10 mL) and treated with Cs;CO5 (2.54 g, 7.80 mmol) followed by the addition of 1-{[4-(4-
bromo-benzenesulfonyloxy)-1-(2-tert-butoxycarbonylamino-3,3~-dimethyl-butyryl)-pyrrolidine-2-
carbonyl}-amino}-2-vinyl-cyclopropanecarboxylic acid methyl ester (3.0 g, 4.29 mmol) in NMP
(7 mL). The reaction mixture was heated to 60 °C for 14 h after which the reaction was cooled to
room temperature and diluted with agueous 5% LiClL The solution was extracted with EtOAc,
washed with saturated agueous NaCl, and dried over sodium sulfate. After removal of solvent, the
crude product was purified by column chromatography on silica {(75-95% EiGAc/hexang) to
provide the aryl ether (2.8 g, 86%). LCMS found 765.2 [M-+H]".

The methyl ester (200 mg, 0.26 mmol) was dissolved in THF/MeOH (3:1, 2 ral) and treated with
LiOH dissolved in H,0 (0.5 mL). The reaction was judged complete by complete consumption of
starting material, approximately 2 h at which time the reaction was diluted with H,O, acidified
with 1N aqueous HCL The solution was extracted with EtOAce, washed with saturated agqueous
NaCl, and dried over sodium suifate. After removal of solvent, the crude product (198 mg,) was

used directly in the next reaction. LCMS found 731.2 [M+H]",

The acid (385 mg, 0.51 mmol), sulfamic acid phenyl ester (355 mg, 2.05 munol), and HATU (214

mg, 0.56 mmol) were combined in DMF (5.1 mL) and treated with iPr,NEt (0.47 L, 2.56
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mmol), DMAP (251 mg, 2.05 mmol) and DBU (0.38 mL, 2.56 mmol). After stirring for 3 h at
room temperature, the reaction was diluted with H;O. The solution was extracted with EtOAc,
washed with saturated aqueous NaHCQ;, and dried over sodium sulfate. After removal of solvent,
the crude product was purified by reverse phase column chromatography on C18 (30-95 %
MeOH/H20-1% AcOH) to provide the desired product Compound 1 (160 mg, 35%): 'H NMR
(CD,0D, 300 MH2) § 9.18 (s, 1H), 8.24 (d, 1H)}, 8.17 (5, 1H), 7.43 {m, ZH), 7.26-7.43 (m, 6H),
5.78 (m, 2 H), 5.35(d, 1H), 5.21 (d, 1H), 4.58 (m, ZH), 4.16 (m, 3H), 4.05 (s, 3H), 2.70 (m, 1H),
241 (m, 1H), 2.85(d¢, 1H}, 1.97 (dd, 1H), 1.47 {(m, 1H}, 1.33(d, 6H), 1.19 (5, 9H), 1.00 (s, 9H};
LCMS found 906.04 [M+H]".

Example 2
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HATU,
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N, then DBU,
" N ; OH PN ‘
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07T TNH,

Compound 2

1-({1-(2-tert-Butoxycarbonylaminoc-3,3-dimethyl-butyryl}-4-[2-(2-isopropylamino-thiazol-4-yl}-
7-methoxy-quinolin-4-vioxyl-pyrrolidine-2-carbonyl }-amino)-2-vinyl-cyclopropanecarboxylic
acid methyl ester {1.09 g, 1.40 mmol} was treated with 4N HCl in dioxanes (11 mL) and reacted
at room temperature for 1 h. Solvents were removed and the crude residue dried. To the resultant
solid was added succinimidyl-cyclopentylcarbonate (340 mg, 1.50 mmol), THF/H,O (6:1, 5.7
mL)}, and tristhylamine (0.2 mL, 1.50 mmol). After stirring for 6 h at room temperature, the
reaction was quenched with 8.5N agqueous HCI. The solution was extracted with EtQAc, washed
with saturated aqueous NaCl, and dried over sodium sulfate. After removal of solvent, the crude
product was purified by column chromatography on silica {5-10% MeOH/CH,Cl,} to provide the

cyclopentylcarbamate (0.705 g, 64%).

The methy] ester (300 mg, 0.39 mmol) was dissolved in THF/MeOH (3:1, 3.2 mL) and treated
with LiOH dissolved in H,O (0.8 mL). The reaction was judged complete by complete
consumption of starting material, approximately 2 h at which time the reaction was diluted with

H,0, acidified with 1N aqueous HCL The solution was extracted with EtOAc, washed with
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saturated agueous NaCl, and dried over sodium suifate. After removal of solvent, the crude

product was used directly in the next reaction,

The acid (45 mg, 0.06 mmol)}, sulfamic acid phenyl ester (41 mg, .24 mumol) and HATU (25 mg,
0.07 mmol) were combined in DMF (0.6 mL) to which iPr,NEt (21 pL, 0.12 munol) was added.
After stiring 30 min at room temperature, DBU (36 pL, 0.24 mmol) was added and reacted for 14
b at room temperature. The crude reaction mixture was treated with HyO to reconvert any
remaining oxazolone intermediate to the corresponding acid and the crude reaction mixture was
taken directly into purification by reverse phase column chromatography on C18 (40-95 %
ACN/H,0-1% TFA) to provide Compound 2 (10 mg, 16%): 'H NMR (CDCls, 300 MHz) § 11.45
{(bs, 1H}, 8.89 (5, 1H}, 8.12(d, 1H)}, 7.96 (5, 1H), 7.75 (s, 1}, 7.21-7.37 (m, 6H), 5.77 (m, 2H),
5.24 (m, 3H), 4.60 (m, 3H), 4.12 (m, 3H), 4.00 (s, 3H), 3.58 (m, 1H), 2.57-2.70 (m, 2H), 2.11 (m,
1H), 2.02 (m, 1H), 1.50-1.70 (m, 10H), 1.45 {d, 6H), 0.97 (5, SH); LCMS found 918.7 [M+HT".

Example 3

tosyl hydrazide

B

NaOGAc, DME, HO

Compound 3
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A round bottom flask was charged with Compound 1 (20 mg, 0.022 mmol) from Example I and
dissolved in DME (1 mL) and water (1 mL}. To the stirring mixture tosy} hydrazide (30.8 mg,
0.17 mmol) and sodium acetate (27.1 mg, 0.33 mmol) were added and the reaction was heated to
95°C for 1 hour. The reaction mixture was diluted with water and extracted with dichloromethane.
The organic layer was dried over sodium sulfate, filtered, and concentrated. The crude mixture
was purified by reverse phase HPLC to provide Compound 3 (3.7 mg, 19%): 'H NMR (CDCl,,
300 MHz) & 11.46 (bs, 1H), 8.77 (s, 1H}, 8.13 (d, 1H), 7.85 (s, 1 H}, 7.75 (s, 1H), 7.21-7.38 (m,
6H), 5.75 (s, 2H}), 5.18 {m, 1H), 4.58 (m, 2H}, 4.06 (m, 7H), 3.59 (m, 1H), 2.50-2.71 (m, 2H),
2.01 (m, 1H}, 1.47 (d, 3H), 1.25-1.48 (i, 10H), 1.24 (d, 6H), 0.95 (s, 9H), 0.90 (s, 2H); LCMS
found 908.10 [M+H]".

Example 4

/:-\X Qe

0”7 "NH,

Compound 4

Cyclopropylsulfamate was synthesized according to the method presented in the synthesis of
sulfamic acid phenyl ester in Example 1 with the exception of utilizing cyclopropanol
(synthesized by methods reported in JOC 1980, 45, 4129-35) to obtain sulfamic acid cyclopropyl

ester.

Compound 4 was prepared according to the method presented in the final synthetic step of
Example 1. Treatment of 1-({1-(2-tert-butoxycarbonylamino-3,3-dimethyi-butyry}-4-{2-(2-
isopropylamino-thiazol-4-y1)-7-methoxy-quinolin-4-yloxyl-pyrrolidine-2-carbonyl} -amino}-2-
vinyl-cyclopropanecarboxylic acid under the same conditions adjusted for scale and with the
exception of utilizing sulfamic acid cyclopropyl ester (55 mg, 0.40 mmol} provided the desired
product (4 mg, 5%): 'H NMR (CD,0D, 300 MHz, diagnostic peaks) § 4.16 (m, 1 H), 0.94 (m,
2H), 0.75 (m, 2H); LCMS found 870.11 [M+H]".
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Compound 5

o-Tolylsulfamate was synthesized according to the method presented in the synthesis of sulfamic
acid cyclopropyl ester in Example 1 with the exception of utilizing o-creol to obtain sulfamic acid

o-tolyl ester.

10 Compound 5 was prepared according to the method presented in the final synthetic step of
Example 2. Treatment of 1-({1-(2-cyclopentyloxycarbonylamino-3,3-dimethyl-butyryl}-4-[2-(2-
isopropylamino-thiazol-4-yl}-7-methoxy-quinclin4-yloxy}-pyrrolidine-2~carbonyl } -amino)-2-
vinyl-cyclopropanecarboxylic acid under the same conditions with the exception of utilizing
sulfamic acid o-tolyl ester (44 mg, 0.24 mmol) provided the desired product (6.8 mg, 11%): 'H

15  NMR {CDCls, 300 MHz, diagnostic peaks) § 2.37 (s, 3H); LCMS found 932.7 [M+HT".
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Example 6

0,0

'l
EA AN

0 7 NH,

Compound 6

2,6-Dimethylphenylsulfamate was synthesized according to the method presented in the synthesis

(]

of sulfamic acid cyclopropyl ester in Example | with the exception of utilizing 2,6~

dimethylphenol to obtain sulfamic acid 2,6-dimethyl-phenyl ester.

Compound 6 was prepared according to the method presented in the final synthetic step of
Example 2. Treatment of 1-({1-{2-cyclopentyloxycarbonylamino-3,3-dimethyl-butyryl}-4-[2-(2-

10 isopropylamino-thiazol-4-yl}-7-methoxy-quinolin4-yloxyl-pyrrolidine-2-carbonyl} -amino}-2-
vinyl-cyclopropanecarboxylic acid under the same conditions with the exception of utilizing
sulfamic acid 2,6-dimethyi-phenyl ester (47 mg, 0.24 mmol) provided the desired product (23 mg,
36%): '"H NMR (CDClL, 300 MHz, diagnostic peaks) 8 7.04 (m, 3H), 2.36 (s, 6H); LCMS found
946.7 [M+H]".
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Example 7

i

Compound 7

2-Chlorophenylsulfamate was synthesized according to the method presented in the synthesis of

h

Sulfamic acid cyclopropyl ester in Example 1 with the exception of utilizing 2-chlorophenol to

obtain sulfamic acid 2-chioro-phenyl ester.

Compound 7 was prepared according to the method presented in the final synthetic step of
Example 2. Treatment of 1-({1-(2-cyclopentyloxycarbonylamino-3,3-dimethyl-butyryl}-4-[2-(2-

10 isopropylamino-thiazol-4-yi)-7-methoxy-quinolin-4-yloxyl-pyrrolidine-2-carbonyl } -aminc)-2-
vinyl-cyclopropanecarboxylic acid under the same conditions with the exception of utilizing
sulfamic acid 2-chloro-phenyl ester (49 mg, 0.24 mmol) provided the desired product (8 mg,
13%): 'H NMR (CDCL, 300 MHz, diagnostic peaks) § phenyl H obscured by solvent peak;
LCMS found 952.7 [M+HY".
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Example 8

Ch
\@ o, 0
~Sa
&)

NH;

Compound 8

5 4-Chlorophenvisulfamate was synthesized according to the method presented in the synthesis of
Sulfamic acid cyclopropy! ester in Example 1 with the exception of utilizing 4-chlorophenol to

obtain sulfamic acid 4-chloro-phenyl ester.

Compound 8 was prepared according to the method presented in the final synthetic step of
10 Example 2. Treatment of 1-{{1-(2-cyclopentyloxycarbonylamine-3,3-dimethyl-butyryl}-4-[2-(2-
isopropylamino-thiazol4-v1}-7-methoxy-quinolin-4-yloxy]-pyrrolidine-2-carbonyl} -amino)-2-
vinyl-cyclopropanecarboxylic acid under the same conditions with the exception of utilizing
sulfamic acid 4-chloro-phenyl ester (49 mg, 0.24 mmol) provided the desired product (4 mg,
7%): 'H NMR (CDCls, 300 MHz, diagnostic peaks) & 7.30 (d, 2H), 2.25 (4, 2H); LCMS found
15 952.7 [M+HT.
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Example &

O, .0

N7

Compound 8

2-Fluorophenylsulfamate was synthesized according to the method presented in the synthesis of
5 Sulfamic acid cyclopropyl ester in Example 1 with the exception of utilizing 2-fluorophenol to

obtain sulfamic acid 2-flucro-phenyl ester.

Compound 9 was prepared according to the method presented in the final synthetic step of
Example 2. Treatment of 1-({1-(2-cyclopentyloxycarbonylamino-3,3-dimethyl-butyryly-4-[2-(2-

10 isopropylamino-thiazoi-4-vi}-7-methoxy-quinolin-4-yioxy]-pyrrolidine-2-carbonyi} -amino)-2-
vinyl-cycloy r@panécarboxyiic acid under the same conditions with the exception of utilizing
sulfamic acid 2-fluorc-phenyl ester (45 mg, .24 mmol) provided the desired product (9 mg,
14%): 'H NMR (CDCl;, 300 MHz, diagnostic peaks) 3 7.10-7.25 (m, 4H); LCMS found 936.7
[M+H] "
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Example 1

A _OsP

-3¢
0" NH,

Compound 10

5  Compound 10 was prepared according to the method presented in the final synthetic step of
Example 2. Treatment of 1-({1-(2-cyclopentyloxycarbonylamino-3,3-dimethyl-butyryl}-4-[{2-(2-
isopropylamino-thiazol-4-yi}-7-methoxy-quinolin-4-yloxy]-pyrrolidine-2-carbonyl } -amino}-2-
vinyl-cyclopropanecarboxylic acid under the same conditions adjusted for scale and with the
exception of utilizing sulfamic acid cyclopropyl ester (74 mg, 0.54 mmol) provided the desired

10 product (21 mg, 18%): 'H NMR {CD;0D, 300 MHz, diagnostic peaks) 8 4.16 (m, 1H}, 0.93 (m,
2H), 0.74 {m, ZH); LCMS found 882.5 [M+H]".

Example 13

15 Compound 11
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Neopenylsulfamnate was synthesized according to the method presented in the synthesis of
sulfamic acid cyclopropyl ester in Example 1 with the exception of utilizing neopentylaleohol to

obtain sulfamic acid 2,2-dimethyl-propyl ester.

Compound 11 was prepared according to the method presented in the final synthetic step of
Example 2. Treatment of 1-({1-(2-cyclopentyloxycarbonylamino-3,3-dimethyl-butyryl}-4-[2-(2-
isopropylamino-thiazol-4-y1)-7-methoxy-quinolin-4-yloxy}-pyrrolidine-2-carbonyl} -amino}-2-
vinyl-cyclopropanecarboxylic acid under the same conditions adjusted for scale and with the
exception of utilizing sulfamic acid 2,2-dimethyl-propyl ester (45 mg, 0.27 mmol) provided the
desired product (5 mg, 8%): 'H NMR (CD,0D, 300 MHz, diagnostic peaks) 8 3.93 (m, 2H), 0.98
(s, 9H); LCMS found 912.7 [M+H]".

Example 12
. O‘\S,,O
N0 NN,
F

Compound 12

2,2-Difluoroethyisulfamate was synthesized according to the method presented in the synthesis of
sulfamic acid cyclopropyl ester in Exémple i with the exception of utilizing 2,2~

difluoroethylalcohol to obtain sulfamic acid 2,2-difluoro-ethyl ester.

Compound 12 was prepared according to the method presented in the final synthetic step of
Example 2. Treatment of 1-({1-(2-cyclopentyloxycarbonylamino-3,3-dimethyl-butyryl)-4-[2-(2-
isopropylamino-thiazol-4-yl}-7-methoxy-quinolin-4-yloxyl-pyrrolidine-2-carbonyl } -amino)-2-
vinyl-cyclopropanecarboxylic acid under the same conditions adjusted for scale and with the

exception of utilizing sulfamic acid 2,2-difluoro-ethyl ester {43 mg, 0.27 mmol) provided the
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desired product (6 mg, 10%): 'H NMR (CD,0D, 300 MHz, diagnostic peaks) § 6.10 (m, 1H),
4.45 (m, 2H); LCMS found 906.5 [M+HY".

Example 13
5
é: F O\\S"/O
N o N,
F

Compound 13

2,2,2-Trifluoroethylsulfamate was synthesized according to the method presented in the synthesis
of suifamic acid cyclopropy! ester in Example 1 with the exception of utilizing 2,2,2-

1§ triflucroethylalechol to obtain sulfamic acid 2,2,2-trifluorc-ethy! ester.

Compound 13 was prepared according to the method presented in the final synthetic step of
Example 2. Treatment of 1-({1-{Z-cyclopentyloxycarbonylamine-3,3-dimethyl-butyryi}-4-[2-(2-
isopropylamino-thiazol-4-y1)-7-methoxy-quinolin-4-yloxy]-pyrrolidine-2-carbonyl } -amino}-2-

15  vinyl-cyclopropanecarboxylic acid under the same conditions adjusted for scale and with the
exception of utilizing sulfamic acid 2,2,2-trifluorc-cthyl ester (48 mg, 0.27 mmol) provided the
desired product (5 mg, 8%): 'H NMR (CD,0D, 300 MHz, diagnostic peaks) § 4.77 (m, 2H);
LCMS found 924.5 [M+HT".
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Example 14

Cs,C04, NMP, 60 °C H % A ©
N
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LiOH

1} HATU, i-PryEtN

2YbBU, e
(k[rN/ , 5 OH ) O\\S’/O :
N HoNTT 07

O/ O /‘E\\ ‘ Compound 14

1-{{4-(4-Bromo-benzenesulfonyloxy)-1 -(2-tert-butoxyearbonylamino-3,3-dimethyl-butyrvl)-
pyrrolidine-2-carbonylj-amine}-2-vinyl-cyciopropanecarboxylic acid methyi ester (2.57 g, 3.67
mmol) from Example 1 was dissolved in CH,Cl, {9 mL)}, treated with 4N HCI in dioxanes {9 mL),
and reacted af room temperature for 2 h. Solvents were removed and the crude residue dred. To
the resultani solid was added succinimidyl-cyclopentyicarbonate (894 mg, 3.93 mmol}, THF/H.0
(6:1, 15 mL)}, and tricthylamine (0.55 ml, 3.93 mmol). After stirring for 2 h at room temperature,
the reaction was quenched with 0.5N aqueous HCL. The solution was extracted with EtOAc,
washed with saturated aqueous NaCl, and dried over sodium sulfate, After removal of solvent, the

crude product cyclopentylcarbamate (2.60 g, >99%) was used directly in the next reaction.

To a solution of 1-{[4-{(4-bromo-benzenesulfonyloxy}-1-{2-cyclopentyloxycarbonylamino-3,3-
dimethyi-butyryl)-pyrrolidine-2-carbonyi}-amino } -2-vinyl-cyclopropanecarboxylic  acid methyl
ester (371.5 mg, 0.52 mmol) in NMP (1.8 mL) was added 8-chlore-2-(2-(isopropylamino)thiazol-
4-y1}-7-methoxyquinolin4-ol (252.3 mg, 0.58 mmol) and cesium carbonate (440.4 mg, 1.35

mmol). The resulting slurry was heated to 60 °C (external temperature, oil bath), and stirred
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vigorously for 22 h. Upon cooling te room temperature, the reaction mixture was diluted with
EtOAc and washed with saturated ammonium chloride (2x) and then brine, The resulting organic
layer was dried over sodium sulfate and concentrated to a brown oil. The crude product was
purified by column chromatography (30%—100% EtOAc/hexanes) to provide the aryl ether
(297.8 mg, 69%).

To a selution of 1-{{4-{8-chloro-2-(2-isopropylamino-thiazol-4-y1)-7-methoxy-quinolin-4-yloxyl-
1-(2-cyclopentyloxycarbonylamino-3,3-dimethyl-butyryl)-pyrrolidine-2-carbonyl}-amino } -2-

vinyl-cyclopropanecarboxylic acid methyl ester (297.8 mg, 0.37 mmol) in a 2:1:1 mixiure of
THFE:MeOH:H,O (3 ml) was added lithium hydroxide (77.9 mg, 1.86 mmol). The resulting
slurry was stirred at room temperature for 16 h. The reaction mixture was then diluted with
EtOAc and washed with agueous HCH{0.5 N} and brise, The crude product was precipitated from
the organic layer upon the addition of hexanes and filtered. The orange solid was dried in vacuo

to provide the desired acid {204.9 mg, 70%).

To a solution of the acid (98.3 mg, 0.12 mmol) in DMF (0.625 mL) was added HATU (51.5 mg,
0.13 mmol} and diisopropylethylamine (0.026 mL, 0.15 mmol). The solution was stirred at room
temperature for 2 h before additional HATU (50.2 mg, 0.13 mmol} was added. After an
additional 2 b 15 min, sulfamic acid phenyl ester {86.1 mg, 0.50) and DBU {0.074 mL, 0.50
mraol} were added, and the reaction mixture was stirred at room temperature for 19 b The
resulting solution was diluted with EtQOAc, and washed with agueous HCE (0.5 N, 2x). The
aqueous layer was back-extracted with EtOAe, dried over sodium sulfate, and concentrated to an
orange oil. The crude product was combined with a second batch of material run on the same
scale and purified by column chromatography {0—10% MeOH/CH,CL) to provide the acyl
sulfamate {Compound 14, 68.6 mg, 29%). Impure fractions were combined and repurnified by
reverse phase HPLC (30--90 % McCN/H,0-1% TFA) to provide additional acyl sulfamate (39.3
mg, 17%): 'H NMR (d;-MeOD, 300 MHz) & 8.04 (d, 1H), 7.80 (s, 1H), 7.44 (5, 1H), 7.20-7.41
(m, 5H), 6.74 (d, 1H), 5.85 {m, 1H), 3.40 (s, 1H}, 5.23 (d, 1H), 5.04 (d, 1H), 4.56 (m, 2H), 4.45
{m, 1H), 4.21 (m, 1H), 4.04 (s, 3H), 3.92-4.04 (m, 4H), 2.62 (m, 2H), 2.10 (m, 1H), 1.85 {m, 1H),
1.30-1.61 (m, 10H), 1.35 (s, 3H), 1.33 (s, 3H), 1.00 (s, 9H); LCMS found 952.00 [M+H]".
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Example 15
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Compound 15

Compound 15 was prepared according to the method presented in the synthesis of Compound 16.
Treatment of 1-{{4-[8-chioro-2-(2-isopropylamino-thiazol-4-yi}-7-methoxy-quinolin-4-yloxyj-1-
{Z-cyclopentyioxycarbonyviamine-3,3-dimethyl-butyryl}-pyrrolidine-2-carbonyl]-amino } -2-vinyl-
cyclopropanecarboxylic acid {101.1 mg, 0.13 mmol) occurred under the same conditions, adjusted
for scale and with the exception of wutilizing sulfarmic acid cyclopropyl ester (70.8 mg, 0.52
mmol). Purification of the crude product was accomplished by reverse phase HPLC (30—90 %
MeCN/H,0-1% TEA) to provide the acyl sulfamate (Compound 15, 66.3 mg, 57%): 'H NMR (d;-
MeOD, 300 MHz) § 8.33 (d, 1H), 830 (s, 1H), 7.84 (5, 1H), 7.65 (d, 1H}, 5.81 (s, 1H), 5.74 (m,
1H), 5.34 (4, 1H), 5.17 (d, 1H), 4.64 (m, 2H), 4.34 (m, 1H), 4.25 (m, 1H), 4.17 {5, 3H), 4.01-4.16
(i, 5H), 2.80 {m, 1H}, 2.45 (m, 1H), 2.29 (m, 1H), 1.91 (m, 1H), 1.30-1.61 (m, 12H), 1.38 (s,
3H), 1.36 (s, 3H), 1.02 (s, 9H); LCMS found 916.15 [M+H]".

160



WO 2009/605677 PCT/US2008/067928

Example 16
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Compound 16

5
I-Chloro-6-methoxy-isogquinoline was prepared according to the following procedure. To a
solution of 3-methoxy cionamic acid (25 g, 140.3 munol) and triethylamine (39.1 mi, 280.6
mynol) in THE (200 mL) was added ethyl chloroformate (20 ml, 210 mmol) dropwise at 9°C.,

10 After stirring at this temperature for 1 hour, aqueous NaN, (14.7 g, 226 ramol in 80 mL H,0) was

161



10

13

25

30

WO 2009/005677 PUT/US2068/007928

added dropwise and the reaction mixture was stirred for 16 hours at ambient temperature. Water
(220 mL) was added 10 the mixture and the volatiles were removed in vacuo. The resulting shury
was extracted with toluene (3x110 mL) and the combined organic layers were dried over MgSQ,,
filtered and concentrated. The dried solution was added dropwise to a heated solution of
diphenylmethane (120 ml) and tributylamine {68 mL} at 190°C. The toluene was distilled off
during the addition. After complete addition, the reaction temperature was raised to 210°C for 2
hours. Upon cooling via an ice bath, the precipitated product was collected by filtration, washed
with hexanes, and dnied {0 yield the desired product as an off-white solid (14.04 g, 57 %): LCMS
found 176.1 [M+H]". 6-Methoxy-2H-iscquinolin-1-one (14.04 g, 80.15 mmol) in POC; (30.5 mi)
wasg heated to gentle reflux for 1 hour and the mixture was then concentrated in vacuo. The
residue was poured into ice water and brought to pH 10 by the addition of 10 M NaOH. The
resulting mixture was extracted with CH.Cl,. The organic layer was washed with brine, dried
over MgSO,, filtered and concentrated. The residue was purified by flash chromatography (0-
20% EtOAc/hexane) to afford 13.31 g (86%) of the desired 1-chloro-6-methoxy-isoguinoline
intermediate as a white solid. LCMS found 194,19 [M+HY".

Tetraethylammoenium acetate tetrahydrale was dissolved in benzene {17 mL}, equipped with a
Dean—Stark trap and heated to reflux for 14 h. 1-{[4-(4-Bromo-benzenesulfonyioxy)-1-{2-
cyclopentyloxycarbonylamine-3,3-dimethyi-butyryl-pyrrolidine-2-carbonyl]-amino} - 2-vinyil-
cyclopropanecarboxylic acid methyl ester (2.60 g, 3.72 mmol)} in benzene (20 ml} was added to
above tetracthylammonium acetate solution. After heating at reflux for 1.5 b, the reaction was
allowed to cool to room temperature, Solids were filtered and rinsed. The resultant solids were
dissolved in MeOH (7 mL) and cooled to 0 °C to which aqueous 1N sodium hydroxide (6 mL)
was added slowly. After 2 b at 0 °C, the reaction was neutralized with 2N aqueous HC! and
extracted with CH,Cl,. The organics were washed with saturated aqueous NaCl and dried over
sodium sulfate. After removal of solvent, the crude product was purified by column

chromatography on silica to provide the desired alcohol (0.90 g, 49 %).

1-{[1-(2-Cyclopentyloxycarbonylamino-3,3-dimethyl-butyryl}-4-hydroxy-pyrrolidine-2-
carbonyl}-amino}-2-vinyl-cyclopropanecarboxylic acid methyl ester (860 mg, 1.79 mmol) was
dissolved in anhydrous DMSO (12 mL) and treated with solid KCOtBu (300 mg, 2.69 mmol). After
1 h at room temperature, 1-chloro-6-methoxy-isoquinoline (380 mg, 1.97 mmel) was added to the
reaction flask. Afier 14 h additional stirring, the reaction was quenched with cold 5% aqueous

citric acid and extracted with EtOAc. The organics were washed with saturated aqueous NaCl and
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dried over sodium sulfate. Afler removal of solvent, the crude product was purified by column

chromatography (5-11% MeGH/CH,Cl,) on silica to provide the desired ether (190 mg, 17 %).

The acid (130 mg, 0.21 mmol) and HATU (87 mg, 0.23 mmol} were combined in DMF (2.1 mL)
to which iPr,NEt (46 ul, 0..25 mmol} was added. After stiring 30 min at room temperature,
sulfamic acid pheny! ester (145 mg, 0.84 ramol) and DBU (126 ul, 0.84 mmol) was added and
reacted for 14 h at room temperature. The crude reaction mixture was treated with H,O to
reconvert any remaining oxazolone intermediate to the corresponding acid. The reaction was
neutralized with 1N aqueous HC1 and exiracted with EtOAc. The organics were washed with
saturated aqueous NaCl and dried over sodium sulfate. After removal of solvent, the crude

roduct was purified by columen chromatography on silica (0-8% MeOH/CHClL,) 1o provide
Compound 16 (38 mg, 23 %): 'H NMR (CD,0D, 300 MHz) § 8.05 (4, 1H), 7.88 (4, 1H), 7.21—
7.39 (m, 6H), 7.15 (s, 1H), 7.09 (d, 1H), 6.74 {d, 1 H), 5.80-5.89 (m, 1H), 5.76 (bs, 1H), 5.26 (d,
1H}, 5.08(d, 1H}, 4.66 (bs, 1H}, 4.53 (m, 1H), 438(d, 1H), 425 (d, 1H), 4.07 (m, 1H]}, 3.981 (s,
3H), 2.53 {m, 1H), 2.35 (m, 1H), 2.16 (m, 1H), 1.88 (m, 1H), 1.35-1.70 (m, 10H), 0.99 (s, 9H);
LCMS found 778.0 [M+HT".

Example 17

o, .0
s
HeN 8]

s %
2 N

Compound 17

Compound 17 was prepared according to the method presented in the final synthetic step of
Example 16. Treatment of 1-{[1-(2-cyclopentyloxycarbonylamino-3,3-dimethyi-butyryl)-4-(6-
methoxy-isoquinolin-1-yloxy)-pyrrolidine-2-carbonyl}j-amino} -2-vinyl-cyclopropanecarboxylic
acid under the same conditions adjusted for scale and with the exception of utilizing sulfamic acid
cyclopropyl ester provided the desired product (43 mg, 31%): 'H NMR (CD;0D, 300 MHz
diagnostic peaks) § 4.24 (m, 1H), 0.93 (m, 2H)}, 0.75 (m, ZH); LCMS found 742.0 [M+H]".
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Example 18
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Compound 18

5  To Compound 17 (50 mg, 0.07 mmoi) in FtOAc (0.7 ml} was added Rh / ALG, (10 mg, 20
wi%). The reaction atmosphere was flushed with H; gas and flask equipped with a H; filled
balloon. After stirring at room temperature for 2 h, the reaction was filtered via a syringe tip filter
(Nylon, 0.45 M) and washed with CH,Cl,. After removal of solvent the residue was dissolved in
MeOH and passed over a C-18 RP SPE column (Phenomenex Strata, | g} and eluted with MeOH

10 to provide the desired Compound 18 {42 mg, 84%): 'H NMR (CD;0D, 300 MHz)  9.11 (s, 1H),
B.10(d, 1H), 7894, 18),7.28(d, 1H}, 7.21 (s, 1H), 7.12 (4, 1H}, 5.84 (;m, 1H}, 4.70 {m, 1H},
4.59{(m, 1H}, 4.43 (m, 1H)}, 429 {m, ZH), 4.04 (m, 1H}, 3.93 {5, 3H), 2.62 (m, 1H}, 2.26 (m, 11},
1.26-1.72 (m, 16H), 1.03 (s, 9H), 0.96 {m, 2H), 0.77 (m, 2H); LCMS found 744.1 [M-+H]".
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A round botiom flask was charged with 4-(isoquinolin-1-yloxy)-pyrrolidine-1,2~-dicarboxylic acid

1-tert-butyl ester (400 mg, 1.11 mmol), DCM (10 ml), HATU (632.7 mg, 1.66 mmol), and NMM

(0.37 ml, 3.36 mumol). The mixture was stirred for 15 minutes, and then 1-amino-2-vinyl-

Compound 18

cyclopropanecarboxylic acid methyl ester added in 2 ml DCM. The mixture was stirred overnight.
The reaction was guenched with water and extracted 2X with ethyl acetate, dnied over sodium
sulfate, and concentrated. The reaction provided the dipeptide intermediate which was used crude

in the next reaction. LCMS found 481.88 [M+H]".
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A round bottom flask was charged with 4-(isoquinclin-1-yloxy}-2-(1-methoxycarbonyl-2-vinyl-
cyclopropylcarbamoy!)-pyrrolidine-1 -carboxylic acid tert-butyl ester (700 mg, 1.45 mmol), and 2
mi 4N HCVdioxane. The reaction was stirred 1 hour then concentrated. The resulting solid was

used crude in the next reaction.

A round bottom flask was charged with 2-cyclopentyloxycarbonylamine-3,3-dimethyl-butyric
acid (243.3 mg, | mmol), DCM (10 ml), HATU (380 mg, 1 mmol), NMM (0.37 ml, 3.36 mmol),
and stirred for 15 minutes. Then the acid treated product of 4-(isoquinolin-1 -yloxy)-2-(1-
methoxycarbonyl-2-vinyl-cyclopropylcarbamoyl}-pyrrolidine-1 -carboxylic acid teri-butyl ester
was dissolved in 2 ml DCM and added to the reaction and stirred overnight. The reaction was
quenched with water and extracted 2X cthyl acetate, dried organic over sodium sulfate, and
concentrated. The crude mixture was purified by silica gel column to provide the tripeptide

intermediate (350 mg, 58%): LCMS found 606.93 [M+H]".

A round bottom flask was charged with 1-{{1-{Z-cyclopentyloxycarbonylamino-3,3-dimethyl-
butyryl)-4-(isoquinolin-1 -yloxy)-pyrrolidine-2-carbonyl}-amino} -2-vinyl-cyclopropanecarboxylic
acid methyl ester (330 mg, 0.58 mmol), 3.5 mi THF, | ml methavol, | m! water, and lithium
hydroxide {20 mg, 0.84 mmol). The reaction was stirred 3 hours at 95°C. The reaction was diluted
with water and extracted 1 X ethyl acetate. The aqueous layer was acidified with I N HC! and
extracted 2X ethyl acetate. The organic layer was dried over sodium sulfate, filtered and
concentrated. The mixture was purified by reverse phase HPLC to provide the acid (53 mg, 15%:):

LCMS found 593.13 [M+H]"

A round bottom flask was charged with 1-{[1-{2-cyclopentyloxycarbonylamine-3,3-dimethyl-
butyryl}-4-(isoquinolin-1-yloxy)-pyrrolidine-2-carbonyl}-amino } -2-vinyl-cyclopropanecarboxylic
acid (50 mg, 0.084 mmol), 2.5 ml DMF, HATU (50 mg, 0.13 mmol}, DIEA (25 ul, .14 mmol},
sulfamic acid cyclopropyl ester {25 mg, 0.18 mmol) and allowed to stir 15 minutes. To the
rixture DBU (50 ul,, 0.33 mmol} was added and allowed to stir 3 hours. The reaction was
quenched with water and extract 2X ethyl acetate. The organic layer was dried over sodiam
sulfate, filtered, and concentrated. The mixture was purified by reverse phase HPLC to provide
Compound 19 (12 mg, 20 %): '"H NMR (CD;0D, 300 MHz) § 9.21 (s, 1H), 8.22 (d, 1H), 7.98 (d,
1H), 7.83 (d, 1H), 7.73 (¢, 1K), 7.55 (t, 1H), 7.35 (d, 1H), 5.89 (5, 1H)}, 5.74 (m,1H}, 5.33 (d, 1H),
516 (4, 1H), 4.71 {m, 1H}, 4.59 {m, 1 H}, 4.46 (m, 1H), 4.31 (5, 1H), 4.26 {m, 1}}, 4.10 {dd, 2H)},
2.64 (m, 1H), 2.26-2.31 (m, 2H}, 1.88 (t, 1H), 1.30-1.70 (m, 8H), 1.24 (1, 2H}, 1.04 (s, 8H), 0.94

(d, 2H), 0.75 (m, 2H); LCMS found 712.03 [M+H]".
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A round bottom flask was charged with Compound 19 (12 mg, 0.017 mmol), 1| ml DME, 1 mi
water, tosyl hydrazide (11.17 mg, 0.06 mmol}, and sodium acetate (9.83 mg, 0.12 mmol). The
reaction was heated to 95°C and allowed to stir 1 hour. The reaction was diluted with water and
exiracted 2X ethyi acetaie. The organic layer was dried over sodium sulfate, filtered, and
concentrated. The mixture was purified by reverse phase HPLC to provide Compound 20 (6.33
mg, 53%): 'H NMR (CD;0D, 300 MHz, diagrostic peaks) § 9.12 (s, 1H), 8.22 (d, 1H), 7.97 (d,
1H), 7.83(d, 1H}, 7.72 (t, 1H}, 7.56 {t, 11}, 7.35 (d, 1H), 5.88 (s, |H); LCMS found 713.99
[M+H]

Exampie 21

DBU, DMF, HATU
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A round bottom was charged with 1-{{1-{Z-cyclopentyioxycarbonyiamino-3 3-dimethyl-butyrvi}-
4-hydroxy-pyrrolidine-2-carbonyij-amino} -2-vinyl-cyclopropanecarboxyiic acid methyl ester (2
2. 4.17 sumol}, 25 mi THF, 8 mi methanol, 8 mi water, and Hthium hydroxide (200mg, 8.35

5 mmol). The mixture was stirred overnight. The reaction was quenched with 1 N HCl and
exiracted 3X ethyl acetate. The organic layer was dried over sodium sulfate, filtered, and

concenirated to give the desired acid which was used crude in the next reaction: LCMS found

465.97 [M+HT".

10 A round bottom flask was charged with 1-{[1-(2-cyclopentyloxycarbonylaminoe-3,3-dimethyl-
butyryl}-4-hydroxy-pyrrolidine-2-carbonyl}-amine } -2-vinyl-cyclopropanecarboxylic acid (2 g,
4.30 mimol), 50 ml DMF, HATU (2.45 g, 6.45 mmo!}), and sulfamic acid cyclopropyl ester (883
mg, 6.44 mmol) and allowed to stir 15 minutes. To the mixture DBU (1.8 mi 13.10 mmol) was
added and the reaction allowed to stir overnight, followed by more DBU (1.8 ml, 13.10 mmol)

15  and stirred overnight. The mixture was diluted with water and extracied 2X ethyl acetate, The
organic layer was dried over sodium sulifate, filtered, and concenirated. The mixture was purified
by reverse phase HPLC to give the acylsulfamate {900 mg, 37% two steps): LCMS found 584.94
[M+H}

168



10

15

W 2809/065677 PCT/US2008/007928

A round bottom was charged with {1-[2-(1-cyclopropoxysulfonylaminocarbonyl-2-vinyl-
cyclopropyicarbamoyl)-4-hydroxy-pyrrolidine-1 -carbonyl}-2,2-dimethyl-propyl} -carbamic acid
cyclopentyl ester (800 mg, 1.37 momel}, 10 mi DME, 10 ml water, tosyl hydrizide (760 rag, 4.08
mmol), and sodium acetate (669 mg, 8.16 mmol). The mixture was heated at 95°C for 1 hour. The
reaction was diluted with water and extracted 2X dichloromethane. The organic layer was dried
over sodium sulfate, filtered, and concentrated to give the reduced compound which was used

crude in the next reaction: LCMS found 586.94 [M+H]".

A round bottom flask was charged with {1-[2-(1-cyclopropoxysulfonylaminocarbonyl-2-ethyl-
cyclopropylcarbamoyl)-4-hydroxy-pyrrolidine-1-carbonyl}-2,2-dimethyl-propyl} -carbamic acid
cyclopentyl ester (100 mg crude, .17 mmol}, 10 m! THF, 4-chloro-2-phenyl-pyrimidine (40 mg,
0.21 mmol), and potassium t-butoxide (100 mg, 0.89 mmol). The mixture was stirred overnight.
The mixture was diluted with water and extracted 2X ethyl acetate. The organic layer was dried
over sodium sulfate, filtered, and concentrated. The mixture was purified by reverse phase HPLC
giving product Compound 21 (7.5 mg, 3.9% two combined reactions): 'H NMR (CDCl;, 300
MHz, diagnostic peaks}) & 8.77 (m, 1H), 8.33 (m, 2H), 7.57 (m, 3H), 7.46 (s, 1H), 7.18 (m, 1H),
6.75-6.81 {m, 1H); LCMS found 741.02 [M+HT".
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A round bottom was charged with 4-trifluoromethyl-quinolin-2-ol (1 g, 4.69 mmol) and POCI,

Lh

{10 ml, 107.28 mmel). The mixture was heated to reflux for 3 hours, and then concentrated to
remove excess POCL. The mixture was based with 5 N NaQOH and extracted with DCM. The
mixture was purified by flash chromatography to give intermediate 2-chloro-4-trifluoromethyl-
quinocline (845 mg, 78%): LCMS found 232.22 [M+H]".

10 A round bottom flask was charged with 1-{[1-(2-cyclopentyloxycarbonyvlamino-3,3-dimethyl-
butyryl)-4-hydroxy-pyrrolidine-2-carbonyl]-amino}-2-vinyl-cyclopropanccarboxylic acid methyl
ester (479.6 mg, 0.62 mmol), 20 ml THF, 2-chloro-4-trifluoromethyl-quinoline (142 mg, 0.61
mmol), and potassium t-butoxide (276.1 mg, 2.46 mmol). The mixture was stirred overnight. The
mixture was diluted with water and extracted 2X ethyl acetate. The organic layer was dried over

15 sodium sulfate, filtered, and concentrated. The mixture was purified by reverse phase HPLC
giving the aryl ether (100 mg, 24%): LCMS found 660.93 [M+H].
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Compound 22 was prepared according to the method presented in the final step in Example 2.
Treatment of 1-{[1-(2-cyclopentyloxycarbonylamino-3,3-dimethyl-butyryl}-4-{4-trifluoromethyl-
quinolin-2-yloxy)-pyrrolidine-2-carbonyi}-amino} -2-vinyl-cyclopropanecarboxylic acid (100 mg,
0.15 mmol) under the same conditions adjusted for scale and wtilizing sulfamic acid cyclopropyl
ester provided desired product Compound 22 (4 mg, 3.4%):'H NMR (CD;0D, 300 MHz,
diagnostic peaks) & 9.23 (m, 1H), 9.00 (m, 1H), 8.03 (m, 1H), 7.19-7.35 (m, 2H), 6.67 (s, 1H),
4.15 (m, 1H), 0.93 (m, 2H), 0.75 {m, 2H); LCMS found 779.94 [M+H]".

Example 23
HQ,

Y wr“\*

1-{[1-{2-Cyclopentyloxycarbonylamino-3,3-dimethyl-butyryl)-4-(quinolin-2-yloxy}-pyrrolidine-
2-carbonyl]-amino}-2-vinyl-cyclopropanecarboxylic acid was prepared according to the method
presented in Example 16. Treatment of Z-chloro-quinoline {(102.3 mg, 0.63 mmol) under the same

conditions provided desired aryl ether (105.8 mg, 29%): LCMS found 593.03 [M+H]".

Compound 23 was prepared according to the method presented in in the final step in Example 2.
Treatment of 1-{[1-(2-cyclopentyloxycarbonylamino-3,3-dimethyl-butyry}-4-{(quinolin-2-yloxy)-
pyrrolidine-2-carbonyl}-amino}-2-vinyl-cyclopropanecarboxylic acid (100 mg, 0.17 mmol) under
the same conditions adjusted for scale and utilizing sulfamic acid cyclopropyl ester provided

desired product Compound 23 (17.1 mg, 14%): 'H NMR (CDCl,, 300 MHz, diagnostic peaks) 8
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8.08(d, iH), 7.85(d, 1H), 7.84 (d, 1H)}, 7.68 (m, 1H), 7.27 (m, 1H, blocked by solvent peak),
6.88-6.92 (2, 1H), 4.15 (m, 1), 1.02 (m, 2H), (.73 (m, 2H); LCMS found 712.03 [M+H]",
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Compound 24
1-Chloro-5-triflusromethoxy-isoquinoline was synthesized according to the method presented in
Example 16 with the exception of utilizing 2-(trifluoromethoxy)cinnamic acid.
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1-{[1-(2-Cyclopentyloxycarbonylamine-3,3-dimethyl-butyryl)-4-hvdroxy-pyrrolidine-2-
carbony!}-amino}-2-vinyl-cyclopropanecarboxylic acid methyl ester (203 mg, 0.423 mmol) was
dissolved in anhydrous THF (2 mL) and treated with solid KOtBu (1.4 ml, 1.40 mmol) at -78 C,
After 4 min. stirring, i-chloro-5-trifluoromethyl-isoquinoline (118 mg, 0.508 mmol) in 1.2 ml of
THF was added to the reaction flask. Afier 60 min. stirring at r.t., the reaction was quenched with
saturated NH,C1 and extracted with EtOAc. The organics were dried over sodium suifate. After
removal of solvent, the crude product was purified by column chromatography (30-80%
EtOAc/Hexane) on silica to provide the aryl ether (135 mg, 47 %), LCMS found 675.0 [M+H]".

1-{[1-(2-Cyclopentyloxycarbonylamine-3,3-dimethyl-butyryl}-4-(5-trifluoromethyl-isoquinolin-
1-yloxy)-pyrrolidine-2-carbonyl}-amino}-2-vinyl-cyclopropanecarboxylic acid methyl ester (135
mg, 0.200 mmol) was dissolved in anhydrous THF (1.2 mL} and treated with | M LIOH/H, 0 (0.8
ml, 0.801 mmol). After 8.25 h stirring, the reaction was quenched with 2 N HCl and extracted
with EtOAc. The organics were dried over sodium sulfate. Removal of solvent provided the acid

(125 mg, 94 %), LCMS found 661.1 [M+H]".

1-{{1-(2-Cyclopentyloxycarbonyiamino-3, 3-dimethyi-butyryh-4-(S-triflucromethyl-isoquinolin-
I-vioxy-pyrrolidine-2-carbonyli-amino}-2-vinyl-cvclopropanecarboxylic acid {125 mg, 0.18%
mmol) and HATU (91 mg, 0.284 mmol) were combined in DMF (0.8 mL) to which iPr,NEt (42
mL, 0.284 mmol) was added. Afier stiring 30 min at room temperature, sulfamic acid cyclopropyi
ester (44 mg, 0.378 mmol) and DBU (96 mL, 0.756 mmol) was added and reacted for 14 h at
room temperature. The crude reaction mixture was quenched with saturated NaHCG; and
extracted with EYQAc, The organics were washed with 1N agueous HCl and dned over sodium
sulfate. After removal of solvent, the crude product was purified by column chromatography (60
100% EtOAc/Hexane and §-10% MeOH/CH,Cl,) on silica and prep HPLC to provide
Compound 24 {40.4 mg, 27 %): 'H NMR (CDCl,, 300 MHgz) 10.18 (bs, 1H), 8.41 (d, 1H), 8.12
{d, 1H}, 8.04 (d, 1H)}, 7.57 (bs, 1H), 7.21 {bs, 1H), 5.80-5.89 (m, 1H), 5.76 (bs, 1H), 5.26 (4, 1H),
5.08 (d, 1H), 4.66 (bs, 1H), 4.53 {(m, 1H), 438 (d, 1H), 4.25 (d, 1H)}, 4.24 (m, 1H), 4.07 (m, 1H),
3.91 (s, 3H), 2.53 (m, 1H), 2.35 (m, 1H), 2.16 (m, 1H), 1.97 (m, 1H), 1.62-1.48 (m, 10H), 1.02 (s,
9H), 0.96 (m, 2H), 0.70 (m, 2H); LCMS found 780.1 [M+H]".
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Compound 25
1,7-Dichloro-6-methoxy-isoquinoline was synthesized according to the method presented in
Example 16 with the exception of utilizing 2-chloro-3-methoxycinnamic acid.
10

i-{[1-2cyclopentyioxycarbonylamino-3, 3-dimethyl-butyryl}-4-hydrox y-pyrrolidine-2 -

carbonyl]-amino}-2-vinyi-cyclopropanecarboxylic acid methyl ester (250 mg, 0.521 mmol) was
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dissolved in anhydrous THF (4 mL) and treated with solid KOtBu (1.8 mi, 1.80 mmol) at -78 C.
After 4 min. stisring, 1,5-dichloro-6-methoxy-isoquinoline (178 mg, 0.782 mmol} was added to
the reaction flask. After 60 min. stirring at r.1., the reaction was treated with 1 M LiOH/H,O (6
mi, 6.0 mmol) and 2 ml of MeOH. After 14 h stirring, the reaction was quenched with 2 N HCI
and extracted with EtOAc. The organics were dried over sodium sulfate. After removal of solvent,
the crude product was purified by column chromatography (0-10% MeOH/CH,Cl,) on silica to
provide the aryl ether (113 mg, 33 %), LCMS found 657.1 [M+H]"

1-{4~(5-chloro-6-methoxy-isoquinolin-1 -yvloxy)-1 -(2-cyclopentyloxycarbonylamino-3,3-
dimethyl-butyryl}-pyrrolidine-2-carbonylj-amino} -2-vinyl-cyclopropanecarboxylic acid (113 mg,
$.172 mmol}, suifamic acid cyclopropyl ester (36 mg, 0.259 mmol) and HATU (98 mg, 0.259
mmol) were combined in DMF (2 mL) to which DBU (77 ul, 0.517 mmol) was added. After
stiring 3 h at room temperature, the crude reaction mixture was quenched with 1N agueous HC
and extracted with EtQAc. The organics were dried over sodium sulfate. After removal of solvent,
the crude product was purified by perp HPLC to provide the acylsulfamate (70 mg, 50 %), LCMS
found 776.1 [M+H]".

To {1-[4-(5-chloro-6-methoxy-isoguinolin-1-yloxy)-2-(1 -cyclopropoxysulfonylaminocarbonyl-2 -
vinyi-cyclopropylcarbamoyl}-pyrrolidine-1-carbonyl]-2,2-dimethyl-propyl} -carbamic acid
cyclopenty! ester (70 mg, 0.086 mmol) in EtOAc (2.5 mL)} was added RWALG, (14 mg, 20 wi%).
The reaction atmosphere was flushed with H; gas and flask equipped with a H; filled balloon.
After stirring at room temperature for 1.5 b, the reaction was filtered and washed with CH,Cl,.
After removal of solvent, the crude product was purified by preperatory TLC (3% MeOH/CH,Cly)
and reverse phase HPLC to provide the Compound 25 (15 mg, 20 %): 'H NMR (CDCl;, 300
MHz) 8.11(d, 1H), 8.01 (d, 1H), 7.63 (d, 1H), 7.24 (d, 1H), 7.14 (bs, 1H), 5.88 (bs, 1H), 5.34 (d,
1H), 4.69 (bs, 1H), 4.53 (m, 1H}, 4.43 (¢, 1H), 4.29 {(d, 2H), 4.19 {m, 1H}, 4.05 (s, 3H), 2.60 (m,
1H), 2.47 (m, 1H), 1.62-1.48 {(m, 10H), 1.02 (s, SH), 0.96 (m, 2H}, 0.70 (m, 2H); LCMS found
778.1 [M+HT".
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Example 26
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5  Reduction of 1-tert-Butoxycarbonylamino-2-¢thyl-cyclopropanecarboxylic acid methyl ester was
performed according to the method presented in Example 18. Treatment of 1-tert-
butoxycarbonylamine-2-vinyl-cyclopropanecarboxylic acid methy! ester under the same
conditions adjusted for scale provided the desired reduced compound after purification on silica
gel. Treatment of this material with 4N HCI in dioxanes, followed by removal of solvents

10 provided the desired intermediate 1-amino-2-sthyl-cyclopropanecarboxylic acid methyl ester as
the HCI salt: 'H NMR (300 MHz, CD:OD): d3.80 (5, 3H), 1.39-1.63 (m, 5H), 0.94 (t, 3H).
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Compound 26

4-Hydroxy-pyrrolidine-1,2-dicarboxylic acid |-teri-butyl ester (1.01 g, 4.38 munol) was dissolved
in anhydrous DM SO (11 mL) and THF (22 mL), then treated with |M KOtBwW/THF (11 L, 11.0
mmol). After 10 min. at room temperature, 1,5-dichloro-6-methoxy-isoquinoline (1.0 g, 4.38
mmol} was added to the reaction( flask. After 1.5 h additional stirring, the reaction was quenched
with 2N HCI and extracted with EtOAc. The organics were dried over sodiuvm sulfate. After
removal of solvent, the tan foam crude product was used in the next reaction without further

purification.

4-{6-Methoxy-isoquinolin-1-yloxy}-pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester {1.38
mmol} was combined with the HCI salt of 1-amino-2-ethyl-cyclopropanecarboxylic acid methyl
ester {4.38 mmol} in CH,Cl, (10 ml} to which HATU (2.5 g, 6.58 mmol} and iPr,NEt (3.06 mL,
17.5 mmol) were added. Afier stirring for 100 min. at room temperature, the reaction was purified
by cclumn chromatography on silica {(0-10% MeUOH/CH,CL) to provide the desired ester: LCMS

found 548.0 [M+H]". The product was used in the next reaction without quantitative analysis.

4-{5-Chloro-6-methoxy-isoguinolin-1-vloxy)-2-(2-ethyl-1 -methoxycarbonyi-
eyclopropylcarbamoyl}-pyrrolidine- 1 -carboxylic acid teri-butyl! ester {(4.38 mmol) was dissolved
in anhydrous THF (30 mL) and MeOH {10 mL), then treated with 1 M LiOH/H,0 (10 ml, 10.0
mmol}. After 18 h stirring, the reaction was quenched with 2 N HCI and extracted with EtOAc.
The organics were dried over sodium sulfate. Removal of solvent provided the acid {1.34 g, 54 %
over 3 steps, LCMS found 532.0(M-H)). The acid (211 mg, 0.370 mmol} and HATU (183 mg,
0.481 mmol} were combined in DMF (4 mL) to which DBU (276 uL, 0.185 mmol) and sulfamic
acid cyclopropyl ester was added. Afier stiring 3 h at room temperature, the crude reaction
mixture was quenched with 1N agueous HC! and extracted with EtOAc. The organics were dried
over sodium sulfate. After removal of solvent, the crude product was purified by column
chromatography (30-100% EtOAc/Hexane) on silica to provide the acylsulfamate (127 mg, 53

%), LCMS found 653.0 [M+H]".
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4-(5-Chloro-6-methoxy-isoguinolin-1-vioxy)-2-{ 1 -cyclopropoxysulfonylaminocarbonyl-2-¢thyl-
cyclopropylcarbamoyl}-pyrrolidine-1-carboxylic acid tert-butyl ester (127 mg, 0.194 mmol) was

stirred in 4N HCI in dioxanes (3.5 mL) for 30 min. Solvents were removed and the crude residue

h

dried. The resultant crude amine was combined with HATU (111 mg, 0.292 mmol) and Boc-L-
tert-leucine, dissolved in CH,Cl; (3 mL), and treated with DIEA (169 uL, 0.972 mmol). After
stirring for 2 b at room teraperature, the reaction was purified by column chromatography on
silica {0—8% MeOH/CH,Cl; and 30--100% EtOAc/Hexane) and reverse phase HPLC to provide
Compound 26 (145 mg, 85 %): 'H NMR (CDCl;, 300 MHz) 10.33 (s, 1H), 8.13(d, 1H), 8.02 (4,
10 1H),7.63 (d, 1H), 7.24 (d, 1H), 6.91 (bs, 1H), 5.94 (bs, 1H), 5.19(d, 1H), 4.51 {d, 2H), 4.33 (m,
1H), 4.23 (d, 1H), 4.07 (s, 3H), 3.97 (m, 3H), 2.55 (m, 2H}, 1.73-1.60 (m, 3H), 1.44 (s, 1H), 1.28
(s, 9H), 1.03 (m, 15H), 0.74 (m, 2H); LCMS found 766.0 [M+H]'".
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4-Bydroxy-pyrrolidine-1,2-dicarboxylic acid 1-tert-buty! ester (512 mg, 2.21 mmeol) was
dissolved in anhydrous DMSO (22 mL) and treated with solid KOitBu (745 mg, 6.64 mmol). Afier

Compound 27

1 h at room temperature, the solution was cooled to § °C and 1-chioro-6-methoxy-isoquinoline
{450 mg, 2.32 mmol} was added to the reaction flask. After warming to room temperature and 14
b additional stirring, the reaction was guenched with cold 5% aqueous citric acid and extracted
with EtOAc. The organics were washed with saturated agueous NaCl and dnied over sodium
sulfate. Afier removal of solvent, the tan foam crude product was used in the next reaction

without further purification (940 mg, 99 %).

The acid 4-{6-methoxy-isoquinolin-1-yloxy)-pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester
{2.21 mrool} was combined with 1-amino-2-vinyl-cyclopropanecarboxylic acid methyl ester {2.54
mmol) in CHLCL (22 ml} to which HATU (1.26 g, 3.32 mmol) and iPrNE (115 ml, 6.64
mmol) were added. After stirring for 2 b at room temperature, the reaction was acidified with IN
aqueous HCI and extracted with EtQAc. The organics were washed 5% aqueocus citric acid,
saturated aqueous NaCl and dried over sodium sulfate. After removal of solvent, the crude
product was purified by column chromatography on silica (40-60% EtQAc/hexanes) to provide

the desired ester (978 mg, 87 %6):

2-(1-Methoxycarbonyl-2-vinyl-cyclopropylcarbamoyl)-4-(6-methoxy-isoquinolin-1-yloxy)-
pyrrolidine-1-carboxylic acid tert-butyl ester (1.44 g, 2.93 mumol) was dissolved in THF/MeOH
{3:1, 24 mL} to which a solution of LiOH (352 mg, 14.68 mmol) in H,O (6 mL) was added and
stirred at room temperature for 12 h. The reaction was diluted with H,O and acidified with 1IN
aqueous HCI The solution was extracted with EtOAc, washed with saturated aqueous NaCl, and
dried over sodium sulfate. After removal of solvent, the crude product was used directly in the

next reaction.
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The resuitant acid (440 mg, 0.89 mmol) and HATU (506 mg, 1.33 mmol) were combined in DMF
{8.9 mL) and treated with iPr,NEt (0.24 mL, 1.33 mmol). Afier 15 min stirnng at room
temperature, sulfamic acid cyclopropyl ester {304 mg, 2.22 mmol} and DBU (0.53 mL, 3.55
mmol) were then added to the reaction mixutre. Afler stirring for 3 h at room temperature, the
reaction was diluted with H,3. The solution was extracted with EtOAc, washed with saturated
aqueous NaHCGs, and dried over sodium sulfate. After removal of solvent, the crude product was
purified by column chromatography on silica (60--90% EtOAc/hexanes) to provide the
acylsulfamate {400 mg, 73%).

2-{1-Cyclopropoxysulfonylaminocarbonyl-2-vinyl-cyclopropylcarbamoyl}-4-{6-methoxy-
isoquinolin-1-yloxy}-pyrrolidine-1 -carboxylic acid tert-butyl ester (400 mg, 0.65 mmol} was
dissolved in CH,Cl, (2mL), treated with 4N HC! in dioxanes (2 ml) and reacted at room
temperature for | h. Solvents were removed and the crude residue dried. The resultant crude
amine was combined with HATU (370 mg, (.97 mmol}, dissoived in CH,Cl (6.5 mL), and
treated with Boc-L-tert-leucine (.65 mmol) and NMM (0.21 ml, 1.95 mmol). Afler stirring for
14 h at room temperature, the reaction was acidified with 1N aqueous HCI and extracted with
CH,Cl,. The organics were washed with IN aqueous HCL saturated aqueous NaCl and dried over
sodium sulfate. After removal of solvent, the crude product was purified by reverse phase column
chromatography on C18 (30-95 % ACN/H,0-1% TFA} to provide Compound 27 (222 mg, 47%):
'H NMR (CD-0OD, 300 MHz) §9.22 (s, 1H), 8.14 (d, 1H), 7.89 (d, 1H), 7.28 {d, 1H), 7.21 (s,
1H), 7.12 (d, 1H), 5.84 (m, 1H), 5.77 (m, 1H}, 5.32 (d, 1H), 5.15(d, 1H), 4.58 {m, 1H}, 4.49 (;m,
1H), 4.25 (m, 2H), 4.10 (m, 11}, 3.94 (5, 3H), 2.62 (m, 1H), 2.29 (m, 2H), 1.91 {m, 1H), 1.46 (m,
1H), 1.28 (s, 94), 1.03 (s, 9H), 0.94 (m, 2H)}, 0.75 (m, 2H); LCMS found 730.0 [M+H]".

Example 28
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To Compound 27 (50 mg, 0.07 mmol} in EtOAc (0.7 mL) was added Rh / ALO; (10 mg, 20
wi%). The reaction atmosphere was flushed with H; gas and flask equipped with a H; filled
balloon. After stirring at room temperature for 2 h, the reaction was filtered via a syringe tip filter
5 {Nyion, (.45 1M) and washed with CH,ClL. After removal of solvent the residue was dissolved in
MeOH and passed over a C-18 RP SPE column (Phenomenex Strata, | g) and eluted with MeOH
to provide the desired Compound 28 (42 mg, 84%): "H NMR (CD-0OD, 300 MHz) § 9.09 (s, 1H),
8.12(d, 1H), 7.89 (d, iH), 7.28 (d, 1H), 7.21 (s, 1H}, 7.12 (d, 1H), 5.83 (m, 1H), 4.56 (m, 1H),
4.47 (m, 1H), 4.25 (m, 2H), 4.06 (m, 1H), 3.93 (s, 3H), 2.60 (m, 1H), 2.27 (m, 1H), 1.60 (m, 41),
10 1.27 (s, 9H), 1.16-1.27 {m, 3H), 1.03 (s, 9H), 0.96 (m, 2H), 0.75 (m, 2H); LCMS found 732.0

M+H] .
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Compound 28

Sulfamic acid 1-methyl-cyclopropyl ester was synthesized according to the method presented in
20 the synthesis of sulfamic acid phenyl ester in Example 1 with the exception of utilizing 1-
methylcyclopropanol (synthesized by methods reporied in Synthesis 1991, 234} to obtain sulfamic

acid 1-methyl-cyclopropyl ester.
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2-(1-Methoxycarbonyt-2-vinyl-cyclopropylcarbamoyl}-4-(6-methoxy-isoquinolin-1-yloxy)-
pyrrolidine-1-carboxylic acid tert-butyl ester (550 mg, 1.08 mmol) from Example 40 was
dissolved in THF/MeOH (3:1, 8 mL} to which a solution of LiOH (129 mg, 5.38 mmol) in H,O (2
mL} was added and stirred at room temperature for 3 h. The reaction was diluted with H,O and
acidified with 1N agueous HCL The solution was extracted with EtOAc, washed with saturated
aqueous NaCl, and dried over sodium suifate. Afier removal of solvent, the crude product was

used directly in the next reaction.

The resultant acid and HATU (600 mg, 1.58 mmol} were combined in DMF (10.8 mL) and
treated with 1P NEL {1.58 mmol). After 15 min stirring at room temperature, suffamic acid 1-
methyl-cyclopropyl ester (238 mg, 1.58 mmol) and DBU (0.31 mL, 2.10 mmol) were then added
to the reaction mixuire. After stirring for 12 b at room {emperature, the reaction was diluted with
H;O. The solution was extracted with EtOAc, washed with saturated agueous NaHCO;, and dried
over sodium sulfate. After removal of solvent, the crude product was purified by column

chromatography on silica {(60-90% EtOAc/hexanes) to provide the acylsulfamate (260 mg, 39%).

4-{6-Methoxy-isoquinolin-1-yloxy)-2-[1-(1 -methyl-cyclopropoxysulfonylaminocarbonyl)-2-
vinyl-cyclopropylcarbamoyl]-pyrrolidine-1 -carboxylic acid tert-butyl ester (400 mg, 0.65 mmol)
was dissolved in CHCL (2mb}, treated with 4N HCI in dioxanes (2 mL} and reacted at room
temperature for 1 h. Solvents were removed and the crude residue dried. The resultant crude
amine was combined with HATU (370 mg, 0.97 mmol)}, dissolved in CH,Cl, (6.5 mL), and
treated with NMM (0.21 mL, 1.95 mmol). After stirring for 14 h at room temperature, the reaction
was acidified with 1N agueous HCI and extracted with CH,Cl,. The organics were washed with
1N agueous HCl, saturated agueous NaCl and dried over sodium sulfate. Atter removal of
solvent, the crude product was purified by reverse phase column chromatography on C18 (30-95
% ACN/H,0-1% TFA) to provide Compound 29 (213 mg, 47%): 'H NMR (CD,0D, 300 MHz) &
9.22 (s, 1H), 8.13 (4, 1H), 7.90 (4, IH), 7.31 (4, 1H}, 7.22 (s, I H), 7.14 (d, 1H), 5.85 (m, 1H),
5.75 (m, 1H), 5.32 {d, 1H), 5.15 (d, 1H), 4.55 (i, 1H), 4.50 (m, 1H), 4.24 (m, 1H), 4.09 (m, 1H},
3.94 (s, 3H), 2.63 (m, 1 H), 2.27 (m, 2H), 1.88 {m, 1H)}, 1.67 (s, 3H), 1.46 (0, 1H), 1.28 (m, 11H),
1.05 (s, 9H), 0.68 (m, 2H); LCMS found 744.0 [M+HT".
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Compound 28

Compound 30

5 Compound 30 was prepared according to the method presented for the synthesis of Compound 28.
Treatment of Compound 29 from Example 29 under the same conditions adjusted for scale
provided the desired product {45 mg, 90%): %): 'H NMR (CD,0D, 300 MHz) 5 8.11 (4, 1H),
7.89 (d, 1H), 7.26 (d, 1H), 7.20 (s, 1H), 7.11 {d, 1H), 5.55(d, 1H), 5.84 (m, 1H), 4.54 (m, 1H),
4.46 (m, 1H}, 4.27 (m, 2H)}, 4.06 (m, 1H}, 3.3 (5, 3H), 2.59 {m, 1H), 2.26 {m, 1H), 1.69 (s, 3H)},

10 1.60 (m, 4H), 1.27 {s, 9H), 1.20-1.31 (m, 3H)}, 1.02 (5, 9H}, 0.97 (m, 3H), 0.69 (m, 2H); LCMS
found 746.0 [M+HT .
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4-Hydroxy-pyrrolidine-1,2-dicarboxyiic acid 1-tert-butyl ester 2-methyl ester (10.0g, 40.8 mmol)
was stirred in 4N HC! in dioxanes (60 mL} for 210 min. Solvents were removed and the crude
residue was dried. The resultant crude amine was combined with HATU (18.6 g, 48.9 mmol) and
Boe-L-teri-leucine (10.8 g, 46.9 mmol), dissolved in CH,Cl, (450 mL}), and treated with DIEA
{24.9 mL, 148 mmol). Afier stirring for 4 hr at room temperature, the reaction was purified by
column chromatography on silica {(0—10% MeOH/CH,Cl; and 40-100% EtOAc/Hexane) to
provide 13.2 g (90%) of the desired product as white foam. LCMS found 359.0 [M+H]".

To a solution of 1-(2-tert-butoxycarbonylamino-3,3-dimethyl-butyryl)-4-hydroxy-pyrrolidine-2 -
carboxylic acid methyl ester (2.74 g, 7.64 mmol) in tetrahydrofuran (45 mL) was added 2M
lithium hydroxide (15 mL, 30.0 mmol}. The reaction was stirred at ambient temperature for 18
br. The solution was diluted with EtOAc and acidified with 2 M HCI. The layers were separated
and the organic layer was dried over Na, S0, and concentrated 1o give 2.57 g (98%) of the
product. LCMS found 345.0 [M+HT".
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i-Chloro-6-trifluoromethoxy-isoquinoline was synthesized according to the method presented in

Example 16 with the exception of utilizing 3-{(trifluoromethoxy)cinnamic acid.

1-(2-tert-butoxycarbonylamino-3,3-dimethyl-butyryl)-4-hydroxy-pyrrolidine-2-carboxylic acid
{1.38 g, 4.01 mmol) was dissolved in anhydrous THF (20 mL), then treated with 1M KOtBuw/THF
{20 mi, 20 mmol). After 10 mun. at room temperature, 1-chioro-6-triflucromethoxy-isoquinoline
{1.49 g, 6.01 mmol) in 10 mL of THF was added to the reaction flask. After 50 min. additional
stirring, the reaction was quenched with 2N HCI and extracted with EtOAc. The organics were
dried over sodivm sulfate and purified by column chromatography on silica (0-20%
MeOH/CH,CL) to provide 2.37 g (98%;) of the desired product as yellow-brown foam. LCMS
found 554.0 [M-H].

1-{{1-{2-tert-Butoxycarbonylamino-3,3-dimethyl-butyryh-4-{6-triflacromethoxy-isoquinoline-4-
yloxy)-pyrrolidine-2-carbonyl}-amino } -2-ethyl-cyclopropanecarboxylic acid methy! ester was
prepared according to the method presented in the synthesis of Compound 26. Treatment of 1-(2-
tert-butoxycarbonylamine-3,3-dimethyl-butyryl}-4-( 6-triflucromethoxy-isoquinoline -4-yloxy)-
pyrrolidine-2-carboxylic acid (2.37 g, 4.00 mmol) occurred under the same conditions, adjusted

for scale, to afford the desired methy! ester (1.90 g, 70%). LCMS found 681.0 {M+H]".
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Compound 31 was prepared according to the method presented in the synthesis of Compound 29,
Treatment of 1-{[1-(2-tert-Butoxycarbonylamino-3,3-dumethyl-butyryl}-4 (6-triflucromethoxy-
isoguincline-4-yloxy)-pyrrolidine-2-carbonyl}-amino } -2-ethyl-cyclopropanecarboxylic acid
methyl ester (1.29 g, 1.88 mmol) occurred under the same conditions, adjusted for scale, and
purified by reverse phase HPLC to afford Compound 31 (441 mg, 29%): "H NMR (CDCl, 300
MHz) & 10.31 (s, 1H), 8.21 (d, 1H), 8.03 (d, 1H), 7.55 (s, 1H), 7.32-7.25 (m, 2H), 6.89 (s, 1H),
5.89 (s, 1H), 5.21 (d, 1H), 4.52-4.45 (m, 2H), 4.25 (d, 1FD), 4.04 (d, 1H), 2.57-2.49 (m, 2H), 1.72
(5, 3H), 1.68 (m, 2H), 1.58 (m, 2H), 1.44-1.29 (m, 12H),1.04 (s, 9H), 0.96 (m, 3H), 0.65 (m, 2H);
LCMS found 800.4 [M+H]".

Example 32
HQ" c ‘ Ci~ S
a =N
| H ' o,
\4/0\“/“\/&9 o cl 3
! : OH
O~ KOtBu, THF N
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Compound 32

1,6-Dichloroisoquinoline was synthesized according to the method presented in Example 16 with

the exception of utilizing 3-chlorocinnamic acid.

Compound 32 was prepared according to the method presented in the synthesis of Compound 31
with the exception of utilizing 1,6-dichloroisoquinoline. For the final step, treatment of 1-(2-tert-
butoxycarbonylamino-3,3-dimethyl-butyryl}-4-hydroxy-pyrrolidine-2-carboxylic acid (532 mg,
1.54 mmol) occurred under the same conditions, adjusted for scale, to afford Compound 32 (107
mg, 28%): 'H NMR (CDCls, 300 MHz) § 10.34 (s, 1H), 8.08 (d, 1H), 8.01 (d, 1H), 7.73 (s, 1H),
7.42 (4, 1H), 7.18 (d, 1H}, 6.86 (s, 1H), 5.89 (5, 1H}, 5.22 {d, 1H)}, 4.53-4.42 (m, 2H), 4.25 (4,
1H), 4.04 (4, 1H), 2.59-2.52 (m, 2H}, 1.72 (5, 3H), 1.68 {m, 2H), 1.58 {m, 2H), 1.44-1.22 (m,
12H),1.04 (s, 9H), 0.94 (m, 3H), 0.65 (m, 2H); LCMS found 750.4 [M+H]".
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$  Treatment of 1-(2-teri-butoxyearbonylamino-3,3-dimethyl-butyryl}-4-hydroxy-pyrrolidine-2-

carboxylic acid {738 mg, 2.14 mmol} under peptide coupling conditions presented in Example 26

occurred under the same conditions, adjusted for scale, to afford the ester which was subsequently

hydrolyzed to 1-{[1-{2-tert-butoxycarbonylamino-3,3-dimethyl-butyryl)-4-hydroxy-pyrrolidine-2-

carbonyl}-amino}-2-ethyl-cyclopropanecarboxylic acid (565 mg, 64%); LCMS found 456.0

10 [MEHET.

188



WO 2009/065677 PCT/US2008/607928

Gl

. .S
KOtBu, THF y g}\(" oH
N

N
HATU, DIPEA G
bBu g
','\ H i O, L
{N ~ ,S\
,S\ /\& N\/& o
e 154

Compound 33

Compound 33 was prepared according to the method presented in the synthesis of Compound 31.
Treatment of 1-{[1-{2-tert-Butoxycarbonylamino-3,3-dirnethyl-butyryl}-4-hydroxy-pyrrohidine-2-
5  carbonyl]-amino}-2-ethyl-cyclopropanecarboxylic acid (300 mg, 0.659 mmol) and 6-methoxy-

quinazoline, synthesized by methods reported in J. Chem. Soc. 1947, 890--894 occurred under the
same conditions, adjusted for scale, to afford Compound 33 (220 mg, 45%): 'H NMR (CDCl;,
300 MHz) & 8.96 (s, 1H}, 8.68 (d, 1H), 7.59 (s, 1H), 747 (5, 1H), 7.22 (4, 1H), 5.99 (5, iH), 5.21
(d, 1H}, 4.57 (m, 2H), 4.18 {d, 1H), 4.06 (s, 1H), 4.01 (s, 3H), 2.65-2.57 (m, 2H), 1.65 (s, 3H),

10 1.63 (m, 2H), 1.50 (m, 2H), 1.26 (m, 2H), 1.27 (s, 9H), 1.26 (m, 1H), 1.03 (s, 9H), 0.93 (m, 3H),
0.63 (m, 2H); LCMS found 747.0 [M+HY".
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Example 34

Q 0
HO o7
‘O/ Ci/\v 5 C;//\\\'/O

NS
K,CO,, DMF p

ICH,Cl, Diethyl Zinc

o DCE 70

LiBH, o] SEAN D . i "
OH ess-Martin Periodinane H
THE N7 \©/ DCM NN

KOtBu
THF

Malonic acid, piperidine

pyridine v,/O | X J\OH
N
1. ethyichioroformate o
2. NaN, v/ | TN
N

3. POCI,
d

To a solution of methyl-3-hydroxybenzoate (25.0 g, 164 mmol) in DMF (250 mL) were added
K,CO; (454 g, 328 mmol) and 2-chloroethyl p-toluenesuifonate (39.3 g, 167 mmol). The
reaction was stirred at 65°C for 12 bhr then diluted with EtOAc and H,O. The layers were
separated and the organic layer was dried over Na,SO, concentrated, and purified by column
chromatography on silica {0»~IOO% CH,Cly/Hexane) to provide 25.0 g (71%) of the desired

product as a clear cil.

The chiornide (25.06 g, 116 ramol) was dissolved in THF (220 mL) then KOtBu {16.3 g, 145 nunol)

was added. The reaction was stirred at ambient temperature for 18 hr then diluted with EtOAc and
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H,O. The layers were separated and the organic layer was dried over Na,80, concentrated, and
purified by column chromatography on silica (0-25% EtOAc/Hexane and 0-70%
CH;Ch/Hexane) to provide 11.2 g (54% of the desired ester.

To a solution of the ester (11.2 g, 62.6 mmol) in dichlorocthane (310 mL) was added
chioroiodomethane {(17.0 mL, 235 mmol)}, then cooled to (°C added 1M Et,Zn/Hexane (117 mL,
117 mumol) slowly. The reaction was stirred at ambient temperature for 100 min then diluted with
IN HCl and DCM. The layers were separated and the organic layer was dried over Na, SO,
concentrated, and purified by column chromatography on silica (30-100% CHCly/Hexane) to

provide 9.77 g (81%) of methyl-3-cyciopropoxybenzoate as clear oil.

Methyl-3-cyclopropoxybenzoate (7.49 g, 3%.0 mmol) was dissolved in THF (135 mL) then 2M
LiBH/THF (58.5 mL, 117 mmol} was added. The reaction was stirred at 50°C for | hr then 1.6
mL of MeOH was added. After 30 min of stirring, the reaction mixture was cooled to rt. and
quenched with excess MeOH. The solution was concentrated and diluted with EtOAc and HyO.
The layers were separated and the organic layer was dried over Na,S80,and concentrated to

provide 6.37 g (98%) of the desired alcohol.

To a solution of the alcohol (6.37 g, 38.8 mmol} in dichloromethane (194 mi.) was added Dess-
Martin Periodinane (18.7g, 42.7 mumol). The reaction was stirred at ambient temperature for 15
min. The solution was purified by column chromatography on silica (0-40% EtOAc/Hexane} o

provide 6.00 g {93%) of the aldehvde as yvellow oil.

3-cyclopropoxybenzaldehyde (7.51 g, 46.3 mmol) was dissolved in pyridine (195 mL} then
malounic acid (19.3 g, 185 mmol) and piperidine (6.86 mL, 69.5 mmol) were added. The reaction
was stirred at reflux for 2 hr then concentrated. The residue was poured on to ice cold 6N HCl and
decanted to coliect the solution. The solution was diluted with DCM and extracted with DCM.
The extract and the solid from the water layer were combined and basified with 2N NaOH. The
basic solution was washed with DCM, acidified and filtered to give 3-(3-cyclopropoxy-phenyl}-
acrylic acid as white solid: "H NMR (CDCl;, 300 MHz) 8 7.77 (d, 1H), 7.36-7.09 (m, 4H), 6.44
(d, 1H}, 3.77 (m, 1H), 0.81 (m, 4H).

1-Chloro-6-cyclopropoxy-isoquinoline was synthesized accoreding to the method presented in

Example 16. Treatment of 3-(3-cyclopropoxy-phenyl)-acrylic acid under the same occurred under
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the same conditions, adjusted for scale, to afford 1-chioro-6-cyclopropoxy-isoquinoline: LCMS

found 220.1 [M+H]}".

-
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Compound 34

Compound 34 was prepared according to the method presented in the synthesis of Compound 31
with the exception of utilizing 1-chloro-6-cyclopropoxy-isoquinoline. For the final step, treatment

10 of I-{[1-{2-tert-Butoxycarbonylamino-3,3-dimethyl-butyryl)-4-hydroxy-pyrrolidine-2-carbonyl}-
amino}-2-ethyl-cyclopropanecarboxylic acid (200 mg, ¢.439 mmol) and I-chioro-6-
cyciopropoxy-isoquinoline occurred under the same conditions, adjusted for scale, to afford
Compound 34 (220 mg, 45%): 'H NMR (CDCl;, 300 MHz) 6 9.89 (s, 1H), 8.35 (d, 1H), 7.22-
7.12 (m, 3H), 6.52 (d, 1H), 5.88 (5, 1H}, 5.22 (d, 1H}, 4.62 (m, 2H), 4.15(d, 1H)}, 4.05 (s, 4H),

15  3.88-3.82 (m, 1H}, 2.74 {m, 1H), 2.52 (m, 1H), 1.63 {m, 2H), 1.50 (m, 2H), 1.26 (m, 3H), 1.18 (s,
SH), 1.05 (s, 9H), 0.92 (m, 3H), 0.90-0.80 (m, 4H), 0.61 (m, 2H); LCMS found 772.0 [M+H]".
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Example 35

HATU, DIPEA
DBU

5 Compound 35

5  Compound 35 was prepared according to the method presented in the synthesis of Compound 31.
Treatment of 1-{[1-{2-tert-Butoxycarbonylamino-3,3-dimethyi-butyryl}-4-hydroxy-pyrrolidine-2-
carbonyli-amino}-2-ethyl<cyciopropanecarboxylic acid (460 mg, 0.878 mmeol) and 1-Chloro-6-
methoxy-phthalazine, synthesized by methods reported in Bioorg, Med Chem. Lewr. 2802,72, 5-8,
cecurred under the same conditions, adjusted for scale, to afford Compound 35 (107 mg, 16%):

10 '"H NMR (CDCl,, 300 MHz) & 9.89 (5, 1H), 8.35 (d, 1H), 8.03 (s, 1H), 7.71 (m, 2H), 5.88 (s, 1 H),
5.22 (d, 1H}, 4.62 (m, 2H}, 4.15 {d, 1H), 4.05 (s, 4H), 2.74 {m, 1H), 2.52 {m, 1H)}, 1.65 (s, 3H},
1.63 (m, 2H)}, 1.50 (m, 2H)}, 1.26 {m, 3H), 1.18 (s, 9H), 1.05 (s, 9H), 0.92 (m, 3H), 0.61 (m, 2H);
LCMS found 747.3 [M+HT'.

15 Example 36

3. POGI,, 120 °C

@C'/Ci 1. KOEL, EtOH; 150 °C wo\/
N 2. mCPBA, DCM &\/ f«N
Ci
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3-Chloroisoquinoline (3.0, 18 mmol)} was dissolved in potassium ethoxide (24% in EtOH, 10.6
mk, 27 mmol)} and heated to 150 °C in a sealed tube for 24 h. Afier cooling, the solvent was
removed in vacuo and the residue treated with 1M HCI until the solution reaches a pH 3.
Saturated NaHCQOs solution then added slowly to returmn the solution to pH 8 followed by
extraction with CHCL. The combined organics were washed with brine, dried over anbydrous
MgS0O,. The residue obtained from concentration in vacuo was purified by column
chromatography on Si0; (0-15% EtOAc, hex) to afford 1.5 g (48%) of 3-ethoxyisoquinoline.
LCMS found 174.11 [M+H]".

3-Ethoxyisoquinoline (1.5 g, 8.7 mmol} was taken up in DCM (45 mL) at § °C. mCPBA (77%,
4.1 g, 18.3 mmol) was added slowly and the resulting solution allowed to warm to rt overnight.
The reaction volume was doubled with additional DCM and washed with 1M NaQOH. Following
separation and extraction with DCM, the combined organics were washed with brine, dried over
anhydrous MgSQ, and concentrated in vacuo 1o afford 3-ethoxyisoquinoline N-oxide (1.15 g,
69%]) as a white low melting solid that was used without further punification. LCMS found 190.05
[M+H].

3-Ethoxyisoguinoline N-oxide {1.15 g, 6.1 mmmol} was taken up in POCL (5 mL) at 11 and then
heated to 120 °C under an atmosphere of Ar for 2h. Following cooling to rt, the reaction was
diluted with CHCl, and poured into icewater {20 mL) and the resulting solution was placed in an
ice bath and treated with 10M NaOH until pH 10 with vigorous stirring. Following extraction
with CHCl,, the combined organics were washed with brige and dried over anhydrous MgSO,,.
Following concentration in vacuo, purification on SiQ, (3-15% EtQAc/hex) afforded 0.51 g
{40%) of 1-chloro-3-ethoxyisoquinoline. LCMS found 208.1 [M+HJ".
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Compound 38

1-{[1-(2-tert-Butoxycarbonylamino-3,3-dimethylbutyryl}-4-hydroxypyrrolidine-2-carbonyl]-
amino}-2-ethyl-cyclopropanecarboxylic acid {See Example 33}, 0.21 g, 0.46 mmol) was diluted
in DMSQO (4 mL) and treated with potassium fers-butoxide {0.26 g, 2.3 mmol) at 1t for 30 min. 1-
Chloro-3-ethoxyisoquinoline (0.100 g, 0.48 mmol} was added and the solution allowed to age
overnight. Icewater was added, followed by 1M HCI until the solution reaches pH 3. Extraction
with EtOAc was followed by washing of the combined organics with brine and drying over
anthydrous Na;S(, prior to concentration in vacuo. The resulting residue was purified by
preparatory HPLC to produce 0.127 g (42%) of 1-{[1-(2-tert-Butoxycarbonylamino-3,3-dimethyi-
butyry}-4-(3-ethoxy-isoquinolin-1 -yloxyj-pyrrolidine-2-carbonyi}-amino } -2-ethyl-
cyclopropanecarboxylic acid as a white solid. LCMS found 626.90 [M'].

Compound 36 was produced analogously to Compeound 33 from Example 33 by treating 1-{[1-(2-
teri-Butoxycarbonylamino-3,3-dimethyl-butyryl}-4-(3-ethoxy-isoquinolin-1-viexyl-pyrrolidine-2-
carbonyl}-amino}-2-cthyl-cyclopropanecarboxylic acid {0.13 g, .20 mmol) and sulfamic acid 1-
methyl-cyclopropyl ester (0.061 g, 0.41 mmol) under similar conditions with appropriate
adjustments for scale to produce Compound 36 (0.114 g, 74%) as white powder. 'H NMR
{CD;0D, 400 MHz) d 8.06 (d, 1H}; 7.63 (d, 1H); 7.55 (¢, 1H); 7.26 (, 1H); 6.60 (s, 1H); 5.86 (s,
1H); 4.54 (m, 1H); 4.45 (d, 1H); 4.38-4.20 (m, 3H); 4.09 (d, 1H); 2.61 {m, 1H); 2.29 (m, 1H});
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1.68 (s, 3H); 1.66-1.48 (m, 4H); 1.44 1, 3H); 1.38-1.16 (m, 2H); 1.23 (s, 9H); 0.97 (t, 3H); 0.68
{m, 2H). LCMS found 760.2 [M+H]".

Exampie 37

O
- \©:/\\\[ BBF3
=N DCM
T/

Ci
\N/\\/Ci \N/\\/O\ ‘ T
! . i l I 2N
Cs3C03 \';

ACN

To a solution of 1-chloro-6-methoxy-isoguinocline {2 g, 10.3 mmol} in DCM (60 m!)} was added
BBr; in (4.9 ml, 51.6 mmol) in 10 mI. THF and the reaction was heated to 50°C overnight. The
reaction was cooled 1o §°C and 30 volumes of methanol was added as a quench. The solvent was
removed to afford 2.87 g (>99%) of 1-chloro-isoquinolin-6-0l as a brown solid. LCMS found

180.36 [M+H]".

To a solution of 1-chloro-isoquinolin-6-of {300 mg, 1.67 mmol) in acetonitrile (16 ml} was added
{2-Chloro-ethyl}-dimethyl-amine {289 mg, 2.0 mmol} and cesium carbonate {1.2 g, 3.67 mmol).
The reaction was stirred at 65°C overnight. The solvent was removed and the residue dissolved in
ethyl acetate. The organic solution was washed with saturated sodium bicarbonate, dried over
magnesium sulfate and concentrated. The crude product was purified using reverse phase HPLC
to afford 505 mg (83%) of [2-(1-chloro-isoquinolin-6-yloxy}-ethyl}-dimethyl-amine as a white
amorphous solid. LCMS found 251.04 [M+H]".
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Compound 37

To a solution of 1-{[1-(2-tert-butoxycarbonylamine-3,3-dimethyl-butyryi)-4-hydroxy-pyrrolidine-
2-~carbonyl}-amino}-2-ethyl-cyclopropanecarboxylic acid (321 mg, 0.71 mmol) in THF (3 mL)}
was added iM KOtBu in THF (3.9 ml) and stirred for 15 minutes. [2-(1-chloro-isoquinolin-6-
yloxy)-ethyl]-dimethyl-amine (283 mg, 0.78 mmol) was then added in THF (3 m}) and the

reaction was heated to 50°C for approximetly three hours. The reaction was cooled to room temp
and quenched with 1N HC1 and the solvents removed. The crude matenial was purified by reverse
phase HPLC 1o afford 94.3 mg (17%) of mtermediate 1-{{1-{Z2-tert-butoxycarbonylamino-3,3-
dimethyi-butyryi}-4-[6-(2-dimethylaminc-cthoxy}-isoquinclin- -yloxy]-pyrrolidine-2-carbonyl } -

amino}-2-ethyl-cyclopropanecarboxylic acid as a white solid.

1-{{1-(2-tert-butoxycarbonylamino-3,3-dimethyl-butyrvl}-4-[6-(2-dimethylamino-ethoxy)-
isoquinolin- I -yloxy}-pyrrolidine-2-carbonyl } -amino)-2-ethyl-cyclopropanecarboxylic acid (101
mg, 0.13 mmol) was dissolved in DMF {4 mL) and diisopropylethyl amine (56 pl, 0.32 mmol) to
which was added HATU (73 mg, 0.19 ramol). To this reaction mixture was then added DBU (77
pl, 0.52 mmol} and sulfamic acid 1-methyl-cyclopropyl ester (39 mg, 0.26 mmol) and the
reaction was stirred at ambient temperature for 16 hrs. The reaction was diluted with water and
acetonitrile and purified by reverse phase chromatography to give 61.1 mg (52%) of Compound
37 as an amorphous white solid. 'H NMR (CD;0D, 300 MHz) 6 8.11 (m, 1H); 790 (d, =6 Hz,
1H); 7.23 (o, 3H); 5.81 (2, 1H); 4.47 (m, 2H); 4.40 (m, 1H); 4.22 (s, 1H); 4.08 (m, 1H); 3.64 (m,
2H}); 3.27 (s, 3H); 2.98 (s, 6H); 2.58 (m, 1H); 2.20 {m, 1H); 1.64 (s, 3H); 1.53 (m, 4H); 1.26 (s,

9H); 1.67 (m, OH); 0.96 (m, 12H); 0.64 (s, 2H). LCMS found 803.14 [M+H]".
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Compound 38

1-chloro-6-( 2—methoxy—ethoxy)—isoquinoiiﬁc was prepared according to the method described for

" [2-(1-chloro-isoquinolin-6-yloxy}-ethyl}-dimethyl-amine as shown in Example 37, substituting 1~

Bromo-2-methoxy-ethane for (2-Chloro-ethyi}-dimethyl-amine and adjusting appropriately for
scale. The compound was exiracted with EtOAc and washed with saturated sodium bicarbonate,
dried over magnesium sulfate and concentrated instead of using reverse phase purification to give

454 mg (90%) of the desired compound as a brown solid. LC/MS: m/z 238.10 [M+HT).

Compound 38 was prepared according to the method described as shown in Example 37,
substituting 1-chloro-6-(2-methoxy-ethoxy}-isoquinoline for [2-(1-chloro-isoquinolin-6-yloxy)-
ethyl]-dimethyl-amine and adjusting appropriately for scale. The compound was purified using
reverse phase HPLC to give 89.6 mg (69%) of the desired compound Compound 38 as a white
amnorphous solid. 'H NMR (CD,0D, 300 MHz) 8 8.07 (d, 1H); 7.85 (d, 1H); 7.19 {m, 2H); 7.11
{m, 1H); 5.78 (s, 1H); 445 (m, 2H); 4.21 {m, 3H); 4.08 (m, 1H); 3.77 (m, 2H); 3.40 (s, 3H); 2.53
{m, 1H); 2.21 (m, 1H}1.64 (m, 3H}; 1.53 (m, 3H); 1.24 (m, F1H); 1.00 (s, 9H); 0.92 (m, 5H); 0.64
(mm, 2H). LCMS found 789.94 [M+H]".
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Example 39

Compound 38

1-chloro-6-(2,2,2-trifluoro-ethoxy)-isoquinoline was prepared according to the method described
for [2-{1-chloro-isoquinolin-6-yloxy}-ethyi}-dimethyl-amine as shown in Example 37,
substituting Trifluoro-methanesulfonic acid 2,2,2-trifluorc-ethyl ester for (2-Chloro-ethyl)-
dimethyl-amine and adjusting appropriately for scale. The compound was extracted with EtOAc,
washed with brine, dried over magnesium sulfate and concentrated instead of using reverse phase
purification to give 820 mg {56%) of the desired compound 1-chloro-6-(2,2,2-trifluoro-ethoxy)-
isoquinoline as a white solid. LCMS found 262.34 [M+H]").

Compound 39 was prepared according to the method described as shown in Example 37,
substituting 1-chloro-6-(2,2,2-triflucro-ethoxy}-isoquinoline for [2<(1-chloro-isoquinolin-6-
yioxy)-ethyl]-dimethyl-amine and adjusting appropriately for scale. The compound was purified
using reverse phase HPLC to give 104.3 mg (18%) of the desired compound Compound 39 as a
white amorphous solid. 'H NMR (CD,0D, 300 MHz) 6 8..13 (d, J = 9.6 Hz, 1H); 7.90(d, J = 5.7
Hz, 1H}); 7.26 (m, 2H); 7.18 (m, 1H); 5.80 (s, 1H); 4.66 (m, 2H); 4.44 (m, 2H); 4.20 (s, 1H}; 4.02
{m, TH); 2.534 (m, 1H}; 2.22 (m, 1H); 1.64 (5, 3H); 1.54 (m, 4H); 1.19 {m, 12H); 0.96 (m, 14H);
0.64 (s, 2H). LCMS found 813.84 [M+HJ".
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Compound 40

i -chioro-6-{2-morpholin-4-yl-ethoxy)-isoquinoline was prepared according to the method
described for {2-(1-chloro-isoquinolin-6-yioxy}-ethyl]-dimethyl-amine as shown in Example 37,
substituting 4-(Z-chioro-ethyl)-morpholine for (2-chlore-ethyi)-dimethyl-amine and adjusting
appropriately for scale to give 459.5 mg (94%; of the desired compound 1-chloro-6-(2-
morpholin-4-yl-ethoxy)-isoquinoline as a white solid. LCMS found 293.09 [M+H]".

Compound 40 was prepared according to the method described as shown in Example 37,
substituting 1-chloro-6-(2-morpholin-4-yl-ethoxy}-isoquinoline for [2-(1 chloro-isoquinolin-6-
vioxy}-ethyl]-dimethyl-amine and adjusting appropriately for scale. The compound was purified
using reverse phase HPLC to give 128.5 mg (13%) of the desired compound Compound 40 as a
white amorphous solid. "H NMR (CD-0D, 400 MHz) 6 8.17 (d, =84 Hz, 1H); 7.94 (d, }= 5.6
Hz, 1H); 7.26 {m, 3H); 5.86 {5, 1H}; 4.55 {m, 3H); 4.43 {d, J = 10.4Hz, 1H); 4.26 (s, 1H}; 4.10 (m,
2H); 3.8 (m, 2H); 3.73 (m, 2H); 3.61 (m, 2H); 3.36 (m, 1H); 2.60 (m, 1H); 2.28 (m, 1 H); 1.68 (s,
3H); 1.55 (m, 5H); 1.31 (s, 9H); 1.19 (m, 2H); 1.05 (m, 12H); 0.98 (m, 2H); 0.68 (s, 2H). LCMS
found 845.07 [M-+H]".
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Example 41

HATU, NMM
OH 2. LiOH

/’O

N

HATU, DIPEA, DBU, DME
oo~

?
HzN_§_O
O

/Q

1. HCI

2. HATU, NMM, DCM

Compound 41

To a solution of 4-(6-methoxy-isoquinolin-1-vioxy)-pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl
ester (1.78 g, 4.59 mmol) and the HCI salt of 1-amino-2-ethyl-cyclopropanecarboxylic acid
methyl ester (0.605 g, 3.37 mmol} in DMF (17 mL) was added HATU (1.938 g, 5.09 mmol) and
NMM (1.9 mL, 17.28 mmol). The reaction mixture was stirred at room temperature for 18 b, and

10 then diluted with EtQOAc. The resulting shurry was washed with agueous HC! (I1N) and brine.
The agqueous iayérs were extracted with EtOAc. The resulting organic layers were combined,
dried (Na,;S(,) and concentrated. The crude product was purified by column chromatography on
silca (15350 % Hex/EtOAc) to provide the desired intermediate {0.647 g, 37%): LCMS found
514.87 [M+H]".
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Hydrolysis of 2-(2-Ethyl-1-methoxycarbonyl-cyclopropylcarbamoyl}-4-{6-methoxy-isoquinolin-
1-yloxy)-pyrrolidine-1-carboxylic acid tert-butyl ester according to the method presented in

Example 27 provided the acid which was used without further purification.

Sulfamic acid 1-ethyl-cyclopropyl ester was synthesized according to the method presented in the
synthesis of sulfamic acid phenyl ester in Example 1 with the exception of utilizing 1-
ethyleyclopropanol (synthesized by methods reported in Synthesis 1981, 234) to obtain sulfamic

acid 1-¢thyl-cyclopropyl ester.

2-{2-Ethyl-1-(1-ethyl-cyclopropoxysulfonylaminocarbonyl)-cyclopropylcarbamoyl]-4-(6-
methoxy-isoquinolin-1-yloxy)-pyrrolidine-1 -carboxylic acid tert-butyl ester was prepared
according o the method presented in Example 27, Treatment of 2-(1-carboxy-2-ethyl-
cyclopropylcarbamoyl)-4-(6-methoxy-isoquinolin-1 -yloxy}-pyrrolidine-1 -carboxylic acid tert-
butyl ester (0.70 mmol) occurred under the same conditions, adjusted for scale with the exception
of utilizing suifamic acid I-ethyi-cyclopropyl ester to afford the desired acyisulfamate (230 g,
51%): LCMS found 647.1 [M+HT".

Compound 41 was prepared according to the method presented in the synthesis of Compound 27.
Treatment of 2-[2-ethyl-1-(1-ethyl-cyclopropoxysulfonylaminocarbonyl)-cyclopropylcarbamoyl]-
4-(6-methoxy-isoquinolin-1-yloxy)-pyrrolidine-1-carboxylic acid teri-butyl ester {0.36 mmol)
occurred under the same conditions, adjusted for scale, and purified by reverse phase HPLC to
afford Compound 41 (89 mg, 12%): 'H NMR (CD,0D, 300 MHz) 5 9.15 (s, 1H), 8.10(d, 1H),
798G (d, 1H}, 72844, 1H}, 7.22 (s, VH), 7.11 (d, 1H), 5.83 (m, 1H), 4.58 (m, 1H}, 4.3% {m, |H),
4.23 (m, 2H), 4.08 (m, 1H), 3.94 (s, 3H), 2.59 (m, 1H), 2.27 (m, 1H), 1.90 (g, 2H), 1.60 (m, 4H),
1.48 (s, 3H), 1.26 (s, 9H), 1.20-1.31 (m, 3H), 1.09 (¢, 3H), 1.05 (s, 9H), 0.98 {m, 3H}, 0.70 (m,
2H); LCMS found 760.4 [M+H]".
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Example 42

. EA, DBU, DMF
HATU, DIP o 0

ad
Q
N
N OH ©

i H
1. HCI P
2. HATU, NMM, DCM o
O y H O 0
H W7,
>§/ YO om N N
H o}

Compound 42

Sulfamic acid 1- propyl-cyclopropy! ester was synthesized according to the method presented in
S the synthesis of sulfamic acid phenyl ester in Example 1 with the exception of utilizing 1-
propyicyclopropanc] {synthesized by methods reported in Synthesiz 1991, 234) to obtain sulfamic

acid 1- propyl-cyciopropyi ester.

2-{2-Ethyi-1-{i -propyl-cyclopropoxysuifonyviaminccarbony-cyclopropylearbamoyi}-4-{6-

10 methoxy-isoquinolin-1-vloxy)-pyrrolidine-1-carboxylic acid tert-butyl ester was prepared
according to the method presented in Example 27, Treatment of 2-{1-carboxy-2-ethyl-
cyclopropylcarbamoyl}-4-(6-methoxy-isoquinolin-1-yloxy)-pyrrolidine-1 -carboxylic acid tert-
butyl ester {0.50 mmol) occurred under the same conditions, adjusted for scale with the exception
of utilizing sulfamic acid 1-propyl-cyclopropyl ester to afford acylsulfamate (200 mg, 61%):

15 LCMS found 660.9 [M+H]".

Compound 42 was prepared according to the method presented in the synthesis of Compound 27.
Treatment of 2-[2-ethyl-1-(1 -propyl-cyclopropoxysulfonylaminocarbonyl)-
cyclopropylcarbamoyl]-4-(6-methoxy-isoquinolin-1-vloxy)-pyrrolidine-1 -carboxylic acid tert-

20 butyl ester (0.30 mmol) occurred under the same conditions, adjusted for scale, and purified by
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reverse phase HPLC to afford Compound 42 (26 mg, 11%): "H NMR (CD;0D, 300 MHz) § 9.12
(s, 1H), 8.11(d, 1H}, 7.89 (d, 1H}, 7.28 (d, 1H), 7.22 {5, 1H), 7.13 (d, 1H), 5.84 {m, 1H), 4.55 (m,
1H), 4.44 (m, 1H}, 4.24 (m, 2H), 4.09 (m, 1H}, 3.94 (s, 3H), 2.59 (m, 1H), 2.28 (m, 1H}, 1.83 (t,
2H3, 1.58 {m, 4H), 1.48 {q, 2H)}, 1.27 (5, 9H), 1.20-1.31 (m, 3H), 1.05 (5, 9H), 0.98 {m, 3H), 0.70
(m, 2H); LCMS found 774.0 [M+H]".

Example 43

~0 i = R ~N
SN HATU, DIPEA, DBU, DMF 3 o

0 R B H 0, ,0
el

- H Q T [’;’B\D/N N S\G

N HZN“§_O i H
OH o
N o

A~
1. HCi . _N

2. HATU, NMM, DCM

O
S0 (g\-’ﬁ‘oH Q\ﬂ/g . ?Sliiﬁ
Lo T oy P o © H
L

Compound 43

Sulfamic acid 1- isopropyl-cyclopropyl ester was synthesized according to the method presented
in the synthesis of sulfamic acid phenyl ester in Example 1 with the exception of utilizing 1-
isopropylcyciopropanol {synthesized by methods reported in Synthesis 1991, 234} to obtain

sulfamic acid 1- isopropyl-cyclopropyl ester.

2-[2-Ethyl-1-{1- isopropyl-cyclopropoxysulfonylaminocarbonyl)-cyclopropylecarbamoyl}-4-{6-
methoxy-isoquinolin-1-yloxy)-pyrrolidine-{ -carboxylic acid tert-butyl ester was prepared
according to the method presented in Example 27. Treatment of 2-(1-carboxy-2-ethyl-
cyclopropylcarbamoyl)-4-(6-methoxy-isoguinolin-1-yloxy)-pyrrolidine-1-carboxylic acid tert-

butyl ester {0.50 mol} occurred under the same conditions, adjusted for scale with the exception
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of utilizing sulfamic acid 1-isopropyl-cyclopropyl ester 1o afford acylsulfamate (185 mg, 56%):
LCMS found 660.9 [M+H]".

Compound 43 was prepared according to the method presented in the synthesis of Compound 27.
Treatment of 2-[2-ethyl-1-(1- isopropyl-cyclopropoxysulfonylaminocarbonyl)-
cyclopropyicarbamoyl}-4-(6-methoxy-isogquinolin-1-yloxy}-pyrrolidine-1 ~carboxylic acid tert-
butyl ester (0.19 mmol) occurred under the same conditions, adjusted for scale, and purified by
reverse phase HPLC to afford Compound 43 (57.8 mg, 7%): 'H NMR (CD,0D, 300 MHz) § 9.12
(s, 1H), 8.11(d, 1H), 7.89 (4, 1§D, 7.27 (d, 1H), 7.20 (s, 1H), 7.11 (d, 1H}, 5.84 {m, 1H), 4.54 (m,
1H), 4.44 (m, 1H), 4.25 (m, 2H), 4.09 (m, 1H), 3.94 (s, 3H), 2.58 (m, 1H), 2.27 (m, 1H), 2.16 (m,
1H), 1.57 (m, 4H), 1.27 (s, 9H), 1.20-1.31 {m, 3H), 1.05 (s, 9H), 1.00 (m, 6H), 0.98 {m, 3H), 0.78
(m, 2H); LCMS found 774.0 [M+HY".

Example 44

HATU, DIPEA, DBU, DMF  goc O

1. HCI

2. HATU, NMM, DCM O
0 N, Al /@FS
H A NTTTO
SOy o "
O

Compound 44
Sulfamic acid 2,2,2-trifluoro-1,1 -dimethyl-ethyl ester was synthesized according to the method
presented In the synthesis of sulfamic acid phenyl ester in Example | with the exception of

utilizing 1,1, 1-trifluoro-2-methyl-propan-2-ol to obtain sulfamic acid 2,2,2-trifluoro-1,1-dimethyl-

ethyl ester.
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2-[2-Ethyl-1-(2,2,2-trifluorc-1, 1 -dimethyi-ethoxysulfonylaminocarbonyl)-
cyclopropylcarbamoyl]-4-(6-methoxy-isoquinolin-1-yloxy)-pyrrolidine-1 -carboxylic acid tert-
buty} ester was prepared according to the method presented in Example 27. Treatment of 2-(1-
carboxy-2-ethyl-cyclopropylearbamoyl)-4-(6-methoxy-isoquinolin-1 -yloxy)-pyrrolidine-1-
carboxylic acid tert-butyl ester {2.01 mmol} occurred under the same conditions, adjusted for
scale with the exception of utilizing sulfamic acid 2,2,2-trifluoro-1,1-dimethyl-ethy! ester to
afford acylsuifamate (450 mg, 65%): LCMS found 688.9 [M+H]".

Compound 44 was prepared according to the method presented in the synthesis of Compound 27.
Treatment of 2-[2-Ethyl-1-(2,2 2-trifluorc-1,1 -dimethyl-ethoxysulfonylaminocarbonyl)-
cyclopropylcarbamoyl]-4-(6-methoxy-isoquinolin-1-yloxy}-pyrrolidine-1-carboxylic acid tert-
buty!l ester (0.15 mmol} occurred under the same conditions, adjusted for scale, and purified by
reverse phase HPLC to afford Compound 44 (55 mg, 46%): 'H NMR (CD;0D, 300 MHz)
diagnostic & 1.81 (s, 3H), 1.80 (s, 3H); LCMS found 801.9 [M+H]".

Example 45
“ONAN
Ry =
_ o
HATU, DIPEA, DBU, DMF, ”,
= F}w E?iji O\\s/’c/é
HoN=— NI H o

Q=

E )
/O\nO)D
O
[42]
[#]
[%7
Q
\‘/’[
O

1. HCI ,
S |
2. HATU, NMM, DCM /\fN

Conmpound 45

i-Sulfamoyloxy-cyclopropanecarboxylic acid methyl ester was synthesized according to the

raethod presented in the synthesis of sulfamic acid pheny! ester in Example 1 with the exception
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of utilizing 1-hydroxy-cyclopropanecarboxylic acid methyl ester to obtain 1-Sulfamoyloxy-

cyclopropanecarboxylic acid methyl ester.

2-{2-Ethyl-1~(1~methoxycarbonyl-cyclopropoxysulfonylaminocarbonyl)-cyclopropylcarbamoyl]-
4-(6-methoxy-isoquinolin-1-yloxy)-pyrrolidine-1-carboxylic acid tert-butyl ester was prepared
according to the method presented in Example 27. Treatment of 2-(1-carboxy-2-ethyl-
cyclopropylearbamoyl}-4-{6-methoxy-isoquinolin-1-yloxy}-pyrrolidine-1 -carboxylic acid tert-
butyl ester (0.10 mmol) occurred under the same conditions, adjusted for scale with the exception
of utilizing sulfamic acid 1-sulfamoyioxy-cyclopropanecarboxylic acid methy! ester (40 mg,
60%): LCMS found 676.2 [M+H]".

Compound 45 was prepared according to the method presented in the synthesis of Compound 27.
Treatment of 2-[2-ethyl-1-(1 -methoxycarbonyl-cyvclopropoxysulfonylaminocarbonyl-
cyclopropylcarbamoylj-4-(6-methoxy-isoguinolin-1-yloxy)-pyrrolidine-1-carboxylic acid tert-
butyl ester (0.06 ramol) occurred under the same conditions, adjusted for scale, and purified by
reverse phase HPLC to afford Compound 45 (16.3 mg, 34%): '"H NMR (CD;0D, 300 MHz)
diagnostic 8.3.79 (s, 3H), 1.77 (m, 2H), 1.72 (m, 2H); LCMS found 789.3 [M+HT".

Example 46

/O

E NN
TiMS-diazomethane ;
MaQOH A N
DCM 0.
o
Boc o
1. HCI
2. HATU MeQ
NMM, DMF Z |/\§
OMe

po oM XN HC!-Hzi;i
Z/‘OYN\{/’%O Q»,
| .
i Q oH
N

. H
i HATU, DIPEA
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To a solution of 2 M (trimethylsilyl}diazomethane in hexanes (6.44 mL, 12.875 mmol} and

raethanol (6.44 ml) was added z solution of 4-(6-methoxy-isoquinolin-1-yloxyi-pyrrolidine-1,2-
dicarboxylic acid i-tert-butyl ester {5 g, 12.875 numol) in dichloromethane {125 mL}and stirred at
ambient temperature overnight. The solvent was removed under vacuum and the residue was
purified by flash chromatography (0-30% EtOAc/hexane) to afford 3.94 g {76%) of the desired
product as a white foam. LCMS found 403.0 [M+H]".

4-{6-Methoxy-isoquinclin-1-vloxy)-pyrrolidine-1,2-dicarboxylic acid 1-tert-buty] ester 2-methyl
ester (4.16 g, 10.34 mmol) was dissolved in HCl in dioxanes (20 mL) and stirred at room
temperature for 1 h. Solvent removed under vacuum. The residue was dissolved in dimethyl
formamide followed by addition of 4-methylmorpholine (5.7 mL, 51.7 mmol}, boc-L-tert-
leucine {2.63 g, 11.37 mmol) and HATU (5.9 g, 15.51 mmol) and stirred at ambient temperature
for 16 h. The solvent was removed under vacuum, the residue was diluted with FtOAc and
washed with saturated sodium bicarbonate and brine. The organic layer was dried over MgSQ,
and concentrated. The residue was purified by flash chromatography (0-40% EtOAC/hexane) to
afford 4.7 g (88%) of the desired product as a white solid. LCMS found 516.0 [M+H]".

To a solution of 1-(2-tert-butoxyearbonylamine-3,3-dimethyi-butyryl}-4-( 6-methoxy-isocquinolin-
1-yloxy)-pyrrolidine-2-carboxylic acid methy! ester (4.7 g, 9.12 mmol) in tetrahydrofuran and
methanol (1:1, 100 mL) was added a solution of lithium hydroxide (800 mg, 33.4 romol) in water
(25 ml). The reaction was stirred at ambient temperature for 1 hr. The volatiles were removed
under vacuum and the solution was diluted with BtOAc and acidified with 1 M HCl. The layers
were separated and the organic layer was dried over MgSQOy and concentrated to give 4.63 ¢
(>99%) of the product as a white foam. LCMS found 502.1 [M+HJ".
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1-{[1~(2-tert-Butoxycarbonylamino-3,3-dimethyl-butyryl}-4-(6-methoxy-isoquinolin-1-yloxy)-
pyrrolidine-2-carbonyl]-amino } -ethyl-cyclopropanecarboxylic acid was prepared according to the
method presented in the synthesis of Compound 26. Treatment of 1-(2-tert-butoxycarbonylamino-
3, 3-dimethyl-butyryl)-4-(6-methoxy-isoquinalin-1 -yloxy)-pyrrolidine-2-carboxylic acid (2.31 g,
4.29 mmol} occurred under the same conditions, adjusted for scale, to afford the desired

carboxylic acid (2.57 g, 92%). LCMS found 613.0 [M+H]".

Q /e o,
HZN’(‘S{O CF3 UYS W g
N
\%”O‘}’;j‘:’/g’o o 5
LA

Compound 48

Sulfamic acid 1-trifluorcethyl-cyclopropyl ester was synthesized according to the method
presented in the synthesis of sulfamic acid pheny! ester in Example 1 with the exception of
utilizing 1-trifluoroethylcyclopropanol {synthesized by methods reported in Synthesis 1991, 234.)

fo obtain sulfamic acid 1-irifluorocthyl-cyclopropyl ester.

Compound 46 was prepared according to the method presented in the synthesis of Compound 27.
Treatment of 1-{{1-(2-tert-butoxycarbonylamino-3,3-dimethyl-butyryl}-4-(6-methoxy-
isoquinolin-1-yloxy)-pyrrolidine-2-carbonyl}-amino} -2-ethyl-cyclopropanecarboxylic acid {200
mg, 0.308 mmol) and sulfamic acid I-trifluorcethyl-cyclopropyl ester occurred under the same
conditions, adiusied for scale, and purified by reverse phase HPLC to afford Compound 46 (99.1
mg, 40%): 'H NMR (CDCl;, 300 MHz) § 8.19 (d, 1H), 7.97 (d, 1H), 7.36 (d, 1H), 7.21 (4, 1H),
7.15 (s, 1H), 7.11 (s, 1H), 6.01 (5, 1H), 5.21 {d, 1H), 4.57 (m, 211}, 4.15 (m, 2H), 3.98 (s, 3H),
2.87 (m, 1H}, 2.71 (m, 2H), 2.57 (m, 1H), 1.64-1.43 (m, 6H), 1.26 (s, 9H), 1.19 (m, 1H), 1.02 (s,
9H), 0.96-0.91 (m, 5H); LCMS found [M+HT".
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Example 47
o\\s,,o
HO Br HO CN -~ HN"TTO CN

To 1-(2-Bromo-ethyl}-cyclopropanol (synthesized according to the method presented in Eur, J.
Org. Chem. 2803, 551) in DMF was added NaCN. The mixture was then stirred at 70°C for 4 hr.
After cooling to room temperature, the reaction mixture was diluted with 140 mL of 0.5 M NaOH
and EtQAc. The layers were separated and the organic layer was dried over Na,30, and purified
by column chromatography on silica (40-70% EtQAc/Hexane} to provide 436 mg (32%;) of 1-(2-

cyanoethyl)-cyclopropanol.

The cyclopropylsulfamate was synthesized according to the method presented in the synthesis of
sulfamic acid phenyl ester in Example | with the exception of utilizing 1-(2-cyanoethyl}-
cyclopropanaol (synthesized by methods reported in JOC 1980, 45, 4129-35) 1o obtain the

sulfamic acid 1-(2-cyanoethyl)-cyclopropy! ester.

O

tH

S
HN & O
NS *ﬁ

Compound 47

Compound 47 was prepared according to the method presented in the synthesis of Compound 27.
Treatment of 1-{[1-(2-tert-butoxycarbonylaminge-3,3-dimethyl-butyryl)-4-(6-methoxy-
isoquinolin-1-yloxy)-pyrrolidine-2-carbonyl}-amino} -2-ethyl-cyclopropanecarboxylic acid (200
mg, 0.308 mmol) and sulfamic acid 1-(Z-cyanoethyl-cyclopropyl ester cccurred under the same
conditions, adjusted for scale, and purified by reverse phase HPLC to afford Compound 47 (100
mg, 36%): 'H NMR (CDCl;, 300 MHz) 8 8.10 (d, 1H), 7.95(d, 1H), 7.27 (d, 1H), 7.15 (d, I 1),
7.07 (s, 1H), 6.93 (s, 1H), 6.00 (s, 1Hj}, 5.19(d, 1H}, 4.51 (m, 1H), 4.22 (d, 1H), 4.12 (m, 1H),
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4.06 (s, 1H), 3.97 (s, 3H), 2.74 (m, 2H), 2.55 (m, 1H), 2.52 (m, 1H), 2.27 (i, 1H), 2.18 (m, 1H),
1.69 (m, 2H), 1.60 (m, 2H), 1.42 (m, 2H), 1.31 (s, 9H), 1.30 (m, 1H), 1.03 (5, SH), 0.95 (m, 3H),
0.85 (m, 2H); LCMS found 784.9 [M+H]".

5  Example 48

MeO N

g 5, A
0”7 NH, yoN N o)
P SOy o %

Compound 48

Sulfamic acid 1-methoxymethyl-cyclopropyl ester was synthesized according to the method
18 presented in the synthesis of sulfamic acid phenyl ester in Example | with the exception of
utilizing 1- methoxymethyl cyclopropanc! (synthesized by methods reported in Furopean Journal

of Chemistry 2006, 5069) to obtain sulfamic acid 1~ methoxymethy! -cyclopropyl ester.

Compound 48 was prepared according to the method presented in the synthesis of Compound 27.

15 Treatment of 1-{[1-{2-tert-butoxycarbonylamine-3,3-dimethyl-butyry)-4-(6-methoxy-
isoquinolin-1-yloxy)-pyrrolidine-2-carbonyl]-amino}-2-ethyl-cyclopropanecarboxylic acid (0.49
mmol} occurred under the same conditions, adjusted for scale, and purified by reverse phase
HPLC to afford Compound 48 (70 mg, 18%): 'H NMR (CD,0D, 300 MHz) § 9.12 (s, 1H), 8.10
{d, 1H}, 7.89 (d, 1H}, 7.26 (d, 1H), 7.19 (5, 1H), 7.10 {d, 1H), 5.84 {m, 1H). 4.54 (m, 1H}, 4.44

20 {m, 1H), 4.25 (m, 28, 4.08 (m, 11), 3.94 (s, 31}, 3.41 (s, 3H}, 3.32 (5, ZH), 2.58 (i, 1H), 2.27
{m, 1H), 1.57 (m, 48}, 1.29 (s, 9H), 1.20-1.31 {m, 38}, 1.04 (s, 9H}, 0.98 (m, 3H), 0.89 (m, 2H};
LCMS found 775.6 [M+H]".
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Example 49
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Compound 48

A round bottom flask was charged with 20 ml THF, cyclobutanone {Sg, 71 mmol}, and TMS-CFE,
{42.8 mi, 86 mmol, 2 M in THF). The stirring mixture was cooled to 0°C and TBAF (0.68 mi,
0.68 mmol, 1 M in THF) was slowly added. Stir 2 hours, quench with water and extract with
ether. Wash organic layer with brine, dry over sodium sulfate, and concentrate. Use resulting oil

crude in the next reaction.

Sulfamic acid 1-trifluoromethyl-cyclobutyl ester was synthesized according to the method
presented in the synthesis of sulfamic acid phenyl ester in Example 1 with the exception of
utilizing 1-trifluoromethyl-cyclobutanol to obtain sulfamic acid 1 -trifluoromethyl-cyclobutyl
ester: 'H NMR (CDCl;, 300 MHz) 8 5.85 (s, 2H), 3.40 (¢, 1H), 3.01 (m, 1H), 2.56 (m, 1H), 2.42 (t,
[H), 2.04 (m, 1H), 1.85 (1o, 1H).

Compound 49 was prepared according to the method presented in the synthesis of Compound 27.
Treatment of 1-{[1-(2-tert-butoxycarbonylamino-3,3-dimethyl-butyryl}-4-(6-methoxy-
isoquinolin-1-yloxy}-pyrrolidine-2-carbonyl}-amino} -2-ethyl-cyclopropanecarboxylic acid (0.33

mrol) occurred under the same conditions, adjusted for scale, and punified by reverse phase
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HPLC to afford Compound 49 (95 mg, 12%): '"H NMR (CD;0D, 300 MHz) diagnostic § 3.14 (m,
2H), 2.54 (m, 2H), 2.05 (m, 1H), 1.88 (m, 1H); LCMS found 813.9 [M+H]".

Example 50

MeO M

o,

.

NS N
%, AN /\r
O P N C F

N
H
F\’AO/S\NHQ >T,O\H/N\-/k0 G
O AT~

5 Compound 50

Compound 50 was prepared according to the method presented in the synthesis of Compound 27.
Treatment of 1-{[1-(2-tert-butoxycarbonylamino-3,3-dimethyl-butyrvl)-4-(6-methoxy-
isoquinolin-1-yloxy}-pyrrolidine-2-carbonylj-amino} -2-ethyl-cyclopropanecarboxylic acid {0.33

10 mmol) occurred under the same conditions, adjusted for scale, and purified by reverse phase
HPLC to afford Compound 50 (120 mg, 48%): 'H NMR (CD,0OD, 300 MHz) diagnostic 8 6.11 @,
1H},4.51 (m, 2H); LCMS found 756.0 [M+H]".

Example 51
15
PN S
N ] 2N HATU, DIPEA
DBU,
Oy A~
HoNT O
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Compound 51

To a selution of 2-(1-carbonvl-2-vinyl-cyciopropylcarbamoyl)-<4-(6-methoxy-isoquinolin-1-~

vioxy}-pyrrolidine-1-carboxylic acid tert-butyl ester (1.00 g, 2.01 mmol) in DMF {10 mL) was

5  added HATU {1.14 g, 3.02 mmol, 1.5 equiv.} and DIPEA (0.52 mL, 2.98 mmol, 1.5 equiv.}. The

solution was stirred at room temperature for 15 min before sulfamic acid 1-propyi-cyclopropyl

ester {0.71 mg, 4.00 mmol, 2 equiv.) and DBU (1.2 mL, 8.02 mmol, 4 equiv.) were added. The

reaction was then stirred for an additional 15 h. The solution was diluted with EtOAc and washed

twice with 1M aqueous HCI and Brine. The organic layer was dried over MgSQ, and
18  concentrated in vacuo. The desired sulfamate was precipitated from EtOH/H,O to provide 4-(6-

methoxy-isoguinolin-1-vioxy}-2-[1-{1-propyl-cyclopropoxysulfonylaminocarbonyl}-2-vinyl-

cyclopropylcarbamoyll-pyrrolidine-1-carboxylic acid tert-butvl ester (520 mg, 39%). The mother

liguor was concentrated in vacuo and further purified by column chromatography (50—100 %
EtOAc/hexanes) to provide additional sulfamte. Precipitation from EtOH/H,O provided 4-{6-

15  methoxy-isoguinolin-1-yloxy}-2-{1-{1-propyl-cyclopropoxysul fonylaminocarbonyl}-2-vinyl-
cyclopropylcarbamoyij-pyrrolidine-1-carboxylic acid tert-butyl ester (244 mg, 18%): LCMS
found 659.0 [M+H]".
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To a solution of 4-{6-methoxy-isoguinolin-1-yloxy)-2-[1-(1-propyl-
cyclopropoxysulfonylaminocarbonyl)-2-vinyl-cyclopropylcarbamoyl]-pyrroliding-1-carboxylic
acid tert-butyl ester in CH,Cl; (0.9 mL) was added 4M HCI in dioxane (4.5 mL). The solution
was stirred at room temperature for 2 h before concentration in vacwo. The crude amine was
redissolved in CH,Cl, (2.3 mL), to which was added HATU (224 mg, 8.59 mmol, 1.25 equiv.), 2~
tert-Butoxycarbonylamino-3,3-dimethyl-butyric acid (134 mg, €.58 mmol, 1.25 equiv.} and
DIPEA (0.4 mL, 2.29 mmol, 5 equiv.). The resulting solution was stirred at room temperature for
14 h before dilution with CH,Ch. The organic layer was washed twice with | M agueous HCI and
Brine, dried over MgSQ{,, and concentrated i» vacye. The crude product was triterated with
EtOH/H0O to provide Compound 51 (298 mg, 84%): 'H NMR (CD,0D, 300 MHz) 3 8.10 (d,
1H), 7.89(d, 1H), 7.26 (d, 1H), 7.19 (s, [ H), 7.10 (d, 1H), 6.53 (d, 1H), 5.84 {m, 1H}, 5.73 (m,
1H), 5.31(d, 1H), 5.14 (d, 1H), 4.54 (m, 1H), 4.43 (d, 1H), 4.26 (d, 1H), 4.07 (m, 1H), 3.93 (s,
3H), 2.60 (m, 1H), 2.27 (m, 2H), 1.79-1.89 (m, 4H), 1.539 (m, 2H), 1.47 (m, 2H), 1.29 (s, 9H),
.18 (m, 2H), 1.04 (s, 9H), 0.97 (t, 3H), 0.69 (m, 2H); LCMS found 772.09 [M+H]".

Example 52
SO AN
N
0, HATU, DIPEA
{ ﬁ Day,
\N Y5, OH OQ\S,}.O
Boc HoN™~ 0
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Compound 52

2-{1-(1-Isopropyi-cyclopropoxysulfonylaminocarbonyl)-2-vinyi-cyclopropylcarbamoyi}-4-(6-
methoxy-isoquinolin-1-yloxy)-pyrrolidine-1-carboxylic acid tert-butyl ester was prepared
according the method presented in the synthesis of Compound 51. Treatment of 2-(1-carboxy-2-
vinyl-cyclopropylcarbamoyi}-4-(6~-methoxy-isoquinolin- 1 -yloxy)-pyrrolidine- 1 ~carboxvlic acid
tert-buty! ester with sulfamic acid 1-isopropyl-cyclopropyl ester, synthesized according to the
method presented in the synthesis of sulfamic acid phenyl ester in Example 1 utilizing 1-

isopropyl cyclopropanol, yiclded the desired sulfamic ester.

Compound 52 was prepared according to the method presented in the synthesis of Compound 51,
Treatment of the 2-[ I-{1-Isopropyl-cyclopropoxysulfonylaminocarbonyi}-2-vinyl-
cyciopropylcarbamoyii-4-{6-methoxy-isoguinolin-1-yloxy)-pyrrolidine-1-carboxylic acid tert-
butyl ester (320 mg, 0.49 mmol) occurred under the same conditions, adjusted for scale and with
the exception of utilizing 2-tert-Butoxycarbonylaminoe-3,3-dimethyl-butyric acid to provide
compound 52 as a white solid (150 mg), 'H NMR (300 MHz, CD,0D): 8§ 9.25 (s, 1H), 8.11 (4,
1H), 87.89 (d, 1H), §7.30 (d, 1H), 7.23 (s, 1H), 7.15 (d, 1H}, 5.84 (m, 1H]}, 5.72 (m, 1H), 5.29
(m, 1H), 5.12 {m, 1H]}, 4.53-4.09 (m, 4H]), 3.94 (s, 3H), 3.91 (m, 1H), 2.27-1.85 (m, 4H),
1.481.27-1.59 {m, 10H), 1.07-0.93 {m, 15H), 0.77-0.71 (m, 5H). LCMS found 773 [M+HT".
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5 Compound 53

To the trifluoroacetate salt of 2-(1-cyclopropoxysulfonylaminocarbonyl-2-vinyl-
cyclopropylcarbamoyl)-4-(6-methoxy-isoguinolin- 1 -yloxy)-pyrrolidine- 1 -carboxylic acid tert-
butyl ester (181 mg, 0.253 mmol) RWAIO; (37.2 mg, 5 wt%) was added and the mixture was

10 suspended in EtCAc (4.5 mL) and EtOH (1.0 mL). The reaction flask was flushed with H, gas
and the reaction was allowed to stir at room temperature under a hydrogen atmosphere for 3 h.
The reaction was filtered through a syringe tip filter (0.45 M) and washed with ethanol. The
filtrate was concentrated and then filtered through a C-18 RP SPE column (Phenomenex Strata, |
g) and washed with methancl. The filtrate was concentrated and purified on silica (12 g, 0-7%

15 MeQOH/CH;CL) to give 2-(i-cyclopropoxysulfonylaminocarbonyl-2-ethyl-
cyciopropylcarbamoyl)-4-(6-methoxy-isoquinolin-1-yioxy)-pyrrolidine- i -carboxylic acid tert~
butyl ester (151 mg, 83%). LCMS found 619.1 [M+H]".

2-(1-Cyclopropoxysulfonylaminocarbonyl-2-cthyl-cyclopropylcarbamoyi)-4-(6-methoxy-
20 isoguinolin-1-yloxy)-pyrrolidine-1-carboxylic acid tert-butyl ester (50 mg, 0.08 mmol) was
dissolved in DCM (0.2 mL) and HCI in dioxane (4N, 0.2 mL) was added. The reaction was
217
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allowed to stir at room temperature for 2 h before it was concentrated. The solid residue was
dissolved in DCM (0.8 mL) and tert-butoxycarbonylamino-cycichexyi-acetic acid (23 mg, 0.1
mmol) was added followed by HATU (46 mg, 0.12 mmol) and NMM (0.027 mL, 0.24mmol).
The reaction was allowed to stir at room temperature for 16 h. The reaction was neutralized with
HCH(IN) and partitioned between H,O (3 mL) and DCM (5 mL). The aqueous layer was
extracted with DCM (2 x 5 mL) and the‘combined organic layers were washed with brine and
dried over Na,SO; and concentrated. The crude residue was purified by reverse phase HPLC (25~
100 % CH;CN/ HxO + 0.1 % TFA} to give Compound 53 as a white solid (44 mg, 70 %). 'H
NMR (300 MHz, CD3,0D): 8924 (s, 1H), 8.15(d, 1H), 7.89 (4, 1H), 7.31(d, 1H), 7.23 {5, 1H),
7.14(d, 1H), 5.84 (m, 1H), 4.54 (m, 2H), 4.31 (m, 1H), 4.06 (m, 2H), 3.94 (s, 3H), 2.60 (m, 1H),
2.34 (m, TH), 2.05 (m, 1H), 1.83- 1.62 (m, 10H), 1.24 (s, 9H), 1.06 (s, 6H), 1.10-0.96 (m, 6H),
0.77 {m, 2H). LCMS found 759 [M+H]".

Example 54

Compound 54

Compound 54 was prepared according to the method presented in the synthesis of Compound 53,
Treatment of the triflucroacetate salt of 2-(1-cyclopropoxysulfonylaminocarbonyl-2-ethyi-
cyclopropylcarbamoyl}-4-(6-methoxy-isoquinolin-1-yioxy)-pyrrolidine-1-carboxylic acid tert-
buty! ester {50 mg, 0.08 mmol) occurred under the same conditions, adjusted for scale and with
the exception of utilizing 3 tert-butoxycarbonylamino-(1-methyl-cyclohexyi)-acetic acid to
provide Compound 54 as a white solid (40 mg, 65 %). 'H NMR (300 MHz, CD;0D): §9.11 (s,
1H), 8.13 (d, 1H), 7.90 (4, 1H), 7.32(d, 1H), 7.23 (s, 1H), 7.14(d, 1H}, 5.85 (m, 1H}, 4.51 (m,
2H), 4.29 (m, 2H), 4.07 {m, 1H), 3.95 (s, 3H), 2.61 (m, 1H), 2.28 (m, 1H), 2.05 (m, tH), 1.61-
1.13 (m, 15H), 1.25 (s, 9H), 1.06 (s, 6H), 0.97 (m, 3H), 0.76 (m, 2H). LCMS found 773 [M+H]".
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Example 55 and 56
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Comgound 58

5  Compound 35 and 56 were prepared according to the method presented in the synthesis of
Compound 53. Treatment of the trifluoroacetate salt of 2-(1-cyclopropoxysulfonylaminocarbonyl-
2-ethyi-cyclopropylcarbamoyi}-4-(6-methoxy-isoguinolin-1-vioxy}-pyrrolidine- 1-carboxylic acid
tert-butyl ester (50 mg, 0.08 mmol) occurred under the same conditions, adjusted for scale and
with the exception of utilizing tert-butoxycarbonylamino-{4,4-difluoro-cyclohexyi}-acetic acid to

10 provide Compound 55 and Compound 56 (purified by chiral HPLC (Chiralpak AS-H,
Heptane:Ethano! 80:20)) both as a white solid. 'H NMR (300 MHz, CDCl,) for Compound 55: 8§
8.80 (m, 1H), 8.23(d, 1H), 7.96 (d, 1H), 7.42 (d, 1H}, 7.25 (m, 1H)}, 7.15 (5, 1H), 6.04 (s, 1H),
538 (m, 1H), 4.67 (m, 1H), 4.52 (m, 1H), 4.35 (m, 1H), 4.13 (m, 2H), 4.01 (s, 3H}, 2.71 (m, 1),
2.59 (m, 1H), 2.07 (m, 2H), 1.87-1.34 (m, 13H), 1.25 (s, 9H), 0.99-0.92 (m, 6H), 0.76 (s, 2H). 'H

15 NMR (300 MHz, CDCL) for Compound 56: 8 9.90 (m, 1H), 8.07 (d, 1H), 7.93 (d, 1H), 7.52 (d,
PH), 7.43 (m, 1H), 7.31 (m, 1H), 7.17 (s, 1 H), 7.17 (s, 1H)}, 6.05(s, 1H), 5.51 {m, 1H), 4.76 (m,
iH), 4.25 (m, 2H), 4.01 (s, 3H), 2.87 (m, 1H), 2.43 (m, 1 H), 1.98 (m, 2H), 1.85-1.51 (m, 13H),
1.41 (s, 9H), 1.01 (m, 6H), 0.75 (s, 2H). LCMS found 795 [M+H]".
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Compound 57 was prepared according to the method presented in the synthesis of Compound 33.
Treatment of the trifluoroacetate sali of 2-(1-cyclopropoxysulfonylaminocarbonyl-2-ethyl-
cyclopropyicarbamoyi-4-(6-methoxy-iscquinolin-1 -yviexy-pyrrolidine- 1 -carboxylic acid tert-
butyl ester (100 mg, $.16 mmol) ocourred under the same conditions, adjusted for scale and with
the exception of utilizing 2-tert-butexycarbonylamino-4,4,4-trifluoro-3-triflusromethyi-butyric
10 acid to provide Compound 57 as a white solid (80 mg, 60 %). 'H NMR (300 MHz, CDCL): §
10.1 (s, 1H). 8.01 (d, 1H), 7.94 (d, 1H), 7.22 (d, 1H), 7.13 (d, 1H), 7.05 (s, 1H}, 6.99-6.82 (i,
2H3, 5.95 (m, 1H), 5.42 (m, 1H), 5.15 (m, 1H), 4.53-4.10 (m, 3H), 3.95 (s, 3H), 3.86 (m, 1H),
2.68-2.46 (m, 2H), 1.71- 1.46 {m, 4H), 1.21 (s, 9H), 0.99-0.92 (m, 6H), 0.73 (m, 2H). LCMS
found 827 [M+HJ".

15
Example 58
HaN ~COOH ChzHN_-COOH CbzHN._COOCH;
CbzCl TMSCHN, |
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0 (o)
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Amino- {(4-tetrahydropyranyl) acetic acid (3.18 g, 20 mmol} was dissolved in 2N NaOH (20 mbL)
and THF (§ mL), benzy! chliorofomate (3.6 mL, 25 mmol) was added. The reaction was allowed
to stir at room temperature for 16 h. The reaction was extracted with EtOAc (2 x 30 mL), the
agueous layer was acidified with HCI (6N) to pH 3 and the agqueous layer was extracted with
EtOAc (5 x 30mL) and the combined organic layers were washed with brine and dried over

Na,804 and concentrated to give the crude carbamate as a white solid (5.8 g, 99%).

Benzyloxycarbonylamino-(tetrahydro-pyran-4-yl}-acetic acid (3 g, 17 mmol) was dissolved in
MeOH (77 mL) and toluene (8.5 mL), rimethylsilydiazomethane (2.0M in Hexane) (35 mL) was
added slowly. The reaction was allowed to stir at room temperature for 2 h. After concentrated,
the crude product was purified on silica (40 g, 25-75 % EtOAc/hexanes) to give the methyl ester

as white solid (4 g, 77%}.

Benzyloxycarbonylamino-(tetrahydro-pyran-4-ylj-acetic acid methyl ester {4 g, 13 mmol) was
dissolved in acetonitrile (45mL) and 0.2 M NaHCQO; (80 mL). The resulting solution was treated
with Alcalase (1 mL) and the reaction mixture was allowed to stir at room temperature for 24 h.
until about 47% of methyl ester has been consumed as determined by HPLC. After concentrated
to remove acetonitrile, the reaction mixture was extracted with hexane (2x 100mL), the aqueous
phase was acidified with 6N HCl to pH 3 and the solution was extracted with EtQAc (3x100 mL).
The combined organic phase were dried over Na,80, and concentrated to give the desired chiral

acid (1.5 g, 40%).

Benzyloxycarbonylamino-(tetrahydro-pyran-4-yi)-acetic acid (900 mg, 3.1 mmol) was dissolved
in EtOH (60mL) 10% Pd-C (300 mg) and Boc,O (810 mg, 3.7 mmol) were added. The resulting
solution was allowed to stir at room temperature under H, balloon for 24 h. After filtration
through celite, and washed with ethanol and water, concentrated to remove all solvents to give the

intermediate tert-butoxycarbonylamino-(tetrahydro-pyran-4-yl)-acetic acid (640 mg, 81%).
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Compound 58

Compound 58 was prepared according to the method presented in the synthesis of Compound 53,
Treatment of the trifluoroacetate salt of 2-{1-cyclopropoxysulfonylaminocarbonyl-2-ethyi-
cyclopropylcarbamoyl}-4-(6-methoxy-isoquinolin-1-yvloxy)-pyrrolidine- 1 -carboxylic acid tert-
butyl ester (50 mg, 0.08 mmol) occurred under the same conditions, adjusted for scale and with
the exception of utilizing tert-butoxycarbonylamino-(tetrahydro-pyran-4-yl)-acetic acid to provide
Compeund 58 as a white solid (41 mg, 66 %). '"H NMR (300 MHz, CD;0D): §9.30 (s, 1H), 8.13
(d, 1H), 7.89 (d, 1H}, 7.27 (d, 1H), 7.20 (s, I H), 7.14(d, 1H), 5.86 (m, 1H), 4.54 {(m, 2H), 4.33 (m,
1H}, 4.13 (m, 2H), 3.94 (5, 3H), 3.41 {(m, 2H), 2.61 (m, 1H), 2.38 (m, 1H), 2.05 (m, 1H), 1.68-
1.30 (m, 12H), 1.24 (s, SH), 0.98 (m, 6H), .76 (m, 2H). LCMS found 761 [M+H]".

Example 53
Cl 0 SN
T

; o &

~-OH NO; \%/0 O
b T Y
CFs pyridine CF3 O NG,

To a cooled solution of 4-nitrophenyi chloroformate (94.4g, 8.468 mol) in CH,Cl, (300 mL) was
added 1,1,1-trifluoro-2-methyl-propan-2-ol (50 g, 0.39 mol) in one portion. Pyridine (75.7 ml,
0.936 mol) was added dropwise while the solution was maintained at ¢ °C. After the addition was
complete, the solution was let warm to room temperature. Afler 12 h stirring, the solution was
acidified with agueous 1N HC|, washed with water and saturated agueous NaHCO;, dried over
Na2804. After removal of solvent, the residue was crystallized from a mixture EtQAc/hexanes
(1:1). The solid was mixed with 2x silica gel and eluted by column chromatography

(CH,Clyyhexanes, 1:3) to provde the desired carbonate as a white solid (25g, 22 %).
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Benzyloxycarbonylamino-(tetrahydro-pyran-4-yl)-acetic acid (500 mg, 1.7mmol) was dissolved
5 in EtOH (5mL} 10% Pd-C (90 mg) was added. The resulting solution was allowed to stir at room
temperature under H; balloon for 2 h. After filtration through celite, and washed with ethanol and

water, concentrated to remove all solvents to give the amino acid (244 mg, 90%).

Amino-(tetrahydro-pyran-4-yl)-acetic acid (80 mg, 0.5 mmol) was dissolved in CH;CN (5 mL)
10 and HyO (I mL), carbonic acid 4-nitro-phenyl ester 2,2 2-trifluorc-1,1-dimethyl-ethyl ester (175
mg, 0.6 mmol) and DIEA (88 ul, 8.5 mmol)} were added slowly. The reaction was allowed to stir
at room temperature for 16 h. After concentrated, diluted with EtQAc, washed with brine and
H,0, dried over Na2804, the crude product was purified on silica (12 g, 25-75 %
EiOAc/hexanes) to give intermediate {tetrahydro-pyran-4-y1)-(2,2,2-trifluoro-1, 1 -dimethyl-

15  ethoxycarbonylamino)-acetic acid as light yellow solid (110 mg, 70%).

CF3

)ﬂzn\{ﬁ\or{
)

C CFy O

Compound 58
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Compound 59 was prepared according to the method presented in the synthesis of Compound 53.
Treatment of the trifluoroacetate salt of 2-(1-cyclopropoxysulfonylaminocarbonyl-2-ethyl-
cyclopropyicarbamoyl}-4-(6-methoxy-isoquinolin-1-yloxy)-pyrrolidine- 1 -carboxylic acid tert-
butyl ester (100 mg, 0.16 mmol) occurred under the same conditions, adjusted for scale and with
the exception of utilizing (tetrahydro-pyran-4-yi}-(2,2,2-trifluorc-1, 1-dimethyl-
ethoxycarbonylamino)-acetic acid to provide Compound 59 as a white solid (85 mg, 65 %). 'H
NMR (300 MHz, CDCls): 6 10.2 (m, 1H), 8.10 (m, {H), 7.99 {(m, 1H), 7.32 (m, 1H), 7.21 (m,
PH), 7.1 {m, 1H), 6.86 (m, 1H), 5.99 (m, 1H), 5.52 (m, 1H}, 4.77 {m, 4H), 4.51 {m, 2H), 4.38
{m, 1H), 4.14 (m, 1H), 3.98 (s, 3H), 3.40 (m, 2H), 2.64 (m, 1H), 2.55 (m, 1H), 2.13 (m, 1H),

77- 1.28 {m, 13H), 0.98 (m, 6H), 0.76 (m, 2H). LCMS found 815 [M+H]".

Example 60
VD S NS S S5 o M.
G-gln T 0" 0" © Y Y ToH
AN NaOH A

L-cyclopropy! glycine (500 mg, 4.34 mmol) was dissolved in aqueous NaOH solution (2N, 4.4
mL) and the reaction was cooled to 0 °C. Di-tert-buty! dicarbonate (1.14g, 5.2 mmol) was added
portion wise and the reaction was allowed to stir for 0.5 h at 0 °C and then for 2 h at room
temperature. The reaction was acidified using concentrated HCI and extracted with EtOAc (3 x
10 mL}. The organic layers were dried over Na,S0O, and concentrated. The crude white solid was
recrystallized in EtOAc and Hexane and the resulting white solid tert-butoxycarbonylamino-

cyclopropyl-acetic acid was dried under vacuum. LCMS found 213.8 [M-HY".

1.LIOH, THF, H, O, MeOH

i H 2. HATU, DIPEA, DBU, DMF
N -
LA~ A
Boc © HN—8-0
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Compaound 60

2-(2-Ethyl-1-methoxycarbonyl-cyclopropylcarbamoyi)-4-(6-methoxy-isoquinolin-1 -yloxy)-
pyrrolidine-1-carboxylic acid tert-butyl ester ( 3.1 g, 6.1 mmol) was dissolved in THF (36 mL)
5 and MeOH (12 mL}. LiOH {730 mg, 30.5 mmol} was dissolved in H,0 (12 mL) and the resulting

solution was added to the reaction flask. The reaction was allowed to stir at room temperature for
16 h. The reaction solution was acidified with HCI (1N) and extracted with EtOAc (3 x 250 mL).
The combined organic lavers were washed with H,O (160 mL}, and brine (100 mL) and dried
over Na,80,, before being concentrated and dried on high vacuum. The crude residue was

{0 dissolved in DMF (61 mL)and HATU (3.5 g, 9.2 mmol) was added followed by
diisoproylethylamine (1.6 mL, 9.2 mmol) and the reaction mixture was allowed to stir for 30 min
at room temperature. Sulfamic acid |-methyl-cyclopropyl ester was added followed by DBU
(3.65 mL, 24.4 mmol) and the reaction was allowed to stir for 16 b at room temperature. The
reaction was acidified with HCI (1N) and then extracted with EtOAc (3 x 250 mL) and the

15 combined organic layers were washed with brine (1 x 100 mL), dried over Na,8O, and
concentrated. The crude residue was purified on silica (330g, 50-80 % EtOAc/Hexanes) and then
triturated with DCM (5 mL) and hexanes (20 mL) to give the acylsulfamate as a white solid (2.3
g, 60%). LCMS found 633.1 [M+H]".
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2-[2-Ethyl-1-(I-methyl-cyclopropoxysulfonylaminocarbonyly-cyclopropylcarbamoyi]-4-(6-
methoxy-isoquinolin-1-yloxy)-pyrrolidine-1-carboxylic acid tert-butyl ester (109 mg, 0.17 mmol)
was dissolved in DCM (0.53 mL) and HCl in dioxane (4N, 0.53 mL.) was added. The reaction
was allowed to stir at room temperature for 2.5 h before it was concentrated. The solid residue
was dissolved in DCM (1.7 mL) and tert-butoxycarbonylamino-cyclopropyl-acetic acid (41 mg,
0.19 mmol) was added followed by HATU (98.7 mg, §.26 mmol) and n-methylmorpholine (0.057
mL, 0.52 mmol). The reaction was allowed to stir at room temperature for 2 b, The reaction was
neutralized with HCI (1N} and partitioned between H,O (3 mL) and DCM (5 mL). The agueous
layer was extracted with DCM (2 x 5 mL) and the combined organic layers were washed with
brine and dried over Na,SCy and concentrated. The crude residue was purified on silica (12 g, 5¢-
100 % EtOAc/hexanes), and then by reverse phase HPLC (25-100 % CH;CN/ HO + 0.1 % TFA)
to give Compound 60 as a white solid (115.7 mg, 81%). 'H NMR (300 MHz, CD;OD): §9.17
{m, 1H)}, 8.12(d, IB), 7.84 (d, 1H}. 7.25(d, 1H), 7.17 (s, 1H), 7.11 (4, IH}, .81 {m, 1H}, 4.54
{m, 1H}, 435 (m, 1H), 4.02 {m, 1H), 3.89 {5, 3H), 3.81 (m, 1H)}, 2.54 {m, 1H}, 2.29 (m, 1H]}, 1.54-
1.63 (m, 7H), 1.16-1.63 (m, 13H), 0.93-0.95 (m, 3H), 0.63 (5, 2H), 0.40-0.51 (m, 4H). LCMS
found 736.8 [M+H]".

Example 61
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Commercially available L-cyiclopropyl glycine (500.8 mg, 4.35 mmol) was dissolved in CH,CN
{30 mL), H,0 (4 mL), and MeQOH (4 mL). Carbonic acid 4-nitro-pheny! ester 2,2,2-trifluoro-1,1-
dimethyl-ethyl ester (1.91 g, 6.52 mmol) was added followed by DIPEA (1.89 mL, 10.9 mmol}.
The reaction was allowed to stir at room temperature for three days. The reaction was acidified
and extracted with EtOAc (3 x 50 mL). The organic layer was mixed with saturated NaHCO,
solution (100 mL) and the layers were separated. The aqueous layer was extracted with EtOAc
{30 mL) and the organic was discarded. The agueous layer was acidified with HCI (I1N) and
extracted with EtOAc (3 x 50 mL). The organic layer was washed with brine (30 mL), dried over
Na, SO, and concentrated to produce cyclopropyl-(2,2,2-trifluoro-1, 1 -dimethyl-
ethoxycarbonylamino)-acetic acid (797.6 mg, 68%). LCMS found 267.7 [M-HJ.
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Compound 61

Compound 61 was prepared according to the method presented in the synthesis of Compound 60.
5  Treatment of 2-[Z-ethyl-1-(1-methyl-cyclopropoxysulfonylaminocarbonyl}-

cyclopropylcarbamoyl]-4-{G¢-methoxy-isoguinolin-1-yloxy)-pyrrolidine- | -carboxylic acid tert-
butyl ester occurred under the same conditions, adjusted for scale and with the exception of
vtilizing cyclopropyl-(2,2,2-trifluorc-1, I -dimethyl-ethoxycarbonylamine)-acetic acid, to provide
Compound 61 as a white solid (98.0 mg, 69%): 'H NMR (300 MHz, CD,0D): 8 9.19 (m, 1H),

10 8311(d, 1H), 7.84(d, 1H), 7.23 (4, 1H), 7.17 (m, 1), 7.09 (4, 1HD), 5.79 (m, 1H), 4.55 (m, 1H),
4.37 (m, 1H), 3.99(m, iH), 3.89 (s, 3H), 3.72 (m, 1H), 2.53 (m, {H), 2.29 (m, 1H), 1.42-1.62 {m,
1OH), 1.16-1.29 (m, 7H), 0.93 (m, 3H), 0.38-0.62 (m, 6H). "F NMR (300 MHz, CD,0D): § -
78.14, -88.53. %). LCMS found 784.1 [M+H]".
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5 Compound 62 was prepared according to the method presented in the synthesis of Compound 60.
Treatment of 2-[2-ethyl- [ -(1-methyl-cyclopropoxysulfonylaminocarbonyl)-
cyclopropylcarbamoyl]-4-(6-methoxy-isoquinolin-1-yloxy)-pyrrolidine-1-carboxylic acid tert-
buty! ester occurred under the same conditions, adjusted for scale and with the exception of
utilizing (tetrahydro-pyran-4-y-(2,2 2-trifluoro-1, Evdimethyi-ethoxyéarbonyiam ino)-acetic acid,

10 to provide Compound 62 as a white solid (79 mg, 70%). 'H NMR (300 MHz, CD,0OD): §9.34
(s, 1H), 8.13 (d, IH), 7.90 (d, 1H), 7.31 (d, 1H), 7.23 (5, 1H), 7.16 (d, 1H), 5.85 (m, 1 H), 4.60 (m,
2H), 4.08 (m, 2H), 3.94 (s, 3H), 3.90 {(m, 1H), 3.42-3.32 {m, 3H), 2.60 (m, 1H), 2.29 (m, IH),
2.05 (m, 1H), 1.70- 1.59 {(m, 10H), 1.42 {m, 3H), 1.33 (m, 4H), 1.16 (s, 6H), 0.98 (m, 3H}, 0.71
(m, 2H). LCMS found 829 [M+H]".

15
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Example 63

OzNo\ Omoz )O\
?:>‘ TEA OO) ONOz

HzN._-COOH

A 3

e ) ® NH ;COOH
CHLCN/H,0 L A
(8)-(+)-3-Hydroxy-tetrahydrofuran (0.88 mL, 13 mmol) was dissolved in DCM {5 mL) and H,O
5 (40 mL), carbonic acid bis-(4-nitro-phenyl) ester (5.8 g 19 mmol) and TEA (2.8 mL, 20 mmol)

were added slowly. The reaction was allowed to stir at room temperature for 24 h. After
concentrated, diluted with EtOAc, washed with brine and H;0, dried over Na,SQ,, the crude
product was purified on silica {12 g, 25-75 % EtOAc/hexanes) to give carbonic acid 4-nitro-
phenyl ester tetrahydro-furan-3-yl ester as light vellow solid (2.3 g, 71%).

10 _
Cyclopropyl-[{(tetrahydro-furan-3-yloxycarbonylamino)}-acetic acid was prepared according to
the method presented in the synthesis of the intermediate 3,3-dimethyl-2-{(tetrahydro-furan-3-
yloxycarbonylamino)-butyric acid in Example 62. Treatment of amino-cyclopropyl-acetic acid
with carbonic acid 4-nitro~-phenyl ester tetrahydro-furan-3-yl ester occurred under the same

15 conditions, adjusted for scale, to provide the desired cyclopropyl-[(tetrahydro-furan-3-

yloxycarbonylamino)j-acetic acid.

3%
(3]
O
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Compound 63

Compound 63 was prepared according fo the method presented in the synthesis of Compound 60.

Treatment of 2-[2-ethyi-1-(1-methyl-cyclopropoxysulfonylaminocarbonyl)-

5  cyclopropyicarbamoyl}-4-(6-methoxy-isoquinolin-1-yloxy)-pyrrolidine- 1 -carboxylic acid tert-

butyl ester occurred under the same conditions, adjusted for scale and with the exception of

utilizing cyclopropyi-{{tetrahydro-furan-3-vioxycarbonylamino}]-acetic acid, to provide
Compound 63 as a white solid (79 mg, 75%). 'H NMR (300 MHz, CD,OD): §9.22 (s, 1H), 8.14
(d, 1H), 7.89 (d, 1H), 7.30 (d, IH), 7.22 (s, 1H), 7.18 (d, 1H), 5.86 (m, 1H), 4.80 (m, 1H), 4.60
10 (m, 1H), 4.38 (m, 1H), 4.06 (m, 1H), 3.94 (s, 3H), 3.85 (in, 1H), 3.70 (m, 4H), 2.60 (m, 1H), 2.38
(m, 1H), 1.92 (m, 1H), 1.77-1.59 (m, 10H), [.31-1.21 {m, 4H), 1.01-0.96 (m, 3H}, 0.67 (5, 2H),

0.57-0.45 (m, 4H). LCMS found 745 [M+H]".
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Example 64

MeO
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A solution of 2-(1-methoxycarbonyl-2-vinyl-cyclopropyicarbamoyl)-4-(6-methoxy-isoquinolin-1-
yloxy)-pyrrolidine-1-carboxylic acid tert-butyl ester (prepared as described in Example 27; 0.50 g,
0.98 mmol} in THF {3 mL) was treated with 4M HCl in dioxanes (1.2 mL, 4.9 mmol) at rt. After
4 h, additional 2-(1-methoxycarbonyl-2-vinyi-cyclopropylcarbamoy!}-4-(6-methoxy-isoquinolin-
1-yloxy)-pyrrolidine-1-carboxylic acid tert-buty] ester (0.30 g, 0.58 mmol) and 4M HCV/dioxane
solution (5 mL) were added. After an additional 4 h, the solvent was removed in vacuo and the
resulting foamy white solid was taken up in DMF (3 mL) and treated with tert-
Butoxycarbonylamino-cyclohexyl-acetic acid (0.55 g, 2.1 mmol), HATU (1.0 g, 2.7 mmol) and
DIPEA (0.78 mL, 4.5 mmol)} at rt and allowed to age overnight. The reaction mixiure was diluted

in EtOAc and washed consecutively with saturated NaHCOs, brine and then dried over anhydrous

- Na;S804. After concentration iz vacuo, the residue was purified via column chromatography on

$i0, (0-75% EtOAc/hex) to produce 1.0 g (89% over two steps) of 1-{[1-(2-tert-
butoxycarbonylamino-2-cyclohexyl-acetyl)-4-(6-methoxy-isoquinolin-1-yioxy)-pyrrolidine-2-
carbonylj-amino}-2-vinyl-cyclopropanecarboxylic acid methyl ester as an off-white solid. LCMS

found 651.1 [M+H]".
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Compound 64 was produced analogously to the conversion of 2-(1-methoxycarbonyl-2-vinyl-
cyclopropylcarbamoyi)-4-{6-methoxy-isoquinolin- | -yloxy}-pyrrolidine- [ -carboxylic acid tert-
butyl ester to 4-(6-methoxy-isoquinolin-1-yloxy}-2-{ | -(1-methyl-
cyclopropoxysulfonylaminocarbonyl}-2-vinyl-cyclopropylcarbamoy!]-pyrrolidine-1-carboxylic
acid tert-butyl ester detailed in Example 29 with appropriate adjustment of reagent quantities for
scale. Utilizing this sequence, 1-{[1-(2-tert-butoxycarbonylamino-2-cyciohexyl-acetyl)-4-(6-
methoxy-isoquinolin-1-yloxy)-pyrrolidine-2-carbonyl]-amino} -2-vinyl-cyclopropanecarboxylic
acid methyl ester (0.80 g, 1.8 mmol) was converted to Compound 64. The crude product was
taken up in MeOH (~320 mg/mL) and | mL of this solution was subjected to purification via
preparatory HPLC to afford 0.11 g of Compound 64. The remainder of the material was purified
via $i0; chromatography (0-5% MeOH/DCM) to afford an additional 0.596 g (57% total over two
steps). "H-NMR (300 MHz, CD,0OD): 8 9.38 (s, 1H); 8.14 (d, 1H); 7.88 (d, 1H); 7.33 (d, 1H);
7.23 (5, 1H); 7.15(d, 1H); 5.84 (s, 1H); 5.75(dd, 1H); 5.31 (d, 1H); 5.13 (d, 1H); 4.53 (m, 2H);
4.05 (m, 2H}; 3.94 (s, 3H); 2.60 (m, 1H); 2.35 (m, 1H); 2.24 (m, 1H); 1.92-1.60 (m, 6H); 1.67 (5,
3H); 1.41 (m, 1H); 1.38-0.91 {m, 8H); 1.21 (s, 9H); 0.67 (m, 2H). LCMS found 770.0 [M+H]".

Example 65
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tert-Butoxycarbonylamino-cyclopentyi-acetate dicyclohexylammonium salt (2.85 g, 6.6 mmol;
commercially available from Bachem) was dissolved in IM HCl. Immediate EtOAc extractions
were washed with brine and dried over anhydrous Na,SO,. Following concentration in vacuo,
tert-Butoxycarbonylamino-cyclopentyl-acetic acid was isolated as a white foamy solid (1.6 g,

quant) and was used without further purification. LCMS found 241.9 [M-HJ.

Compound 65 was prepared analogously to the method described for Compound 51. Following
HCl/dioxane deprotection of 2-{2-ethyl-1-(1-propyl-cyclopropoxysulfonylaminocarbonyi)-
cyclopropylcarbamoyl}-4-(6-methoxy-isoquinolin-1-yloxy)-pyrrolidine-1-carboxylic acid tert-
butyl ester, (2-ethyl-1-{[4-(6-methoxy-isoquinoclin-1-yloxy)-pyrrolidine-2-carbonyl]-amino}-
cyclopropanecarbonyi}-sulfamic acid [-propyl-cvclopropy! ester (HCI salt, .50 g, .84 mmol)
was immediately taken up in DMF (5 mL) and treated with tert-butoxycarbonylamino-
cyclopentyl-acetic acid (0.243 g, 1.0 mmol), HATU (0.48 g, 1.3 mmol) and DIPEA (0.73 mL, 4.2
mmol). Following workup and purification by preparatory HPLC, 0.10 g (16%) of Compound 65
was isolated as a white powder. 'H-NMR (300 MHz, CDCL): 8 10.22 (brs, 1H); 8.19 (d, 1H);
7.92 (d, 1H); 7.36 (d, 1H); 7.22 (m, 1H); 7.25-7.00 (m, 2H}; 6.16, brs, 1H}); 5.11 (m, 1 H); 4.66
{brd, 1H);: 4.53 (m, 1H); 4.17 {br d, 1H); 4.05-3.90 (brs, 1H); 3.96 (s, 3H}; 2.65 {m, 2H); 2.23
{m, 1H); 1.94-1.43 (m, 11H); 1.43-1.10 {m, 6H); 1.12 (5, 9H); 0.90 {m, 7H); 0.61 (m, 3H). LCMS
found 786.1 [M+H] .

[
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Compound 66 was prepared analogously to the method described for Compound 65, substituting

wh

tert-butoxycarbonylamino-cyclohexyl-acetic acid and with appropriate adjustments for scale.
Compound 66 (3.5 mg, 0.2%) was recovered after preparatory HPLC purification as a white solid.
"H-NMR (300 MHz, CDCl3): 8 10.39 (br s, 1H); 8.14 (d, 1H); 7.92 (d, 1H); 7.12 (d, 1H); 7.18 (m,
iHy; 708 (m, 2HY 6.11 (5, 1H; 5.20 {m, 1H} 4.51 (m, 2H) 4.14 (m, 1H);, 4.03 {m, 1H}; 3.94 s,
3H); 2.82 {m, 2H), 1.96-1.44 {m, 11H); 1.42-0.96 {m, 9H); 1.19 (5, 9H}; 0.90 (m, 6H) 0.62 (m,
10 2H). LCMS found 800.5 [M]".
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Example 67

Me(

Compound 67

5  Compound 67 was prepared analogously to the method described for Compound 51. Treatment of
{1-cyclopentyl-2- {4-{6-methoxy-isoquinolin-1-yloxy)-2-[ 1-(1-propyi-
cyclopropoxysulfonylaminocarbonyl}-2-vinyl-cyclopropylcarbamoyi]-pyrrolidin-1-yi}-2-ox0-
ethyl}-carbamic acid tert-butyi ester with tert-butoxycarbonylamine-cyclopentyl-acetic acid under
the same conditions, adjusted for scale, following purification via preparatory HPLC provided

10 0.150 g (32% over three steps) of Compound 67. 'H-NMR {400 MHz, CD,0D): § 8.17 (d, iH);
7.88(d, 1H}; 7.34 (d, 1H); 7.24 (s, 1H); 7.16 (m, 1H); 538 (brs, 1H); 5.74 (m, 1H); 531 (d, 1H};
5.13 (d, 1H); 4.68-4.51 (m, 2H}); 4.05 {m, 2H); 3.94 (s, 3H}; 2.62 {m, 1H); 2.36 (m, 2H); 2.24 (m,
iH); 1.87 (m, 2H); 1.76 (m, 2H} 157 (m, 6H); 1.46-1.08 (m, 6H); 1.18 (s, SH); 0.96 (¢, 3H); 0.68
{m, 2H). LCMS found 782.15 [M-HJ.

Example 68

A\ P

Compound 68

20 Compound 68 was prepared analogously to the method described for Compound 51. Treatment of
{1-cyclopentyl-2-{4-(6-methoxy-isoquinolin-1-yloxy)-2-[1-(1-propyl-
235
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cyclopropoxysulfonyiaminocarbonyl}-2-vinyl-cyclopropylcarbamoyl]-pyrrolidin-1-yi}-2-ox0-
ethyl}-carbamic acid tert-butyl ester with tert-butoxycarbonylaminocyclohexylacetic acid under
the same conditions, adjusted for scale, following purification via preparatory HPLC provided
0.200 g {58% over three steps) of Compound 68. "H-NMR (400 MHz, CD,0D): § 9.34 (s, 1H);
8.12(d, 1H); 7.87(d, 1H); 7.27 (d, 1H); 7.19 (s, 1H); 7.12 {d, 1H}); 5.83 (m, {H); 5.75 (m, 1H);
$.30(d, 1H); 5.13(d, 1H); 4.58-4.44 (m, 2H); 4.12-4.00 (m, ZH); 3.92 (s, 3H); 2.59 (m, 1H}; 2.34
(m, 1H); 2.23 (m, 1H); 2.00-1.50 (m, 11H); 1.46-1.00 (m, 8H); 1.24 (s, 9H); 0.96 (1, 3H), 0.68 (m,
2H). LCMS found 798.5 [M+H]".

Example 69

O
Compound 63

2-[2-Ethyl-1-(1-methyi-cyclopropoxysulfonviaminocarbeny-cyelopropylcarbamoyl]-4-(6-

methoxy-isoquinolin-1-yloxy}-pyrrolidine- 1 -carboxylic acid tert-butyl ester (100 mg, 0.15 mmol)
was dissolved in DCM (0.4 mL) and HCl in dioxane (4N, 0.4 mL) was added. The reaction was
atlowed to stir at room temperature for 2 h before it was concentrated. The solid residue was
dissolved in DCM {1mL) and tert-butoxycarbonylamino-cyclohexyl-acetic acid {32 mg, 0.2
mmol) was added followed by HATU reagent (92 mg, 8.24 mmol} and a-methvimorpholine
{0.053 mL, 0.48 mmol). The reaction was allowed to stir at room temperature for 16 h. The
reaction was neutralized with HCI (1N) and partitioned between HoO (3 mL) and DCM (8§ mL).
The aqueous layer was extracted with DCM (2 x § mL) and the combined organic layers were
washed with brine and dried over Na,80, and concentrated. The crude residue was purified on
silica {12 g, 50-100 % EtOQAc/hexanes), and then by reverse phase HPLC (25-100 % CH,CN/
HO + 0.1 % TFA) to give Compound 69 as a white solid (55 mg, 45 %). *H MNR (300 MHz,
CDyODY): 89.25(s, 1H), 6 8.15(d, 1H), 8 7.89(d, 1H), 6 7.32(d, 1H), 8 7.22 (s, 1H), 8 7.15 (d,
1H), 6 5.83 (m, 1H]}, 0 4.89 (m, 1H), § 4.54 (zn, 2H), § 4.06 (m, 2H), 8 3.93 (m, 3H), & 2.60 (m,
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1H), § 2.37 (m, 1H), $1.87-1.53 (m, 13H), 5 1.32-1.10 (m, 15H), 5 0.97- 0.69 (m, 7H). LCMS
found 772 [M+H]".

Example 78 and 71
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Compound 71

2-{2-Ethyl-1-{1-methyl-cyclopropoxysuifonylaminocarbonyi}-cyclopropyicarbamoyii-4 {6~
methoxy-isoquinolin-1-yloxy)-pyrrolidine-1-carboxylic acid tert-butyl ester (50 mg, 0.0.08 mmol)
was dissolved in DCM (0.2 mL) and HCl in dioxane (4N, 0.2 mL) was added. The reaction was
10 allowed to stir at room temperature for 2.5 h before it was concentrated. The solid residue was
dissolved in DCM (0.8 mL) and tert-Butoxycarbonylamino-(1,1-dioxo-hexahydro-116-thiopyran-
4-yhy-acetic acid (31 mg, 0.1 mmol) was added followed by HATU reagent (46 mg, 0.2 mmol)
and n-methylmorpholine (0.027 mL, 0.24 mmol). The reaction was allowed to stir at room
temperature for 2 h. The reaction was neutralized with HCI (1N) and partitioned between H,O (3
15 mL)and DCM (5 mL). The aqueous layer was extracted with DCM (2 x 5 mL) and the combined

organic layers were washed with brine and dried over Na,SO, and concentrated. The crude
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residue was purified by chiral HPLC (Chiralpak AS-H, Heptane:Ethanol 80:20) to give two
compounds 70 and 71, both as white solids: tH MNR (300 MHz, CD:OD) for Compound 70:
8 9.37(s, 1H), 6 8.14 (d, 1H), 8 7.89 (d, 1H)}, 8 7.31 (d, 1H), 8 7.23 (5, 1H), 8 7.15 (m, 1H), 8
5.87 (m, 1H), 3 4.55 (m, 2H)}, 8§ 4.20 (m, 1H), 8 4.09 (m, 1H), 8 3.94 (s, 3H), 6 3.16-2.99 (m,
4H), 3 2.61 (m, 1H), 8 2.36 (m, 1H), § 2.13 (m, 3H), §1.86-1.55 (m, 10H), & 1.36-1.10 {m,
13H), 61.02- 0.96 (m, 3H}, 80.72 (m, 2H).

tH MNR (300 MHz, CD30D 3) for Compound 71: 8 9.15(s, 1H), 6 8.06 (d, 1H), 6 7.94 (d,
1H), 8 7.32 (d, 1H), 8 7.25 (s, 1H), 6 7.21 {(m, 1H)}, § 5.86 (m, 1H), 5 4.65 (m, 1H)}, 3 4.35- 4.03
{1, 3K}, 8 3.95 (5, 3H), 8 2.68- 2.25 {m, 5H)}, 6 2.06 (m, 1H), §1.86-1.26 (m, 26H)}, §1.01- 0.96
{m, 3H), 80.72 (m, 2H). . LCMS found 823 [M+H]".

Example 72

(9] Compound 72

Compound 72 was prepared according to the method presented in the synthesis of Compound 69.
Treatment of the 2-[2-ethyl-1-(1-methyl-cyclopropoxysulfonylaminocarbonyl)-
cyclopropyicarbamoyl}-4-(6-methoxy-isoquinolin-1-yloxy)-pyrrolidine-1-carboxylic acid tert-
butyl ester (150 mg, 8.24 mmol) occurred under the same conditions, adjusted for scale and with
the exception of utilizing tert-butoxycarbonylamino-~(tetrahydro-pyran-4-yl}-acetic acid to provide
Compound 72 as a white solid (128 mg), 1H MNR (300 MHz, CDsOD): § 9.30 (s, 1H), § 8.13
{d, 1H),87.89(d, 1H), 8 7.30 (d, 1H), § 7.22 (5, 1H), § 7.14 (d, 1)}, 8 5.85 (m, 1H), 3 4.56
(m, 2H), 6 4.11 (m, ZH), 5 3.94 (s, 3H), 3 3.88 (m, 2H), 8 3.40 (m, 2H), 4 2.61 (m, 1H), § 2.37
(m, 1H}, 3 2.15 (m, 1), 81.71-1.17 {m, 25H),), 8 0.98 (m, 3Hj}, § 0.70 (i, 2H). LCMS found
775 [M+HT

o
[V}
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Example 73

O Compound 73

Compound 73 was prepared according to the method presented in the synthesis of Compound 69.
5 Treatment of the 4-(6-methoxy-isoguinolin-1-yloxy}-2-[ 1-{1-methyl-

cyciopropoxysuifonylaminocarbonyl}-2-vinyl-cyclopropylcarbamoyl]-pyrrolidine- I -carboxylic
acid tert-butyl ester (158 mg, .25 mmol} occurred under the same conditions, adjusted for scale
and with the exception of utilizing tert-butoxycarbonylamino-(tetrahydro-pyran-4-yl)-acetic acid
to provide Compound 73 as a white solid (50 mg), H MNR (300 MHz=, CD,OD): §9.45 (s,

10 1H), 3814 (d. 1H),87.90(d, 1H),§ 731 (d, 1H). 8 7.23 (s, 1H), 8 7.14 (d, 1H)}, § 5.86 (m.
1H), 6 5.74 (m, 1H), 5.36 (d, 1H), 5.15 (d, 1H)}, 5 4.58 {m, 2H), 5 410 (n, 2H), 3 3.94 (s, 3H),
8 3.87 (m, 2H), 8 3.39 (m, 2H}, 8 2.62 {m, 1H), 5 2.30 (m, 2H}, § 2.22 (m, 1H), § 1.90 {(m, 1H),
§1.68-1.13 (m, 21H), § 0.69 {m, 2H). LCMS found 772 [M+HY".

15  Example 74
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Compound 74 was prepared according to the method presented in the synthesis of Compound 69.

Treatment of the 2-[1-(1-isopropyl-cyclopropoxysulfonylaminocarbonyl}-2-vinyl-
239
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cyclopropylcarbamoyl}-4-(6-methoxy-isoquinolin-1-yloxy)-pyrrolidine- I -carboxylic acid tert-
butyl ester (160 mg, 0.25 mmol) occurred under the same conditions, adjusted for scale and with
the exception of utilizing tert-butoxycarbonylamino-{tetrahydro-pyran-4-yl}-acetic acid to provide
Compound 74 as a white solid (60 mg), 1HH MINR (300 MHz, CDsOD): 8§ 9.42 (s, 1H), 6 8.13
{d, 1H), 3 7.89(d, 1H)}, 8 7.30 (d, 1}, 6 7.23 (5, 1H), 8 7.15 (d, 1H), 6 5.86 (m, 1H), 8 5.74 (m,
1H), LCMS found 801[M+H]".

Example 75
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Compound 75

Compound 75 was prepared according to the method presented Example 42. Treatment of 2-(1-
Carboxy-2-ethyl-cyclopropyicarbamoyi)-4-(6-methoxy-isoquinolin- I -yloxy)-pyrrolidine- -
carboxylic acid tert-butyl ester (744 mg, 1.49 mmol) under the same conditions adjusted for scale
and with the exceptions of utilizing sulfamic acid 1-isopropyl-cyclopropyl ester (547 mg, 3.05
mmol} and tert-Butoxycarbonylamino-(tetrabydro-pyran-4-yi}-acetic acid (86 mg, .33 mmol}
provided Compound 75 (146 mg, 47%): 'H NMR (d5-MeOD, 300 MHz) 5 8.11 (d, 1H), 7.89 (d,
iH), 7.25(d, 1H), 7.19 (s, 1H), 7.11 (d, 1H), 6.70 (d, 1H), 5.86 (s, 1H), 4.49-4.53 (m, 2H), 4.05-

4.17 (m, 2H), 3.93 (s, 3H), 3.88 (m, 2H), 3.43 (m, 2H), 2.56 (m, 1H), 2.18 (m, 1H), 2.13-2.16 (m,
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2H), 1.59-1.67 (m, SH), 1.28-1.37 (m, 3H), 1.24 (s, 9H), 1.17 (m, 2H), 1.03 (d, 6H), 0.98 (m, 3H),
0.79 (m, 2H); LCMS found 801.98 [M+H]".

S Example 76

-0 i N
N 1. HCl/dioxane, E)C?»;b
o 2. HATU, NMM, DCM
= 0
H O .0
N IS\ N L
Lo oo™ >0 '
) °O
Pae

_
> 0, O
Q\lrﬁf 55’10%
IH\-/&GO

I

Compound 76

Compound 76 was prepared by the same method as for Compound 60, Treatment of 2-[2-ethyl-1-
{ i-methyl-cyclopropoxysutfonylaminocarbonyl-cyclopropyicarbamoylj-4-(6-methoxy-

10 isoquinolin-1-yloxy)-pyrrolidine-1-carboxylic acid tert-butyl ester occurred under the same
conditions, adjusted for scale and with the exception of utilizing tert-butoxycarbonylamino-
cyclopentyl-acetic acid and subsequent purification produced Compound 76 as a white solid (63.7
mg, 76%) as a free base: 'H MNR (300 MHz, CD;OD): 5 8.06 (d, 1H), 5 7.84 (d, 1H), 8 7.20 (d,
1H), 8 7.14 (s, 1H), 8 7.05 {d, 1H), 5 6.63 (m, 1H), 8 5.79 (m, 1H), § 4.50 (m, 1H), § 3.98-4.10

15 {(m, 2H), 83.88(5,3H), 82.51 (m, 1H), & 2.28 (m, 2H), §1.40-1.73 (m, 13H), 8 1.08-1.27 (m,
14H), 8 0.94 (m, 3H), 8 0.62 {m, 2H). LCMS found 758.1 [M+H]".
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Example 77

Compound 77

Compound 26 was (102 mg, 0.116 mmol) was stirred in 4N HCI in dioxanes (2 mL) for 40 min.
Solvents were removed and the crude residue dried. The resultant residue was dissolved in THF
{3 mL} to which carbonic acid 4-nitro-pheny! ester 2,2,2-trifluorc-1, I -dimethyl-ethyl ester (51
mg, 0.174 mmol} and TEA (97 uL, 6.348 mmol) were added sequentially. After 1.5 b at room
temperature, the reaction was heated to 50 °C for 1 h. The reaction was purified by reverse phase
HPLC to provide Compound 77 (42 mg, 39 %): 'H NMR (CDCl,, 300 MHz) 10.33 (s, 1H), 8.13
(d, 1H), 8.02 (d, H), 7.63 (d, 1H), 7.24 (d, 1H), 6.91 (bs, 1H), 5.94 (bs, 1H), 5.19 (d, 1H), 4.5}
(d, 2H), 4.33 (m, 1H), 4.23 (d, 1H}, 4.07 (s, 3H}, 3.97 {(m, 3H}, 2.55 (m, 2H), 1.72 (m, 1H), 1.60
(m, 3 H), 1.50 (m, 4H), 1.31 (s, 3H), 1.04 (m, 15H), 0.74 (m, 2H); LCMS found 820.1 [M+H]".
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Example 78

Compound 78

Compound 27 (175 mg, 8.24 mmol) was dissolved in CHCh {1 mL)} and treated with 4N HCl in
dioxanes {} mL)}. After stirring for 45 min at room temperature, solvents were removed in vacuo.
The resuitant residue was dissolved in THF/HLO (6:1, 1.2 mL) to which carbonic acid 4-nitro-
phenyi ester 2,2, 2-triflucro- 1, I-dimethyi-ethyi ester (77 mg, 0.26 mmol} and TEA (74 gL, 8.52
mmol) were added sequentially. After 24 h at room temperature, the reaction was heated to 40 °C
for 12 h. The reaction was diluted with H,O and acidified with 1N aqueous HCl. The solution was
extracted with EtOAc, washed with saturated aqueous NaCl, and dried over sodium sulfate. After
removal of solvent, the crude product was puritfied by reverse phase column chromatography on
C18 (30-95 % ACN/H,0-1% TFA) to provide the desired product Compound 78 (135 mg, 72%):
'H NMR (CD,0D, 300 MHz) § 9.23 (s, 1H), 8.11 (4, 1H), 7.90 (d, 1H), 7.29(d, 1H), 7.21 (s,
1H), 7.13 (d, 1H), 5.83 (m, 1H), 5.75 (m, 1H), 532 (d, 1H), 5.15 (d, 1H), 4.58 (m, 1H), 4.52 (m,
1H), 4.22 (m, 2H), 4.05 (m, 1H), 3.94 (5, 3H), 2.61 (m, 1H), 2.29 (m, 2H), 1.91 (m, 1H), 1.47 (m,
4H), 1.25 (s, 3H), 1.03 (s, 9H), 0.94 (m, 2H), 0.75 (m, 2H); LCMS found 784.1 [M+H]".
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Example 7%

O o Rh/ A!QO a
\ A /A H O 0\\ ’/O /A
N Ny, .S
N N O

H
O
\ko N“./KO \!—’o H_A_ 0 H
CFa 0 A CFE = °
3
Compound 78 /T\

Compound 79

5  Compound 79 was prepared according to the method presented for the synthesis of Compound 28.
Treatment of Compound 78 under the same conditions adjusted for scale provided the desired
product (40 mg, 85%): 'H NMR (CD;0D, 300 MHz) 8 9.11 (s, 1H), 8.11 (d, 1H), 7.89 (d, 1H),
728(d, 1H), 7.21 (s, 1H), 7.12 {d, 1H), 5.8 (m, 1H), 4.59 (m, 1H), 4.47 (m, 1H)}, 4.22-4.30 (m,
2H), 4.04 (m, 1H), 3.93 (5, 3H), 2.62 (m, 1H), 2.30 (m, 1H), 1.50-1.66 (m, 4H), 1.47 (5, 3H), 1.25

10 (5,3H), 1.15-1.25 (m, 3H), 1.03 (s, 9H), 0.96 (m, 2H), 0.77 {m, 2H}); LCMS found 786.0 [M+HT".

Example 88

Compound 80

15 Compound 80 was prepared according to the method presented for the synthesis of Compound 77,
Treatment of Compound 30 under the same conditions adjusted for scale provided the desired
product (165 mg, 35%): 'H NMR (CD,OD, 300 MHz) 8 9.15 (s, 1H), 8.13 (d, 1H), 7.90 (d, 1H),
7.33(d, 1H), 7.24 (s, 1H), 7.15 (d, 1H), 5.84 (m, 1H), 4.58 (m, 1H), 4.48 (d, 1H), 4.22 (5, 1H),
4.06 (m, 1H), 3.95 (s, 3H), 2.63 (m, 1H), 2.29 (m, 1H), 1.68 (s, 3H), 1.43-1.62 (m, TH), 1.20-

20 134 (m, 6H), 1.05 (s, 9H), 0.98 (m, 3H), 0.69 (m, 2H); LCMS found 800.0 [M+H]".
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Example 81
Ie) o)
S8S
o o)
e} s}
= - BT
TEA, MeCN G

To a solution of 1-methyl-cyclopropancl (1.25 g, 17.4 mmol) in acetonitrile (44 mL) was added
carbonic acid bis-(2,5-dioxo-pyrrolidin-1-v1) ester (6.68 g, 26.1 mmol) and triethylamine (7.3 mL,
52.3 mmol). The reaction was stirred at room temperature for 21 h. The reation mixture was
diluted with EtOAc and washed with saturated aqueous NaHCO, (2x) and brine. The organic

10 layer was dried-over MgSQ; and concentrated. The crude product was purified by column
chromatography on silca (15—50 %— 100 % Hex/EtOAc) to provide carbonic acid 2,5-dioxo-
pyrrolidin-1-yl ester 1-methyl-cyclopropyl ester (722.8 mg, 19%): 'H NMR (CDCls, 300 MHz)
52.83 (s, 4H), 1.63 (5, 3H), 1.18 (m, 2H}, 8.73 (m, ZH).

1} HCI
—
., 2) HATU, NMM o,
(XA J o {X K
s /e
N y OMe N OMe
Boc o BOCHN\/'E‘L\OH BocHN o
= o

~ X
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1) HCI

2) TEA

1) LIOH
2) HATU, i-PrEN

3) DBU, o. .0

D
- -

HoNT~ O

Compound 81

Tao a solution of 2-(2-ethyl-1-methoxycarbonyl-cyclopropylcarbamoyl)-4-(6-methoxy-
isoquinolin-1-vioxy-pyrrolidine-1 -carboxylic acid tert-butyl ester (647 mg, 1.26 mmol) was
added HCH(12.5 mL, 4M in dioxanes). The reaction was stirred at room temperature for 2h and
the concentrated iz vacuo. The resulting amine was dissolved in DMF (6.3 mL), to which was
added Boc-tert-Leu-OH (367 mg, 1.58 mmol), HATU (958 mg, 2.52 mmal) and NMM (0.7 mL,
6.29 mmol). The resulting solution was stirred at room temperature for 17 b, and then diluted
with EtOAc. The subsequent slurry was washed with aqueous HCI (IN) and brine. The aqueous
layers were extracted with EtOAc. The resulting organic layers were combined, dried (N2,S0,)
and concentrated. The crude product was purified by column chromatography on silca
{15—50—100% Hex/EtQAc) to provide the desired intermediate (8.332 g, 42%) LCMS found
626.96 ([M+HT".

To a solution of 1-{[1-(2-tert-butoxycarbonylamino-3,3-dimethyl-butyryl)-4-(6-methoxy-
isoquinolin-1-vloxy)}-pyrrolidine-2-carbonyl}-amino}-2-ethyl-cyclopropanecarboxylic acid
methyl ester (153 mg, §.24 mmol) was added HCI (2.5 mL, 4M in dioxanes). The reaction was
stirred at room temperature for 2h and the concentrated in vacuo. The resulting amine was
dissolved in THF (2.5 mL)} and H,O (0.4 mL}, to which was added triethylamine (0.08 mL, 0.57

mmol) and carbonic acid 2,5-dioxo-pyrrolidin-1-yi ester 1-methyl-cyclopropy! ester (66 mg, 8.31
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mmol). The solution was stirred at room temperature for 90 min, and then diluted with EtOAc.
The subsequent slurry was washed the H,O and Brine, and the aqueous layers were backextracted
with EtOAc. The combined organic layers were dried over Na,SO, and concentrated to provide

the methyl ester which was taken directly into the next reaction.

To a solution of 1-{[1-[3,3-dimethyl-2-(1 -methyl-cyclopropoxycarbonylamino)-butyryl}-4-(6-
methoxy-isoquinolin-1-yloxy)-pyrrolidine-2-carbonyi}-amino} -2-ethyl-cyclopropanecarboxylic
acid methy! ester in a THF:MeOH:H,O mixture (3:1:1, 2.5 mL) was added LiOH (57 mg, 1.36
mmol). The heterogenous mixture was stirred at room temperature for 72 h, and then diluted with
£10Ac. The solution was washed with aqueous HCI (IN) and Brine, and the agueous layers were
backextracted with EtOAc. The combined organic layers were dried over Na,SO, and
concentrated. The crude acid was dissolved in DMF (1.2 mL), to which was added HATU (140
mg, 8.38 mmol) and DIPEA (0.66 mL, (.38 mmol). The resulting yellow solution was sturred at
room temperature for 45 min before sulfamic acid 1-methyl-cyclopropyl ester (81 mg, 0.54
mimol} and DBU (0.15 mL, 1.00 mmol) were added. The solution was stirred for an additional
24h, and then diluted with EtOAc. The resulting slurry was washed with agueous HCH(IN) and
brine. The organic layer was then dried over Na,SO, and concentrated. The crude product was
purified by reverse phase HPLC (3630 % MeUN/H,(0/0.1% TFA) to provide Compound 81
(146 mg, 80%): 'H NMR (d5-MeOD, 300 MHz) § 9.11 (s, 1H), 8.15 (d, 1H), 7.90 (d, 1H), 7.33 (d,
1H), 7.23 (s, 1H), 7.17(d, 1H), 5.85 (s, 1H), 4.55 (m, 1H),4.45(d, 1H), 4.29 (s, 1H), 4.13 {d,
1H), 3.94 (s, 3H), 2.61 (m, 1H), 2.30 (m, 1H), 1.68 (5, 3H), 1.58 (m, 5H), 1.32 (s, 3H), 1.25 {m,
5H), 1.05 (s, 9H), 0.98 (m, 2H), 0.68 (m, 4H), 0.50 (m, 2H); LCMS found 744.03 [M+H]".
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Example 82

1) LiOH S
2) HATU, i-ProEtN .
- Ho§ AP X
3) DBU, N .5.
o O"‘s”oz oW . No©
HN"TTO ~ N\/K o

Compound 82

5  Compound 82 was prepared according to the method presented in the synthesis of Compound 81.
Treatment of 1-{[|-(2-tert-butoxycarbonylamino-3,3-dimethyi-butyryi}-4-(6-methoxy-
isoquinolin-1{-yvioxy)-pyrrolidine-2-carbonyl]-amino} -2-ethyl-cyclopropanecarboxylic acid
methyl ester (178 mg, 0.25 mmol) occurred under the same conditions, adjusted for scale and with
the exception of utilizing 3,3,5,5-tetramethyl-2-oxo-oxazolidin-3-ium chloride (JOC 1968, 33,

10 1367, 28 mg, 0.15 mmol} in a solution of THF (1.25 mL) and DMF (0.5 mL). Purification of the
crude product was accomplished by reverse phase HPLC (30--+90 % MeCN/H,0/0.1% TFA) to
provide Compound 82 (31 mg, 32%): 'H NMR (d5-MeOD, 300 MHz) § 9.15 (s, 1H), 8.13 (4,
1H), 791 (d, 1H), 7.30 (d, 1H), 7.23 (s, 1H), 7.15(d, 1H), 5.82 (s, 1H), 4.59 (m, 1H), 4.50 (d,
1H), 4.21 (s, 1H), 4.07 (d, 1H), 3.94 (s, 3H), 2.85 (s, 6H), 2.63 {(m, 1H), 2.31 (m, 1H), 1.68 (s,

15 3H), 1.58 (m, 5H), 1.33 (s, 6H), 1.25 (m, TH), 1.07 (s, 9H), 0.98 (m, 2H), 0.68 {m, 2H); LCMS
found 789.37 [M+H]".
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Example 83

SO
P N

1) LiOH
2} HATU, LPrEIN

3)DBU. o 5

HNT O

Compound 83

Compound 83 was prepared according to the method presented in the synthesis of Compound 81.
Treatment of 1-{[ 1-(2-tert-butoxycarbonylamino-3,3-dimethyl-butyryi}-4-(6-methoxy-
isoguinolin-1-yloxy}-pyrrolidine-2-carbonyl]-amino}-2-ethyl-cyclopropanecarboxylic acid
methyl ester (178 mg, 0.25 mmol) occurred under the same conditions, adjusted for scale and with
the exception of utilizing 3,3-dimethyi-1-0x%0-2,8-dioxa-5-azonia-spiro[4.51decane chioride {32
mg, 0.15 mmol) in a solution of THF (1.25 mL) and DMF (0.5 mL). Purification of the crude
product was accomplished by reverse phase HPLC (30—90 % MeUN/H0/0.1% TFA) to provide
Compound 83 (31 mg, 30%): 'H NMR (4:-MeOD, 300 MHz) 3 9.18 (s, 1H), 8.17 (d, 1H), 7.92
(d, 1H), 7.31 (d, 1H), 7.23 (s, 1H}, 7.18 {d, 1H), 5.82 (s, 1H), 4.60 (m, 1H), 4.51 (d. 1H), 4.21 (s,
1H), 4.08 (d, 1H), 3.94 (s, 3H), 3.85 (m, 4H}, 3.42 (m, 4H), 2.62 (m, 1H), 2.32 {m, 1H), 1.71 (s,
3H), 1.58 (m, SH), 1.33 (s, 6H), 1.25 (m, SH), 1.08 (s, 9H), 1.01 {m, 2H), 0.70 (m, 2H); LCMS
found 832.18 [M+H]".
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Example 84

; H § ap 1) HCI
Ny, .S. e
N ﬁ o 2) +-BuNCQ

Compound 30

Compound 84

W

To a solution of Compound 30 (214 mg, 0.28 mmol) was added HCI (3.0 mL, 4M in dioxanes).
The reaction was stirred at room temperature for 1.5 h and the concentrated in vacuo. A portion
of the resulting amine (52 mg) was dissolved in CH,Cl; (0.75 mL, to which was added

10 triethylamine (0.05 mL, 0.36 mmol) and ters-butyl isccyanate (0.025 mL, 0.21 mmol). The
solution was stirred at room temperature for 90 min, and concentrated in vacuo. The crude
product was purified by reverse phase HPLC (30—90 % MeCN/H,0/0.1% TFA) to provide
Compound 84 (31 mg, 54%): 'H NMR {d:-MeOD, 300 MHz) § 9.05 (s, 1H), 8.15 (d, 1H), 7.88
{d, 11}, 7.29(d, 1H), 7.21 (s, 1H), 7.13 (d, 1H), 5.84 (s, 1H}, 4.52 (m, 2H), 4.35 (5, 1H}, 4.09(d,

15 1H), 3.93¢s, 3H), 2.61 {m, 1H), 2.24 (m, 1H), 1.68 (s, 3H), 1.58 {m, 5H), 1.28 (m, 3H), 1.19 (s,
9H), 1.05 (s, 9H), 0.98 (m, 4H), 0.67 (m, 2H); LCMS found 744.93 [M+H] .

Example 85
HoN . COOH
0 =
0O ™ oﬁ\NH _COO
P — TH
0 NO, 0 =

DIPEA T~

20 CHZCN / HyO

2-Amino-3,3-dimethyl-butyric acid (551 mg, 4.2 mmol} was dissolved in CHy;CN (15 mL), H,O
{3 mL ) and MeOH (3 mL). Carbonic acid 4-nitro-phenyl! ester tetrahydro-furan-3-yi ester (1.6 g,
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6.3 mmol) and DIEA (1.46 mL, 8.4 mmol) were added. This reaction mixture was allowed to stir
at room temperature for 16h. After concentrated, diluted with EtOAc, washed with brine and H,0,
dried over Na,SQ;, the crude product was purified on silica (12 g, 25-75 % EtOAc/hexanes) to
give intermediate 3,3-dimethyl-2-(tetrahydro-furan-3-yloxycarbonylamino)-butyric acid as a
white solid (670 mg, 65%).

l 1. HGl

4@
2. HATU, NMM, DCM

§ } O\\S//O/é H o
(!,\I_)\“/ s’ o) QQAO\EE/N\/J\QH

7T

Compound 85

Compound 85 was prepared according to the method presented in the synthesis of Compound 63.
Treatment of 2-[2-ethyl-1-(1-methyl-cyclopropoxysulfonylaminocarbonyl)-
cyclopropylcarbamoyi]-4-(6-methoxy-isoquinolin-1-yloxy)-pyrrolidine-1-carboxylic acid tert-
butyl ester occurred under the same conditions, adjusted for scale and with the exception of
utilizing 3,3-dimethyl-2-(tetrahydro-furan-3-yloxycarbonylamino)-butyric acid, to provide
Compound 85 as a white solid (84 mg, 78%). "H NMR (300 MHz, CD,0D): §9.12 (s, 1H), 8.10
(d, 1H), 7.90 (4, 1H), 730 (d, 1H}, 7.23 (s, 1H), 7.16 (d, 1H), 5.84 (m, 1H), 4.73 (m, 1H), 4.58
{m, 1H), 4.44-4 05 (m, 3H), 3.94 (s, 3H), 3.74-3.62 (m, 4H), 3.70 (m, 4H), 2.60 {m, [H}, 2.29 (m,
1H}), 1.86 (m, 1H), 1.68 (5, 3H), 1.63-1.55 (m, 2H), 1.35-1.21 (m, 4H), 1.04(s, 9H), 0.99 (m, 3H),
0.68 (m, 2H). LCMS found 761 [M+H]".
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Example 86

T - g 00
o” ~o /N H ©

Compound 886

Compound 86 was prepared according to the methods described in Example 84, Treatment of
Compound 29 (200 mg, 0.27 mmol) under the same conditions adjusted for scale and with the
exception of using carbonic acid 4-nitro-phenyl ester 2.2 2-trifluoro- 1, -dimethyl-ethyl ester (157
mg, 0.54 mmol, 2 equiv.) and triethylamine (0.19 mL, 1.34 mmol, § equiv.) provided Compound
86 (102 mg, 51%): 'H NMR (d:-MeOD, 300 MHz) 8 8.11 (d, 1H), 7.92 (s, 1H), 7.09-7.28 (m,
3H), 5.84 (s, 1H), 5.33 (d, 1H), 5.18(d, 1H)4.43-4.65 (m, 2H), 4.22 (s, 1H), 4.07 (d, 1H), 3.93 (s,
3H),2.57-2.70 (m, 1H), 2.21-2.38 (m, 2ZH)1.91 (d, 1H), 1.68 (s, 3H), 1.44 (s, 4H), 1.22 (s, 9H),
1.07 (s, 6H), 0.68 (s, 2H); LCMS found 798.00 [M+H]".

Example 87

>r NCO

Compound 87

Compound 87 was prepared according to the methods described in Example 84. Treatment of
Compound 29 (150 mg, 8.20 mmel) under the same conditions adjusted for scale and with the
exception of using fer/-butyl isocyanate (0.07 mL, 0.60 mmol, 3 equiv.) and triethylamine (0.14
mL, 1.0 mmof, 5 equiv.) provided Compound 87 (80 mg, 54%): '"H NMR (d;-McOD, 300 MHz)
8.17 (g, 1H), 7.86 (s, 1H), 7.05-7.2% (m, 3H), 5.87 (s, 1H}, 5.31 {d, 1H), 5.12(d, 1H), 4.41-4.57
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{m, 2H), 4.37 (s, 1H), 4.10 (d, 1H), 3.92 (s, 3H), 2.51-2.67 (m, 1H), 2.16-2.33 (m, 1H), 1.81-1.9]
(m, 1H), 1.69 (s, 4H), 1.38-1.50 (m, 1H), 1.19 (s, 1 1H), 1.03 (s, 9H), 0.67 (s, 2H); LCMS found
742.95 [M+H]".

Example 88

EigZﬂ, CHz;z . OH Eth
DCM, 0°C —#= 1t ﬁ CH,Cly

To a dry, argon purged three-neck round bottom flask {1000 mL) were added anhydrous
dichloromethane {100 mL) and E6Zn (28 mL, 273 mmol) at 0°C. {CAUTION: Source of argon
can not be from needle. Use appropriate glass adapter only. A second bubbler can also be attached
to the flask to prevent excessive pressure build up.) Cyclopenten-3-01 (10.0 mL, 119 mmol) was
then added dropwise (large quantity of ethane gas was produced) to the flask and the reaction
mixture was allowed to stir until the evolution of gas had ceased. Diiodomethane (22 mL, 242
mmol) was then added dropwise over a period of 30 min. The reaction was allowed to warm to
room temperature and continued to stir overnight under a positive flow of argon, at which point
TLC analysis had indicated complete disappearance of the starting alcchol. The reaction was then
diluted with CH,Cl, and quenched with 2M HCI (white precipitate should be completely
dissolved). The biphasic mixture was poured into a separatory funnel and the organic layer was

collected. The solvent was removed under reduced pressure until 100 mL of material rernained.

Anhydrous dichloromethane (525 mL)} was added to the flask followed by the dropwise addition
of triethylamine (34 mL, 245 mmol). The reaction continued to stir at room temperature under a
positive flow of nitrogen at which point, disuccinimidylecarbonate (40.7 g, 159 mmol) was added
to the flask portion wise. The reaction was allowed to stir until TLC analysis indicated compi"ete
disappearance of the starting material (2-3 days). Reaction rate can be accelerated by increasing
the reaction temperature to 45°C. Upon completion, the reaction mixture was quenched with 1M
HCI (200 mL) and washed with HyO (200 mL). The desired material was extracted using CH,Cl,
and the combined organic layers were dried using anhydrous MgSQO, and passed through a silica

plug. The solvent was removed under reduced pressure and the crude material was purified using
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flash chromatography (1:1 Hex/EtOAc) to provide carbonic acid bicyclof3.1.0Thex-3-yl ester 2,5-
dioxo-pyrrolidin-1-y! ester (22 g, 75%): 'H NMR (300 MHz, CDC1,): 8 5. 24 (¢, 1H), 3.82 (s, 4H),
2.24 (m, 2H), 2.03 (d, 2H), 1.38 (m, 2H), 0.48 (m, 1H), 0.40 (m, 1H).

Compund 88

Compound 88 was prepared according to the methods described in Example 84, Treatment of
Compound 30 (53 mg, 8.072 mmol) under the same conditions adjusted for scale and with the

10 exception of using carbonic acid bicyclo{3.1.0thex-3-yl ester 2,5-dioxo-pyrrolidin-1-yi ester {35
mg, 0.15 mmol, 2 equiv.) provided Compound 88 (48 mg, 87%): 'H NMR (CD;OD, 300 MHz) [
911 (s, 1H), 8.14(d, 1H), 7.89 (d, 1H), 7.36 {d, 1H), 7.27 (5, 1H), 7.20 (dd, 1H), 5.83 (m, 1H),
4.67 (m, 1H), 4.57 (m, 1H), 4.46 (d, 1H), 4.25 (5, 1H), 4.07 (m, 1H), 3.96 (s, 3H}, 2.62 (m, 1H),
2.31 (m, TH), 1.90 (m, 1H), 1.68 (s, 3H), 1.47-1.59 (m, 6H), 1.20~1.35 (m, 6H), 1.03 (s, 9H),

15 0.97 (m, 3H), 0.68 (m, 2H), 0.38 (m, 2H); LCMS found 770.03 {M+H]",
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Example 89

O Ch
Yr UYQ,, 4
o} N

Compound 89

Compound 89 was prepared according to the methods described in Example 84. Treatment of
Compound 38 (75 mg, 0.10 mmol)} under the same conditions adjusted for scale and with the
exception of using isopropylchloroformate (1M in toluene, 0.2 mL, 0.20 mmol, 2 equiv.) provided
Compound 89 (51 mg, 69%): 'H NMR (CD;0D, 300 MHz) 8 9.11 (s, 1H), 8.12 (d, 1H), 7.89(d,
iH), 7.30(d, 1H), 7.22 (5, 1H), 7.14 (d, 1H), 5.84 (m, 1H), 4.54 (m, 2H), 4.44 (d, 1H), 4.29 (s,
1H), 4.07 (m, 1H), 3.94 (s, 3H), 2.95 (m, 1H), 2.28 (m, 1H), 1.68 (s, 3H), 1.54-1.68 (m, SH),
1.13-1.35 (m, 8H), 1.05 (s, 9H), 0.98 (m, 3H), 0.66 (m, 2H); LCMS found 732.01 [M+H]".

Example ¢
Ci O =
b
\O/><OH N
Pyr.,, CHyCla

To a solution of |-methoxy-2-methyl-2Z-propanc! (2.8 mL, 24.0 mmol) in CH,ChL (80 mL) at ¢ °C
was added pyridine (2.0 mL, 24.8 mmol, 1.05 equiv.} and 4-nitrophenyi chloroformate (4.84 g,
24.0 mmol). The resulting slurry was stirred at room temperature for 20 h over which time the
reaction becomes homogenous. The solution was diluted with CH,Cl, and washed with IM
aqueous HCl, saturated aqueous NaHCOQO; and brine. The aqueous layers were extracted with
CH,Cl, dried over Na,SC,, and concentrated in vacuo. The crude product was purified by

column chromatography {1030 % EtOAc/hexanes) to provide the desired carbonate (5.72 g,

255



WO 2009/003677 PCTAIS2008/007928

89%): 'H NMR (CDCL;, 300 MHz) 8 8.71 (d, 2H), 7.71 (d, 2H), 3.57 (s, 2H), 3.44 (s, 3H), 1.57
(s, 6H).

N
o
":;, 3

1) HCI
0 ! -
\ .' 2)
Q o, 0
Ed \O

O
ST
G
Compound 20

Compound 90 was prepared according to the methods described in Example 84. Treatment of
Compound 30 (117 mg, 0.16 mmol) under the same conditions adjusted for scale and with the
exception of using carbonic acid 2-methoxy-1,1-dimethyl-ethvl ester 4-nitro-phenyl ester (0.17
mg, 0.63 mmol) and triethylamine (8.22 mL., 1.58 mmol) and stirring at room temp for 18 h

10 provided Compound 90 (91 mg, 75%): 'H NMR (CD-OD, 300 MHz) 8 9.11 (s, 1H), 8.13 (d, 1H),
750 (d, 1H), 7.31 (d, 1H), 7.23 (s, 1H), 7.15 (d, 1H), 5.83 {m, 1H), 4.55 (m, 1H), 4.48 (d, 1H),
4.22 (s, 1H), 4.06 (m, 1H), 394 (s, 3H), 3.12 (s, 3H), 3.26 (5, 3H), 2.61 (m, 1H), 2.27 (m, 1H),
1.68 (s, 3H), 1.52-1.68 (m, 5H), 1.28-1.39 (m, 3H), 1.22 (d, 6H), 1.05 (5, 9H), 0.98 (m, SH), 0.68
(m, 2H}; LCMS found 775.99 [M+HT".

15
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Example 91

IrQ,

Compound 81

Compound 91 was prepared according to the methods described in Example 84, Treatment of
3 Compound 29 (200 mg, 0.27 mmol) under the same conditions adjusted for scale and with the
exception of using carbonic acid 2-methoxy-1, -dimethyi-ethyi ester 4-nitro-phenyl ester (290mg,
§.08 mmol) and triethylamine {0.28 mL, 1.69 mmol) and stirring at room temp for 18 h provided
Compound 91 (88 mg, 42%): 'H NMR (d:-MeOD, 400 MHz) § 8.16 (d, 1H), 7.90(d, 1H), 7.29
{d, 1H), 7.21 (d, 1H), 7.12 (d, 1H), 5.69-5.87 {m, 2H}, 5.30 (d, 1H), 5.14 {d, 1H), 4.52-4.57 (m,
10 1H), 4.46 (d, 1H), 4.24 (s, 1H), 4.07 (dd, 1H), 3.91 (s, 3H), 3.38 (d, 2H), 3.26 (s, 3H), 2.62 (dd,
TH), 2.20-2.33 (m, 1H), 1.85-1.90 (m, 3H),-1.41-1.47 (m, 1H), 1.18-1.31 (m, 7TH), 0.91-1.16 (m,
11H), 0.66 (t, 2H); LCMS found 772.4 [M+H]".

Example 92

1§ Compound 92

Compound 92 was prepared according to the methods described in Example 84. Treatment of
Compound 30 (150 mg, 0.20 mmol) under the same conditions adjusted for scale and with the
exception of using neopentyl chloroformate (0.12 mL, 0.80 mmol)} and triethylamine (0.28 mL,

20 2.0t mmol) provided Compound 92 (33 mg, 22%): "H NMR (d5-MeOD, 400 MHz) § 8.10 (d,
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1H), 7.90 (d, TH), 7.28 (d, 1H), 7.20 (s, 1H),7.12 (d, 1H), 5.85 (s, 1H), 4.55 (m, 1H), 4.43 (d, 1H),
430 (s, 1H), 3.95 (s, 3H), 3.56 (d, 1H), 3.40 (d, 1H}, 2.60 (m, 1H), 2.25 (m, 1H)}, 1.70 (s, 3H),
1.48-1.68 (m, 4H), 1.30 (m, 3H), 1.15 (s, SH), 0.85 (5, 9H)}, 0.60-0.75 (m, 3H); LCMS found
760.08 [M+H]".

Example 93

gew
Y EN
P!

X

Compound 93

Compound 93 was prepared according to the methods described in Example 84. Treatment of
Compound 30 (150 mg, 0.20 mmol) under the same conditions adjusted for scale and with the
exception of using 3,3-dimethylbutyryi chioride (0.11 mL, 0.8 mmol) and triethylamine (0.28 mL,
2.01 mmol) provided Compound 93 (86 mg, 58%): 'H NMR (d3-MeOD, 400 MHz) § 8.05 (d,
1H), 790 (d, 1H), 7.28 (d, 1H}, 7.20 (s, 1H)}, 7.12 (d, 1H}, 5.84 (s, 1H} 4.64 (s, 1H), 4.53 (g 1H),
4.42 (d, 1H}, 4.10 (dd, 1H), 2.58 (dd, 1H},2.22-2.27 (m, 1H), 2.01 (5, I H), 2.70 (s, 3H), 1.50-1 64
{m, 4H), 1.31 (g, 2H), 1.18-1.24 (m, 1H), 1.03 (s, 9H), ¢.97 (t, 3H}, .84 (g, 9H), 0.68-0.72 (m,
2H); LCMS found 744.06 [M+H]".

Example 94

Ch

Compound 94
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Compound 94 was prepared according to the methods described in Example 84. Treatment of
Compound 30 (60 mg, 0.080 mmol) under the same conditions adjusted for scale and with the
exception of using 1-pyrrolidinecarbony! chloride (0.022 mL, 0.20 mmol) provided Compound 94
(53 mg, 89%): 'H NMR (CD,0D, 300 MHz) 8 9.12 (s, 1H), 8.13 (d, 1H), 7.89 (d, 1H), 7.32 (d,
1H), 7.24 (s, [H), 7.17 (dd, 1H), 5.86 (m, 1H}, 4.56 (m, 1H), 4.47 (5, 1H), 4.40(d, 1H), 4.13 (m,
TH), 3.95 (s, 3H}), 3.26 (m, 4H}, 2.58 (m, 1H), 2.29 (m, 1H), 1.87 (m, 4H), 1.69 (5, 3H), 1.51-1.66
(m, 4H), 1.26-1.29 (m, 3H), 1.07 (5, 9H), 0.97 (m, 3H), 0.69 (m, 2H); LCMS found 743.00
[M+H]".

Example 95

Compound 95

Compound 95 was prepared according to the methods described in Example 84. Treatment of
Compound 30 (60 mg, 0.080 mmol) under the same conditions adjusted for scale and with the
gxception of using 4-morpholinyicarbony! chioride (0.024 mL, 0.20 mmol) provided Compound
95 (58 mg, 95%): 'H NMR (CD,;OD, 300 MHz) § 9.12 (s, 1H), 8.13 (d, 1H), 7.89 (d, 1H), 7.33 (4,
1H), 7.24 (s, 1H), 7.15(d, 1H), 5.85(m, 1¥), 4.57 (m, 1H), 448 (d, 1H), 445 (s, 1H), 4.11 {m,
1HD, 3.95 (s, 3H), 3.55 (m, 4H}, 3.21 {m, 4H), 2.60 (m, 1H), 2.31 (m, 1 H), 1.69 (s, 3H), 1.54-1.65
(m, 4H}, 1.25-1.34 (m, 3H), 1.06 (s, 9H)}, 0.98 (m, 3H), 0.69 (m, 2H); LCMS found 758.95
[M+H]".

Example 96

O

e c;/”\a 5 oon
| ——rennnneoncrem—o— g
SR DN
O
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Compound 86

To a solution of phosgene (20% in toluene, 0.089 mL, 0.16 mmol,) and triethylamine (0.12 mL,
(.85 mmol, 5 equiv) in CH,Cl; (0.8 mL) at 0 °C was slowly added 2,2,2-trifluoro-1, I -dimethyl-
sthylamine hydrochloride (31 mg, §.19 mmol}). The resulting solution was stirred at room

temperature for 15 min to provide 2,2, 2-triflucro-1, 1 -dimethyi-ethylaminecarbonyl chioride and

used in the subsaquent reaction,

To a solution of Compound 30 (62 mg, 0.083 mmol) in CH,Cl; (0.1 mL) was added HCI (0.8 mL,
4M in dioxanes). The reaction was stirred at room temperature for 1.5 h and the concentrated in
vacuo. The resulling amine was dissolved in CH,Cl; (0.8 mL) to which was added the solution of
2,2, 2-trifluoro- 1, -dimethyl-cthylaminecarbonyl chloride (assumed 8.16 mmol, 2 equiv). The
reation was stirred at room temperature for 3 h, and concentrated in vacuo. Analysis of the crude
material by LCMS did not show complete conversion so the crude material was redissolved in
CH,Cl, (0.8 mL) and resubjected to a solution of 2,2,2-trifluoro-1, 1-dimethyl-ethylaminecarbonyl
chioride {assumed €.084 mmol). The crude product was purified by reverse phase HPLC (3090
% MeCN/H,0/0.1% TFA) to provide Compound 96 (30 mg, 45%): 'H NMR (CD,OD, 300 MHz)
89.05(s, 1H), 8.14 (d, 1H), 7.98 (d, 1H), 7.30 (d, 1H), 7.22 (s, TH), 7.12 (dd, 1H), 5.83 (m, 1H),
260
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4.51 (m, 2H), 4.33 (s, 1H), 4.06 (m, 1H), 3.94 (s, 3H), 2.60 (m, 1H), 2.27 (m, 1H), 1.68 (s, 3H),
1.47-1.63 (m, 4H), 1.36 (s, 3H), 1.35 (5, 3H), 1.18-1.31 (m, 3H), 1.06 (s, 9H), 0.96 (m, 3H), 0.67
(m, 2H); LCMS found 799.00 [M+H]".

5 Example 97

Compound 87

Compound 97 was prepared according to the methods described in Example 84. Treatment of
Compound 51 (161 mg, 0.21 mmeol) under the same conditions adjusted for scale and with the

10 exception of using carbonic acid 4-nitro-phenyl ester 2,2 2-trifluoro-1, 1 -dimethyl-ethy! ester (124
mg, 0.63 mmol, 2 equiv.) provided Compound 87 (89 mg, 52%): 'H NMR (CD;0OD, 300 MHz) §
923 (s, 1H}, 8.11(d, 1H),7.90(d, 1H), 7.29(d, 1H), 7.22 (d, 1H), 7.13 (dd, 1 H), 5.84 (m, 1H},
5.75 (m, 1H}), 531 (d, 1H), 5.14 (d, 1H), 4.57 {(m, 1H), 446 (d, 1H), 4.23 (s, 1H), 4.06 (m, 1H),
394 (s, 3H}, 2.63 {m, 1H}, 2.27 (m, ZH), 1.79-1.89 (m, 4H), 1.58 (m, 2H), 1 .48 (5, 3H}, 1.27 {m,

15 2H), 1.25(s, 3H), 1.04 (s, 9H), 0.97 (t, 3H), 0.69 (m, 2H); LCMS found 826.1 [M+H]".

Example 98
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Compound 98 was prepared according to the methods described in Example 84. Treatment of
Compound 42 {205 mg, 0.26 mmol) under the same conditions adjusted for scale and with the
exception of using carbonic acid 4-nitro-phenyl ester 2,2, 2-trifluoro-1,1-dimethyl-ethyl ester (124
mg, 0.63 mmol, 2 equiv.) provided Compound 98 (93 mg, 42%): 'H NMR (CD,0D, 300 MHz) &
914 (s, 1H), 8.11 (d, 1H), 7.90 (d, 1H), 730 (d, 1H), 7.22 (d, 1H)}, 7.15(d, {H}, 5.83 (m, 1H),
4.57 (m, 1H), 4.46 (d, 1H), 4.22 (s, 1H), 4.05 (m, TH), 3.94 (s, 3H), 2.61 (m, 1H), 2.30 (m, 1H),
1.82 (m, 2H), 1.52~1.64 {m, 6H), 1.48 (s, 3H), 1.29-1.41 (m, 3H), 1.25 (s, 3H), 1.05 (s, 9H), 0.97
(m, 6H), 0.69 (m, 2H); LCMS found 828.1 [M+H]".

Example 99

T

NO,

Compound 99

Compound 99 was prepared analogously to the method described in Example 77. Treatment of
Compound 69 under appropriate conditions adjusted for scale provided Compound 99 (0.165 g,
42% over two steps). 'H-NMR (300 MHz, CDCL): 8 10.42 (br s, 1H); 8.17 (d, 1H); 7.99 (d, 1H);
7.39(d, 1H); 7.26 (d, 1H); 7.12 {br d, 1H); 6.19 (m, 1H); 5.47 (m, 1H); 4.58 (m, 1H); 4.50-4.20
{m, 2H); 4.00 (s, 3H}; 2.67 {m, 1H); 1.71 (s, 3H); 1.85-0.98 (m, 20H); 1.44 (s, 3H); 1.30 (s, 3H);
0.95 {t, 3H); 0.66 (m, 2H). LCMS found 826.5 [M+H]".

Example 100
MeO._~

XNCO




WO 2069/0065677 PCTIUS2008/007928

Compound 100 was prepared analogously to the method described in Example 84. Treatment of
Compound 69 under similar conditions and with the exception of using fers-buty! isocyanate
adjusted for scale provided the desired product (0.070 g, 29% over two steps). 'H-NMR (300

5  MHz CDCL): 8 10.69 (brs, 1H); 8.16 (d, 1H); 7.94 (d, 1H); 7.33 (d, 1H); 7.24 (d, 1H); 7.10 (5,
1H); 6.17 (br s, 1H}; 4.54 (m, 1H); 4.34 (m, 2H); 4.22 (1H); 3.98 (s, 3H); 2.62 (m, 2H); 1.71 (s,
3H); 1.88-1.54 (m, 10H); 1.54-1.00 (m, 10H); 1.25 (s, 9H); 0.95 (1, 3H); 0.65 (m, ZH). LCMS
found 771.5 [M+H]".

10 E=zample 101

ZX

0.0 1) HCH
S 2
N o 2) 0
O
Compound 89

S

?I
i \O
rad
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o
X
;(O
9
z
g

N :/N

O
Compound 101

Compound 69 (60 mg, 0.078 mmol) was dissolved in DCM (0.3 mL) then HCI in dioxane (4N,
0.3 mL) was added. The reaction was allowed to stir at room temperature for 2 b before it was
15  concentrated. The solid residue was dissotved in DCM (1mL) and carbonic acid 2,5-dioxo-
pyrrolidin-1-yi ester I-methyl-cyclopropy! ester (28 mg, 0.13 mmol) was added followed by
tricthylamine (0.055 mL, 0.39 mmeol}. The reaction was allowed {o stir at room temperature for

16 h. The reaction was neutralized with HCI {1N) and partitioned between H,0 (3 mL) and DCM
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{5 mL). The aqueous layer was extracted with DCM (2 x § mL) and the combined organic layers
were washed with brine and dried over Na S0, and concentrated. The crude residue was purified
on silica (12 g, 50-100 % EtOAc/hexanes), and then by reverse phase HPLC (25—100 % CH,CN/
HyO + 0.1 % TFA) to afford compound 101 as a white solid (51 mg, 85 %). 'H MNR (300
MHz, CD;0D): §9.26 (s, 1H), 8815 (d, 1H), 5789 (d,1H), 8 7.33 (4, 1H), 8 7.24 (s, 1TH), §
717 {d, 1H), § 5.86 {m, 1H), 8 4.53 (m, 2H), 8 4.13 (m, 2H), 5 3.94 (s, 3H), 6 2.59 (m, 1H), §
2.34 (m, 1H), 3 1.82 -1.09 (m, 22H), § 0.97 {m, 6H), 6 0.69 (m, 4H), 3 0.45 (m, 3H). LCMS
found 771 [M+HJ".

Example 1062

X

Q
CFy O i N N0

Compound 102

Compound 102 was prepared according to the method presented in the synthesis of compound 60.
Treatment of the Z-[Z2-ethyl-1-(1-methyl-cyclopropoxysulfonylaminocarbonyl)-
cyclopropylcarbamoyl}-4-(6-methoxy-isoquinolin-1-yloxy}-pyrrolidine- I -carboxylic acid tert-
butyl ester {50 myg, 0.08 mmol} occurred under the same conditions, adjusted for scale and with
the exception of utilizing cyclopentyl-(2,2,2-triflucro-1,1-dimethyi-ethoxycarbonviamino}-acetic
acid to provide compound 102 as a white solid (13 mg). 1H MNR (300 MHz, CD;OD): §9.28
(s, 1H), 6 8.13 (d, 1H), 6 7.90(d, 1H), 8 7.28 (d, TH), 8 7.21 (s, 1H), 8 7.13 (d, 1H), § 5.84 (m,
1H), 8 4.60 (m, 2H]), 8 4.03 (xn, 211), 8 3.94 (s, 3H),  2.58 (m, 1H), 6 2.34 (m, 21}, 6 1.90 -
1.17 (m, 26H),), 8 0.98 (m, 3H), § 0.69 (m, 2H). LCMS found 813 [M+H]".
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Example 163

O}‘s'ig
HN""0

O’:
N J O
" N /, ﬁp \0
\{,OTN\/&QO
CFy O
/T\ Compound 103

Compound 103 was prepared according to the method presented in the synthesis of compound 29.
Treatment of 1-{[1-[3,3-dimethyl-2-(2,2 2-trifluoro-1, | -dimethyl-ethoxycarbonylamino)-butyryi}-
4-(6-methoxy-isoquinolin-1-yloxy)-pyrrolidine-2-carbonyi}-amino } -2-ethyi-
cyclopropanecarboxylic acid (0.18 mmol} and sulfamic acid 1-ethyl-cyclopropyl ester occurred
under the same conditions, adjusted for scale, to afford compound 103 (28.7 mg, 20%): 'H NMR
(CD50D, 300 MHz) 8 9.15 (s, 1H), 8.11 (d, 1H), 7.90 (d, 1H), 7.29(d, 1H), 7.22 (5, 1H), 7.13 (d,
1H), 5.83 (m, 1H}, 4.57 (m, 1H}, 4.45(d, 130}, 4.23 (s, 1H), 4.08 {m, 1H)}, 3.94 (s, 311}, 2.60 (m,
TH), 2.29 (m, 1H), 1.91 (g, 2H), 1.48 (s, 3H), 1.43-1.62 (m, 4H), 1.20-1.34 (m, 6H), 1.09 (t, 3H)
1.05 (s, 9H), 0.98 (m, 3H), 0.70 (m, 2H); LCMS found [M+H]": 814.3.

Example 104

1. nC4FgSOEF

DIEA(HF),
DIEA

1. BH3/THF ACK

2. NaBO4/H0 2 HCH

OH

To a solution of 1-tert-butoxycarbonylamino-2-vinyl-cyclopropanecarboxylic acid methyl ester
(9.585 g, 39.73 mmol} in THF (40 mL) was added 1 M BHy/THF (19.86 mL}) at 0°C. The
reaction was stirred at room temperature for three hours. Upon cooling the reaction to 0°C, water
{40 mL)} was added, followed by NaBG; (9.17 g, 59.6 mmiol} and the reaction was warmed to
room temperature for one hour. The solution was diluted with EtOAc and the layers were
separated. The organic layer was washed with brine, dried over MgSQ, and concentrated. The

residue was purified by flash chromatography (0— 40% EtOAc/hexane) to afford 5.67 g (55%) of
265
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the desired product as a white solid. "H NMR (CD;0D, 300 MHz) & 3.64 (s, 3H); 3.55 (m, 2H);
1.86-1.58 {m, 2H); 1.56-1.28 (m, ZH); 1.40 (s, SH); 1.17 (m, 1H).

To a solution of 1-tert-butoxycarbonylamino-2-(2-hydroxy-ethyl)-cyclopropanecarboxylic acid
methy! ester (1.6 g, 6.18 mmol) in acetonitrile (60 mL), diisopropylethylamine (6.45 mL, 37.1
mmol), and nonafluoro-1-butanesulfonyl fluoride (2.175 mL, 12.36 mmol) was added
iPrNEWHF); (3.15 mL) dropwise. Afier one hour the reaction was cooled to 0°C and quenched
with saturated sodium bicarbonate and diluted with EtOAc. The layers were separated and the
organic layer was washed with 8.5 M HCl and brine, dried over Mg80, and concentrated. The
residue was purified by flash chromatography (0-40% EtOAc/hexane) to afford 580 mg (37%) of
the intermediate as a clear oil. (520 mg, 1.9% mmol} This intermediate was dissolved ina | M
solution of HCl in dioxanes (6 mL) and stirred at room temperature for one hour. The solvent
was removed in vacuo to afford 379 mg (96%) of the HCl salt of the 1-amino-2-(2-fluore-ethyl)-

cyclopropanecarboxylic acid methy! ester as a white solid. LCMS found 161.9 [M+H]".

1. LIOH
THF/Me OH/H,O
B O,/
¢ i,
2. HATU o H ,3:0/%
DIEA §{,o/é N0
DBU  H,N"TO Nog

H i

DMF >(/O\ff N \Ao
o ,/:]:\

Compound 104

To a solution of 1-(2-tert-butoxycarbonylamine-3,3-dimethyl-butyryi}-4-(6-methoxy-isoquinolin-

1-yloxy)-pyrrolidine-2-carboxylic acid (200 mg, 0.4 mmol), 1-amino-2-(2-fluoro-ethyl)-
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cyclopropanecarboxylic acid methyl ester (87 mg, 0.44 mmol) and 4-methylmorpholine (176 pL,
1.6 mmol) in DMF was added HATU (228 mg, 0.6 mmol). The reaction was stirred at ambient
temperature for 1 h and the solvent was removed under vacuum. The residue was diluted with
EtOAc and washed with saturated sodium bicarbonate and brine, dried over MgS0, and
concentrated. The residue was purified by flash chromatography (80— 100% EtOAc/hexane) to
afford 228 mg (88%) of the product as a white foam. LCMS found 645.1 [M+H]".

To a solution of 1-{[1-(2-tert-butoxycarbonylamino-3,3-dimethyl-butyryl)-4-(6-methoxy-
isoguinolin-1-yloxy)-pyrrolidine-2-carbonyl}-amino}-2-(2-fluoro-ethyl)-cyclopropanecarboxylic
acid methyl ester (228 mg, 0.35 mmol} in tetrahydrofuran and methanol {111, 8 mL} was added a
solution of lithium hydroxide (42 mg, 1.77 mmol) in water (2 ml). The reaction was stirred at
arnbient ternperature for 4 hr and then heated to 40°C for several hours. The solvent was removed
under vacuum and the solution was diluted with EtOAc and acidified with 1T M HCL The layers
were separated and the organic layer was dried over MgSO, and concentrated to give 183 mg
(83%) of the acid intermediate as a white solid. LC/MS: m/z 631.1 [M+H]"). The acid was then
dissoived in DMF (3 mL)} and DIPEA (75 L, 0.44 mmol) to which was added HATU (165 mg,
0.44 mmol). To this reaction mixture was then added DBU (178 L, 1.16 mmeol) and sulfamic acid
I-methyl-cyclopropy! cster (88 mg, 0.58 mmol) and the reaction was stirred at ambient
temperature for 16 h. The solvent was removed; the residue was diluted with EtOAc and washed
with 1 M HCI, dried over MgSO, and concentrated. The residue was purified by reverse phase
HPLC (20—100%, 0.05% TFA modifier) and lyophilized to give 96 mg (43%) of compound 104
as a white amorphous solid: "H-NMR (CD;0D, 300 MHz) 8 9.11 (s, 1H); 8.07(d,J=9 Hz, 1H),
785(d, J=6Hz 1H); 7.24(d, /J=6Hz, 1H) 7.16(bs, 1H)}; 708 (d, /=9 Hz, 1H}; 5.79 (bs,
[H}; 4.49 (m, 2H);, 441 (bd, J=11Hz, 1H;p 433, J=5Hz, [H);4.20(s, 1H); 4.03(bd, /=10
Hz, 1H); 3.89 (5, 3H); 2.56 (m, 1H}); 2.23 (m, 1H); 2.02-1.82 (rn, 2H); 1.72-1.54 {m, ZH); 1.64 (s,
3H); 1.34-1.16 {m, 1H), 1.23 (s, 9H); 1.08-0.92 (m, 1H}; 0.99 (s, 9H); 0.64 (m, 2H) . LCMS
found 764.1 [M+H]".

Example 105

BocHN,, O/ 1. Dess-Martin HoN,,

DCM AN
2. DAST L_F
DCM
OH 3. HCl/dioxane F
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To a solution of 1-tert-butoxycarbonylamino-2-(2-hydroxy-ethyl}-cyclopropanecarboxylic acid
methyl ester (2.9 g, 11.18 mmol) in dichloromethane was added Dess-Martin Periodinane (7.1 g,
16.8 mmol) and the reaction was stirred at ambicent temperature for 4 h. The reaction was diluted
with EtOAc (350 mL) and quenched with saturated sodium bicarbonate and sodium thiosulfate
{1:1). The layers were separated and the organic layer was washed with brine, dried over MgSO;4
and concentrated. The residue was purified by flash chromatography on silica (0-80%
EtOAc/hexane) to afford 2.2 g (76%) of the aldehyde intermediate as a light yellow oil, which
was used immediately. To a solution of the aldehyde intermediate (2.2 g, 8.55 mmol) in
dichloromethane (80 mL} at 8°C was added diethylaminosulfur trifluoride (2.8 mL, 21.4 mmoi}
dropwise. The reaction was warmed to ambient temperature and stirred for 6 hours. The reaction
was quenched at 0°C by the addition of saturated sodium bicarbonate and diluted with EtOAc
{300 mL). The layers were separated, and the organic layer was washed with brine, dried over
MgSQO, and concentrated. The residue was purified by flash chromatography (0-30%
EtOAc/hexane) to afford 690 mg (29%) of the intermediate as a light yellow oil. The
intermediate {660 mg, 2.37 mmol)} was dissolved ina 1 M solution of HC! in dioxanes (6 mL) and
stirred at room temperature for one hour. The solvent was removed in vacuo to afford 519 mg
{>99%]) of the HC]I salt of the desired 1-amino-2-(2,2-difluoro-ethyi}-cyclopropanecarboxylic acid
methyl ester as a yellow solid. LCMS found 180.0 [M+H]".

Compound 105

Compound 105 was prepared according to the method described for compound 104, substituting

for intermediate 1-amino-2-(2,2-difluoro-ethyl}-cyclopropanecarboxylic acid methyl ester and

adjusting appropriately for scale. 155 mg (57%) of the desired compound 105 was obtained as a

white amorphous solid. "H NMR (CD,0D, 300 MHz) 8 9.13 (5, 1H); 8.06 (d, 1H); 7.84 (d, [ H);

7.22(d, 1H); 7.15 (s, 1H); 7.07(d, 1H); 6.11-5.61 {m, 1H); 5.79 (s, 1H); 4.50 (m, 1H); 440 (d,
268



10

15

20

235

WO 2809/605677 PCT/US2008/067928

1H); 4.20 (s, 1H); 4.02 (d, 1H); 3.88 (s, 3H); 2.61-2.52 (m, 1H); 2.30-2.00 (m, 2H); 1.70-1.54 {m,
2H); 1.64 (s, 3H); 1.38-1.14 (m, 2H); 1.23 (s, 9H); 1.80-0.88 (m, 2H); 0.99 (s, 9H); 0.64 (m, 2H).
LCMS found 782.1 [M+HT'.

Example 106

0
BocHN/ e ~ome  Dess-Martin NH,OH
—>
HO
[
Pr=R™Ci  Bochin,,
OMe Ci

To 1-tert-butoxycarbonylamino-2-(2-hydroxy-cthyi)-cyclopropanecarboxylic acid methyl ester
{560 mg, 1.93 mmol} in CH,Cl; (19 mL) was added Dess-Martin periodinane {1.23 g, 2.89
mmol). After 1 h, the reaction was quenched by the addition of a preformed mixture of saturated
aqueous NaHCO; and 10 % sodium bisulfite (15 mL, 1:1). The mixture was stirred for 30 min
{until evolution of gas ceased) then diluted with CH,Cl,. The organic phase was collected then
washed with saturated aqueous NaHCOs and saturated aqueous NaCl. After drying over sodium
sulfate and concentration, the crude residue was purified by column chromatography on silica

(20->50% EtQAc/hexane) to provide the aldehyde (496 mg, 100%). LCMS found 257.7 [M+H]".

To 1-tert-butoxycarbonylamino-2-(2-oxo-ethyi}-cyclopropanecarboxylic acid methy] ester (496
mg, 1.93 mmol} in CH,ChL (10 mL) and methano! {2 mL) was added pyridine {311 ul, 3.86
mmofl)} and bydroxylamine hydrochioride (134 mg, 1.93 mmol). After stirring for 1 h, the
reaction mixture was concentrated then placed on the high-vae for 2 h to afford the crude oxime,

which was used in the next step without further purification. LCMS found 272.7 [M+H]".

To a suspension of the crude oxime 1-tert-butoxycarbonylamino-2-(2-hydroxyiminc-ethyl)-
cyclopropanecarboxylic acid methy! ester in CH,Cl; (13 mL) and pyridine (311 uL, 3.86 mmol)
at § °C was added phenyiphosphonic dichloride (540 ul., 3.86 mmol} dropwise. After 1.5 h, the

reaction was quenched with saﬁzrated aqueocus NaHCGOs then extracted with CH,Cl,. After being
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washed with 10% sodium suifate and saturated agueous NH.Ci, the organic phase was dried over
sodium sulfate and concentrated. The crude residue was purified by column chromatography on
silica (20-50% EtOAc/hexane) to provide the nitrile 1-tert-butoxycarbonylamino-2-
cyanomethyl-cyclopropanecarboxylic acid methyl ester (270 mg, 55%). LCMS found 254.7

5 [M+H]"

MeD X

H
HATU, DIPEA
Z/O\ﬁ/“\/&o © DCM
o

1) LiOH

[

2} HATU, DIPEA,
oBU

o, 0
oS-
07 NH,

Compound 108

10 1-{{1-{2-tert-Butoxycarbonylamino-3,3-dimethyl-butyryl)-4 -(6-methoxy-isoguinolin-1-yloxy)-
pyrrolidine-2-carbonyl}-amino }-2-cyanomethyl-cyclopropanecarboxylic acid methyl ester was
prepared according to the method presented in the synthesis of compound 31. Treatment of 1-(2-
tert-butoxycarbonylamino-3,3-dimethyl-butyryl}-4-(6-methoxy-isogquinoclin- I -yloxy}-pyrrohdine-
Z-carboxylic acid (387 mg, 0.6% mmol) and }-amino-2-cyanomethyl-cyclopropanecarboxylic acid

15 methyl ester occurred under the same conditions, adjusted for scale, to afford the desired methyl

ester (349 mg, 74%). LCMS found 638.0 [M+H]".

Compound 106 was prepared according to the method presented in the synthesis of compound 31,

Treatment of 1-{[1-(2-tert-butoxycarbonylamino-3,3-dimethyl-butyryi})-4-(6-methoxy-
270
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isoguinolin-1-yloxy)-pyrrolidine-2-carbonyl}-amino} -2 -cyanomethyl-cyclopropanecarboxylic
acid methyl ester (560 mg, 0.88 mmol) occurred under the same conditions, adjusted for scale, to
afford compound 106 (201 mg, 30%. 'H NMR (CD;0D, 300 MHz) § 9.25 (s, 1H), 8.13 (d, 1H),
7.88(d, 1H), 7.31 (d, 1H), 7.22 (s, 1H), 7.14 (d, 1H), 5,82 (s, 1H), 4.45-4.53 (m, 2H), 4.22 (s,
1H), 4.07(d, 1H), 3.93 (s, 3H), 2.88 (dd, 1H), 2.74 (dd, 1H), 2.58-2.62 (m, 1H), 2.26-2.31 (m,
1H}, 1.88-1.93 (m, 1H), 1.68 (s, 3H), 1.44-1.48 (m, 1H), 1.20-1.32 (m, 11H), 1.03 (s, 9H), 0.86-
0.89 (m, 1H), 0.67 (s, 2H); LCMS found 757.0 [M+H]".

Exampile 167

o
BOcHN/, o me MePPhaBr BocHN. #50 )
NaHMDS 5% RA/ALO
I .
o
4M HCI
BocHN, &~ me  dioxane “Ohe

Methyltriphenylphosphonium bromide (4.6 mmol) was suspended in THF (10 mL) at room
temperature. NaHMDS (1.0 M in THF, 4.1 mmol) was added dropwise at room temperature fo
pfoduce a dark veliow turbid solution which was allowed to stir for 30 min. A THF (6 mL}
solution of 1-tert-butoxycarbonylamino-2-(2-oxo-ethyl)-cyclopropanecarboxylic acid methyl ester
was added dropwise to the ylide solution and allowed to age at room temperature for 3¢ min, The
reaction was partitioned between EtOAc and saturated NH4Cl. The aquecus layer was extracted
with EtOAc (3 X 10 mL) and the combined organics washed with brine, dried over anhydrous
Na,5O,, and concenirated in vacuwo. Purification by column chromatography on 510, (80— 10%
EtOAc/hex) afforded 2-allyl-1-tert-butoxycarbonylamino-cyclopropanecarboxylic acid methyl
ester as a colorless film (0.070 g, 15%). (‘H-NMR (300 MHz, CDCL): § 5.90-5.72 (m, 1H); 5.14
{br s, 1H); 5.08-4.94 (m, 2H); 3.71 (5, 3H}; 2.34 (m, 2H}; 1.55 (m, 2H); 1.45 (s, 9H), 1.37 (m,
1H)).

A solution of 2-allyl-1-tert-butoxycarbonylamino-cyclopropanecarboxylic acid methyl ester (0.27

mmol) in EtOAc (3 mL) was treated with 5% RiWWALO; (0.014 mmol Rh). The atmosphere over
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the reaction was replaced with a H, balloon and the reaction allowed to stir vigorously for 45 min.
The H, was removed and the catalyst removed by filtration through a pad of celite. Volatiles
were removed in vacuo 1o afford [-tert-butoxycarbonylamine-2-propyl-cyclopropanecarboxylic
acid methy! ester as a colorless film that was used without further purification (0.069 g, quant).
LCMS found 257.8 [M+H]"

A solution of I-tert-butoxycarbonylamino-2-propyl-cyciopropanecarboxylic acid methyl ester
{0.27 mmol) in THF (0.5 mL) was treated with 4M HCI in dioxane (2.4 mmol HCI). After 2 h,
the volatiles are removed in vacwo to afford l-amino-2-propyl-cyclopropanecarboxylic acid
methyl ester hydrochloride salt as an amorphous white solid that was used without further

purification (0.053 g, quant). LCMS found 157.9 ({M+H]".

0
HoN
27 one
(e}
HATU, DIPEA g -
R fe o

N
DCM H
G
SOy
s

1. LIOH - . L 9 op
2. HATU, DIPEA, DMF Wy, -8 /@
DBU e % N ©

Compound 107

1-(2-tert-butoxycarbonylamino-3,3-dimethyl-butyry)-4-(6-methoxy-isoquinolin- 1 -yloxy)-
pyrrolidine-2-carboxylic acid (0.33 mmol) and 1-amino-2-propyl-cyclopropanecarboxylic acid
methyl ester (0.27 mmol) are taken up in DCM (3 ml) and treated subsequently with DIPEA
(0.68 mmol) and HATU (0.36 mmol). The resulting clear yvellow solution was allowed to age at rt
overnight. The volatiles are removed in vacwo and the residue purified by column
chromatography on silica (§—50% EtOAc/Hex) to produce 0.163 g (78%) of the methyl ester as a
colorless film. LCMS found 641.1 [M+H]".
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1-{[1-(2-tert-Butoxycarbonylamino-3,3-dimethyl-butyryi}-4-(6-methoxy-isogquinoclin-1 -yloxy)-
pyrrolidine-2-carbonyi}-amino} -2-propyl-cyclopropanecarboxylic acid methyl ester (0.25 mmol)
was dissolved in a mixture of THF (3 mL) and MeOH (1 mL) and treated with a freshly prepared
solution of LIOH (1.6 mmol/1.5 mL H,0). The resulting solution was heated to 40 °C for 3 h.
After the solution has cooled to 1, the volatiles are removed in vacuo and the residue difuted with
HyO (8 L), The resuiting turbid solution was extracted once with EtGAc (5§ mL), then acidified
by dropwise addition of conc. HCH until pH ~ 3. The resulting aquecus suspension was extracted
with EtOAc until no turbidity remains (3 X S mL). The combined organics are washed with
brine, dried over anhydrous Na,SO, and concentrated in vacuo to produce 0.127 g (80%) of the
desired acid as a white foam that was used without further purification. LCMS found 627.1
[M+HT

The resultant acid (4.20 mmol} was taken up in DMF (1 mL) and treated at rt with DIPEA (.30
mmol) and HATU {(0.30 mmol). After 30 min, sulfamic acid [-methyl-cyclopropyl ester (0.41
romol) and DBU (1.0 mmol} are added and the reaction allowed to age atrt for 24 h. The
volatiles are removed in vacuo and the residue was partitioned between EtOAc and 1M HCI (5
mL each}. The aqueous phase was extracted with EtOAc (3 X 5 mL) and the combined organics
are washed with brine, dried over anhydrous Na,SOy and concentrated in vacuo. The residue was
purified by preparatory HPLC to afford 8.037 g {24%) of compound 107 as a foamy white solid;
"H-NMR (300 MHz, CD,0D): 5 9.09 (s, 1H); 8.10(d, J=9 Hz, 1H); 7.88 (d, J= 6 Hz, 1H); 7.27
(d,/=06Hz, I1H}); 7.19 (s, 1H}; 7.10(d, /= 9Hz, 1H}); 5.82 (brs, |H); 4.54 (m, IH); 4.44 (br d, J=
11 Hz, 1H); 4.23 (s, 1H}; 4.06 (br d, J= 10 Hz, 1H); 3.92 (s, 3H); 2.64-2.52 (m, 1H}; 2.32-2.18
{m, 1H}; 1.67 (5, 3H}; 1.64-1.32 (m, SH}; 1.32-1.16 {m, 4H}; 1.27 (s, H); 1L.O3 (5, MR 093 (1, J
=7 Hz,); 0.67 (m, 2H). LCMS found 760.1 [M+H]

Example 108

O
BocHN,, BocHN,,
TR ToMe §§ B;%Za OMe
DCM, 0 °C
OH OMe

1-tert-Butoxycarbonylamino-2-(2-hvdroxyethyl}-cyclopropanecarboxylic acid methy] ester (0.456
g, 1.76 ramol, from Example 104) was treated with conditions described in Aoyama and Shioiri;
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Tetrahedron Let. 1988, 31, 5507 to produce -tert-butoxycarbonylamino-2-(2-methoxyethyl)-
cyclopropanecarboxylic acid methyl ester (0.150 g, 31%): LCMS found 273.9 [M+H]".

5 Compound 108

Compound 108 was prepared according to the method described for compound 104, substituting
intermediate {-amino-2-{Z-methoxy-ethyi)-cyclopropanecarboxyvlic acid methyl ester for 1-
aming-2-(2-flucro-ethyi)-cyclopropanecarboxylic acid methyl ester and adjusting appropriately

10 forscale. 29.9 mg (28%) of the desired compound 108 was obtained as a white amorphous solid
'"H NMR (CD;0D, 300 MHz) & 8.07 (d, 1H); 7.84 (d, 1H); 7.25 (d, 1H); 7.17 (m, 1H); 7.08 {d,
1H); 5.78 (s, 1H); 4.50 (m, 1H); 4.41 (4, 1H); 4.19 (s, 1H); 4.02 (d, 1H); 3.89 (s, 3H); 3.63 (m,
ZH); 3.28 (s, 3Hy 2.55 (m, 1H} 2.22 (my, 1H); 1.77 {m, 1B); 1.64 (s, 3H); 1.57 (m, 1H) 1.22 (m,
11H); 0.99 (s, 11H); 0.63 (m, 1H). LCMS found 776.2 [M+H]".

Fxample 109

1. MsCl, TEA; DCM, 0 °C
2. NaSMe: MeOH

3. Oxone; MeOH/H0

i~-feri-Butoxycarbonylamino-2-(2-hydroxyethyl}-cyclopropanecarboxylic acid methyl ester {0.500
20 g, 1.93 mmol, from Example 104) was diluted in 8 mL DCM and cooled to ¢ °C under an Ar
atmosphere. TEA (0.54 mL, 3.9 mmol) and methanesulfonyl chloride (0.30 mL, 3.9 mmol)} were

added sequentially. After 2.5 h, the solvent was removed in vacuo and the residue taken up in
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EtOAc and H;0 (15 mL each). The aqueous layer was extracted with 3 X 10 mL EtOAc. The
combined organics were washed with brine and dried over anhydrous MgSQ,. Following
concentration in vacuo, the residue was purified by column chromatography on Si0, (0 to 50%
Hex/EA} to produce 1-ters-butoxycarbonylamino-2-(2-
methanesulfonyloxyethylleyclopropanecarboxylic acid methyl ester (6.55 g, 84%). LCMS found
360.1 [M+Na]".

A solution of 1-tert-butoxycarbonylamino-2-(2-methanesulfonyloxyethyl)
cyclopropanecarboxylic acid methyl ester (0.52 g, 1.53 mmol) in 5 mL MeOH was added
dropwise to a rt solution of sodium thiomethoxide in 3 mL MeOH. After 4.75 h, the solvent was
removed in vacuo and the residue was taken up in EtOAc and H;O (15 mL each). The aqueocus
layer was extracted with 3 X 10 mL EtOAc. The combined organics were washed with brine and
dried over anhydrous MgSO,. Following concentration in vacuo, 1-tert-butoxycarbonylamino-2-
(2-methylsulfanylethyl)cyclopropanecarboxylic acid methyl ester (0.350 g, 79%) was obtained as
a colorless oil that was used without further purification. LCMS found 312.0 [M+Na] .

A solution of 1-tert-butoxycarbonylamino-2-(2-methylsulfanylethyl)-cyclopropanecarboxylic acid
methyl ester (0.63 g, 2.2 mmol) in 10 mL MeOH was added slowly to a suspension of Oxone (2.0
g, 3.3 mmol) in 10 mL HyO at rt. After 2 h at 1, the solvent was removed in vacuo and the
residue was taken up in EtOAc and H,0 (15 mL each). The aqueous layer was extracted with 3 X
10 mL EtOAc. The combined organics were washed with brine and dried over anhydrous MgSO,.
Following concentration in vacuo, the residue was purified by column chromatography on Si0,
{0 65% EtOAc/hexanes) to produce 1-tert-butoxycarbonylamino-2-(2-methanesulfonyiethyi)-
cyclopropanecarboxylic acid methyl ester (0.50 g, 71%) as a colorless film. LCMS found 222.0
[(M-Boc)+H]".
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Compounc 109 was prepared according to the method described for compound 104, substituting
intermediate 1-amino-2-(2-methanesulfonyl-ethyl)-cyclopropanecarboxylic acid methyl ester for
1-amino-2-(2-fluoro-ethyl)-cyclopropanecarboxylic acid methy! ester and adjusting appropriately
for scale. 150 mg (17%) of the desired compound compound 109 was obtained as a white
amorphous solid. 'H NMR (CD;0D, 300 MHz) § 8.08 (d, 1H); 7.85 (d, 1H); 7.24 (d, 1H); 7.17
(s, 1Hy; 7.08 (d, 1H); 5.79 (s, 1H); 4.44 (m, 2H); 4.19 (s, 1H); 4.02 (m, 1H); 3.89 (s, 3H); 3.27 (s,
3H); 3.06 (m, 2H); 2.89 (s, 3H); 2.56 (m, 1H); 2.23 (m, 1H); 2.02 {m, I H); 1.64 (s, 2H); 1.25 (m,
11H); 1.00 (s, 11H); 0.64 (m, 2H). LCMS found 824.1 [M+H]".

Example 118

Compound 110

Compound |10 was prepared analogously to the method described for compound 104, uiilizing
intermediate Z-ammnobicyclopropyi-Z-carboxylic acid methyl ester (prepared as detailed in Ripka,
Al etal WO 2004/032827, p. 142) and adjusting appropriately for scale. 428 mg (44%) of
compound 110 was obtained as a crystalline while solid after column chromatography on silica
{0—10% MeOH/DCM) followed by crystallization from hot MeOH. "H-NMR (300 MHz,
CDCLY: 8 10.39 (s, 1H); 8.01 (d, 1H); 7.90 (d, 1H), 7.16 (d, 1H); 7.07 (d, 1H); 7.81 (5, 1H); 6.92
(s, 1H); 5.86 (s, 1H); 5.21 {(br d, 1H); 4.51 (brt, 1H); 4.33 (dd, 18); 4.02 (m, 1H); 3.93 (s, 3H);
2.68-2.42 (m, 2H); 1.87-1.65 (m, 2H); 1.72 (s, 3H); 1.45-0.80 (m, 5H); 1.33 (s, 9H); 1.02 (s, 9H);
0.65 (br t, 2H); 0.58 (m, 2H); 0.27 (m, 2H). LCMS found 758.1 [M+H]".
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Example 111

1. HATU
DIPEA
w9 DRU
o N O, 0 2 DMF 0. .0
T 4, OH .vS\ 2on HzN/‘ ;Ss
H,N O 2. HCI
0 : H

5  l-tert-butoxycarbonylamino-cyclopropanecarboxylic acid was dissolved in DMF (3 mL) and
DIPEA (130 uL, 0.75 mmol) to which was added N, N, N’ N'-tetramethy}-O-(7-azabenzotriazol-1-
yhuronium hexafluorophosphate (285 mg, 0.75 mmol). To this reaction mixture was then added
1,8-Diazabicyclo]5.4.0]Jundec-7-ene (300 ul, 2 mmol) and sulfamic acid 1-methyl-cyclopropyl
ester (150 mg, 0.99 mmol) and the reaction was stirred at ambient temperature for 16 h. The

10 solvent was removed; the residue was diluted with EtOAc and washed with 1| M HCI, dried over
MgS0, and concentrated. The residue was purified by chromatography (10— 100%
EtOAc/hexanes) to give 144 mg (86%). The intermediate was then dissolved in 4M HCl in
dioxanes {5 mL} and stirred at room temperature for 1 hour. The sclvent was removed to give
143 mg of the HCI salt of intermediate {1-amino-cyclopropanecarbonyi)-sulfamic acid I-methyl-

15 cyclopropy! ester gs a pink oil.

Compound 111

Compound 111 was prepared according to the method described for compound 104, substituting
20 intermediate {1-amino-cyclopropanecarbonyl)-sulfamic acid 1-methyl-cyclopropy! ester for
sulfamic acid i-methyl-cyclopropyl ester and adjusting appropriately for scale. The compound
was purified using reverse phase HPLC to afford compound 111 as a white amorphous solid (42.3
mg, 12%). '"H NMR {CD;0D, 300 MHz) § 8.09 (m, 1H); 7.85 (d, 1H); 7.25 (d, 1H); 7.17 (s,
TH); 7.09 (m, 1H); 5.78 (m, 1H); 4.59 (m, 1H); 445 (m, 1H); 4.18 (d, 1H); 4.00 (m, 1H); 3.89 (5,
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3H); 2.70 (m, 1H); 2.57 (m, 1H);, 2.29 (m, 1H); 1.64 (m, 3H); 1.59 (m, 1H); 1.44 (m, 1H); 1.18
(m, 11H); 1.00 (s, 11H); 0.64 (m, 1H). . LCMS found 718.0 [M+H]".

Example 112

HoNg, -~

Compound 112

I-Amine-2-methyl-cyclopropanecarboxylic acid methyl ester was prepared according to methods

10 described in LLinas-Brunet et al, WO 00/09543 pgs 56-61.

Compound 112 was prepared according to the method described for compound 104, substituting
I-amino-2-methyi-cyclopropanecarboxylic acid methy! ester for 1-amino-2-(2-fluoro-ethyl)-
cyclopropanecarboxylic acid methyl ester and adjusting appropriately for scale. The compound

15 was purified using reverse phase HPLC to afford compound 112 as a white amorphous solid
(268.4 mg, 53%). 'H NMR (CD,0D, 400 MHz) 5 8.13 (d, J = 9.2 Hz, 1H); 7.89(d, ] = 6.4 Hz,
TH), 730 (4, I =6 Hz, 1H); 7.22 (m, 1H); 7.13(d, J = 9.6 Hz, 1H); 5.84 (5, 1H); 4.49 (m, 2H);
4.24 (s, 1H); 4.07 (m, 1HY; 3.94 (s, 3H); 2.61 (m, 1H); 2.28 (m, 1H); 1.68 (s, 3H); 1.56 (m, 2H);
1.25 (m, 15H); 1.04 (s, 10H); 0.69 (m, 2H). LCMS found 731.93 [M+H}".

20
Example 113
)
1) NaCN, Nal ClHaNs o
2) HCH
N

OhMs
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To 1-tert-butoxycarbonylamino-2-(2-methanesulfonyloxy-ethyl)-cyclopropanecarboxylic
acid methyl ester (400 mg, 1.19 mmol) from fxample 109 in DMF (6 mL) was added NaCN
(350 mg, 7.14 mmol) and Nal (178 mg, 1.19 mmol). The reaction mixture was heated at 80 °C
for 2 h then diluted with EtOAc and washed with water and brine. The organic layer was dried
over sodium sulfate, filtered, and concentrated. The crude product was purified by column
chromatography on silica (20— 50% EtOAc/Hexanes) to afford 1-tert-butoxycarbonylamino-2-(2-
cyano-cthyl)-cyciopropanecarboxylic acid methyl ester (297 mg, 93%). 'H NMR (300 MHz,
CDCh): 8 5.13 (brs, 1H), 2.44 (m, 2H), 2.05 (m, 2H), 1.70-1.53 (m, 1H), 1.53-1.37 (m, 4H) 1 45
(s, 9H). LCMS found 290.9 [M+Na]". To this intermediate (297 mg, 1.10 mmol) in CH,CL (2
mi.} was added 4N HCI in dioxanes (2 mL). Ater stirring at room temperature for 2 h the reaction
was concentrated to afford 225 mg (100%) of the HCl salt of 1-amino-2-(2-cyano-ethyl)-

cyclopropanecarboxylic acid methyl ester, which was used in the next step without further

purification..

Compound 113

Compound 113 was prepared according 1o the method presented in the synthesis of compound
104. Treatment of 1-(2-tert-butoxycarbonyviamine-3,3-dimethyl-butyry)-4-(6-methoxy-
isoquinolin-1-yloxy}-pyrrolidine-2-carboxylic acid (552 mg, 1.10 mmol} with the HCI salt of 1-
amino-2-(2-cyano-cthyl)-cyclopropanecarboxylic acid methy! ester (225 mg, 1.10 mmol) under
the same conditions, adjusted for scale, afforded the desired methyl ester (553 mg, 77%). The
methyl ester was then converted into compound 113 under the same conditions described in
example 104 (88 mg, 47%). 'H NMR (300 MHz, CDCL): 3 8.65 (s, 1H), 8.01 (d, 1H), 7.81 (d,
1H), 7.15(d, 1H), 7.04 (d, 1H), 6.99 (s, 1H), 5.83 (s, 1H), 4.38 (m, 1H), 4.17 (s, 1H), 4.04-4.00
{m, 1H), 3.87 (s, 3H), 2.51 (m, 1H), 2.34-2.24 (m, 3H), 1.96-1.90 (m, 2H}, 1.63-1.17 (m, 5H),
1.25 (s, OH), 0.96 (s, 9H), 0.58 (m, 2H). LCMS found 789.8 [M+H]".
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Example 114

HATU, DIPEA
AnnonnannanonocnnnoniRe

04
HN" 0

DBy

Compound 114

To a solution of cyclopropalelpyrrolof1,2-a}{1,41diazacyclopentadecine-1 4a(SH}~carboxylic acid,
5 6-{{{1,1-dimethylethoxy)jcarbonyijamino}-1,2,3,6,7,8,9,10,11,13a,14,15,16,16a-tetradecahydro-2-~

hydroxy-5,16-dioxo-,methyl ester, which was synthesized by methods presented in
W(O2004/094452 for the preparation of the corresponding ethyl ester, (500 mg, 1.0 mmol} in THF
{4.7 mL} was added 4N agueous sodium hydroxide (1.6 mL} and stirred at room temperature for 5
min. 4,6-dichloro-2-phenylpyrimidine {700 mg, 3.1 mmol}) was added to the mixture and stirred

10 at room temperature for 40 h. The mixture was diluted with ethyl acetate (40 mL), washed with
brine, and concentrated. The residue was purified by silica gel column chromatography using
ethyl acetate / hexanes as eluents, which afforded acid (900 mg, 55%). LCMS found 652.0 (M"-
).

15  To asolution of the acid (50 mg, 8.076 mmol) were added HATU (44 mg, 0.114 mmol} and
DIPEA (0.020 mL, 0.114 mmol} and stirred for 0.5 h at room temperature. Sulfamic acid 1-
methyl-cyclopropyl ester (23 mg, 0.153 mmol) and DBU (0.046 mL, 0.30 mmol} were then
added. The resulting mixture was stirred at room temperature for 2 days. After diluting the
mixture with ethyl acetate (30 mL), IN HCI (~0.5 mL) was added to neutralize it to pH ~4. The

20 mixture was then washed with brine (2x30 mL) and concentrated. The residue was purified by
280
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reverse phase HPLC, affording compound 114 (30 mg, 50%) as a white solid: 'H NMR (300
MHz, CD;0D): 8 8.92 (brs, 1H)}, 8.41 (4, 2H), 7.53 (brs, 3H), 6.78 (5, 1H)}, 6.60 (s, 1H}, 5.95 (m,
1H), 5.67(q, 1H), 53.14 (1, 1H), 4.77 (d, 1H), 4.63 (¢, 1H), 4.08 (m, 2H), 2.62 (m, 3H)}, 2.40 (q,
1H}, 1.7-1.9 (m, 3Hj}, 1.65 (s, 3H), 1.3-1.6 (m, TH), 1.27 (s, 9H), 1.18 (1, 2H), 0.66 (m, 2H).
LCMS found 785.4 (M'-1).

Example 115

tosyl-hydrazide
NaCAc

DME

Compound 114 Compound 115

A solution of compound 114 (100 mg, 0.13 mmol), tosyl hydrazide (177 mg, 0.95 mmol) and
sodium acetate {157 mg, 1.91 mmol} in DME (1.8 mL) and water (0.2 mL} was stirred at 95 °C
for 75 min. Additional sodium acetate {80 mg) and tosyl hydrazide (90 mg) were added and
stirred at the same temperature for 45 min. The mixture was partitioned between cthyl acetate (80
ml) and saturated aqueous sodium bicarbonate (80 mL). The organic layer was washed with
diluted HCI and then with brine, and concentrated. The residue was purified by reverse phase
HPLC, affording compound 115 {75 mg, 75%) as a white solid: "H NMR (300 MHz, CD,0OD): &
9.02 {brs, 1H), 8.41 (d, 2H}, 7.51 (m, 3H)}, 6.81 (s, 1H}, 5.96 {(brs, 1H}, 4.63 (i, 2H), 4.20 (d, 1H),
4.09 (d, 1H), 2.66 (i, 1H), 2.46 (m, 1H), 1.77 (m, 1H)}, 1.68 (s, 3H}, 1.3-1.7 (in, 16H), 1.29 (5,
9H), 1.20 (m, 2H), 0.71 {m, 2H). LCMS found 787.4 (M'-1).
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Exampile 116
HO,

\%,o\g/ﬁz)sxo 0

~0 ™ .
=N
s N HATU,

iProNEL
cl —_—
m——.,.—.—’,
then DBU,
KOtBu

O, O
IS\
0”7 NH,

Compound 118

To 14-tert-butoxycarbonylamino-18-hydroxy-2,15-dioxo-3,1 6-diaza-

tricyclof 14.3.0.04,6nonadec-7-ene-4-carboxylic acid methyl ester (1.2 g, 2.5 mmol) in

THE/MeOH (3:1, 20 mL} was added a solution of LiOH (300 mg, 12.5 mmol} in H,0 (5 mL).

After stirring at room temperaturefor 12 b, the reaction was diluted with H,O and acidified with
10 1N agueous HCL The solution was extracted with EtQAc, washed with saturated aqueous NaCl,

and dried over sodium sulfate. After removal of solvent, the crude acid was used directly in the

next reaction.

The resultant acid was coupled to 1-chloro-6-methoxy-isoquinoline under conditions previously
15  described in the synthesis of example 36, adjusted for scale, to provide the aryl ether acid (3.04 g,

>95%). LCMS found 623.0 [M+H]".

282



W

10

15

WO 2009/005677 PCT/USIB08/007928

Compound 116 was prepared according to the method presented for the synthesis of compound
29. Treatment of the aryl ether acid under the same conditions, adjusted for scale, provided
compound 116 (100 mg, 32%). "H NMR (300 MHz, CD:,0OD): § 8.87 (s, 1H), 8.22 (d, 1H), 7.90
(d, 1H) 7.32 (d, 1H), 7.23 (d, 1H), 7.13 {d, 1H), 5.86 (brs, 1H), 5.68 (dd, 1H), 5.14 (t, 1H)}, 4.77
(d, 1H), 4.67 (t, 1H), 4.15 {dd, 1H), 4.02 (dd, 1H}, 3.94 (5, 3H), 2.73 (m, 2H), 2.56 {m, 1H), 2.42
(dd, 1H), 1.66-1.82 (m, 5H), 1.65 (s, 3H), 1.31-1.55 (m, 8H), 1.17 (5, 9H), 0.67 (m, 2H). LCMS
found 756.0 [M+H]".

Example 117

HATU,
ProNEL C, 0 o o
e
H e 4
N £ B A
fhen DBY, H\/i ﬁ o
i% O\\ ,O \\%/ \ﬁ,N a
i 4 o
G
Compound
117

Compound 117 was prepared according to the method presented for the synthesis of eompound
29. Treatment of unsaturated macrocycle arylether acid from example 116 and sulfamie aeid 1-
propyl-cyclopropyl ester under the same conditions, adjusted for scale, and purified by reverse
phase HPLC afforded compound 117 (29 mg, 10%): "H NMR (300 MHz, CD-OD): 6 8.87 (s,
1H), 8.21 (d, 1H), 7.90 (d, 1H) 7.29 (d, 1H), 7.21 (d, 1H), 7.12 (d, 1H), 5.86 (brs, 1H), 5.68 (dd,
1H)L 533, 1H), 477 (¢, 1H), 4.67 (1, 1H), 4.15 (dd, 1H}, 4.01 {dd, 1H), 394 (s, 3H}, 2.70 (n,
2H), 2.56 (m, 1H), 2.44 (dd, 1H), 1.94 (m, 1H), 1.82 {m, 1H), 1.25-1.75 {m, 13H), 1.18 (s, 9H),
0.99 (1, 3H), 0.97-1.05 (m, 2H), 0.68 (m, 2H). LCMS found 784.0 [M+H]".
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Example 118

tosyi-hydrazide
NaQAc

iPrNEL
e

then DBU,
o\\s,,o
G NH,

5 Reduction of the unsaturated macrocycle was accomplished according to the method presented in

Compound 118

Example 115, adjusted for scale, to provide the fully saturated macrocyclic acid after purification
by column chromatography on silica {(2—8% MeOH/CH,Cly) to produce the fully saturated
macrocyclic acid (1.97 g, 95%). LCMS found 625.0 [M+H]".

10 Compound 118 was prepared according to the method presented for the synthesis of compound
29. Treatment of the macrocyclic aryl ether acid under the same conditions, adjusted for scale,
and purified by reverse phase HPLC afforded compound 118 (136 mg, 51%). 'H NMR (300
MHz, CD:ODY: 6 8.97 (s, 1H), 8.22 (d, 1H), 7.90(d, 1H) 7.35(d, 1H), 7.25 (4, IH}, 7.16 (d, 1H]},
5.87 (brs, 1Hj}, 4.67 (m, 2H), 4.22 (d4, 1H}, 4.07 {dd, 1H), 3.95 (s, 3H), 2.75 (m, 1H)}, 2.49 (m,

15 1H), 1.28-1.82 (m, 18H), 1.68 (s, 3H), 1.96 (s, 9H), 0.72 (m, 2H). LCMS found 758.1 [M+H]".
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Example 119

G, .0
O NHo2

N gy
P

Compound 119

Compound 119 was prepared according to the method presented for the synthesis of Compound
28. Treatment of the saturated macrocycle arylether acid from Example 118 and sulfamic acid 1-
propylcyclopropy! ester under the same conditions, adjusted for scale, and purified by reverse
phase HPLC afforded compound 119 (167 mg, 53%): 'H NMR (300 MHz, CD,0D): § 8.98 (s,
1H), 8.22(d, 1H), 7.90(d, 1H) 7.35 (d, 1H), 7.24 (d, 1H}, 7.15 {d, 1H), 5.87 (brs, 1H), 4.67 (m,
2H), 4.22 (dd, 1H), 4.07 (dd, 1H), 3.95 (s, 3H), 2.73 (m, 1H), 2.48 (m, 1H}, 1.28-1.82 (m, 23H),
1.20 (s, 9H), 0.97 (¢, 3H), 0.72 (m, 2H). LCMS found 786.0 [M+HT".

Example 120

0 N
/I =N
HATU,
iProNEL
— Q0.0
then DBU, & 5. F
O, O F
?_Y\O,S\NHZ _ V
F Compound

120

Compound 120 was prepared according to the method presented for the synthesis of compound

29, Treatment of the saturated macrocycle arylether acid from Example 118 and sulfamic acid

2,2-difluoro-ethyl ester under the same conditions, adjusted for scale, and purified by reverse

phase HPLC afforded compound 120(142 mg, 52%): 'H NMR (300 MHz, CD;0D): § 8.93 (5,

1H), 8.21 (d, 1H), 7.90 (4, 1H) 7.33 (d, 1H), 7.24 (d, 1H), 7.15 (d, 1H), 6.12 (dt, 1H), 5.86 (brs,
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1H), 4.66 (m, 2H), 4.53 (dt, 2H), 4.23 (dd, 1H), 4.06 (dd, 1H), 3.95 (s, 3H), 2.75 (m, 1H), 2.46
{m, 1HD), 1.3-1.8 (m, 19H), 1.20 (s, 9H). LCMS found 768.1 [M+H]".

Example 121

Compound 121

Compound 121 was prepared according 1o the method presented for the synthesis of compound
27. Treatment of the saturated macrocyele arylether acid from Example 118 under the same

10 conditions, adjusted for scale, and purified by reverse phase HPLC afforded compound 121 (54
mg, 21%): 'H NMR (300 MHz, CD;0D): 6 8.95 (s, 1H), 8.22 (d, 1H)}, 7.90 (d, 1H) 7.34 (d, 1H)},
7.25(d, 1H), 7.15 (d, 1H), 5.86 {brs, 1H), 4.69 (m, 2H), 4.28 (m, 1H), 4.22 {dd, 1H), 4.06 (dd,
1H), 2.75 (m, 1H), 2.48 {m, 1H), 1.3-1.8 {m, 17H), 1.20 (s, 9H), 0.96 (m, 2H), 0.72 (m, 2H).
LCMS found 744.1 [M+HT.

15
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Example 122

tosyl hydrazine ﬁATU,
NaOAc O,: iProNEt
w
e
- B, then DBU,
DME/H0 OH
AN

Compound 122

Aryl ether formation was accomplished according to the method presented in example 36,
5  adjusted for scale, to provide the desired aryl ether macrocycle (537 mg, 77%). LCMS found

593.0 [M+H]".

Reduction of the unsaturated macrocycle was accomplished according to the method presented in
Example 115 adjusted for scale to provide the fully saturated macrocyclic acid {196 mg, 42%).
10 LCMS found 595.0 [M+H]".

Compound 122 was prepared according to the method presented for the synthesis of compound
27. Treatment of the saturated macrocycle arylether acid from Example 118 under the same
conditions, adjusted for scale, and purified by reverse phase HPLC, afforded compound 122 (77
15 mg, 33%): 'H NMR (300 MHz, CD,0D): § 8.95 (s, 1H), 8.29 (d, 1H}, 7.97 (4, 1H), 7.82 (4, 1H),
7.73 (1, 1H), 7.54 (1, 1H), 7.35 (d, 1H), 5.91 (brs, 1H), 4.67 (m, 2H), 427 (m, 2H), 4.07 (dd, 1H},
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75 (m, 1H), 2.46 (m, 1H), 1.3-1.8 (m, 17H), 1.20 (s, 9H), 0.95 (m, 2H), 0.78 (m, 2H). LCMS
found 714.0 [M+H]".

Exampie 123

Ny,
OH
OCHN o N

N
C5,C05, NMP BocHN A 0 °

/T\

1) LiOH
2) HATU, DIPEA; g 0
DBU, g %P\

O, ,,oz
25
HNTT O

5 Compound 123

Compound 123 was prepared according to the method presented example 14, Treatment of 1-{{4-
(4-Bromo-benzenesulfonyloxy)-1-(2-teri-butoxycarbonylamino-3,3-dimethyl-butyryl)-
pyrrolidine-2-carbonyl]-amino}-2-vinyi-cyclopropanecarboxylic acid methyl ester {345 mg, 0.5¢

{0 mmol) under the same conditions adjusted for scale and with the exceptions of utilizing 6-
methoxy-naphihalen-1-0l {97 mg, 0.56 mmol), sulfamic acid 1-methyl-cyclopropy! ester (96 mg,
0.63 mumol}, and performing the hydrolysis of the methyl ester at 40 °C for 3 h provided
compound 123 (152 mg, 40%): 'H NMR (d;-MeOD, 300 MHz) & 9.24 (s, 1H), 8.06 (d, 1H), 8.31-
8.39 (m, 2H), 7.18 (s, 1H)}, 7.02 (d, 11}, 6.81 (d, 1H), 5.73 {m, 1H), 5.32 (s, 1}, 5.29 (d, 1H),

15 5.13(d, 1H), 449 (m, 1H), 4.41 (d, 1), 4.30 (s, 1H), 4.05 (m, 11}, 3.90 (s, 3H), 2.60 (m, 1H),
2.23 (m, 2H), 1.88 (m, 1H), 1.67 (s, 3H), 1.43 (i, 1H), 1.36 (5, 9H), 1.28 (m, 2H)}, 1.05 (s, SH),
0.68 (m, 2H). LCMS found 741.1 [M+H]".
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Example 124

BsO

BocHN

Cs,C03 NMP BocHN

A A

1) LiOH

2) HATU, DIPEA; 0
DBUY, 0\\ ,.p

”i 2 >,,O ﬁ‘;‘/&co
/i\\

Compound 124

.

Compound 124 was prepared according to the method presented in example 14. Treatment of 1-
{[4-(4-bromo-benzenesulfonyloxy)-1-(2-tert-butoxycarbonylamino-3,3-dimethyl-butyryl}-
pyrrolidine-2~carbonyli]-amino}-2-cthyl-cyclopropanecarboxylic acid methyl ester (344 mg, 0.50
mmol) under the same conditions adjusted for scale and with the exceptions of utilizing 6-
methoxy-naphthalen-1-ol (97 mg, .56 mmol), sulfamic acid 1-methyl-cyclopropyl ester (114 mg,
0.75 mmol), and performing the hydrolysis of the methyl ester at 40 °C for 3 h provided
compound 124 (178 mg, 48%): "H NMR (d:-MeOD, 300 MHz) § 9.15 (s, 1H), 8.04 (d, 1H), 7.31-
7.38 (m, 2H), 7.17 (d, 1H), 7.01 (d, 1H), 6.79 (d, 1H)}, 548 {5, 1H), 4.50 (m, 1H), 4.40 {xm, 1H),
4.29 (s, 1H}, 4.03 {d, 1H), 3.89 (s, 3H), 2.57 (1, 1H}, 2.19 (m, 1H)}, 1.68 (s, 3H), 1.46-1.64 (m,
3H), 1.34 (s, 9H), 1.24-1.31 (m, 2H), 1.19 (m, 2H), 1.043 (5, 9H), 0.95 (m, 3H), 0.68 (m, 2H).
LCMS found 743.2 [M-+H]".
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Example 125

Cs,CO5 NMP
2) LiOH

N
H
O/OTN\AO © 3) HATU, i-Pr,EtN
o

T 4)DBU, o L0

LA

HoNT 0

Compound 125

Compound 125 was prepared according to the method presented in the Example 14, Treatment of
[-{[4-(4-bromo-benzenesulfonyloxy)-1-(2-cyclopentyloxycarbonylaming-3,3-dimethyl-butyryl)-
pyrrolidine-2-carbonyl}-amino} -2-vinyl-cyclopropanecarboxylic acid methyl ester (355 mg, 0.51
rnol) occurred vader the same conditions, adjusted for scale and with the exception of utilizing
6-methoxy-naphthalen-1-0! (100 mg, 0.57 mmol) and sulfamic acid cyclopropy! ester (91 mg,
0.66 mmol). Purification of the crude product was accomplished by column chromatography on
silica (020 % MeOR/CH,Cl,) to afford compound 125 (188 mg, 49%): 'H NMR (d;-MeOD,
300 MHz) 6 9.22 (s, [H), 8.03 (d, 1H), 7.34 (m, 2H), 7.18 (d, 1H), 7.03 (d, 1H), 6.80 (d, 1H)}, 5.74
(s, 1H), 5.32 (m, 1H), 5.28(d, 1H), 5.14 (d, 1H), 4.82 (m, 1H), 4.52 (m, 1 H}, 4.38 (m, 1H), 4.25
{m, 1H), 4.03 (m, 1H)}, 3.89 (s, 3H), 2.60 (m, 1H}, 2.23 (m, 2H), 1.88 (m, 1 H), 1.23-1.79 (m,
12H), 1.03 (s, SH), 0.92 (m, 2H), 0.74 (m, 2H). LCMS found 741.07 [M+H]".
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Example 126

ZXx
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Ny, -8 l E/ g%
N N0 Y .
o 0 N o & M
oY Y §
O

/]\

Compound 125 Compound 126

5 Compound 126 was prepared according to the method presented for the synthesis of example 18.
Treatment of compound 125 under the same conditions adjusted for scale provided the desired
compound 126 (48 mg, 60%): 'H NMR (d5-MeOD, 300 MHz) § 9.08 (s, 1H), 8.03 (d, 1H), 7.35
{m, 2H}, 7.18 (d, 1H}, 7.02 (d, 1H), 6.79 (m, 1H}, 5.27 (s, 1H}, 4.53 (m, 1H), 4.31 {m, 3H), 4.05
(m, 1H), 3.88 (s, 3H), 2.59 (m, 1H), 2.19 (m, 1H}, 1.21-1.79 (m, 17H), 1.03 (s, 9H), 0.94 (m, 2H),

10 0.76 (m, 2H). LCMS found 742.95 [M+H]".

Example 127

HATU, DIPEA
DBU, Q.

0
O\\S{IO E;j fe O:‘SZO
HN" ‘oj ’\ N N O

¥

Compound 127
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To 1-{[1-(2-tert-butoxycarbonylamino-3,3-dimethyl-butyryl)-4-hydroxy-pyrrolidine-2-carbonyl}-
amino}-2-ethyl-cyclopropanecarboxylic acid (210 mrag, 0.46 mmol) at 0 °C (external
temperature, ice bath) was added KO¢-Bu {(1m in THF, 2.3 mL, 2.3 mmol, 5 equiv.} and 4-chloro-
7-methoxy-cinnoline (95 mg, 0.49 mmol, 1.06 equiv.} in THF (3 mL). The reaction was stirred at
G °C for 2.5 h and diluted with EtOAc. The soluticn was washed with agueous HCl (1M),
resulting a precipitation of the crude product. The organic layer was dnied over Na,S0O, and
combined with the precipitate. The crude product was purified by column chromatography
0—15% MeOH/CHQClz) to provide 1-{[1-(2-tert-butoxycarbonylamino-3,3-dimethyl-butyryl}-4-
{7-methoxy-cinpolin-4-yloxy}-pyrrolidine-2-carbonyl}-amino } -2-ethyl-cyclopropanecarboxylic

acid (161 mg, 57%).

To a solution of 1-{[1-(2-tert-butoxycarbonylamino-3,3-dimethyl-butyryl}-4-(7-methoxy-
cinnolin-4-yloxy)-pyrrolidine-2-carbonyl}-amino} -2-ethyl-cyclopropanecarboxylic acid (161 mg,
0.26 mmol} in CH,CL, (2 mL) was added HATU (139 mg, 0.36 mmol, 1.5 equiv.} and DIPEA
{0.09 mL, 0.52 mmol, 2 equiv.}. The sclution was stirred at room temperature for 30 min before
sulfamic acid 1-methyl-cyclopropyl ester (8¢ mg, 0.60 mmol, 2.4 equiv.) and DBU (.22 mL,
1.47 mmol, 5.5 equiv) were added. The reaction was stirred for 60 h then diluted with EtQAc.
The solution was washed with agueous HCI (1M, 3x) and Brine (3x}. The organic layer was dricd
over Na,SQ, and concentrated in vacus. The crude product was purified by reverse phase HPLC
(3090 % MeCN/H,0/0.1% TFA) to provide compound 127 (13 mg, 7%): 'H NMR (CD,0D,
300 MHz) 8 9.13 (s, TH}, 8.31 (d, 1H), 7.59(d, 1H}, 7.50 (s, 1H)}, 4.49 (s, 1H}, 438 (m, 1H}, 4.29
(s, 1H), 4.08 (s, 3H), 3.82 (m, 2H), 2.11 (m, 1H), 1.95 (m, 1H), 1.67 (s, 3H]}, 1.50-1.62 (m, 3H),
1.45 (s, 9H), 1.29 {m, 2H), 1.03 (s, 9H), 0.98 (m, 3H), 0.69 (m, ZH).
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Example 128
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Compound 128

Compound 128 was prepared according to the method presented in the synthesis of compound 14.
Treatment of 1-{{4-{4-bromo-benzenesulfonyloxy}-1-2-cyclopentvioxycarbonylamino-3,3-
dimethyl-butyryl}-pyrrolidine-2-carbonyij-amino} -2-vinyl-cyclopropanecarboxylic acid methyl
ester {178 mg, 8.25 mmol} cecurred under the same conditions, adjusted for scale and with the
exception of utilizing 7-methoxy-guinolin-4-ol {50 mg, (.28 ramol} and sulfamic acid cyclopropy!
ester {48 mg, .35 mmol}. Purification of the crude product was accomplished by reverse phase
HPLC (30—90 % MeCN/H,0/0.1% TFA) to provide compound 128 (41 mg, 22%): 'H NMR (d;-
MeOD, 300 MHz) 5 9.12 (s, 1}, 8.70 (d, 1H), 8.16 (4, 1H), 7.35 (s, 1H), 7.18 {d, 1H), 7.07 (4,
1H), 5.82 (m, 1H), 5.52 (s, 1H), 5.24 (4, 1H), 5.17 (4, 1H), 4.62 (m, 2H), 4.57 {m, 1H}, 4.18 (m,
2H), 3.98 (s, 3H), 2.74 {m, 1H), 2.58 (m, 1H), 2.21 {m, 1H)}, 1.84 (m, 1H), 1.29-1.59 (m, 12H),
1.02 (s, SH), 0.93 (m, 2H), 0.75 (m, 2H). LCMS found 742.2 [M+H]".
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Example 129

& i C52C03, NMP
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Compound 129

Compound 129 was prepared according to the method presented in the synthesis of compound 14.
5  Treatment of 1-{{4-(4-bromo-benzenesulfonyloxy)-1-(2-cyclopentyloxycarbonylaming-3,3-
dimethyvi-butyryl}-pyrrolidine-2-carbonyil-amino} -2 -vinyi-cyclopropanecarboxylic acid methyl
ester {356 mg, 0.51 munol) occurred under the same conditions, adjusted for scale and with the
exception of utilizing 7-methoxy-8-methyl-quinolin-4-of (107 mg, 0.57 mmol) and sulfamic acid
cyclopropyl ester (115 mg, .84 mmol). Purification of the crude product was accomplished by
10 reverse phase HPLC (30—90 % MeCN/H,0/0.1% TFA) to provide compound 129 {225 mg,
57%): 'H NMR (d;-MeOD, 300 MHz) & 9.25 (s, 1H), 8.89 (s, 1H), 8.39 (4, 1H), 7.67 {d, 1H),
7.46 (d, 1H), 5.77 (s, 1H), 5.73 (m, 1H), 5.34 (d, 1H), 5.17 (d, 1H), 4.66 (m, 2H), 4.32 (m, 1H),
4.24 (m, 1H), 4.16 (m, 1H), 4.11 {5, 3H), 2.78 (m, 1H), 2.58 (s, 3H), 2.43 (m, 1H), 2.29 (m, 1H),
1.92 {m, 1H}, 1.29-1.59 (m, 12H), 1.02 (s, 9H), 0.93 (m, 2H), 0.75 (i, 2H). LCMS found 756.14
15 [M+H]".
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Example 130
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Compound 130

Compound 130 was prepared according to the method presented in the synthesis of compound 14.
Treatment of 1-{[4-(4-bromo-benzenesulfonyloxy)-1-(2-cyclopentyloxycarbonylaminoe-3,3-
dimethyi-butyrvii-pyrrolidine-2-carbonyl-amino} -2-vinyi-cyclopropanecarboxyiic acid methyl
ester (355 mg, (.51 mmol) occurred under the same conditions, adjusted for scale and with the
exception of uiilizing 7-methoxy-8-chloro-quinolin-4-o! (118 mg, .57 mmol} and sulfamic acid
cyclopropyl ester (151 mg, 1.10 mmol). Purification of the crude product was accomplished by
reverse phase HPLC (3090 % MeCN/H,0/0.1% TFA) to provide compound 130 (204 mg,
48%): 'H NMR (d3-MeOD, 300 MHz) 5 9.24 (s, 1H); 8.96 (s, 1H), 8.46 (d, 1H), 7.79 (d, 1H),
7.55{d, 1H), 5.80 (s, 1H}, 5.71 (m, 1H), 5.34 (d, 1H), 5.17 (d, 1H), 4.66 (m, 3H), 4.23 (m, 2H),
4.19 (5, 3H), 2.78 {m, 1H)}, 2.46 (m, 1H), 2.32 (m, 1H), 1.93 (m, 1H), 1.29-1.57 (m, 12H}, 1.01 (s,
9H), 0.93 (m, 2H), 0.75 (m, 2H). LCMS found 776.13 [M-+H]".
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Example 131

O,

Q
O >,
0O, .0 Rh/ALO .
P R ARAA<] o § ol A
y N O Ny, ~S.
o H NI N"TTO

Compound 128 Compound 131

Compound 131 was prepared according to the method presented for the synthesis of compound
18. Treatment of compound 128 under the same conditions adjusted for scale provided compound
131 (12 mg, 58%): 'H NMR (d:-MeOD, 300 MHz) § 9.12 (s, 1H), 8.93 (d, 1H), 8.37 (d, 1H), 7.45
{m, 3H), 5.74 (s, 1H), 4.64 (m, 2H), 4.44 (m, 1H)}, 4.27 (m, 1H), 4.14 (m, 1H), 4.05 (5, 3H), 2.74
{m, 1H), 2.40 {m, 1H), 1.23-1.62 (m, 17H), 1.03 {5, 3H}, 0.97 {m, 2H)}, 0.76 (m, 2H). LCMS
found 744.19 [M+H]".

Example 132

s
. .0 Rh/ALO, ”,
] 00 ARG 1 §0u0 A
N O Ny, N
H N S O

C 29
ompound 1 Compound 132

Compound 132 was prepared according to the method presented for the synthesis of compound
18. Treatment of compound 129 under the same conditions adjusted for scale provided compound
132 (34 mg, 43%): 'H NMR (d;-MeOD, 300 MHz) § 9.14 (s, 1H), 8.88 (d, 1H), 8.38 (4, 1H), 7.67
{d, 1H), 746 {d, 1H), 5.76 (s, 1H), 4.66 (m, 2H), 4.27 (m, 2H), 4.16 (m, 1H), 4.11 {5, 3H), 2.77
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(m, 1H), 2.58 (s, 3H), 2.44 (m, 1H), 1.23-1.62 (m, 17H), 1.02 (5, 9H), 0.96 (m, 2H), 0.76 (m, 2H).
LCMS found 758.25 [M-+H]".

Example 133

w

G Rh / AlbO ~
S:\S,:i AR 4 ? QO A
Ty
oA~

Compound 133

Compound 130

Compound 133 was prepared according to the method presented for the synthesis of compound
18. Treatment of compound 130 under the same conditions adjusted for scale provided compound

10 133 (35 mg, 43%): 'H NMR (d>-MeOD, 300 MHz) 8 9.13 (s, 1H), 8.96 (d, 1H)}, 8.47 (d, 1H), 7.79
{d, 1H), 7.55(d, 1H), 5.79 (s, 1H)}, 4.66 {m, 2H), 4.27 (m, 2H}, 4.19 (s, 3H), 4.11 (m, 1H}, 2.77
(m, 1H), 2.42 (m, 1H)}, 1.23-1.63 {m, 17H), 1.01 (s, SH), 0.94 (m, 2H)}, 0.76 (m, 2H). LCMS
found 778.19 [M+H]". '

15  Exampie 134

Q><() Triethylorthof orma& 3 O
* M o . V V ><
O o 80°C, 45 min 5
9]
Dowtherm A
250°C, 4h

To 2-chloroaniline (8.85g, 69.4 mmol, 2 equiv) in a round bottom flask was added triethyl

orthoformate (30.85g, 208.2 mmol, 6.0 equiv) and Meldrum’s acid (5g, 34.7 mmol, 1 equiv). The
297
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mixture was stirred at 80°C for 45 minutes, cooled 1o room temperature, then poured onto ice
water. The white color precipitant was filtered, dried on house vacuum, then further dried in a
vacuum oven at 40°C overnight. Yield= 6.87g (70%). 'H NMR (CDCl,, 300 MHz) 8 11.70 (4,
TH), 8.7 (4, 1H), 7.51 - 7.22 {m, 4H), 1.77 (s, 6H). LCMS found 281.60 [M+H]".

Into the Dowtherm-A (100 mL) in a three-necked round bottom flask at 250°C was slowly added
a hot solution of 5-[(2-chioro-phenylamino)-methylene]-2,2-dimethyi-{1,3]dioxane-4,6-dione
{6.87 g, 24.4 mmol, 1 equiv) in Dowtherm-A (50 mL) which was at 80-100°C. The internal
temperature of the reaction was kept between 240 and 250°C during the addition. The reaction
content was continuously stirred at this temperature for 4 hours and it was cooled down to room
temperature. The crude mixture was then poured onto ice/isopropanc! mixture it a beaker 2L} to
precipitate the desired compound. The precipitate was filtered through a glass sintered glass
funnel and washed with cold isopropanol (100 mL} and hexanes (100 mL x 2). The filter cake was
then dissolved in MeOH and 2 equiv of IN HC! was added. The solvent was removed and the
residue was suspended in (1:1) ether/hexanes mixture and the solid was filtered. The filter cake
was then washed with ether and dried, first on house vacuum and then on vacuum oven at 40°C
overnight. (4.49g, 99%) 'H NMR (CD,0D, 300 MHz) 8 8.77 (d, 1H), 8.46 (d, 1H), 8.22 (d, 1H),
7.79 (1, 1H)}, 7.23 {d, 1H). LCMS found 180.44 [M+H]".
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OH
Cs,C0;3 NMP
O/ 80°C, 17h

2} LiOH, THF:MeOH:H,0
3MHATU, -PrEIN

4)DBU o 9 X
&

H N

Q2 op y\
N’S‘o

Compound 134

Compound 134 was prepared according to the method presented in the synthesis of compound 14.
Treatment of 1-{{4-(4-bromo-benzenesulfonyioxy)-1-(2-tert-butoxycarbonylamine-3,3-dimethyl-
butyryl)-pyrroliding-2-carbonyl]-amino}-2-ethyl-cyclopropanecarboxylic acid methyl ester (300
mg, 0.436 mmol} cocurred under the same conditions, adjusted for scale and with exception of
utitizing 8-chloro-guinclin-4-ol (86.2 mg, 0.48 ramol} and sulfamic acid 1-methyl-cyclopropyl
ester (113 mg, 0.63 mmol). Purification of the crude product was accomplished by reverse phase
HPLC (20%— 85%, MeCN/H,0/0.1% TFA) to provide compound 134 (176 mg, 78%): '"H NMR
(CD;0D, 300 MHz) 8 9.09 {brs, 1H), 9.56 (brs, 1H), 8.35 (xu, 1H), 8.12 (brs, 1H), 7.7 (m, 1H),
7.52 (brs, 1H), 5.67 (brs, 1H), 4.56 {m, 2H), 4.07 (brs, 2H), 2.67 {m, 1H), 2.36 (in, 1H), 1.64 (m,
3H), 1.54 (m, 4H), 1.24 (m, 2H), 1.10 {m, 12H), 1.00 (m, 13H), 0.64 (m, 2H). LCMS found
750.53 [M+HT".
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Example 135
N0
TV St
g
OH
BsC 9]
H < CSgCO3,NMP
Ny O
N Yerl
H 2) LIOH, THF:MeOH:H,0
O/OYN\_/KO 0 3HATU, i-PryEN
o 7 o
AT~ 4) DBU Oi‘é’\O /f}

N

© ~T~  Compound 135

5 1-{{1-{2-Cyclopeniyloxycarbonylamino-3,3-dimethyl-butyryl}-4-(5-ethoxy-thieno{3,2-bjpyridin-
7-yloxyl-pyrrolidine-2-carbonyi}-amino } -2-vinyl-cyclopropanecarboxylic acid methyl ester was
synthesized according to the method presented in Example 14 with the exception of using 5-
ethoxy-thieno[3,2-blpyridin-7-o! (41 mg, 0.21 mmol) and adjusted for scale to give the desired
éryi ether which was used crude in the next reaction. LCMS found 657.03 [M+H]".

10

1-{[1-(2-Cyclopentyloxycarbonylamino-3,3-dimethyl-butyry)-4-(5-ethoxy-thieno[ 3,2-blpyridin-
7-yloxy)-pyrrolidine-2-carbonyt]-amine} -2-vinyl-cyclopropanecarboxylic acid was prepared
according to the method presented in Example 14. Treatment of the methyl ester (100mg, 0.15
mmol} under the same conditions adjusted for scale provided the desired acid (20 mg, 21%).

15 LCMS found 643.04 [M+H]".

Compound 135 was prepared according to the method presented in the synthesis of Example 27.

Treatment of 1-{{1-(2-cyclopentyloxycarbonylamino-3,3-dimethyl-butyryl)-4-(5-ethoxy-

thieno[3,2-b]pyridin-7-yloxy)-pyrrolidine-2-carbonyl]-amino } ~2-vinyl-cyclopropanecarboxylic
300
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acid {200 mg, 8.31 mmol} under the same conditions adjusied for scale provided compound 135
(71 mg, 30%): 'H NMR (CD,0D, 300 MHz, diagnostic peaks) § 9.29 (s, 1H), 7.94 (d, 1H), 7.34
(d, 1H), 6.58 (s, 1H), 4.08 (m, 1H), 0.93 (m, 2H), 0.74 (m, 2H). LCMS found 762.06 [M+H]".

Example 136

Tosyl Hydrazide

e 300
Lo

NaOAc, DME, H,0

T

o /’I\ Compound 138

Compound 136 was prepared according to the method presented in example 20. Treatment of

compound 135 (56 mg, 0.07 mmol) under the same conditions adjusted for scale provided
compound 136 (14.9 mg, 28%): "H NMR (CD-0D, 300 MHz, diagnostic peaks) § 9.20 (s, 1H),
7.94 {m, 1H), 7.35 (m, 1H), 6.58 (m, 1H)}, 5.51 {(m, 1H). LCMS found 764.08 [M+H]".
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Example 137

c

H,, Pd/ EtOH

MH- HCI
~"0 O"‘"\\

To 2-methyl-3-nitroanisole {5.02 g, 29.9 mmol) in EtOH (300 mL} was added Pd/C (0.50 g). The
reaction was stirred under a H balloon overnight then filtered through celite to afford 3-methoxy-

2-methylaniline(4.00 g, 98%). LCMS found 138.0 [M+H]".

To 3-methoxy-2-methylaniline (2.15 g, 15.6 mmol} in anhydrous EtOH (30 L} was added ethyl
3-ethoxy-3-imino-propionate (3.05 g, 15.6 mmol}. The reaction was stirred overnight then
filtered through celite. The filtrate was concentrated then purified by column chromatography on
silica (2— 10% EtOAc/bexane) to afford 3-ethoxy-3-(3-methoxy-2-metbyl-phenylimino}-
propionic acid ethyl ester (3.84 g, 88%). LCMS found 280.2 [M+HT'.

3-Ethoxy-3-{3-methoxy-2-methyl-phenylimino)-propionic acid ethyl ester (1.56 g, 5.57 mmol}
was dissolved in dipheny! ether then placed in a 300 °C sand bath. The internal temperature was
kept between 240-250 °C for 15 minutes then the reaction was cooled to room temperature. The
crude material was directly loaded onto a silica gel column {6—60 % EtOAc/hexane) to afford 2-
ethoxy-7-methoxy-8-methyl-quinolin-4-ol (882 mg, 68%). LCMS found 234.1 [M-+HT".
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To 4-{4-bromo-benzenesulfonyloxy)-1-(2-tert-butoxycarbonylamino-3,3-dimethyl-butyryl)-
pyrrolidine-2-carboxylic acid methyl ester (600 mg, 1.04 mmol) and 2-ethoxy-7-ethoxy-8~-methyl-
4-hydroxyquinoline (274 mg, 1.18 mmol}) in NMP (3.6 mL) was added Cs,C(04 (2.54 g, 7.80
mmol}. The reaction mixiure was heated to 60 °C overnight then cooled {0 room temperature.
After dilution with EtOAc, the organic phase was washed sequentially with agueous 5% LiCl,
saturated aqueous NH,Cl, and saturated aqueous NaCl. The organic phase was then dried over
sodium sulfate, concentrated, and purified by column chromatography on silica (20—-50%
EtOAc/hexane) to provide the aryl ether (419 mg, 70%). LCMS found 574.2 [M+H]".

The methyl ester (419 mg, (.73 mmol) was dissolved in THF:MeOH:H,C (1:1:1, 7.5 mL) and
treated with LiOH (153 mg, 3.65 mmol}. After 4 b, the reaction was neutralized with 1N HCI then
extracted with EtOAc. The organic phase was dried over sodium sulfate then concenirated 1o

afford the crude acid (387 mg), which was used directly in the next reaction. LCMS found 560.2

IM+H]".

1-{{1-(2-tert-Butoxycarbonylamino-3,3-dimethyl-butyryl}-4-(2-ethoxy-7-methoxy-8-methyl-
quinolin-4-yloxy}-pyrrolidine-2-carbonyl}-amino} -2-ethyl-cyclopropanecarboxylic acid methy!
ester was prepared according to the method presented in the synthesis of Compound 26.
Treatment of 1-(2-tert-hutoxycarbonylamino-3,3-dimethyl-butyryl}-4-(2-ethoxy-7-methoxy-8-
methyl-quinolin-4-yioxy}-pyrrolidine-2-carboxylic acid (387 mg, 0.69 mmol) occurred under the
same conditions, adjusted for scale, to afford the desired methyl ester (349 mg, 74%). LCMS
found 685.3 [M+H]".

1-{[1-[3,3-Dimethyl-2-(2,2 2-triflucro-1,1 -dimethyl-ethoxycarbonylamino}-butyryl}-4-(2-ethoxy-
7-methoxy-8-methyl~quinolin-4-yloxy)-pyrrolidine-2-carbonyl}-amino} -2-ethyl-
cyclopropanecarboxylic acid methyl ester was prepared according to the method presented in the
synthesis of compound 77. Treatment of 1-{{1-(2-tert-butoxycarbonylamino-3,3-dimethyl-
butyryl}-4-(2-ethoxy-7-methoxy-8-methyl-quinolin-4-yloxy)-pyrrolidine-2-carbonyl}-amino} -2-
ethyl-cyclopropanecarboxylic acid methyl ester (349 mg, 0.51 mmol} occurred under the same
conditions, adjusted for scale, and after purification by column chromatography on silica
{10--30% EtOAc/hexanes ) to afford the fluorinated tert-butylcarbamate (310 mg, 82%). LCMS
found 739.2 [M+HT".
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Compound 137 was prepared according to the method presented in the synthesis of compound 29.
Treatment of 1-{[1-[3,3-dimethyl-2-(2,2,2-trifluoro-1,1 -dimethyl-ethoxycarbonylamino)-butyryi]-
4-(2-ethoxy-7-methoxy-8-methyl-quinolin-4-yloxy)-pyrrolidine-2-carbonyl}-amino} -2-ethyl-
cyclopropanecarboxylic acid methy! ester (0.42 mmol) occurred under the same conditions,
adjusted for scale, and purified by reverse phase HPLC to afford compound 137 (85 mg, 24%):

"H NMR (CD,0D, 300 MHz) 8 9.2 (s, 1H), 8.15 (d, 1H), 7.35 (d, 1H), 6.80 (s, 1H), 5.71 (s, IH),
4.55-4.73 (m, 4H), 4.16 (s, 1H), 3.99-4.11 (m, 1H)}, 4.03 (s, 3H), 2.72 (dd, 1H), 2.46 (s, 3H), 2.34-
2.43 (m, 1H), 1.68 (s, 3H), 1.55-1.63 {m, TH), 1.41 (5, 3H), 1.21-1.32 (m, 3H), 1.17 (5, 3H), 1.05
(s, 9H), 0.96-1.07 (m, 3H), 0.66-0.71 (m, 2 H). LCMS found 858.1 [M+H]".

Exampile 138

BsO
£,
N O
H 1. C52€G3
N\/koﬂ NMP

/T\ 2. LiOH
THF/MeOHM,0 >}/O\ﬂ/
o

¥

1} HATU, i~Pr2EtN

Compound 138

8-Chloro-2-ethoxy-quinolin-4-ol was synthesized according to the method presented in the
synthesis of 2-ethoxy-7-methoxy-8-methyl-guinolin-4-ol in Example 137 with the exception of

utilizing 2-chloro-aniline.
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To a solution of 1- {[4-(4-Bromo-benzenesulfonyloxy)-1-(2-tert-butoxycarbonylaminoe-3,3-
dimethyl-butyry-pyrrolidine-2-carbonyl}-amino} -2 -ethyl-cyclopropanecarboxylic acid methy!
ester {800 mg, 1.16 mmol) in NMP (3.9 mL} was added 8-Chloro-2-ethoxy-quinolin-4-ol (285
mg, 0.1.28 mmol) and cesium carbonate (756 mg, 2.32 mmol). The resulting shury was heated to
65 °C (external temperature, oil bath}, and stirred vigorously overnight. Upon cooling to room
temperature, the reaction mixture was diluted with EtOAc and washed with saturated ammonium
chloride (2x) and then brine. The resulting organic layer was dried over sodium sulfate and
concentrated. The crude product was purified by column chromatography (50% EtOAc/hexanes)
to provide the aryl ether (627 mg, 80%). LCMS found 675.1 [M+H]".

To a solution of the aryl ether (627 mg, 0.93 mmol) in a 1:1:1 mixture of THFE:MecOH:H,0 (9
mL} was added lithinm hydroxide {195 mg, 4.64 mmoi). The resulting slurry was stirred at 50 °C
for 2. The reaction mixture was then diluted with EtQAc and washed with | N HCI and brine.
The resulting organic layer was dried over sodium sulfate and concentrated to provide the crude

acid (615 mg, 1066%).

To a solution of 1-{{1-(2-tert-Butoxycarbonylamino-3,3-dimethyl-butyryl}-4-(8-chlore-2-ethoxy-
quinoclin-4-yloxy}-pyrrolidine-2-carbonyl}-amino} -2-ethyi-cyclopropanecarboxylic acid (139 mg,
0.21 mmol} 1n BMF (2 mL) was added HATU (122 mg, .32 mmol)} and diisopropylethylamine
{8.056 mL, 0.32 mumol}. The solution was stirred at room temperature for 2 h then sulfamic acid
I-methyl-cyclopropyl ester (64 mg, 0.21 mmol} and DBU (0.126 mL, 0.84 mmol} were added,
and the reaction mixture was stirred at room temperature overnight. The resulting solution was
diluted with EtOAc then washed with aqueous 1 N HCI and brine. The organic layer was dried
over sodium sulfate and concentrated. The crude product was purified by reverse phase HPLC
(30—90% MeCN/H,0-1% TFA) to provide compound 138 (102 mg, 61%). '"H NMR (300 MHz,
CDLODY: d9.12 (s, 1H), 8.00(d, 1H), 7.75(d, 1H), 7.24 (1, 1H)}, 6.52 (s, 1H}, 5.4 (5, 1H}, 4.58 (g,
2H), 4.60-4.50 (mn, 2H), 4.23 (s, 1H), 4.08-4.04 (m, 1H)}, 2.61 {dd, 1H), 2.30-2.22 (m, 1H}, 1.68
{s, 3H), 1.62-1.50 (i, 4H), 1.46 (1, 3H), 1.31-1.20 (m, 3H), 1.26(s, 9H), 1.04 (s, 9H), 0.99-0.94
(m, 3H), 0.68 (m, 2H). LCMS found 794.09 [M+H]".
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Example 139

1} HATU, -PrEiN

2)DBU, 0O ,0

LAY

HoN"7 0

Compound 139

5  Toa solution of 1-{[4-(4-bromo-benzenesulfonyloxyl-1-{Z-tert-butoxycarbonylaminge-3,3-
dimethyl-butyryl}-pyrrolidine-2-carbonyl}-amino} -2-vinvl-cyclopropanecarboxylic acid methyl
ester (400 mg, 0.58 mmol) and 8-chlore-2-ethoxy-guinolin-4-0l (143 mg, 0.64 mmotl) in DMF (2
ml.} was added cesium carbonate (416 mg, 1.28 mmol) and the reaction was heated at 60°C for
2.5 hours, The solvent was removed under vacoum and the residue was dissolved in ethyl acetate,

10 The solution was washed with saturated ammonium chloride and brine, dried over magnesium

sulfate and concentrated. The crude residue was purified via chromatography (0-70% erihyi
acetate/hexanes) to give 174 mg (45%) of the desired product as a white solid. LCMS found
673.1 [M+H]". The intermediate was then dissolved in THF and methanol (1:1) and a solution of
lithium hydroxide (31 mg, 1.29 mmol} in water (1m!) was added. The reaction was stirred at

15 room temperature overnight. The solvent was removed, the residue dissolved in ethy! acetate and

washed with 1N HCI and brine. The organic layer was then dried over magnesium sulfate and
concentrated to give 133.4 mg (81%) of intermediate 1-{[1-(2-tert-butoxycarbonylamino-3,3-
dimethyl-butyryl}-4-{8-chloro-2-ethoxy-quinolin-4-yloxy}-pyrrolidine-2-carbonyl }-amino } -2-
vinyl-cyclopropanecarboxylic acid as a white solid. LCMS found 659.1 [M+H]".

20

347



10

15

20

WO 2009/605677 PCT/US20G8/067928

I-{[1-(2-tert-butoxycarbonylamino-3,3-dimethyl-butyryl)-4-(8-chloro-2-ethoxy-quinolin-4-
vioxy)-pyrrolidine-2-carbonyl]-amino} -2-vinyl-cyclopropanecarboxylic acid {130 mg, 0.20
munol) was dissolved in DMF (5 mL) and diisopropylethyl amine (52 pl, 0.296 mmol) to which
was added HATU (113 mg, 8.30 mmol). To this reaction mixture was then added DBU (118 pl,
0.79 mmol}) and sulfamic acid {-methyl-cyclopropy! ester {60 mg, 0.39 mmol) and the reaction
was stirred at ambient temperature for 16 h. The solvent was removed; the residue was diluted
with EtOAc and washed with 1 M HCI, dried over MgSQ, and concentrated. The residuc was
purified reverse phase chromatography 1o give 63.9 mg (41%) of compound 139 as an amorphous
white solid. "H NMR (CD,0D, 300 MHz) 8 7.93 (d, 1H); 7.67 (d, 1H); 7.17 (m, 1H); 6.44 (s,
1H}); 5.69 (m, 1H}; 5.35 (s, 1H); 5.26 (d, 1H); 5.09 {d, 1H); 4.51 (m, 4H); 4.19 (s, 1H); 4.0] (m,
1H); 2.58 (m, 1H); 2.21 (m, 1H); 1.83 (m, 1H); 1.62 (s, 3H); 1.40 (¢, 3H); 1.22 (s, 1 1H); 0.99 (5,
11H); 0.63 (m, 2H). LCMS found 792.1 {M+H]".

Exampie 140

Compound 140

8-Bromo-2-ethoxy-7-methoxy-quinolin-4-0l was synthesized according to the method presented
in the synthesis of 2-ethoxy-7-methoxy-8-methyl-quinolin-4-ol in example 132 with the exception

of utilizing 2-bromo-3-methoxy-aniline.

Compound 140 was prepared according to the method described in example 139, substituting
intermediate 8-bromo-2-ethoxy-7-methoxy-quinolin-4-ol for 8-chloro-2-ethoxy-quinolin-4-ol and
adjusting appropriately for scale. The material was purified using reverse phase HPLC to give
92.9 mg (47%) of the desired compound compound 140 as a white amorphous solid. 'H NMR
(CD,0D, 300 MHz) 8 7.99 (d, 1H); 7.09 (d, 1H); 6.33 (s, 1H); 5.69 (m, 1H) 5.36 (s, 1H); 5.26 (4,
FHY; 5.10 (d, 1H); 4.51 (m, 4H); 4.17 (s, 1HY; 4.04 (m, 1H); 3.95 (s, 3H); 2.58 (m, 1H); 2.21 (m,
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1H); 1.83 (m, 1H); 1.62 (s, 3H); 1.42 (m, 3H); 1.21 (s, 11H); 0.99 (s, 11H); 0.63 (m, 2H). LCMS
found 866.2 [M+H]".

Example 141
Br
0 NarOnr
Br /
-0
5 Compound 141

Compound 141 was prepared according to the method presented in example 138, substituting %-
bromo-2-ethoxy-7-methoxy-quinolin~4-ol for 8-chloro-2-cthoxy-quinolin-4-ol and adjusting for
scale. The material was purified using reverse phase HPLC to afford compeund 141 (250 mg,

10 65%). 'H NMR (300 MHz, CD;0D): d9.08 (s, 1H), 7.97 (d, 1H), 7.08 (4, 1H), 6.31 (s, 1H),
5.34 (s, 1H), 4.53 (q, 2 H), 4.50-4.42 (m, 2H), 4.17 (s, 1H), 4.12 (m, 1H), 3.92 (s, 3H), 2.55 (dd,
1H), 2.25-2.18 {m, 1H), 1.63 (s, 3H), 1.61-1.46 (m,‘4H), 1.41 (t, 3H), 1.26-1.15 {m, 3H), 1.21 {s,
9H), 0.99 (s, OH}, 0.96-0.92 (m, 3H), 0.63 {m, 2H). iCMS found 768.1 [M+H]".

15  Example 142

Compound 142
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8-Chloro-2-ethoxy-7-methoxy-guinolin-4-ol was synthesized according to the method presented
in the synthesis of 2-Ethoxy-7-methoxy-8-methyl-quinolin-4-ol in Example 132 with the

exception of utilizing 2-Chloro-3-methoxy-aniline.

Compound 142 was prepared according to the method presented in example 138, substituting
intermediate 8-chloro-2-ethoxy-7-methoxy-quinoiin-4-ol for 8-chloro-2-ethoxy-quinolin-4-o} and
adjusting appropriately for scale. The material was purified using reverse phase HPLC to give
compound 142 (205 mg, 57%). 'H NMR (300 MHgz, CD;0OD): d9.14 (s, 1H), 8.05 (d, 1H), 7.23
(d, 1H), 6.40 (s, 1H), 5.48 (s, 1H), 4.62 (g, 2H), 4.59-4.50 {m, 2H), 4.20 (s, 1H), 4.07 (m, 1H),
4.02 (s, 3H), 2.63 (dd, 1H), 2.34-2.25 (m, 1H), 1.68 (s, 3H), 1.58 (m, 4H), 1.50 (t, 3H), 1.32-1.29
(m, 3H), 1.23 (s, 9H), 1.04 (s, 9H), 1.00-0.95 (m, 3H), 0.68 (m, 2H). LCMS found 824.1 [M+H]".

Example 143

Compound 143

Compound 143 was prepared according o the method described for example 139, substituting
intermediate 2-ethoxy-7-methoxy-8-methyl-quinolin-4-ol for 8-chloro-2-ethoxy-quinolin-4-ol and
adjusting appropriately for scale. The material was purified using reverse phase HPLC to give
40.1 mg (25%) of compound 143 as a white amorphous solid. 'H NMR (CD-OD, 300 MHz) &
7.94 (d, 1H); 7.12 (d, 1H); 6.42 (s, 1H); 5.71 {m, 1H); 5.45 (s, 1H}; 5.27 (d, 1H); 5.11 (d,
1H):4.51 (m, 4H); 4.16 (s, 1H}: 4.02 (m, 1H); 3.92 (5, 3H); 2.61 (m, 1H); 2.42 (5, 3H); 2.23 (m,
1H) 1.84 (m, 1H); 1.62 (s, 3H); 1.44 (m, 3H); 1.21 (m, 11H); 0.99 (s, 9H}); 0.63 (m, 2H). LCMS
found 802.2 [M+HT".

310



10

15

WO 2069/005677 PCT/USZ008/607928

Example 144

Compound 144

Compound 144 was prepared according to the method presented in example 139, substituting
intermediate 8-chloro-2-ethoxy-7-methoxy-quinolin4-ol for 8-chloro-2-ethoxy-quinolin-4-ol and
adjusting appropriately for scale. The material was purified using reverse phase HPLC to give
62.3 mg (38%) of the desired compound 144 as a white amorphous solid. 'H NMR (CD;0D, 300
MHz)57.96 (d, 1H); 7.14 (d, 1H); 6.37 (s, 1H); 5.68 (m, iHi; 5.39(s, 1H); 5.27(d, 1H); 5.10 (4, »
1H); 4.51 {x’zﬁa 4H); 4.17 (s,‘ 1H); 4.02 (m, tH); 3.96 {s, 3H); 2.59 (m, 1H); 2.22 (m, 1H); 1.83 (m,

(1H); 1.62 (s, 3H); 1.42 (m, 3H); 1.21 (m, 11H); 0.99 (s, 11H); 0.63 (m, 2H). LCMS found 822.2

IM+H]

Example 145

RPN
IS\
H,N"T 0

Compound 145

Compound 145 was prepared according to the method presented in example 139, substituting
intermediate 8-chloro-2-ethoxy-7-methoxy-quinolin-4-ol for 8-chloro-2-ethoxy-quinolin-4-ol,
substituting sulfamic acid 1-propyl-cyclopropyl ester for sulfamic acid 1-methyl-cyclopropyl
ester, and adjusting appropriately for scale. The compound was purified using reverse phase
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HPLC to give 34.9 mg (68%) of the desired compound 145 as a white amorphous solid. 'H NMR
(CD,0D, 300 MHz) 8 7.94 (d, 1H); 7.12 (4, 1H); 6.37 (s, 1H}; 5.67 {(m, 1H}; 5.37 (m, 1H); 5.26
{d, 1H); 5.09 (4, 1H}; 4.50 {m, 4H); 4.18 (m, 1H); 4.03 (m, 1H); 3.95 (s, 3H}; 2.58 (m, 1H); 2.22
{m, 1H); 1.79 (e, 2H); 1.54 {m, 1H); 1.41 {m, 5H); 1.23 {m, 11H}); 0.99 (m, 11H); 0.93 (m, 3H);
0.64 {m, 2H). LCMS found 850.2 [M+H]".

Example 146

G, .LC .
-4 :
“HNTTTO

Compound 146

Compound 146 was prepared according to the method presented in example 138, substituting
sulfamic acid 1-propyl-cyclopropyl ester for sulfamic acid 1-methyl-cyclopropyl ester, and
adjusting appropriately for scale. The compound was purified using reverse phase HPLC 1o
afford compound 146 (141 mg, 71%;. 'H NMR (300 MHz, CD;0D): d9.12 (s, 1H), 7.98 (d,
1H), 7.72 (4, 1H), 7.23 {1, 1H), 6.51 (s, 1H), 541 (s, 1H), 4.57 (g, 288}, 4.55-4.48 {m, 2H]}, 4.23 (s,
1H), 4.08-4.04 (m, 1H), 2.60 (dd, 1H), 2.27 {m, 1H)}, 1.87-1.80 {m, 2H), 1.65-1.40 (m, 61}, 1 .46
{t, 3H), 1.31 {m, 3H), 1.26 (s, 9H), 1.04 (s, 9H), 1.00-0.95 (m, 6H), 0.69 (m, 2H). LCMS found
823.2 [M+HJ"
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Example 147

0, 0
.’S\
HN""T0

Compound 147

Compeound 147 was prepared according to the method presented in example 138, substituting . ‘

*5  intermediate 8-chioro-2-ethoxy-7-methoxy-quinolin-4-ol for 8-chloro-2-ethoxy-quinolin-4-ol,.
sxébééimiing sulfamic acid l-propyl—cyciopro;nylester for sulfamic acid 1-methyl-cyclopropyi
ester, and adjusting appropriately for scale. The compound was purified using reverse phase
HPLC 1o afford compound 146 (174 mg, 82%). 'H NMR (300 MHZ, CD,0OD): d9.10 (s, 1H),
8.01 (d, 1H), 7.21 (d, 1H), 6.48 (5, 1H), 545 (s, 1H), 4.57 (g, 2H), 4.48 (m, 2H), 4.15 (5, 1H),

10 4.04 (m, 1H), 3.98 (s, 3H), 2.57 {dd, 1H), 2.31-2.22 (m, 1H), 1.82-1.77 {m, 2H), 1.60-1.44 {m,
9H), 1.26 (m, 3H), 1.18 (s, 9H), 0.99 (s, 9H}, 0.95-0.90 (m, 6H), 0.65 (m, 2H}. LCMS found
$52.4 (M+HT"

Exampie 148

i5 Compound 148

Compound 148 was prepared according to the method presented for the synthesis of compound
138, substituting sulfamic acid cyclopropyi ester for sulfamic acid 1-methyl-cyciopropyl ester,

and adjusting appropriately for scale. The material was purified using reverse phase
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HPLC to afford compound 148 (174 mg, 82%). (105 mg, 56%): 'H NMR (300 MHz,
CD;0D): § 9.13 (s, 1H)}, 8B.01 (d, 1H}, 7.74 (d, 1H) 7.24 (t, 1H), 6.52 (d, 1H), 5.42 (brs, 1H), 4.52-
4.62 (m, 4H), 4.28 (m, 2H), 4.05 (dd, 1H), 2.62 {m, 1H), 2.27 (m, 1H), 1.60 (m, 6H}, 1.46 {t, 3H),
1.26 (s, 9H), 1.03 (s, 9H), 0.97 (m, 4H), 0.76 (m, 2H). LCMS found 780.0 {M+H]".

Example 149

Compound 148

Compound 149 was prepared according to the method presented in the synthesis of example 77.

10 Treatment of compound 138 {150 mg, 0.19 mmo!l) under the same conditions, adjusted for scale,
afforded compound 149 (145 mg, 90%). 'H NMR (400 MHz, CD;OD): d9.12 (s, 1H), 7.96 (d,
TH), 7.71 (4, 1H), 7.21 (¢, 1H), 6.48 (s, 1H), 538 (s, 1H), 4.594.49 (m, 4H]}, 4.21 (s, 1H), 4.03-
4.01 (m, 1H), 2.60 {dd, 1H), 2.30-2.23 (m, 1H), 1.67 (s, 3H]}, 1.63-43 (m, 10H), 1.33-1.25 (m,
3H), 1.20 (s, 3H), 1.04 (s, 9H), 0.96 (m, 3H), 0.67 (m, 2H). LCMS found 848.1 [M+H]".

Example 150
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TEA N..
DCM : N OH

HATU
DIPEA
DBy
DMF

Compound 150

Intermediate 1-{{1-(2-tert-butoxycarbonylaming-3,3-dimethyl-butyryl}-4-(8-chloro-2-methoxy-
quinolin-4-yloxy}-pyrrolidine-2-carbonyl}-amino}-2-ethyl-cyclopropanecarboxylic acid methyl
ester was prepared as shown in Example 138 substituting 8-chloro-2-methoxy-quinolin-4-o! for 8-

chloro-2-ethoxy-quinolin-4-ol and adjusting appropriately for scale.

To a solution of 1-{[1-(2-tert-butoxycarbonylamino-3,3-dimethyl-butyryl}-4-(8-chloro-2-
methoxy-quinolin-4-yloxy)-pyrrolidine-2-carbonyl}-amino} -2-ethyl-cyclopropanecarboxylic acid
methyl ester (325 mg, 0.49 munol) in THF and methanol (1:1, Smi) was added a solution of
lithium hydroxide (59 mg, 2.46 mmol) in water and the reaction was stirred at room temperature
overnight. The reaction was acidified with 1N HCI and exiracted with ethyl acetate, dried over
magnesium sulfate and concentrated to afford 324 mg (99%) of a white solid. This crude material
was then dissolved in DCM (10 ml), 4N HCI in dioxanes was added (2.5 ml) and the reaction was
stirred at room temp for 2.5 hours. The solvent was removed and then taken up again in
dichloromethane (12 ml). To this sohution was added carbonic acid 4-nitro-phenyl ester 2,2,2-
trifluoro-1,1-dimethyl-ethyl ester (733 mg, 2.5 mmol) and triethylamine (1.05 mL, 7.5 mmol),

and the reaction was stirred at room temperature for two days. The solution was then washed

315



W 2069/065677 PCE/US2008/407928

with 1N HCI and brine, dried over magnesium sulfate and concentrated to give 1.008 g of the
crude acid as a yellow oil. LCMS found 700.92 [M+H]".

1<« {4-(8-chlbro«2-methoxv~quineiin-4~yl'oxy)~1~[3.3-dimethv1-2-{2 2, 2-trifluoro-1 ,1-dimethyl-

et }*oxycaroonylammo) outyryi}-pyrro idine-2- carbonyl}-ammo)-2-ethyl-cyclopropanecarboxyl1c

: acxd (284 mg, §. 41 mmol} was dissol ved in dlmethyl forma[mde {4 mL} and dnsopropyiethyi

amme (177 ,uL 1.01- mmoi) fo Wth"ﬁ was added A NN’ N'-Tctrameih*y -0-{’7-azabenzcmazel 1-

o "yl)uromum hexaﬂuorophosphate {234 mg, 0.62 mmel) "To this reactnon mixture was then added

10

15

25

-f{)lazabicycloﬁ{< 4. O]undec 7-ene (245 ul, 1.64 mmoi} and suifamac acid 1-methyl-
cyciopmpyl ester {124 mg, (.82 mmol) and the reaction was stirred at ambient temperature for 16
hours. The reaction was diluted with water and acetonitrile and purified reverse phase
chromatography to give 199.9 mg (58%) of compound 150 as an amorphous white solid. 'H NMR
{CD;0D, 400 MH2) 8 795(d, 1 =6.8Hz, 1H; 7.71 {d, J = 8.8 Hz, 1H); 7.20 (m, 1H); 6.48 (s,
1H); 5.37 (s, 1H); 4.50 (m, 2H); 4.19 (m, 1H); 4.06 (s, 3H); 4.00 (m, 1H}; 2.59 {m, 1H); 2.25 (m,
1H); 1.66 (s, 2H); 1.56 (m, 6H); 1.45 (s, 3H); 1.28 (m, 2H); 1.20 {m, 4H); 1.02 (s, SH); 0.94 (m,

H); 0.66 (m, 2H). LCMS found 833.98 [M+H]".

Example 151

e
D

" g 1. HCI

2. TEA, DCM
o e}

OH ~ X

if j;/

O CF o

T *

1-{[1-(2-tert-Butoxycarbonylamino-3,3-dimethyl-butyryl}-4-(8-chloro-2-ethoxy-quinolin-4-

yloxy)-pyrrolidine-2-carbonyl]-amino} -2-ethyl-cyclopropanecarboxylic acid (0.80 g, 1.2 mmol)
was taken up in DCM (3 mL) and treated with 4M HCldioxane solution (3 mL, 12 mmol) at rt.
After 2 h, the volatiles were removed in vacue to produce 0.71 g (98%) of the HCl salt. LCMS
found 561.0 [M+H]". The HC! salt (0.71 g, 1.2 mmol) was taken up in DCM (5 mL) and treated
with TEA (0.84 mL, 6 mmol) and carbonic acid 4-nitro-phenyl ester 2,2, 2-trifluoro-1,1~dimethyl-
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ethyl ester {0.70 g, 2.4 mmol) at rt. After 24 h, the solution was diluted with DCM and water {5
mL). The stirred solution was then acidified with 12 M. HCl until pH = 3 was obtained. The

aqueous layer was extracted wnh DCM and EtOAc, and the combmed ergan ics are washcd with

“brine followed by d:ymg over anhydrous Na~SO.; . Followmg concemratlon .in vacuo, the -
‘resultmg residue was subjected 10 uolumn chromatooraphy on SiO: (0 17%: MeOI{,’DCM) to

provide 0.69 g (86% yield} of i-( {4 (8- chjoro 2~ethoxy qumoim-4 yicxy) 1 [3 3~dzmethyl 2~
(2,2,2 ,2-trifluoro- 1,1-dzmethyI-ethoxycarbonylammQ;-butyrylj-pyrrohdme-z‘-carbonyl}—ammo) 2
ethyl—cyciépropahecarboxylic acid as ia pale yellow solid that was used without further
purification. LCMS found 716.0 [M+H]".

Compound 151

Compound 151 was prepared according to the methods presented in Example 138 using 1-({4-(8-
chioro-2-¢thoxy-guinoclin4-yloxy}-1-[3, 3-dimethyl-2-(2 2, 2-trifluorc-1, 1 -dimethyl-
ethoxycarbonylamino)-butyryij-pyrrolidine-2-carbonyl} -amino)-2-¢thyl-cyclopropanecarboxylic
acid, replacing sulfamic acid cyclopropyl ester with suifamic acid 1-(2,2,2-
triflucrosthylicyclopropyl ester (0.12 g, .56 mmol and 0.18 g, §.87 mmol} with appropriate
adjustments for scale 1o produce 0.207 g (30% yield overall from the P2 alkylated tripeptide) of
Compound 151 as a white powder following purification by reverse phase HPLC. 'H NMR
(CDyOD, 400 MHz}d 7.97 (4, 1H); 7.71 (d, 1H); 7.21 (¢, 1H); 7.15 (d, 1H); 6.48 (s, 1H); 5.39 (m,
1H); 4.62-4.48 (m, 4H); 4.20 (d, 1H}; 4.01 (m, 1H); 2.87 {aqd, 2H); 2.61 {m, 1H}; 2.26 (m, 1H};
1.68-1.50 (m, 4H); 1.50-1.38 (m, 8H); 1.24-1.16 (m, 4H); 1.12 (s, 9H); 1.00-0.90 (5H). LCMS
found 917.9 (M+H]".
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Examgﬂe 152

OoTIPS ]
\” Zn(E)s. Chila, HF"‘C

CFH- . . TFA, DCM : T!PSO o
: : _TBAF .“” F
- ' . / NMP e}
: F
O : Q\/’o \\l/ : .

i fS -~ Resssansennsan: -3
/l'\ + {«N Ci HZ N N

Compound 152

[ ¥31

{1-Difluoromethyl-cyclopropoxy)-triisopropyl-silane synthesized by methods reported in Journal

of Fluorine Chemistry 2002, 207.

10 A round bottom flask {fitted with glass inlet and outlet) was charged with 60 ml DCM followed
by Et,Zn (60 mmol, 60 m], 1 M in hexane) and cooled to 0°C. TFA (60 mmol, 4.62 m! dissolved
in 30 mi DCM) was slowly added to the stirring solution. The reaction was stired for 20 minutes,
followed by addition of CH,l, (60 mmol, 4.83 ml dissolved in 20 m] DCM) and 20 minutes
further stirring. At this point, {1-Difluoromethyl-vinyloxy)-triisopropyl-silane DCM (11.98 mmol,

15 3gdissolved in 30 mL) was added and the mixture warmed to rt and stirred for 1 hour. The
reaction was then quenched with 1 N HCl and water and extracted two times with hexane. The
combined organics were washedwith saturated NaHCO; and dried over sodium sulfate and
concentrated, providing (1-diflucromethyl-cyclopropoxy)-triisopropyl-silane which was used
crude in the next reaction.

20
A three-neck round bottom flask equipped with a reflux condenser was charged with
chlorosulfonyl isocyanate (2.6 ml, 29.9 mol) and cooled to 0 °C. Formic acid (1.13 mL, 29.9 mol)
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was added dropwise with rapid stirring'and with rapid. gas evolution observéd. Upon cor‘ipicte
addition of formic aczd the r.,,acnon waq al]owcd o warm to roon" temperamrc After 2 1" the

reaction vessel. was cm)led to 0 °Cand (1 diflioromet thyl -cyciopropoxy)-mHopmpyl silane (500 °

" mg, 1.89' mo 1) dxsso!yed in NMP (5 mL) was added dropwise via an addition funnel. The mixture
- was warmed to RT and TBAF (7 mi, 7 mmol} was added. Stir mixture four days. The reaction

mixture was poured into cold saturated aqueous NaCl and exiracted with EtQAc two times. After
removal of the separated organic solvent, the crude product was purified by column
chromatography on silica to provide sulfamic acid i -difluoromethyl-cyclopropyl ester (10 mg,

2.8% yield): "H NMR (CDCl;, 300 MHz) § 6.24 (t, 1H), 5.18 (s, 2H), 1.49 (1, 2H), 1.19 (m, 2H)

Compound 152 was prepared according to the method presented in example 138. Treatment of 1~
{{4-(8-chloro-2-ethoxy-quinolin<4-yloxy)-1-[3,3-dimethyl-2-(2,2,2-trifluoro-1,1 -dimethyl-
ethoxycarbonylamino)-butyryl]-pyrrolidine-2-carbonyl} -amino)-2-cthyl-cyclopropanecarboxylic
acid {0.28 mmol) occurred under the same conditions, substituting sulfamic acid 1-
difluoromethyl-cyclopropyl ester for sulfamic acid 1-methyl-cyclopropyl and adjusting for scale,
to afford Compound 152 (87.1 mg, 35% vield): 'H NMR (CD,0D, 300 MHz) diagnostic

5 6.39 (t, 1H); 1.44 (m, 2H), 1.17 (m, 2H); F NMR (CD;0D, 282.2 MHz) -128.16 (d, 2F).
LCMS found 884.0 [M+H]".

Exampie 153

g, .0
O\\ ,:,O )W/Nl ./S\ / CF3
CF,

,S\O/

HoM >/GT
/r\

Compound 153

{1-{4-(8-Chloro-2-ethoxy-quinolin-4-yloxy}-2-{2-ethyl-1-[1-(2,2,2-trifluoro-ethyl)-
cyclopropoxysulfonylaminocarbonyl]-cyclopropylcarbamoyl} -pyrrolidine-1 -carbonyi}-2,2-
dimethyi-propyli-carbamic acid tert-butyl ester was prepared according to the method described
in Example 138, substituting sulfamic acid 1-(2,2,2-trifluorc-ethyl}-cyclopropyl ester for sulfamic

acid 1-methyl-cyclopropyl and using 1-{{4-(4-Bromo-benzenesulfonyloxy)-1-(2-tert-
319
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i b}i%oxy‘c'é_x‘bggiy‘lat‘ﬁiﬁ{)~3“;3;-d_im"cthyﬂbutyry_‘;)—pyrroiidinc-2-cérbanyi}-_amino‘}"—zaethyi-
f‘,;'é&ﬁiéﬁ?gﬁaﬁécmﬁéxﬂic ac-id tﬁetbyl_ester, adjus‘;ﬁg appropnately for scale. The compound was
pui‘iﬁé& using reverse phase HPLC to give 157.5 mg (~15% yieid).of the desired C@mp@und 153 as
an off-white amorphous solid. 'H NMR (CD,0D, 400 MHz) § 7.95 (d, J= 8.4 Hz, 1H); 7.69 (d,J
| 5  =72Hz 1H); 7.18 (m, 1H); 6.45 (s, 1H); 5.36 (s, 1H); 4.54 (m, 4H); 4.21 (5, 1H); 4.03 (d, /=12
Hz, 1H); 2.85 (m, 2H); 2.58 (m, 1H); 2.24 (m, 1H); 1.54 {m, 4H); 1.42 (m, SH); 1.24 (5, 8H);
1.186 (m, 1H); 1.01 (s, SH); 0.94 (m, 6H). LCMS found 861.94 [M+H]".

Example 154
10

iodoethane
DMF

1) triflucroethanol, NaH

2) TFA

15
To a pre-dried 3-necked round bottom flask (1L} equipped with an additional funnel, J-Kem
temperature probe and nitrogen inlet and outlet was added anhydrous tetrahydrofuran (200 mL)
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‘under nitrogen atmospﬁeré. Sodium hydride“(féQ%- i minéral Eﬁl,l 4.53g, 113.2 mmol) was then
added in portions at 0 °C. Diethyl malonate {1 5.1 g, 94.3 ﬁlmol) was dropwise added to the
mixture keeping the internal temperature below 10 °C in an ice bath. The mixture was stirred at
room temperature for 2 hours. The reaction content was cooled down to § °C again and 2-chloro-
phenylisothio;:yanate {16g, 94.3 mmol} was added to the mixture. The resulting mixiure was then
allowed to warm up to room temperature and stirred for 3 hours. The volatiles were removed in

vacuo to afford the sodium salt adduct (33g, 100% yield).

To a solution of the sodium adduct (33.2g, 94.3 munol) in anhydrous dimethylformamide (277
ml) at -45°C was slowly added iodoethane (17.65g, 113.16 mmol) over 20 min and the mixture
wag stirred at ~45°C for 2 hours and warmed up to room temperature and stirred overnight. The
reaction mixture was quenched with water and extracted twice into a mixture of ether/hexanes
{1:1). The combined organic exiracts were washed with watef, brine and dried over MgSQO,. The
mixture was concentrated in vacue to obtain an approximately 1:1 mixture of two different
alkylated products as a yellow oil. This mixture was carried onward without further purification.

LCMS found 358.14 [M+H]".

In a pre-heated sand bath at 350 °C, a solution of the alkylated products (33.7 g, 94.3 mmeol} in
diphenyi ether (330 mi)} was heated until the internal temperature reached 220 °C and then stirred
for 15 minutes at this temperature. The solution was cooled to room temperature and the mixture
loaded directly on a silica gel cartridge and purified by flash chromatography to afford 8-Chloro-
2-ethylsulfanyl-4-hydroxy-quinoline-3-carboxylic acid ethyl ester (19.81 g, 67.4% yield). 'H
NMR {CDCL;, 300 MHz) 8 8.14 (4, 1H)}, 7.82 (d, 1H), 7.31 (4, 1H), 4.60-4.53 {m, 2H), 3.38-3.31
(m, 2H), 1.60-1.44 (m, 6H). LCMS found 312.12 [M+H]".

To a solution of 8-chloro-2-cthylsulfanyl-4-hydroxy-quinoline-3-carboxylic acid ethyl ester
(19.81g, 63.5 mmol) in THF:MeOH (1:1, 150 mL) at room temperature was added 1N NaOH.
The reaction was allowed to stir at reflux for 24 hours, monitoring by HPLC. Upon the
completion of the reaction, the mixture was acidified with 4N HCJ and extracted 3 times with
dichloromethane. The organic phases were combined, dried over Mg; SO, and concentrated in
vacuo 1o afford 8-chloro-2-ethylsulfanyl-4-hydroxy-quinoline-3-carboxylic acid (17.17 g, 95%
yield). LCMS found 383.88 [M+H]".

8-Chioro-2-ethylsulfanyl-4-hydroxy-quinoline-3-carboxylic acid (17.17g, 60.52 mmol} was

suspended in diphenyl ether (250 mL) and heated to 250°C for 30 minutes and the mixture was
321
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-then cooled down to i‘ObIP temperature. Thc-niixture was directly transferred onto a load cartridge
and purified by column ;:.h:omatogr‘aphy to afford 8-chloro-2-ethylsulfanyl-quinolin-4-of {12.36g,
85% yield). 'H NMR (CDCl, 300 MHz) § 8.25 (4, 1H), 7.70 (d, 1H), 7.32 (¢, 1H), 6.52 (s, 1H),
3.18-3.11 {m, 2H), 1‘.544‘44 {m, 3H). LCMS found 240.17 [M+H]".

8-Chloro-2-ethylsulfanyl-guinolin-4-ol (10.26g, 42.8 mmol) was dissolved in anhydrous
dimethylformamide (100 mL). Cesium carbonate (27.9 g, 85.6 mmol) was added, followed by p-

- methoxybenzyl chioride (8.0g, 51.36 mmol). The mixture was then heated at 65°C for 2 hours and

then cooled to room temperature and diluted with ethyl acetate. The diluted reaction mixture was
washed with brine 2 times, dried over Mg,SQ4 and concentrated in vacuo. The residue was
recrystallized from EtOAc/Hexanes to afford 8-chloro-2-ethylsulfanyl-4-(4-methoxy-benzyloxy)-
quinoline (11.14 g, 67% vield). LCMS found 360.21 [M+H]".

To a solution of 8-chlore-2-ethylsuifanyl-4-(4-methoxy-benzyloxy)-quinoline {11.14g, 30.96
mmol) in chloroform (300 ml) was added m-chloroperbenzoic acid (13.9g, 61.9 mmol) in three
portions at § °C (exotherm). The reaction mixiture was then stirred overnight at room temperature.
Upon confirming completion of the reaction by LCMS and HPLC, the mixture was quenched
with a saturated solution of sodium bicarbonate and stirred approximately 10 min at room
temperature. The mixture was diluted with dichloromethane and the phases separated. The
organic layer was washed with 1N NaOH and brine, dried over MgSQ,, and concentrated in
vacuo, The residue was recrystallized from a mixture of ethyl acetate and hexanes o afford 8-
chioro-2-cthanesulfonyi-4-{4-methoxy-henzyioxyi-gquinoline {11.28 g, 93% vield) of white bright
crystals. 'H NMR {CDCl,, 400 MHz) § 8.18 (d, 1H), 7.89 (d, 11}, 7.59 (s, 1H), 7.51 {t, | H}, 7.43
(d, 2H), 6.97 (d, 2H), 5.29 (s, 2H), 3.83 (s, 3H), 3.68 {q, 2H), 1.45 {1, 3H). LCMS found 391.88
MAHHT

To a solution of sodium hydride (60 wt%, 177 mg, 7.7 mmol) in THF (3 mL) was added
trifluoroethanol and 8—chiom-2-ethanesu}fonyl—4—(4—methoxy—benzyioxy)quineiiﬁe {300 mg,
0.77 mmol). The reaction was stirred at room temperature for | h, quenched with H,O, then
diluted with EtOAc and washed with brine. The resulting organic layer was dried over sodium
sulfate and concentrated to provide crude 8-Chloro-4-(4-methoxy-benzyloxy)-2-(2,2,2-trifluoro-
ethoxy)-quinoline. LCMS found 397.9 [M+H]". The crude quinoline was then dissolved in
CH,Cl; (4 mL) and triflucroacetic acid (4 mL). After stirring for 15 min the reaction was

concentrated. The crude product was purified by column chromatography (10—30 %

322



ig

20

25

WO 2609/603677 PCT/US2008/667928

EtOAc/hexanes) to ﬁrovide 8-chloro-2-(2,2,2-triflucro-ethoxy}-quinolin-4-ol (220 mg, 100%
yield), LOMS found 278.3 [M-+HJ". -

BsO 9y o aH
. KN NP NG 7 Cs5005, NMP

> y H SNPERA

j o 2) LIOH, THF:MeOHH,0 N, S5

>|/ O\H/N\:/&O SHATY, PN " \/i i g N0
O._.N

° T yoey KO X b g |

T ’& /]\”

HoN O

Compound 154

1-{{1-(2-tert-butoxycarbonylamino-3,3-dimethyl-butyryl}-4-[8-chloro-2-(2,2,2 triflucro-ethoxy)-
quinclin-4-yloxyl-pyrrolidine-2-carbonyl } -amino}-2-ethyl-cyclopropanecarboxylic acid was
prepared according to the method presented in Example 138. Treatment of 1-{[1-{2-tert-
butoxycarbonylamino-3,3-dimethyl-butyryl)}-4-(8-chloro-2-ethoxy-quinolin-4-yloxy)-pyrrolidine-
2-carbonyl}-amino}-2-ethyl-cyclopropanecarboxylic acid methyl ester (566 mg, 0.82 mmol}
occurred under the same conditions, adjusted for scale and with the exception of utilizing 8-
chlore-2-(2,2 2-triflucro-ethoxy}-quinolin-4-of (228 mg, 0.82 mmol). Purification of the crude
product was accomplished by column chromatography on silica (30— 50 % EtOAc/hexanes) to
provide 1-({1 ;(2-tcx‘[~Butoxycarb0ﬁy1amin0—3,3—dimcthyi—butwyl}-‘%-[g-chlom—2-(2,2,2—triﬂuoro-
ethoxy)-quinolin-4-vloxyl-pyrrolidine-2-carbonyl } -amino)-2-ethyl-cyelopropanecarboxylic acid
methyl ester (376 mg, 63% yield). LCMS found 729.3 [M+H]". To a solution of the methy! ester
(376 mg, 0.52 mmol) in a 1:1:1 mixture of THF:MeOH:H,O (6 mL) was added lithium hydroxide
{109 mg, 2.60 mmol). The resulting shury was stirred at room teraperature overnight. The
reaction mixture was then diluted with EtOAc and washed with 1 N HCI and brine. The resulting
organic layer was dried over sodium suifate and concentrated to provide the crude acid (369 mg,

100% yield). LCMS found 714.8 [M+H]".

To a solution of the acid (369 mg, 0.52 mmol} in DMF (5 mL) was added HATU (294 mg, 0.77

mmol) and diisopropylethylamine (0.134 mL, 0.77 mmol). The solution was stirred at room

temperature for 1 h then sulfamic acid cyclopropyl ester (126 mg, 1.04 mmol} and DBU (0.311

ml, 2.08 mmol} were added, and the reaction mixture was stirred at room temperature overnight.

The resulting solution was diluted with EtQAc then washed with agqueous I N HCI and brine. The
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organjé layer was dried over sodium suifate and concentrated. T;ne crude prodﬁct was puriﬁed by
reverse phase HPLC (30—90% ACN/H,0-1% TFA) to provide Compound 154 (326 mg, 75%
yield). 'H NMR (400 MHz, CD,0OD): d 9.09 (s, 1H), 8.03 (d, 1H), 7.77 (4, 1H), 7.29 (1, 1H), 6.67
(s, 1H), 5.43 (s, 1H), 5.08-5.04.(m, 2H), 4.55-4.50 (m, 2H), 4.28-4.25 (m, 1H), 4.22 (s, 1H}, 4.06-
4.03 (m, 1H), 2.62 (dd, 1H}, 2.29-2.24 (m, 1H), 1.68-1.50 {m, 4H), 1.23 (m, 10H), 1.02 (s, 9H),

" 1.00-0.94 (m, SH), 0.74 (s, 2H). LCMS found 888.3 [M+HT".

Example 188

Compound 155

Compound 155 was prepared according to the method presented in the synthesis of example 77.
Treatment of compound 154 (163 mg, 0.19 munol) and carbonic acid 4-nitro-phenyl ester 2,2,2-
trifluoro-1,1-dimethyl-ethyl ester (112 mg, 0.20 mmol) under the same conditions adjusted for
scale afforded the desired product (124 mg, 70% vield). 'H NMR (400 MHz, CD,0D): d9.12
(s, 1H},8.02(d, 1H),7.77(d, 1H}, 7.29 (1, 1H}, 6.68 (5, 1H}, 5.43 {5, 1H), 507 (g, 2H), 4.56-4.53
(m, 2H}, 4.27 (m, 1H), 4.20 (5, 1H), 4.04-4.01 {m, 1H)}, 2.64 (dd, 1H), 2.30-2.25 (m, 1H)}, 1.62-
1.50 (m, 4H), 1.44 (s, 3H}, 1.22 (m, 1H), 1.18 (5, 3H}, 1.03 (5, 9H), 0.99-0.94 (1, 5H), 0.76-0.74
{(m, 2H). LCMS found 888.9 [M+H]".
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Example 156

Compound 156

Intermediate 8-Chloro-2-{2-morphoiin-4-yl-ethoxyl-quinolin-4-of was prepared according to the
method presented in Example 154. Treatment of 8-chloro-2-ethanesulfonyl-4-(4-methoxy-
benzyloxy)-guinoline (500 mg, 1.28 mmol} and with the exception of using 2-morpholin-4-yi-
ethanol (0.468 mL, 3.83 mmol) under the same conditions adjusted for scale followed by
deprotection with TFA {5 mL) afforded the desired quinocline (328 mg, 3% yield). LCMS found
308.8 (M+HT".

Compound 156 was prepared according to the method presented in example 138. Treatment of 1-
{{1-(2-tert-butoxycarbonylamino-3,3-dimethyl-butyryl}-4-(8-chloro-2-ethoxy-quinolin-4-yloxy)-
pyrrolidine-2-carbonyl}-amino}-2-ethyl-cyclopropanecarboxylic acid methyl ester (731 mg, 1.06
mmol) occurred under the same conditions, adjusted for scale and with the exception of utilizing
8-chloro-2-{ 2-morpholin-4-yl-ethoxy}-quinolin-4-0l (328 mg, 1.06 mmol) and sulfamic acid 1-
methyl-cyclopropyl ester (65 mg, 0.54 mmol). Purification of the crude product was
accomplished by reverse phase HPLC (30—90 % MeCN/H,0/0.1% TFA) to provide Compound
156 (104 mg, 22% vield over 4 steps). 'H NMR (400 MHz, CD;0D): d 8.00 (d, 1 H), 7.74 (4,
1H), 7.26 (1, 1H), 6.61 (s, 1H), 5.40 (s, 1H), 4.98-4.90 (m, ZH), 4.58-4.47 (m, 2H), 4.17 (s, 1H),
4.06-4.03 (m, 1Hj}, 3.93 (m, 4H), 3.68 (m, 2H), 3.46 (m, 4H), 2.61 (dd, 1H), 2.29 (m, 1H), 1.65 (s,
3H), 1.61-1.40 (m, 4H), 1.30-1.27 {m, 3H), 1.23 (5, 9H}, 1.02 (s, 9H), 0.97 (1, 3H), 0.65 (m, 2H).
LCMS found 878.9 [M+HT".
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Example 157

O_N
Fa(?r j

Compound 157

1941

Compound 157 was.prepared according to the method presented in the synthesis of example 77.
Treatment of compound 156 {100 mg, 0.11 mmol) and carbonic acid 4-nitro-phenyl ester 2,2,2-
trifluoro-1,1-dimethyl-ethyl ester (67 mg, 0.22 mmol) under the same conditions adjusted for
scale afforded the desired product (72 mg, 68% yield). 'H NMR {400 MHz, CDy0D): d9.21 (s,
1H}, 805 {dd, 15}, 7.81 {dd, 1H}, 7.33 (¢, 1H}, 6.64 (5, 1H}, 5.45 (m, 1H}, 5.01 {m, 2H]}, 4.59 (dd,
10 1H), 4.53(d, 1H), 4.21 (s, 1H), 4.15-4.06 (m, 3H), 3.92-3.77 (m, 6H), 3.35 (m, 2H), 2.68 (dd,
P8}, 2.37-2.30 {m, 1H), 1.71 (5, 3H), 1.67-1.52 {m, 480}, 1.47 (s, 3H), 1 .32 (g, 2H}, 1.25-1.21 {m,
1H), 1.21 (s, 3H), 1.08 (s, H), 1.00 (t, 3H), 0.72-071 (m, 2H). LCMS found 932.91 [M+H]".

Example 158

Ci
Xy N \T' /O\\//\ O/ \\ i/
. 's) \4 Q
OH >/ \n/ \,/
//l\
15 Compound 158
Intermediate 8-chloro-2-(2-methoxy-ethoxy}-quinolin-4-o} was prepared according to the method

presented in Exampie 154, Treatment of 8-Chloro-2-¢thanesulfonyl-4-(4-methoxy-benzyloxy}-

guincline (400 mg, 1.02 mmol} and with the exception of using 2-methoxyethaneo] (0.403 mL,
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5.10 mmol} under the same conditions adjusted for scale followed by deprotection with TFA (4
mL) afforded the desired quinoline (260 mg, 99% yield). LCMS found 254.0 [M+H]".

Compound 158 was prepared according to the method presented in example 138: Treatment of 1-
{[1-(2-tert-Butoxycarbonylamino-3,3-dimethyl-butyryl}-4-(8-chloro-2-¢thoxy-quinolin-4-yloxy)-
pyrrolidine-2-carbonyll-amino}-2-ethyl-cyclopropanecarboxylic acid methyl ester (673 mg, 0.98
mmol} occurred under the same conditions, adjusted for scale and with the exception of utilizing
8-chloro-2-(2-methoxy-ethoxy)-quinolin-4-ol (248 mg, 0.98 mmol) and sulfamic acid 1-methyl-
cyclopropyl ester (70 mg, .58 ramol) to afford the crude product, which was purified by reverse
phase HPLC (30—90 % MeUN/H,0/0.1% TFA) to provide compound 158 (158 mg, 55% overall
yieid). 'H NMR (400 MHz, CD,0D): d 9.04 (5, LH), 7.93 (d, 1H), 7.68 (d, 1H), 7.18 (t, 1H),
6.45 (s, 1H}, 5.33 (m, 1H), 4.64-4.62 (m, 2H), 4.48-4.46 (m, 2H), 4.21 (s, 1H), 4.02-4.00 (m, 1H),
3.80 (t, 2H), 3.41 (s, 3H), 2.56 (dd, 1H), 2.26-2.19 (m, 1H), 1.65 (s, 3H}, 1.60-1.44 (m, 4H), [.26
{m, 2H}, 1.24 (s, 8H), 1.19-1.15 (m, 1H)}, 1.02 {5, 9H)}, 0.93 (, 3H}, 0.64 (m, 2H). LCMS found
823.99 [M-+HT". '

Example 159

Qo C.0 X
."S\
O

502

OO
\if"am M

Compound 159

Compound 158 was prepared according to the method presented in the synthesis of Example 77.
Treatment of Compound 158 {153 mg, 0.19 mmol} and carbonic acid 4-nitro-phenyl ester 2,2,2-
trifluoro-1, 1 -dimethyl-ethyl ester (109 mg, 0.38 mmol} under the same conditions adjusted for
scale afforded the desired product (133 mg, 81% yield). "H NMR (400 MHz, CD;OD): d9.10
(s, 1H}, 7.95 (dd, 1H), 7.71 (dd, 1H), 7.21 {t, 1H), 6.50 (s, 1H)}, 5.36 (m, 1H), 4.65 (t, 2H), 4.53-
4.48 (m, 2H), 4.18 (s, 1H), 4.00 (dd, 1H), 3.81 (t, 2H), 3.42 (s, 3H), 2.59 (dd, 1H), 2.28-2.21 (m,
1H), 1.65 {5, 3H), 1.61-1.48 (m, 4H), 1.46 (s, 3H), 1.27 (g, 2H), 1.19 (s, 3H), 1.20 (m, 1H), 1.02
(s, 9H), 0.96 (1, 3H), 0.66 (m, 2H). LCMS found §77.98 [M+H]".
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» Example 160
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P
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TFA, MeOH NaoorO
/
OH

To a solution of glycoaldehydedimethylacetal {704 mg, 6.63 mmol} and NaH (60 wt%, 265 mg,
6.63 mumol) 1n THF (51 mL) was addéd 8-chioro-2-cthanesulfonyi-4-{4-methoxy-benzyloxy}-
guinoline {2.00 g, 5.10 mmol}. The reaction was stiured at ambient temperature for 25 min. The
reaction mixture was partitioned with H,O and EtQAc. The layers were separated and the organic
layer was dried over Na,SQO, and purified by column chromatography on silica (13-35%
EtOAc/Hexane) (o provide the acetal as white solid {1.93 g, 94% yield). LCMS found 403.8
M+H]".

The acetal (2.05 g, 5.09 mmol) was dissolved in DCM (23.9 mL) and MeOH (1.93 mL, 47.8
mnol} and to which TFA (23.9 mL) was added. The reaction was stirred at ambient temperature

_for 15 min. The reaction was diluted with MeOH (47 mL) and concentrated, The crude mixture
was partitioned with sat. NaHCO; and DCM. The layers were separated and the organic layer was
purified by column chromatography on silica {20-60% EtQOAc/Hexane) to provide the phenol as a
white solid (1.41 g, 98% yield). LCMS found 283.8 [M+H]".
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termediate (1-{4-[8-chloro-2-(2,2-dimethoxy-ethoxy}-quinolin-4-yloxy}-2-{2-ethyl-1-(1-

methyl-cyclopropoxysulfonylaminocarbonyl}-cyclopropylearbamoyl}-pyrrolidine-1-carbonyl} -

2,2-dimethyl-propyl)-carbamic acid tert-butyl ester was prepared according to the method

presented in the synthesis of compound 138. Treatment of 1-{[4-(4-bromo-benzenesulfonyloxy)-

1-(2-tert-butoxycarbonylamine -3,3-dimethyl-butyryl }-pyrrolidine-2-carbony!}-amino } -2-ethyl-

cyclopropanecarboxylic acid methyl ester (2.01 g, 2.92 mmol) occurred under the same

conditions, adjusted for scale and with the exception of utilizing 2-(2,2-dimethoxy}-ethy]-8-

chloro-quinolin-4-ol (720 mg, 2.54 mmol) and sulfamic acid 1-methyl-cyclopropyl ester (735 mg,
4.86 mmol} to provide the acyl sulfamate {1.64 g, 76% vield). LCMS found 854.0 [M+H]} .
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(1-{4-[8-chloro-2-(2,2-dimethoxy-ethoxy)-quinolin-4-yloxy}-2-[2-ethyl-1-(1-methyl-

cyclopropoxysulfonylaminocarbonyl}-cyclopropylcarbamoyi]-pyrrolidine-i-carbonyl}-2,2-

- dimethyl-propyl)-carbamic acid tert-butyl ester (444 mg, 0.520 mmol) was dissolved in CH,Cl;

(2.6 mL) and MeOH (0.21 mL, 5.20 mmol), and treated with TFA (2.6 mL). After stirring for 25
min at room temperature, MeQOH (7 mL) was added and the solvents were removed in vacuo. The
crude mixture was partitioned with saturated NaHCO; and DCM. The layers were separated and
the organic layer was dried over Na,30; and concentrated. The resultant residue was dissolved in
DCM (5.2 mL} to which carbonic acid 4-nitro-phenyl ester 2,2,2-triflucro-1,1 -dimethyl-ethyl
ester {183 mg, 0.624 mwrool} and diisopropylethylamine (362 uL, 2.08 mmol) were added
sequentially. After stirring for 24 b at 35 °C, the reaction was purified by column chromatography
on silica (3-7% MeQOH/DBCM) to provide {1-{4-[8-chloro-2-(2,2-dimethony-ethoxy}-quinolin-4-
vioxyi-2-{2-ethyl-1-(1-methyl-cyclopropoxysulfonylaminocarbonyl)-cyclopropylcarbamoyl]-
pyrrolidine-1-carbonyl}-2,2-dimethyl-propyl}-carbamic acid 2,2,2-trifluoro-1,1-dimethy!-ethyl
ester (222 mg, 47% vield). LCMS found 908.0 [M+H]".
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Example 160

To aso}ution of (1-{4-[8-chloro-2-(2,2-dimethoxy-cthoxy}-quinolin-4-yloxy]-2-[2-ethyl-1-(1 -
methyl-cyclopropoxysulfonylaminocarbonyi)-cyclopropylcarbamoyl]-pyrrolidine-1 -carbonyl} -
2,2-dimethyl-propyl)-carbamic acid 2,2,2-triflucro-1,1-dimethyl-ethyl ester (285 mg, 0.314
mmol) in AcOH (2.9 ml) was added 1.4 N HCI (1.1 mL). The reaction was stirred at 60°C for 30
min. The solvents were removed in vacuo. The crude mixture was partitioned with sat. NaHCO,
and EtOAc. The layers were separated and the organic layer was washed with brine and dried
over Na;30,, and then concentrated and dried under high-vac. for 10 min. The resultant rc;sidue
was dissolved 1n 2M dimethylamine/THF (4.0 mL) to which NaBH(OAc); (113 mg, 0.628 mmol)
and AcOH (2.0 mL) were added sequentially. After stirring for 24 h at room temperature, the
reaction was directly purified by column chromatography on silica (5-12% MeOH/DCM) and
subsequently by reverse phase HPLC (30-95 % ACN/H,0-0.1% formic acid) to provide 51.6 mg
{(18% yield) of Compound 160. 'H NMR (CDCl,, 400 MHz) § 8.18 (s, 1H), 7.78 (m, 1H), 7.59
{m, 1H), 7.07 (m, 1H), 6.36 (s, 1H), 5.22 (s, 1H), 4.79-4.67 (m, 2H}, 4.24-3.98 (m, 2H), 3.30 (s,
1H), 3.05 (m, 13}, 2.86 (m, 2H), 2.75 (s, 68), 2.69 {(m, 1H), 2.35 (m, 1H), 1.63-1.38 (m, 10H),
1.23-0.83 (m, 18H), 0.43 (m, 2H). LCMS found 891.0 [M+H]".

2
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Compound 161
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5 Compound 161 was prepared according to the method presented in example 160. Treatment of (1-

{4-[8-chloro-2-(2,2-dimethoxy-ethoxy}-guinolin-4-yloxy]-2-{2-ethyl-1-(1 -methyl-

cyclopropoxysulfonylaminocarbonyl)-cyclopropylcarbamoyl}-pyrrolidine-1 -carbonyl} -2,2-

dimethyl-propyl)-carbamic acid 2,2,2-triflucro-1,1 -dimethyl-ethy! ester (285 mg, 0.314 mmol)

and with the exception of using 3-azetidinol occurred under the same conditions, adjusted for

10 scale, to afford compound 161 {78.1 mg, 27% yield). '"H NMR (CDCl;, 400 MHz) § 8.29 (s, 1H),
7.77 (m, 1H), 7.60 {m, 1H), 7.08 (m, 1H), 6.35 (s, 1H), 5.49 (s, 1H), 5.19-5.14 (m, 2H), 4.75 (m,
1H), 4.64-4.57 (m, 2H), 4.37 (m, 2H), 4.20-3.90 (m, 4H), 3.63-3.50 (m, 2H), 2.61 (m, 1H), 2.40
(m, 1H), 1.63-1.38 (m, 10H), 1.23-0.83 (m, 18H), 0.43 (m, 2H). LCMS found 919.0 [M+H]".
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Compound 162

Compound 162 was prepared according 1o the method presented in example 160. Treatment of {1-
{4{8%&110:‘0—2_(2,2-(15 methoxy-ethoxyi-quinoiin-4-vioxy] =2-~E2-ethyi-=1 -(1-methyl-
cyclopropoxysulfonylaminocarbonyl)-cyclopropyicarbamoyi]-pyrrolidine- 1 -carbonyl}-2,2-
dimethyi-propyli-carbamic acid 2,2, 2-trifluorc-1,1-dimethyi-ethyi ester (352 mg, $.388 mmol}
and with the exception of using azetidine occurred under the same conditions, adjusted for scale,
to afford Compound 162 (113 mg, 32% yield). 'H NMR (CDCl,, 400 MHz) § 8.38 (s, 1H), 7.75
(m, 1H), 7.59 {m, 1H), 7.06 (m, 1H), 6.34 (s, 1H), 5.21 (s, 1H), 4.74-4.55 (m, 2H), 4.40-4.21 (m,
2H), 4.13 (m, 4H), 4.02-3.92 (m, 2H]}, 3.50-3.41 (m, 2H), 2.43 (m, 3H}, 2.09 (m, 1H), 1.63-1.38
“(ra, 10H), 1.23-0.83 (m, 18H), 0.43 (m, 2H); LCMS found 903.0 [M+H]".
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Example 163

135°C, 2h

Pyrazole (3.32g, 48.7 mmol, 3 equiv) was weighed out in a small round bottom flask (50 mL) and
melted in an oil bath at 80°C. 2 4-Dichloro-7-methoxy-quinoline (3.7 g, 16.2 mmol, | equiv) was
added and the melt was heated to 135°C for 2 hours with continuous stirring. LCMS showed the
complete sonsumption of dichioride reactant but the majority of the product was 7-methoxy-2.4-
di-pyrazol-1-yl-quinoline. The desired mono-pyrazole product, 4-chloro-7-methoxy-2-pyrazol-1-
vl-quinoline, was separated by normal column chromatography (20% EtOAc/Hexanes) (343 mg,

8% vield). LCMS found 260.29 [M+H]'.

1M (-BuOK/THF
DMF, g, Th

2} HATU, i-PrEtN

3pBU D z
P o

H.N

Compound 163
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Compound 163 was prepared according to the method presented in example 16. Treatment of 1-
{[1-C-tert-butoxycarbonylamino-3,3-dimethyl-butyryl}-4-hydroxy-pyrrolidine-2-carbonyl]- :
amino}-2-ethyl-cyclopropanecarboxylic.acid {250 mg, 0.55 mmol) under the same conditian.s:
adjusted for scale and with the exception of utilizing 4-chloro-7-methoxy-2-pyrazol-1-yl-
quinoline (143 mg, 0.55 mmol) and sulfamic acid 1-methyl-cyclopropyl ester (94mg, .0.525
mmol) provided compound 163 (146 mg, 72% yield): 'H NMR (CD,;0D, 300 MHz} § 8 81 (s,
1H), 8.11 (d, 1H)}, 7.89 (s, 1H), 7.54 (5, 1H), 7.38 (s, 1H), 7.12 {d, 1H)}, 6.65 (s, 1H), 5.58 (5, 1H),
4.56 (m, 2H), 4.24 (s, 1H), 4.15 {m, 1H}, 3.97 (s, 3H}, 2.68 (m, 1H), 2.35 (m, 1H), 1.69 (s, 3H),
1.59 (m, 4H), 1.28 (m, 11H), 1.05-0.97 (m, 13H), 0.69 (s, 2H). LCMS found 812.03 [M+H]".

Example 164

cl

N Qe HN_CF,
=

T
—_—
l N n-Bull, THF
OPMB
TFA
_......._..._....%.

In a pre-dried 3-necked round bottom flask was dissclved 2,2,2-trifluorc-ethylamine (91 mg, 0.92
mmol, 1.2 equiv) in dry tetrahydrofuran (0.5 mL}), under a nitrogen atmosphere. The flask was
cooled down 10 -78°C and 2.5M #-Bulli in hexanes (428 ul, 1.07 mmol, 1.4 equiv} was added via
syringe. The mixture was stirred for 5 minutes then gradually warmed to 0°C. At this point, 8-
chioro-2-ethanesulfonyl-4-(4-methoxy-benzyloxy}-guinoline (300 mg, 0.766 mmol, 1 equiv)in a
solution of THF was slowly added. The mixture was stirred for 17h at room temperature then
quenched with brine and extracted into dichloromethane. The organic layer was dried over
MgSO, and concentrated down in vacuo to afford [8-chloro-4-{4-methoxy-benzyloxy}-quinolin-2-
yi}-(2,2,2-trifluoro-ethyl)-amine (203 mg, 67% yield). LCMS found 397.11 [M+H]".

[8-Chloro-4-{4-methoxy-benzyloxy)-quinolin-2-y1]-(2,2,2-trifluoro-ethyl}-amine (200 mg, 0.504

mmol, 1 equiv) was stirred in (1:1) mixture of TFA:Dichloromethane (10 mL} at room
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temperature for about 1 hour. The volatiles were subsequently removed on rotovap and used

without further purification as a TFA salt, LCMS found 277.42 [M-+H]".

CsoC0O5 NMP
60°C, 17h

2) LIOH, THE:MeOH:H20
3HATU, i-Pr,EtN

4) DBU O§S'? AN

HN O

Compound 164

Compound 164 was prepared according to the method presented in example 138, Treaiment of 1-
{{4-(4-bromo-benzenesulfonyloxy)-1-(2-tert-butoxycarbonylamine-3,3-dimethyl-butyryl}-
pyrrolidine-2-carbonyl}-amino} -2-ethyl-cyclopropanecarboxylic acid methy! ester (344 mg, 0.5
mmol) occurred under the same conditions, adjusted for scale and with exception of utilizing 8-

10 chloro-2-(2,2,2-trifluorc-ethylamino)-guinolin-4-0} (138 mg, 0.5 mmol) and sulfamic acid
cyclopropyl ester (158 mg, 1.15 mmol). Purification of the crude product was accomplished by
reverse phase HPLC (20%— 85%, MeCN/H,0/0.1% TFA) to provide compound 164 (388 mg,
85% yield): 'H NMR (CD,OD, 300 MHz) 3 8.11 (d, 1H), 7.92 (d, 1H), 7.40 (t, 1H), 6.77 (br s,
1H), 5.57 (brs, 1H), 4.66-4.51 (m, 4H), 4.28-4.25 (m, 1H), 4.14 (br s, 1H), 4.09-4.05 (m, 1H),

15 2.73-2.66 (m, 1H), 2.4-2.32 (m, 1H), 1.61-1.58 (m, 4H), 1.45 (s, 1 H), 1.19 (s, 9H), 1.04 (s, 9H),
1.02-0.94 (m, 6H), 0.77 (d, 2H). LCMS found 833.05 [M+H]".
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Example 165

Compound 165

Compound 165 was prepared according to the method presented-in Example 77 adjusted for scale

i

and with the exception of starting from compound 164. Purification of the crude product was
accomplished by reverse phase HPLC (20%— 85%, MeCN/H,0/0.1% TFA) to afford Compound
165 (30.6 mg, 57% yield): 'H NMR (CHCI;, 400 MHz) & 7.75 (d, 1H), 7.63 (d, 1H), 7.22 (br s,
1H), 7.05 {t, 1H), 6.07 (brs, 1H), 4.63 (m, 1H), 4.51 (m, 1H), 4.38 (m, 2H), 4.28 (m 2H), 4.05-
3.95 (m, 1H), 2.53 (m, 1H), 2.44 (m, 1H), 1.68-1.56 (m, 5H), 1.51-1.42 (m, 4H), 1.26-1.15 (m,
10 2H), 1.04 -0.97 (m, 10H), 0.92 (m, 3H), 0.72 (br s, 2H). LCMS found 887.02 [M+H]".

Fxample 166

TFA

oPMB

15
In a pre-dried 3-necked round hottom flask was added 2M ethylamine solution in THF (960 pL,
1.92 mmol}, under nitrogen atmosphere. The flask was cooled to -78°C and 2.5M n-BuLi in
hexanes (768 pul, 1.92 mmol) was added via syringe. The mixture was stirred for 5 minuies and
then allowed to warm up to room temperature. As the temperature was warming up, at

20 approximately 0°C, 8-chloro-2-ethanesulfonyl-4-(4-methoxy-benzyloxy)-quinoline (500 mg, 1.28
mmol) in a solution in THF was slowly added from a syringe. The mixture was stirred for 17h at

room temperature. The mixture was quenched with brine and extracted into dichloromethane.
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The organic layer was dried over Mg80, and concentrated in vacuo to provide the desired

compound (373 mg, 85% yield). LCMS found 343.10 [M+H]".

{8-Chloro-4-(4-methoxy-benzyloxy)-quinolin-2-yij-ethyl-amine (373 mg, 1.09 mmol) was stirred
in TFA:Dichloromethane (1:1, 10 mL) at room temperamré for about | hour. The volatiles were
subsequently removed on rotovap and the crude residue was used directly as a TFA salt. LCMS
found 223.29 [M+H]".

CSQCO;;, NMP
80°C, 17h

2) LIOH, THF:MeOHH,0
3MHATY, APy ElN

4)DBU O ?

o}
HoN

Compound 166

Compound 166 was prepared according to the method presented in example 138, Treatment of 1-
{[4-(4-Bromo-benzenesulfonyloxy)-1-(2-tert-butoxycarbonylamino-3,3-dimethyl-butyryl)-
pyrrolidine-2-carbonyl]-amino} -2-ethyl-cyclopropanecarboxylic acid methyl ester (764 mg, 1.11
mmol) occurred under the same conditions, adjusted for scale and with exception of utilizing 8-
chloro-2-ethylamino-quinolin-4-o0l (373 mg, 1.1 1munol) as TFA salt and sulfamic acid 1-methyl-
cyclopropyl ester (365 mg, 2.04 mmol}). Purtfication of the crude product was accomplished by

reverse phase HPLC {20%— 85%, MeCIN/H,0/0.1% TFA) to provide Compound 166 (680 mg,
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88% yield): 'H NMR (CHCk, 400 MHz) & 9.55 (br s, 1H), 7.86 (d, 1H), 7.62 (m, 1H), 7.34 (br s,
1H), 7.11 (s, 1H), 6.02 (br s, 1H), 5.31-5.12 (m, 3H), 4.53 -4.34 (m, 3H), 4.12-3.97 (m, 3H), 3.62
(d, 1H), 3.41 (br s, 2H), 1.61 (s, 3H), 1.57-1.42 (m, 2H), 1.33 (s, 6H), 1:25 (s, 9H), 0.96 (s, 6H),
0.93 (s, 3H), 0.89-0.83 (m, 4H), 0.56 (s, 2H). LCMS found 793.01 [M+H]".

Example 167

2

Compound 167

Compound 167 was prepared according 1o the method presented in Example 77 adjusted for scale
and with the exception of starting from compound 166. Purification of the crude product was
accomplished by reverse phase HPLC (20%— 85%, MeCN/H0/0.1% TFA) to provide
Compound 167 (200 mg, 29% yield): '"H NMR (CHCl, 400 MHz) § 9.01 (br s, 1H), 7.99 (s, 1H),
7.89{d, 1H), 7.65 (d, 1H), 7.22 (1, 1H), 6.20 (s, 1H), 5.52-5.47 (m, 2H), 4.57 -4.53 (m, 1H), 4.44-
4.42 (m, 1H), 4.21-4.19 (m, 2H), 3.49 (br s, 2H), 2.66 (m, 1H), 2.49 (m, 1H), 2.18-2.05 (m, 1H),
1.64 (m, 5H), 1.52 (5, 3H), 1.45 (m, 3H), 1.38 (s, 2H), 1.35 (m, 2H), 1.25 (m, 2H), 1.17 {in, 1H},
1.01 (s, 6H), 0.98 (s, 3H), 0.91 (m, 3H), 0.60 (s, 2H). LCMS found 846.95 [M+H]".

Fxample 168
BsQO

BocHN._-COOH o
. ::. DIPEA ™~
o “HATU/ DG

HATW DCM  BocHN o ©

v )

o)
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CSQCOg

NMP

HoN

HATU BocHN \/&0 O

DIPEA/DCM

LV,

To a solution of 4-(4-bromeo-benzenesuifonyloxyy-pyrrolidine-2-carboxyiic acid methyl ester HCI
salt {4 g, 10 momol} in DCM (50 ml.} was added tert-butoxycarbonylamino-(tetrahydro-pyran-4-
yi}-acetic acid (2.86g, 11 mmol), HATU (5.7 g, 15 mmol) and DIPEA (7 mL, 40mmol}). The
solution was stirred at room temperature for 16h. The solution was diluted with DCM and washed
twice with aqg NH,Cl and brine. The organic layer was dried over MgSQ, and concentrated in

10 vacuoe. The desired product was purified by silica gel column chromotography from hexane /
EtOAc to provide 4-(4-bromo-benzenesulfonyloxy)-1-f2-tert-butoxycarbonylamino-2-(tetrabydro-
pyran-4-yi)-acetyl]-pyrrolidine-2-carboxylic acid methyl ester (4.25 g 70% yield). LCMS found
606 ([M+H]".

15 Treatment of 4-(4-bromo-benzenesuifonyloxy)-1-{2-tert-buioxycarbonylamino-2-(tetrahydro-

pyran-4-yi}-acetyl]-pyrrolidine-2-carboxylic acid methyl ester under the same conditions as
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presented in example 137 adjusted for scale and with the exception of using 8-chloro-2-ethoxy-
quinolin-4-of provided 1-{{1-[2-tert-Butoxycarbonylamino-2-(tetrahydro-pyran-4-yl)-acetyl]-4-
{8-chloro-2-ethoxy-quinolin-4-yloxy)-pyrrolidine-2-carbony!}-amino}-2-ethyl-
cyclopropanecarboxylic acid. LCMS found 696 ([M+H]".

Cl

1) LIOH, THF:MeOHH,0
2) HATU, i-PryEtN

O\\ [’O
3)DBU .5
H.N O
2 oo

Compound 188

The 1-{{1-[2-tert-butoxycarbonylamino-2-(tetrahydro-pyran-4-yl}-acetyl}-4-(8-chloro-2-ethoxy-
quinoclin-4d-yloxy}-pyrrolidine-2-carbonyli}-amino} -2-ethyl-cyclopropanecarboxylic acid methyl
ester {0.76 g, 1.1 mmol) was dissolved in THF/ MeOH /H,0 (3:3:1) (7mL) and lithium hydroxide
{143 mg, 5.5 mmol) was added. The reaction was stirred at room temperature for approximately 1
hour and the solvent was then removed. The residue was diluted with 1M HCI and then extracted
with EtOAc twice. The combined organic layers were washed with brine, dried over magnesium
sulfate and concentrated to give 6.7 g (95% yicld) of the desired carboxylic acid as a white solid

compound. LCMS found 690 [M+HT".
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To a solution of 1-{[1-[2-tert-butoxycarbonylamino-2-(tetrabydro-pyran-4-yi)-acetyl]-4-(8-
chloro-2-ethoxy-guinolin-4-yloxy)-pyrrolidine-2-carbonyl}-amino} -2-ethyi-
cyclopropanecarboxylic acid (200 mg, 0.29 mmol) in DCM (2 mL) was added HATU (167 mg,
0.44 mmol) and DIPEA (0.077 mL, 0.44 mmol). The solution was stirred at room temperature for
15 min before sulfamic acid cyclopropyl ester (80 mg, 0.58 mmol) and DBU (0.17 mL, 1.16
mmol) were added. The reaction was then stirred for an additional 16 h. The solution was dituted
with EtOAc¢ and washed twice with 1M agueous HCI and Brine. The organic layer was dried over
MgS8Q, and concentrated in vacuo. The desired sulfamate was precipitated from EtOH/H,O 1o
afford compound 168 (118 mg, 50% vield). 'H NMR (300 MHz, CD;OD): §9.32 (s, 1H), 8.01
{d, 1H), 7.73(d, 1H), 7.24 (m, 1H), 6.51 (5, 1H), 5.43 (s, 1H), 4.59 (m, 4H), 4.32 {(m, 1H), 4.10-
3.85 (m, 4H}, 3.32 (m, 2H), 2:60 (m, 1H), 2.35 (m, ‘liH}, 2,14 (m, 1H), 1.61-1.21 (m, 11H), 1.19
(m, 11H), 0.98 (m, 6H), 0.77 (m, 2H). LCMS found 809 [M+H]".

Example 169

o, P z
HZN’S‘Q

Compound 169

Compound 169 was prepared according to the method presented in example 138, Treatment of I-.
{{1-{2-tert-butoxycarbonylamino-2-(tetrahydro-pyran-4-yi}-acetyl}-4-(8-chloro-2-ethoxy-
guinolin-4-yloxy)-pyrrolidine-2-carbonyl}-amino}-2-ethyl-cyclopropanecarboxylic acid (200 mg,
0.29 mmol} occurred under the same conditions, aéjustcd for scale to provide compound 168 as a
white solid (107 mg). *H MNR (300 MHz, CD:0OD): 6 9.34 (s, 1H), 8.00(d, 1H), 7.71 (d, 1H),
7.24 (m, 1H), 6.49 (s, 1H), 542 (s, 1H), 4.57 {m, 4H), 4.11-3.85 (m, 4H}, 3.41 {m, ZH), 2.60 (m,
1H), 2.35 {m, 1H), 2.14 (m, 1H), 1.71-1.32 (m, 16H}, 1.20 (m, 11H), 0.98 (m, 4H), 0.70 {m, 2H).
LCMS found 823 [M+H]".
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Exampie 178

e
NS H
S CFa \{,OFN
o /ij

O
Compound 170

(9,1

Compound [ 70 was prepared according to the method presented in Example 138, substituting
sulfamic acid 14(2,2,2-trifluoro-ethyl)-cyclopropy! ester for sulfamic acid 1-methyl-cyclopropyl
and using 1-{[1-[2-tert-butoxycarbonylamino-2-(tetrahydro-pyran-4-yi}-acetyl}-4-(8-chloro-2-
ethoxy-quinolin-4-yloxy)-pyrrolidine-2-carbonyl}-amino}-2-ethyl-cyclopropanecarboxylic acid

10 (200 mg, 0.29 mmol) occurred under the same conditions, adjusted for scale to afford Compound
170 as a white solid (103 mg). "H MNR (300 MHz, CD;0D}: 8 9.31 (s, 1H), 8.00 (d, 1H), 7.73
{d, 1H}. 7.25 (d, 1H), 6.50 (s, 1H), 542 {m, 1H), 4.57 {m, 4H), 4.10-3.87 (m, 4H), 3.39 (m, 2H),
2.90 (m, 2H), 2.60 (m, 1 H), 2.35 (m, 1H), 2.10 (m, 1H), 1.74-1.31 (m, 15H), 1.19 {m, 11H), 0.97
{m, 4H}. LCMS found 891 [M+H]".

Example 171

Ci
| N N O
N
F . F H N
O\I N\AO O
o —
=4 {
e F \
O

Compound 171
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Compound 171 was prepared according to the methods described in Example 77. Treatment of
Compound 168 (100 mg, 0.12 mméi) under the same conditions, adjusted for scale, provided
Compound 171 (82 mg, 77% yield). 'H MNR (300 MHz, CD,0D): 5 9.34 (s, 1H), 8.00 (d, 1 H),
7.72 (d, 1H), 7.23 {m, 1H)}, 6.50 (s, 1H), 5.42 (s, 1H)}, 4.71-4.54 (m, 4H), 4.32 (m, 1H), 4.06-3.88
{(m, 4H), 3.37 (m, 2H), 2.60 (m, 1H), 2.35 (m, 1H), 2.14 (m, 1H), 1.78-1.43 (m, 9H), 1.40 (S, 3H),
1.34-1.20 (m, 4H), 1.01 (8, 3H), 0.95 {m, 6H), 0.77(m, 2H). LCMS found 863 [M+H]".

Example 172

Compound 172

Compound 172 was prepared according 1o the methods described in Example 77. Treatment of
Compound 167 (200 mg, 8.24 mmol) under the same conditions adjusted for scale and with the
exception of using carbonic acid 4-nitro-phenyl ester 2,2,2-trifluorc-1, I-dimethyl-ethy! ester (141
mg, .48 mmol} provided Compound 172 (120 mg, 56% yield). 'H MNR (300 MHz, CD,OD): §
9.34 (s, 1H), 8.00(d, 1H), 7.73 (4, 1H)}, 7.24 (m, 1H), 6.50 (s, 1H), 5.43 (5, 1 H}, 4.59 {m, 4H),
4.06-3.85 (m, 4H), 3.41 (m, 2H), 2.60 {m, 1H), 2.35 (m, 1H), 2.14 (m, [H}, 1.71-1.09 (m, 24H),
0.98 (m, 4H), 0.70 (m, 2H). LCMS found 877 [M+H]".
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Examples 173 and 174

NH{OMeMe \/QL 0
~COzH HATU EGIPIN A\ OMe LA, A\,JLH
CF Cry Me cF
3 CH:C?Z 3 Eﬁzo 3
HO_ CN
NHHCI NHBoc
1. Me” Me 1. BN HCH
S " CN EE—— " COH
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¢ -
AN OEt
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NHBGC HATU, iPrEt O

P -
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In a 500mL rbf at rt were added (in order) 1-trifluoromethyi-cyclopropanecarboxylic acid (5 g, 32
mmol), CHYCL (150 mL), E6/PrN (12.3 mL), and NH{OMe)Me (4.7 g} with stirring. The
solution was cooled to ¢ °C and HATU (13.4 g) was added. The ice bath was removed and the
reaction was warmed to room temperature and stirred for 15 hours. The reaction was then poured

onto 1N HCVice and extracted with Et;O (3x100mL). The combined organic extracts were

- washed successively with IN HCI, 1M NaOH, water, and brine, and then dried over sodium

sulfate. After filiration, concentration in vacuo (80 Torr) gave sufficiently pure material to carry

forward without further purification (17.2 mmol, 54% yield). LCMS found 198.02 [M+H]".

Powdered LiAIH, was added to anhydrous Et,O and cooled to 0 °C in a flame-dried 3:neck round-
bottom flask under inert atmosphere. To the cloudy solution was dropwise added 1-
trifluoromethyl-cvclopropanecarboxylic acid methoxy-methyl-amide (3.4 g, 17.2 mmol) over 5
minutes with vigorous stirring. The reaction was continued to stir at § °C until complete
consumption of starting rmaterial was observed by TLC. Al 3-necks were then opened 1o air, and
water (0.65 ml.) was added dropwise at { °C. NaOH (15 wt% in water, 0.65ml.) was then
carefully added at 0 °C. Water (0.65mL.} was again added dropwise at 0 °C. The reaction shurry
was filtered through celite, and washed 2 x 50mL with E;O. The aldehyde was provided as a
clear pale vellow solution in E6, and was carnied onward without concentration or purification

due to its volatility (100% yield assumed; product not characterized).

To 1-triflucromethyl-cyclopropanecarbaldehyde (17.2 mmol) in E6O (150 mL) was added
acetone cyanchydrin (3.15 mL) and Et;N (4.8 mL). The reaction was stirred for 17h at rt, and
then concentrated i vacue. NH; in MeOH (30 mL, 4M) was then added and stirred for an
additional 17h at room temperature. All volatiles were subsequently removed in vacuo. The
crude residue was carried onward without purification. The residue was then dissolved 1n ERO,
cooled to 0 °C, and 2M HCI in dioxanes was slowly added and the solid collected by filtration to

give the desired product (100% yield assumed, product not characterized).

To tert-butoxycarbonylamino-( t -trifluoromethyi-cyclopropyl}-acetic acid (17.2 mmol) at room
temperature was added 6N HCl,; (50 mL). The reaction mixture was refluxed for 17h, then
cooled to 0 °C and carefully basified with 30% aq NaOH (47 mL}. Boc,O (15.8 g) was added and
stirred for 18h. The reaction was then brought to pH 4 with 1M HCI and extracted with EtCAc (3
% 200 mL}. The combined organics were washed successively with 1M HCI and brine, and then

dried over sodium sulfate. Concentration in vacuo gave the crude reside. Purification via flash
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cotumn chromatography, using MeOH and CH,Ch, gave the desired product as a clear liquid

(1.7g, 35% vield from {-trifluoromethyl-cyclopropanecarboxylic acid methoxy-methyl-amide).

"H NMR (CDCls, 400 MHz) & 8.9 (br s, 1H), 4.0 (d, 1H), 1.5 (s, 9H), 1.38-1.0 (m, 4H).

To 1-{[4-(8-chloro-2-ethoxy-quinolin-4-yloxy}-pyrrolidine-2-carbonyl}-amino} -2-ethyl-
cyciopropanecarboxylic acid methyl ester (56 mg, 0.12 mmol) in DMF (5 mL) was added iPr,EtN
{90 pL) and HATU (143 mg). After stirring for 15 min at room temperature, tert-
butoxycarbonylamino-{ | -trifluoromethyl-cyclopropyl)-acetic acid was added {117 mg) and stirred
for 16 hours. The reaction mixture was then added to saturated sodium bicarbonate and extracted
with EtOAc. The combined organic extracts were washed with 1N HCI, water, and brine, and
then dried over magnesium sulfate. Purification by flash column chromatography separated two
diastercomeric products (configuration assigned by activity of final product). (R)-diastereomer
(29 mg, 33% vield) and (S)-diasterecmer (44 mg, 50% vield). LCMS found 726.99 [M+H]".

A solution of [-{[1-[2-tert-Butoxycarbonylamino-2-(1-trifluoromethyl-cyclopropyl)-acetyl}-4-(8-
chloro-2-ethoxy-quinolin-4-yloxy)-pyrrolidine-2-carbonyl}-amino} -2-ethyl-
cyclopropanecarboxylic acid methyl ester (45 mg, 0.06 mmol} in THF/MeOH/H,0 (1:1:1, 3 mL)
was stirred at room temperature. To the solution was added LiOH (10 mg) and the reaction
mixture was heated to 5 °C for 3 hours. Complete conversion was observed by LCMS, as weli
as complete epimerization. In one instance of running this reaction, purification by HPLC was
atternpted, and provided a small amount of pure diastereomer (5% vyield, 9 mg) (R)-configuration
assigned based on final product’s activity). Ina sepaféte instance of running this reaction, the

diastereomeric mixture (1:1 at P3) was carried on crude. LCMS found 712.96 [M+H]".

To a room temperature solution of 1-{{1-[2-tert-butoxycarbonylamino-2-({ -trifluoromethyl-
cyclopropyl-acetyl}-4-(8-chloro-2-ethoxy-guinolin-4-yloxy)-pyrrolidine-2-carbonyl]-amino} -2-
ethyl-cyclopropanecarboxylic acid (40 mg, 6.06 mmol, procedure was for (R/S)-diastereomeric
mixture at P3) in DMF (5 mL) was added /-Pr,EtN (31 pL) and HATU (34 mg). The mixture was
stirred for 30 minutes, and then DBU (36 uL) and sulfamic acid 1-methyl-cyclopropyl ester (18
mg). The reaction was stirred for 18h at room temperature, then added to 5% aq. citric acid. The
mixture was extracted with EtOAc, and the combined organics were washed with brine and dried
over magnesium sulfate. Concentration in vacuo followed by purification by reverse phase HPLC
gave the desired product Compound 174 (13 mg, 26% yield, 1:1 diastereomeric mixture at P3).

Same procedure as above for (R)-diastereomer at P3, provided desired product Compound 173 in
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© 44% yield (4.5 mg). 'H NMR (CD,OD, 500 MHz, diagnostic peaks) § 8.9 (é;'OZSH), 7.9,

0.5H), 7.8 (d, 0.5H), 7.65 (m, 1H), 7.42 (s, 1H), 7.17 (m, 1H), 6.27 (s, 0.5H), 6.24 (s, 0.5H), 5.29
(br s, 1H), 5.1 (s, 0.5H), 4.98 (s, 0.5H), 4.58 (g, 2H), 4.48-4.3 (m, 2H), 4.28-4.1 {m, 2H), 2.6 (m,
0.5H), 2.5 (m, 0.5H), 2.32 (m, 1H), 1.65 (5, 1.5H), 1.60 (s, 1.5H), 1.48-1.62 (m, 7H). LCMS
found 845.94 [M+H]".

Example 175

9 1) LIOH “ 2 o, 0
BocHN,, @& .~ - BocHN,, N(S‘O

2) HATU

0, ,0 2 )
-8
HoN""T0

To a selution of 1-tert-butoxycarbonylamino-2-ethyl-cyclopropanecarboxylic acid methyl ester
(4.95g, 20.3 mmol) in a mixture of THF {40 mL) and MeOH (40 mL) was added agueous LiOH
(2.5M, 40 mL, 100 mmol, 5§ equiv.). The solution was heated to 45 °C (external temperature) for
5 h before cooling to room temperature. To the reaction was added aqueous HCH(6M, 20 mL)
and the volatiles were removed in vacuo. The residue was diloted with EtOAc and the aqueous
fayer was separated. The organic layer was washed with Brine, dried over Na,30, and

concentrated to give the crude acid.

To a portion of the crude acid (2.02 g, 8.8 mmol) in CH,Cl, (45 ml.) was added sulfamic acid 1-
methyl-cyclopropy! ester (2.0 g, 13.26 mmol}, HATU (3.68 g, 9.7 mmol) and
diisopropylethylamine (8.0 mL, 45.9 mmol). The reaction mixture was stirred at room
temperature for 3 days before ditution with CH,Cl,. The solution was washed twice with aqueous
HCI (1M) and once with Brine. The aqueous layers were backextracted with CH,Cl,. The
organic layers were combined, dried over NaySO,, and concentrated in vacuwo. The crude
sulfamate was purified by column chromatography (20100 % EtOAc/hexanes) to provide [2-
ethyl-1-( 1-methyl-cyclopropoxysulfonylaminocarbonyl)-cyclopropyll-carbamic acid tert-buty!
ester (2.8 g, 89%): 'H NMR (d;-MeOD, 300 MHz) 8 10.05 (s, 1H), 1.69 (s, 3H), 1.47-1.52 (m,
2H), 1.45 (s, 9H), 1.29-1.41 {m, 4H), 1.06 (m, 1H), 6.975 (1, 3H), 0.65 (m, 2H).
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4-(4-Bromo-benzenesulfonyloxy)-pyrrolidine-1,2-dicarboxylic acid 1-tert-buty! ester 2-methyl
ester (5.68 g, 12.23 mmol) was dissolved in NMP (40 mL) and 8-chloro-2-ethoxy-quinolin-4-ol
{3.0 g, 13.4 mmol) was added followed by cesium carbonate (12.01 g, 36.86 mmol). The reaction
was heated to 65°C for three hours and then cooled to room temperature. The reaction was then
diluted with EtOAc and washed with water, saturated ammonium chloride and brine. The organic
layer was dried over sodium sulfate and concentrated. The crude residue was then triturated with
methanol to give 3.98 g (72% vield) of the intermediate as a solid. The intermediate (2.94 g, 6.52
mmol) was then dissolved in THF/MeOH (1:1, 52 mlL.) and lithium hydroxide (781 mg, 32.6
mmol) was added as a solution in water (13 mL). The reaction was stirred at room temperature
for approximately | hour and the solvent was then removed. The residue was diluted with 1M
HCI and then extracted with EtOAc¢ twice. The combined organic extracts were washed with
brine, dried over magnesium sulfate and concentrated to give 2.74 g (96% yield) of the desired

carboxylic acid as a white solid. LCMS found 436.92 [M+H]".

[2-ethyl-1-(1-methyl-cyclopropoxysulfonylaminocarbony!)-cyclopropyl]-carbamic acid tert-butyl
ester was treated with HC! in dioxanes to afford the HCI salt of (1-amino-2-ethyl-
cyclopropanecarbonyl)-suifamic acid i-methyl-cyclopropyl ester (1.81 g, 6.91 mmol). To this
amine was added a solution of 4-(8-chioro-2-ethoxy-quinolin-4-yloxy)-pyrrolidine-1,2-

dicarboxylic acid i-tert-butyl ester (2.74 g, 6.27 mmol}, diisopropylethy! amine (5.4 mL,, 31.35
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mmol} and HATU 3.77 g 9.78 mmol). The reaction was stirred at room temperature overnight.
The solution was transferred to a seperatory funnel and the organic layer was washed with 1M
HCI and brine, dried over magnesium sulfate and concentrated. The crude residue was triturated
with DCM and filtered to get 1.83 g (43% yield) of the coupled intermediate as a solid. This
intermediate (1.83 g, 2.69 mmol) was then dissolved in DCM (30 mL) and HCI in dioxanes (6.7
mL) was added. The reaction was stirred at room temperature two hours and then the solvent was
removed to give 1.71 g of the desired product (1-{[4-(8-chloro-2-ethoxy-quinolin-d-yloxy)-
pyrrolidine-2-carbonyl}-amino}-2-ethyl-cyclopropanecarbony|}-sutfamic acid 1-methyl-

cyclopropy! ester as the HCI salt. LCMS found 850.88 [M+H]".

E o A X
z >]/ ¥ o
0 o A~
/a
n ¢ %o HATU, DIPEA
Ne -3 DMF
N Y, o0
H o

Compound 175

Compound 175 was prepared according to the methods described in Example 27, Treatment of
{1-{[4-(8-chioro-2-cthoxy-quinolin-4-yloxy}-pyrrolidine-2-carbonyl]-amino} -2 -ethyl-
cyclopropanecarbonyl)-sulfamic acid 1-methyl-cyclopropyl ester (250 mg, 0.43 mmol) under the
same conditions adjusted for scale and with the exception of using Boc-protected valine (117 mg,
0.54 mmol, 25 equiv.) and diisopropylethylamine (0.37 mL 2.15 mmol, 5 eq) provided
Compound 175 (65 mg, 19%): 'H NMR (CD,0D, 400 MHz) § 7.98 (d, 1H), 7.73 (d, 1H), 7.24(,
THy, 6.48 (5, I1H), 5.43 (5, 1H}, 4.47-4.64 (m, 4H), 3.95-4.09 (m, 2H), 2.58 (dd, IH)},2.27-2.38
{m, 1H), 2.10 (g, 1H), 1.48-1.70 (m, 7H), 1.45 (¢, 3H), 1.12-1.41 (m, 12H), 0.88-1.01 {m, 9H),
0.65-0.71 (m, 2H). LCMS found 779.91 [M+H]".

Example 176

OH Bo%zg g OH
Na
HaN \_<1§0 : . >1/Om,/ N\g&a
AL dioxane o /;\
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Alpha-methyl-valine (500mg, 3.8 mmol) was dissolved in dioxane (6mL) and treated with di-rere-
butyl dicarbonate (998mg, 4.6mmol, 1.2 eq) and NaOH (3 mmol}. The reaction mixture was
stirred at room temperature for 8 days after which the reaction was concentrated in vacuo, diluted
with EtOAc and washed with IN HCH, dried over sodium sulfate. After removal of solvent, the
crude (81 1mg) product was used directly in the next reaction. 'H NMR (DMSG, 400 MHz) §
1.36 (s, 9H), 1.24 (s, 3H), 0.83 (dd, 1H).

g o B / H Q 9,,0
'S’“O Nf, NIS\
e HATU, DIPEA o N N O
DMF O N? O
YR
0 A

Compound 176

Compound 176 was prepared according to the methods described in Example 60. Treatment of
(1-{{4~(8-chloro-2-ethoxy-quinolin-4-yloxy)-pyrrolidine-2-carbony!]-amino} -2-ethyl-
cyclopropanecarbonyi}-sulfamic acid 1-methyl-cyclopropyl ester (170 mg, 0.292 mmol) under the
same conditions adjusted for scale and with the exception of using N-Boc-alpha-methyl-valine
{203 mg, 0.88 mmol, 3 equiv.}, and diisopropylethylamine (0.25 mL 1.46 mmol, 5 eq) provided
Compound 176 (6.9 mg, 3%): 'H NMR (CD;0D, 400 MHz) § 7.88 (d, 1H), 7.73 (d, 1H), 7.26 (1,
TH), 6.51 (s, 1H), 5.38 (s, IH), 4.65 (t, 1H), 4.52-4.60 (m, 4H), 3.72-3.83 (m, 1H}, 2.67-2.76 (m,
1H), 1.75-1.83 (m, 11}, 1.66 (s, SH}, 1.517 (s, 9H) 1.43-1.48 (in, 4H), 1.29-1.32 (m, 7TH), 1.03 {1,
3H), 0.82 (d, 3H), 0.61 (m, SH). LCMS found 794.37 [M+H]'.
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Example 177
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Compound 177

Compound 177 was prepared analogously to the procedure presented in Example 151, starting

W

from 1-{{i-{2-tert-butoxycarbonyiaminc-3,3-dimethyl-butyryi}-4-(B-chlore-2~ethoxy-quinolin-4-
yioxy)-pyrrolidine-2-carbonyii-amino}-2-ethyl-cyclopropanecarboxylic acid, substituting
sulfamic acid cyciopropyi ester with sulfamic acid 1-(2,2,2-triflucroethyl)cyclopropyl! ester, and
adjusting for scale to produce 0.134 g (45%) of Compound 177 as a white powder following
purification by reverse phase HPLC. ' NMR {CD;0D, 400 MH=z) 8 9.13 (s, 1H); 7.99 (4, 1H);
10 7.73(s, TH); 7.24 ¢, 1H}; 6.51 (s, 1H}; 5.41 {m, 1H); 4.64-4.50 (m, 4H); 4.27 (m, 1H); 4.21 (s,
{H); 4.02 (m, 1H}; 2.63 (m, 1H); 2.28 (m, 1H); 1.66-1.50 {m, 48); 1.46 (s, 3H); 1.46 (¢, 3H); 1.21
{s, 3H), 1.21 (m, 1H); 1.03 (s, 9H); 1.02-0.92 (m, 5H); 0.75 (m, 2ZH). LCMS found 834.03
[M+H]".

15 Exampie 178
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Compeund 178

To lrifluoromethyl-cyclobutanol (2.2 g, 15 mmol) in dichloromethane (7.5 mL,, 2M) was added
5  pyridine (3 mL) and 4-nitropheny! chloroformate (4 g, 18.3 mmol). The flask was sealed and
stirred at room temperature for 2 days. The reaction was diluted with dichloromethane (50 mL)
and washed with 1M KHSO,,,, saturated sodium bicarbonate, water, and brine. The organic
layer was dried over sodium sulfate and concentrated in vacue. Purification by flash column

chromatography {gradient elution with 16% to 40% EtOAc in hexane) gave 2.2 g {48% vield) of

10 carbonic acid 4-nitro-phenyl ester i-triffuoromethyi-c obuty ester as a colorless oil. 'H NMR
{(CDCh, 406 MHz) 8 8.35 {d, 210}, 7.50 (d, 1H), 2.78-2.85 (m, 2H), 2.58-2.70 (m, 2H), 1.9-2.1 (m,
2H).

To 1-{[1-(2-tert-butoxycarbonylamino-3,3-dimethyl-butyrv])-4-(8-chloro-2-ethoxy-quinolin-4-

15 yloxy)-pyrrolidine-2-carbonylj-amino}-2-ethyl-cyclopropanecarboxylic acid (200 mg, 0.3 mmof)
in dichloromethane (4 mL) was added HCI (4N in dioxane) at room temperature. After 2h,
analysis of the reaction mixture by LC-MS showed complete conversion of starting material. At
this point, the reaction was cooled to § °C and triethylamine (2 mL) was added dropwise,
followed by carbonic acid 4-nitro-phenyl ester [-trifluoromethyl-cyclobutyl ester (300 mg, 1

20 mmol). The reaction was allowed to warm to room temperature and stirred 14h. The reaction
mixture was then poured into a IN solution of KHSOq,, and extracted with ethyl acetate. The
combined organic extracts were washed with IN KHSO,,,,, water, and brine, and subsequently
dried over magnesium sulfate. Concentration, followed by purification by reverse phase HPLC

and lyophilization gave 110 mg (50% yield) of 1-({4~(8-chloro-2-ethoxy-quinolin-4-yioxy)-1-
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[3,3-dimethy}-2-{ 1-trifluoromethyl-cyclobutoxycarbonylamino)-butyryl}-pyrrolidine-2-carbonyl} -
amino)-2-ethyl-cyclopropanecarboxylic acid as a white powder. LCMS found 727.03 [M+H]".
To 1-({4-(8-chloro-2-ethoxy-quinolin-4-yloxy)-1-[3,3-dimethyi-2-( i -trifluoromethyl-
cyclobutoxycarbonylamino)-butyryl]-pyrrolidine-2-carbonyl}-amino)-2-ethyl-
cyclopropanecarboxylic acid (110 mg, 0.15 mmol) in DMF (3 mL, 0.05 M) was added /-Pr,EN
(90 pL, 0.38 mmol} and HATU (86 mg, 0.23 mmol} and stirred h at rit. To the reaction mixture
at rt was added sulfamic acid cyclopropyl ester (46 mg, 0.30 mmol) and DBU (50 gL, 6.60
mmol). The reaction was stirred 17h at rt, and then added to 5% ag citric acid and extracted with
ethyl acetate. The combined organic extracts were washed water, and brine, and subsequently
dried over magnesium sulfate. Concentration, followed by purification by reverse phase HPLC
and lyophilization gave {1-[4-(8-chloro-2-ethoxy-quinolin-4-yloxy)-2-(1-
cyclopropoxysulfonylaminocarbonyl-2-ethyl-cyclopropylcarbamoyl)-pyrrolidine-1-carbonyl}-2,2-
dimethyl-propyl}-carbamic acid 1-trifluoromethyl-cyclobutyl ester (20 mg, 16% yield) as a white
powder. 'H NMR (CD;OD, 500 MHz) & 9.18 (s, 1H), 7.95 (d, 1H), 7.70 (d, 1H), 7.20 (dd, 1H),
6.48.(s, IH}, 5.4 (brs, 1H), 4.45-4.6 (m, 4H), 4.2-4.3 (m, 2H), 2.58-2.62 (m, 1H), 2.2-2.4 (m, 4H),
1.5-1.7 {m, 4H), 1.43 {t, 3H), 1.2-1.3 (m, 3H) 1.2 (dd. 2H), 1.1-0.9 (m, 13H), 0.85 (m, 2H).
LCMS found 846.00 [M+H]".

Example 179

Compound 179

To a solution of Compound 138 in DCM (50 mL) was added 4N HCI in dioxanes (30.7 mL) and
the reaction was stirred at room temperature for 1.5 hrs. The solvent was removed in vacuo. A
portion of the residue (350 mg, 0.48 mmol} was dissolved in dichioromethane {5 mL), to which
was added triethylamine (335 ul, 2.4 mmol) and carbonic acid cyclopenty! ester 2,5-dioxo-

pyrrolidin-1-yl ester {131 mg, 0.57 mmol). After two hours the solvent was removed and the
354
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crude product was purified using reverse phase HPLC to give 100.9 mg (26% yield) of the desired
Compound 179 as a white amorphous solid. 'H NMR (CD;0D, 400 MHz) § 7.94 (d, 1H); 7.69
(d, 1H); 7.20 (m, 1H); 6.81 (d, 1H); 6.45 (s, 1H); 5.37 (5, 1H); 4.64 (m, 1H); 4.51 (m, 4H); 4.26
{m, 1H); 4.02 (m, 1H}; 2.59 (m, 1H); 2.25 {(m, 1H); 1.70 (m, 1H); 1.66 (s, 3H); 1.55 (m, 7H);

1.43 {m, 4H); 1.27 (m, SH); 1.01 (s, 9H); 0.95 (m, 3H}); 0.65 (m, 2H). LCMS found 805.97
[M+H]".

Example 180

Qy.
5 % H O Q\.ﬁ,,OZ
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Compound 180

Compound 180 was prepared according 1o the method presented in Example 179, substituting

carbonic acid 2,5-dioxo-pyrrolidin-1-yi ester I-methyl-cyclopropy! ester for carbonic acid
cyclopentyl ester 2,5-dioxc-pyrrolidin-1-y! ester and adjusting appropriately for scale. The
compound was purified using reverse phase HPLC to give 45.6 mg (27% vield) of the desired
compound 180 as a white amorphous solid. "H NMR (CD;0D, 400 MHz) 6 7.82 (d, 1H); 7.69 (d,
TH); 7.21 (m, 1H); 6.84 (d, 1H); 6.47 (s, 1H); 5.38 (m, 1H); 4.55 (m, 2H); 4.46 (m, 2H); 4.27 (d,
1H); 4.06 (m, 1H); 2.58 (m, 1H); 2.25(m, 1H); 1.65 (s, 3H); 1.54 (m, 4H); 1.43 (m, 3H); 1.28 (m,
2H); 1.02 (s, 9H); 094 (m, 3H); 0.78 (m, 1H); 0.64 (m, 2H); 0.47 (m, 2H). LCMS found 791.99
[M+H]"
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Example 181
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Compound 181

Compound 181 was prepared according to the method presented in Example 179, substituting
5 carbonic acid 4-nitro-phenyl ester -nifluoromethyl-cyclobuty! ester 2,5-dioxo-pyrrolidin-1 -yl
ester for carbonic acid cyclopentyl ester 2,5-dioxo-pyrrolidin-1-yl ester and adjusting
appropriately for scale. The compound was purified using reverse phase HPLC to give 144.6 mg
(31% yield) of the desired compound 181 as a white amorphous solid. 'H NMR {CD.0D, 400
MHz)87.93(d, IH);, 7.69(d, IH: 728 (d, 1H); 7.18 (1, 1H); 6.46 (s, HY 537 (s, 1H}; 4.51 {m,
10 4H); 4.23 (d, 1H); 4.02 (m, 1H); 2.59 (m, 1H); 2.29 (m, 4H); 1.65 (m, SH); 1.56 (m 4H); 1.42 (m
3H): 1.30 (m, 2H); 1.19 (m, 1H); 1.03 (s, 9H); 095 (m, 2H); 0.65 (m, 2H). LCMS found 859.96
[M+H]"

Example 182

5 Compound 182

Compound 182 was prepared according to the methods described in Example 179. Treatment of

Compound 138 (250 mg, 6.36 mmol) under the same conditions adjusted for scale and with the
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exception of using reri-butyl isocyanate (0.13 mL, 1.08 mmol, 3 equiv.) and tricthylamine (0.25
mL, 1.8 mmol, 5 equiv.) provided Compound 182 (21 mg, 7% yield): "H NMR (d3-MeOD, 400
MHz) 3 7.98 (d, 1H), 7.69 (d, 1H), 7.18 (1, 1H), 6.43 (s, 1H), 5.35-5.39 (m, 1H), 4.42-4.59 (m,
4H), 4.31 (s, 1H), 4.02-4.09 (m, 1H), 1.64 (s, 3H), 1.44-1.62 (m, 4H), 1.25 (d, 3H), 1.17 (s, 12H),
1.02 (s, 9H), 0.94.(t, 3H), 0.62 (m, 2H). LCMS found 792.97 [M+H]".

Example 183

NO,

Compound 183

Compound 183 was prepared according to the methods described in Example 179. Treatment of
Compound 139 (269 mg, 0.34 mmol) under the same conditions adjusted for scale and with the
exception of using carbonic acid 4-nitro-phenyl ester 2,2,2-trifluoro-1,1-dimethyl-ethyl ester (200
mg, 0.68 mmol, 2 equiv.) and triethylamine (0.24 mL, 1.7 mmol, 5 equiv.) provided Compound
183 (42 mg, 15%): "H NMR (d5-MeOD, 400 MHz) § 7.97 (s, 1H), 7.70 (s, 1H), 7.20 {, 1H), 6.46
(s, 1H), 5.38 (s, 1H), 5.28 (d, 1H}, 5.10 (d, 1H), 4.45-4.59 (mn, 4H), 4.20 (d, 1H}, 4.02 (d, 1H),
297 (s, 1H), 2.83 (s, 1H), 2.80-2.88 (m, 1H), 2.20-2.37 (m, 1H), 1.82-1.89 (m, 1H), 1.63 (5, 31,
1.40-1.50 (m, 61, 1.24 {t, 2H), 1.18 (5, 3H), 1.04 (s, 9H)}, 0.63 (m, ZH). LCMS found 845.92
[M+H]".

Example 184
pyr, DCM o

Ta,, arEr

NO;
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4-Nitrophenylchloroformate (4.2 g, 21 mmol) and cyclobutanol (1 g, 13.9 mmol) were diluted in
DCM (25 mL) at 0 °C. Pyridine (2.3 mL, 27.8 mmol)} was added and the reaction was allowed to
warm to rt over 2 h. The reaction volume was doubled with DCM, and washed with 1M HCL
The aqueous layer was extracted with DCM, and the combined organics were washed with sat.
NaHCO; several times. A final wash with water and brine was followed by drying over
anhydrous Mg30, and concentration in vacuo. The resulting residue was purified by column
chromatography on Si0, (2-20% EtOAc/hex) to afford 3.0 g (91%) of carbonic acid cyclobutyl
ester 4-nitropheny! ester as an off-white solid. "H NMR (CDCl,, 400 MHz) & 8.28 (m, 2H); 7.38
(m 2H); 5.065 (m, 1H); 2.44 (m, ZH); 2.25 (m, 2H); 1.89 (m, 1H); 1.66 (m, 1H).

Compound 184

Compound 184 was produced analogously to Example 179 with substitution of DIPEA (0.74 mL,
2.1 mmol) for TEA and carbonic acid cyclobutyl ester 4-nitrophenyl ester (0.195 g, 0.82 mmol)
for carbonic acid cyclopentyl ester 2,5-dioxo-pyrrolidin-1-vyl ester to produce compound 184
(0.058 g, 18% yield). 'H NMR (CD;0D, 400 MHz) § 7.95 (d, 1H); 7.72 (d, 1H); 7.23 (¢, 1H);
6.88 (d, 1H); 6.47 (s, 1H); 5.39 (m, 1H); 4.66-4.42 (m, 5H); 4.24 (d, 1H); 4.03 (m, 1H); 2.60 (m,
1H); 2.26 (m, 1H); 2.16 (m, 1H); 2.04 (m, 1H); 1.93 (m, 1H); 1.82 (m, 1H); 1.68 (, 3H}); 1.63 (i,
2H); 1.57 (m, 2H); 1.53 (m, 2ZH); 1.45 (t, 3H); 1.29 (g, 2H); 1.20 (m, 1H); 1.04 (5, SH); 0.97 (1,
3H); 0.67 (m, 2H). LCMS found 792.0 [M+H]".

Example 185

Ci 9] pyr, DCM O QO
L NG
0 Z“ o, O( o

oH
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Carbonic acid -methylcyclopentyl ester 4-nitrophenyl ester was produced analogously to
Carbonic acid cyclobutyl ester 4-nitrophenyl ester as described in Example 184 by substituting 1-
methyleyclopentanol (1.5 g, 15 mmol) for cyclobutanol and appropriate adjustments for scale and
stirring for 24 h to afford the desired product (0.72 g, 18%). '"H NMR (CDCl;, 400 MHz) 3 8.27
(m, 2H); 7.37 (m, 2H); 2.24 (m, 2H); 1.88-1.66 (m, 6H); 1.68 (5, 3H).

Compound 185

Compound 185 was produced analogously to Example 184 with substitution of carbonic acid 1-
methylcyclopentyl ester 4-nitrophenyi ester (0.22 g, 0.82 mmol) for carbonic acid cyclobuty] ester
4-nitrophenyl ester and appropriate adjustments for scale to afford Compound 185 (0.045 g, 13%)
after reverse phase HPLC purification. "H NMR (CD:0OD, 400 MH2) 3 7.96 (4, 1H);, 7.70 (d, 1H);
7.21 {1, 1H), 6.62 {d, 1H}; 6.47 {s, 1H}); 5.38 {m, 1H); 4.62-4.46 {m, 4H); 4.24 {m, 1H}; 4.04 {m,
1H): 2.60 (m, 1H); 2.26 (m, 1H); 1.94 (m, 1H); 1.78 {m, | H); 1.68 (s, 3H); 1.68-1.48 (m, 10 H);
1.45 (¢, 3H); 1.31 (5, 3H); 1.29 (m, 2H); 1.04 (s, 9H); 0.96 (1, 3H); 8.67 {m, 2H}. LCMS found
821.9 [M+H]".

Example 186
s 1. CF:;TMS, cat. TBAF CFs
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Cyclopentanone (0.89 mL, [0 mmol) was added to a solution of TMSCF,; (0.5M in THF, 25 mL,
12 mmol) at 0 °C. TBAF (1 M in THF, 0.076 mL, 0.076 mmol) was added and the resulting
yetlow solution was allowed to warm to rt over 2 h. 1M HCI (30 mL) was added and the resulting
solution stirred 1 h at rt. Extraction with ERO was followed by washing of the combined organics
with brine and drying over anhydrous Na,SO,. Following concentration in vacuo, |-
trifluoromethylcyclopentancl (1.4 g, 88%} was isolated as a colorless liquid that was immediately
converted to carbonic acid 4-nitrophenyl ester 1-trifluoromethyleyclopenty! ester analogously to
carbonic acid cyclobutyl ester 4-nitrophenyl ester as described in Example 184 by substituting 1-
triffuoromethyleyclopentanot (1.3 g, 8.4 mmol} for eyclobutanol with appropriate adjustments for
scale and performing the reaction in a sealed tube for 40 h. The reaction volume was doubled
with DCM and washed with |M HCI (2 X 20 mL)} followed by washing with 20 ml each of sat.
NaHCO,;, water, brine and finally dried over anhydrous MgSO,. Following conceniration in
vacuo, the residue was purified by column chromatography on Si0, (12-25% EtQAc/hex) to
produce 0.59 g(22% yield) of the desired product. 'H NMR (CDCl,, 400 MHz) 3 8.29 (m, 2H);
7.40 (m, 2H); 2.38 (m, 2H); 2.26 (m, 2H); 2.04 (m, 2ZH); 1.78 (m, 2H).

Compound 1886

Compound 186 was produced according to the method presented in Example 184 with
substitution of carbonic acid 4-nitropheny! ester i-triflucromethylcyclopentyl ester (.26 g, 0.82
mmol} for carbonic acid cyclobuty! ester 4-nitropheny! ester and appropriate adjustments for scale
to afford Compound 186 (0.056 g, 16% yield) after reverse phase HPLC purification. 'H NMR
(CDyOD, 400 MH2) 8 7.92 (d, 1H); 7.72 (d, 1H); 7.21 (m, 2H); 6.48 (s, 1H); 5.38 (m, 1H); 4.64-
4.45 (m, 4H); 4.24 (d, 1H); 4.04 (m, 1H); 2.61 {m, 1H}); 2.28 (m, 1H); 2.03 (m, 1H); 1.93 (m, 1H);
1.74-1.39 (m, 10H); 1.68 (s, 3H); 1.45 {1, 3H); 1.29 (q, 2H); 1.22 (m, 1H); 1.04 (s, 9H); 0.97 (1,
3H); 0.67 (m, 2H). LCMS found 875.99 [M+H]".
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Example 187
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Compound 187

Subjection of 1-{[4-(4-Bromo-benzenesulfonyloxy)-1-(2-tert-butoxycarbonylamino-3,3-dimethyl-

S butyryi)-pyrrolidine-2-carbonyl}-amino}-2-ethyl-cyclopropanecarboxylic acid methy! ester (607

mg, 0.88 mmol) to the reaction conditions employed in example 14, adjusted for scale and with
the exception of utilizing 2-(2-Isopropylamino-thiazol-4-y1)-7-methoxy-quinolin-4-of and
sulfamic acid 1-methylcyclopropyl ester (64 mg, 0.42 mmol), followed by purification of the

crude product by reverse phase HPLC provided compound 187 (118 mg, 43%). 'H NMR (300

10 MHz, CD:OD): 892 (s, 1H), 8.24 (d, 1H), 8.19 (s, 1H), 7.75 (s, 1H), 7.72 (s, 1H), 7.31 (d, 1H),
5.78 (s, 1H), 4.66-4.57 (m, 2H), 4.16 (m, 3H), 4.04 (s, 3H), 7.72 (dd, 1H), 2.44-4.37 (m, 1H), 1.68

(s, 3H), 1.59 (m, 4H), 1.33 (d, 6H), 1.35-1.28 {m, 3H), 1.21 (s, 9H), 1.05 (s, OH), 0.99-0.95 (m,
3H), 0.68 (m, 2H). LCMS found 886.1 [M+H]".
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Example 188

O. 0 Or. o
SN2 +H
>(O\§]/N \:{/gO o

¢ A

Compound 188

Compound 188 was prepared according to the method presented in example 29, adjusted for
scale, starting from §-({1-(2-tert-butoxycarbonylamino-3,3-dimethyl-butyryi}-4-{2-(2-
isopropylamino-thiazol-4-y1)-7-methoxy-quinolin-4-vioxy]-pyrrolidine-2-carbonyl} -amino)-2-
ethyl-cyclopropanecarboxylic acid (160 mg, .21 mmol), and with the exception of using

18 sulfamic acid 1-propyi-cyclopropyl ester (75 mg, 8.42 mmol} afforded compound 188 (151 mg,
79%). '"H NMR (300 MHz, CD:0D): 3 9.14 (s, 1H), 8.25 (d, 1H), 8.18 (5, 1H), 7.75 (s, 1 H),
7.73 (5, 1H), 7.31 {4, 1H),, 5.79 (s, 1H), 4.65-4.57 (m, 2H), 4.21-4.13 (m, 3H), 4.05 (s, 3H), 2.72
(dd, 1H), 2.46-2.38 (m, 1H), 1.87-1.82 (m, 2H), 1.64-1.55 (m, 6H), 1.33 (d, 6H), 1.31 (m, 3H),
1.21 (s, 9H), 1.05 (s, 9H), 1.00-0.95 (m, 6H), 0.70 (m, 2H). LCMS found 914.1 [M+H]".

15
Example 189
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Compound 189 was prepared according to the method presented Example 14. Treatment of 1-{[4-
{(4-bromo-benzenesulfonyloxy)-1-(2-tert-butoxycarbonylamino-3,3-dimethyi-butyryl)-
pyrrolidine-2-carbony!}-amino}-2-ethyi-cyclopropanecarboxylic acid methyl ester (0.60 g, 0.88
mmol) under the same conditions adjusted for scale and with the exceptions of utilizing sulfamic
acid T-methylcyclopropy! ester (0.083 g, 0.546 mmol), and performing the hydrolysis of the
methyl ester at 40 °C for 3 h. Reverse phase HPLC provided Compound 189 (0.163 g, 33% vield
over three steps). 'H NE\IAIR‘(CDC;:., 300 MHz) 8 10.58 (brs, 1H); 8.24 (brs, 1H); 8.09 (br d, 1H);
7.86 (brs, 1H); 7.64 (s, 1H); 7.26 (m, 1H); 5.80 (br s, 1H); 5.80-5.20 (m, 2H); 5.17 (m, 1H); 4.61
{m, 1H); 4.33 (s, 1H); 4.09 (m, 1H); 4.04 (s, 3H); 3.68 (m, 1H); 2.60 (m, 1H}; 1.64 (s, 3H); 1.62-
1.12 (m, 8H); 1.38 (br d, 6H); 1.18 (s, SH}; 0.99 (s, 9H); 0.91 (t, 3H); 0.58 (m, 2H). LCMS found

"920.1 [M+HT".

Example 198

Q

QZ/\
H N S0

N4
Fa

>0y
! O

Compound 180

Compound 190 was prepared according to the method presented in example 14, adjusted for scale
and with the exceptions of utilizing sulfamic acid |-propyl-cyclopropy! ester (D.098 g, 0.546
mmol), and performing the hydrolysis of the methyl ester at 40 °C for 3 h. Reverse phase HPLC
provided Compound 190 (0.163 g, 25% yield over three steps). 'H NMR (CDCl;, 300 MHz) 8
10.59 (brs, 1H); 8.26 (brs, 1H); 8.12 (br s, 1H); 7.82 (m, 1H); 7.66 (m, 1H); 7.78 (m, 1H); 6.00-
5.40 (m, 2H); 5.82 (m, 1H); 5.25 (m, 1H); 4.66 {(m, 1H); 437 (5, |H}; 4.15 (m, 1H); 3.72 (m, 1H),
2.63 (m, 1H); L8] (m, 1H); 1.68-1.19 (m, 11H); 1.43 (brd, 6H); 1.23 (s, 9H); 1.04 (s, 9H); 0.93
{(m, 6H); 0.64 (m, 2H). LCMS found 948.1 [M+H]".
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Example 191

HoN=NH; H, 0 -0~
___h.-

MeQH

To a solution of 4-hydroxy-7-methoxy-quinciine-2-carboxylic acid methyl ester (2.0g, 8.58
mmol} in methanol {85 mL) was added hydrazine mono hydrate (1.7g, 34.3 mmol} and the
mixture was refluxed for 6 hours. The crude reaction mixture was concentrated in vacuo and the
residue was taken up in methanol and poured onto an ice/water mixtare (800 mL}. A white
precipitate formed, which was collected b;,;' filtration and washed with cold water. The filter cake
was then dried on house vacuum by passing air through in sintered glass funnel, and then dried on
vacuum oven at 45°C overnight o afford 4-hydroxy-7-methoxy-guinoline-2-carboxylic acid
hydrazide (1.6g, 80% yield). 'H NMR (DMSQ-d6, 300 MHz) & 11.57 (s, 1H), 10.28 (s, 1H), 7.95
{d, 1H). 7.43 (d, 1H), 7.01-6.91 (m, 1H), 6.54 (s, 1H), 4.72 (br s, 2H), 3.82 (s, 3H). LCMS found
234,18 [M+H]".

To a mixture of 4-hydroxy-7-methoxy-quinoline-2-carboxylic acid hydrazide (300 mg, 1.29
mmol) in THF (15 mL) was added isopropy! isothiccyanate. The mixture was stirred overnight at
room temperature. HPLC analysis of the reaction mixture showed incomplete reaction after
overnight reaction at room temperature. The reaction content was warmed up to 40°C for 2 hours
at which point HPLC analysis indicated a complete reaction. The reaction mixture was
concentrated in vacuo and the residue was dissolved in ethyl acetate and washed with brine. The
aqueous layer was concentrated in vacue and the residue was dried on high vacuum pump
overnight. The residue was suspended in DMF and the inorganic salts were removed by filtration.
The DMTF solution was concentrated in vacuo and the residue was purified on reverse phase

HPLC (10%— 65%, MeCN/H,0/0.1% TFA) to provide 4-hvdroxy-7-methoxy-quinoline-2-
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carboxylic acid-1-(N-Isopropyl-thioformamide) hydrazide (400 mg, 93% yield). LCMS found
334.91 [M+HT".

4-Hydroxy-7-methoxy-quinoline-2-carboxylic acid-1-(N-Isopropyl-thioformamide) hydrazide

W

{400 mg, 1.19 mmol) was dissolved in phosphorus oxychloride (3 mL) and the mixture was
heated at 70°C for 1 hour. Phosphorus oxychioride was then removed in vacuo and the residue
was taken up in EtOAc and washed with 10% sodium carbonate and brine. The organic layers
were combined, dried on MgSO,, and concentrated. The residue was then purified via flash
column chromatography to afford 2-(S-isopropylamino-[ 1,3,4]thiadiazol-2-y1)-7-methoxy-

10 quinolin-4-ol (56 mg, 15% yield). LCMS found 317.16 [M+H]".

Cs,C05, NMP
60°C, 17h

T
2) LiOH, THF:-MeOH:H,0
3) HATU, i-PrEtN

4) DBU g\‘s? Q
)

7

H,N

9 Qg 0C 2
\S/
N0

Compound 191

Compound 191 was prepared according to the method presented in example 14. Treatment of 1-
15 {{4-(4-bromo-benzenesulfonyloxy)-1-(2-tert-butoxycarbonylamino-3,3-dimethyl-butyryl)-

pyrrolidine-2-carbonyf}-amino}-2-vinyl-cyclopropanccarboxylic acid methyl ester (110.5 mg,
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8.16 mmol) occurred under the same conditions, adjusted for scale and with exception of utilizing
2-{5-isopropylamino-[1,3,4Jthiadiazoi-2-yl)-7-methoxy-quinolin-d-ol (56 mg, ¢.18 mmol) and
sulfamic acid |-methyl-cyclopropyl ester (47 mg, 0.26 mmof). Purification of the crude product
by reverse phase HPLC (20%— 85%, MeCN/H,0/0.1% TFA) provided compound 191 (64 mg,
59% yield): 'H NMR (CD;0D, 300 MHz) & 8.14 (d, 1H), 7.57 (s, 1H), 7.39 (s, [H), 7.15 (d, 1H),
5.71 (m, 1H), 5.60 {(br s, 1H), 5.33 (m, 1H), 5.17 (m, 1H), 4.54 (m, 2H), 4.23 (s, 1H), 4.14 (m,
1H), 3.97 (s, 4H), 2.70 (m, 1H), 2.36 (m, 1H), 2.26 (m, 1H), 1.88 (m, 1H), 1.67 (s, 3H), 1.45 (m,
2H), 1.37(d, 6H), 1.28 (s, 9H), 1.05 (s, 9H), 0.68 (m, 2H). LCMS found 885.04 [M+H]".

Example 192

tosyl hydrazide

B
NaQOAc, DME, HO

w9 ap
N S
FAL N

Compound 1982

Compound 181

Subjection of compound 191 (58 mg, 8.07 mmol) to the conditions outlined in example 20, with
adjustment for scale, provided compound 192 (50 mg, 85%): 'H NMR (CD30D, 300 MHz) §
9.14 (s, 1H), B.16 (d, 1H), 7.55 (s, TH), 7.41 (5, 1H), 7.21 (d, 1H), 5.61 (s, 1 H), 4.54 (m, 2H), 4.22
{s, 1H), 4.14 (m, 1H), 3.98 (s, 4H), 2.65 (m, 1H), 2.35 (m, 1H), 1.69 (s, 4H), 1.58 (m, 4H), 1.39
{d, 6H), 1.26 (m, 12H), 1.05 (5, 10H), 0.99 (s, 3H), 0.69 (s, 1H). LCMS found 887.05 [M+H]".
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Example 193
75— >
2hH acelone & NH 1. NaOH, EIOH/H0
o 2 e o’ N o
N
BHjMezS 2. HCl, pH 34
07 THF o~ P
AcOH
)
| />—NH ~0
O N )— +
OH

A mixture of 2-aminooxazole-4-carboxylic acid ethyl ester (500 mg, 3.2 mmol) and acetone (2.4
mL, 32 mmol) in THF (6 mL) was stirred at rt. BH; SMe, {10M in THF, 0.64 mL, 6.4 mmol)
was added slowly via syringe (exotherm and gas evolution were observed). AcOH (0.36 mL, 6.4
mmol) was subsequently added in the same manner. Two additional equivalents of borane and
AcOH were added 18h later. After 3 days at 11, the reaction mixture was concentrated in vacuo.
The resulting residue was dissolved in EtOAc (100 mL), washed with saturated NH,Cl solution,
0.1 M NH,OH and brine. The organic phase was-dried over Na,SOy and concentrated in vacuo.
The crude product was purified by flash chromatography on silica gel, eluting with EtOAc/hexane
¢ give 2-isopropyiamino-oxazole-4-carboxylic acid ethyl ester {0.40 g, 64% vield). LCMS found
199 [M+H]".

To 2-isopropylamino-oxazole-4-carboxylic acid ethyl ester (2.5 g, 10.9 mmol) in EtOH (42 mL)
and water (28 mL} was added NaOH (3.1 g, 77.4 mmol). The mixture was stirred at 1t for 16 h,
then cooled in an ice-bath and acidified to pH 3 with conc. HCL. The mixture was concentrated in
vacuo to remove ethanol. The remaining aqueous phase was extracted with CH,Cl, (3 x 200mL).
The organic phases were combined, dried over MgS80;, and concentrated to give 2-

isopropylaminooxazole-4-carboxylic acid (1.86 g, 87% yield). LCMS found 171 [M+H]"

To 2-isopropylaminooxazole-4-carboxylic acid (1.9 g, 10.9 mmol) in DCM (10 ml) was added
CDI (1.8 g, 10.9 mmol). The mixture was then stirred at rt for 2 b, followed by addition of 1-(2-
Amino-3-chloro-4-methoxyphenyl)ethanone (prepared according to Raboisson, P. J.-M. B, et al.,
WO02007014926, p78.; 1.4 g, 8.7 mmol) and CH.SO:H (2.1 mL, 32.8 mmol}, and then stirred for
18 h at rt. The reaction mixture was diluted with DCM (100mL) and washed with 1N HCI (2 x
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160mL). To the collected DUM layver was added K,CO3 (3.62 g, 21.88 mmol) and stirred for 2 h
at rt.. The solution was filiered and concentrated in vacuo. The resulting residue was purified by

flash chromatography on silica gel, eluting with EtOAc/hexane, to give 2-isopropylamino-

- oxazole-4-carboxylic acid (6-acetyl-2-chloro-3-methoxyphenylamide (863 mg, 22% yield).

LCMS found 382 [M+H]".

C3,C03 Nal

2-Isopropylamino-oxazole-4-carboxylic acid (6-acetyl-2-chloro-3-methoxyphenyijamide (863

mg, 2.45 mmol} was suspended in toluene (20 mi). NaH (147.3 mg, 3.7 mmol) was added to the
vigorousiy stirred mixture while monitoring H, evolution. The reaction was refluxed (110°C) for
3 h. Afier cooling, additional NaH (approx 80 mg) was carefully added, followed by 20 mL of
THEF to aid solubility. The mixture was heated for an additional 2 h. After cooling to room
temperature, the reaction mixture was acidified to pH 2 with conc. HCL The shurry was stirred for
i hatrt, then 10 mL of CH:CN was added, followed by 5 mL H,O and 20 mL of ether. The
mixture was stirred for another 30 min, and then the solids were collected by filtration and

washed with ether and hexane. The wet cake was dried under high vacuum to a constant weight to
provide 8-chloro-2-(2-isopropylaminooxazol-4-yl)-7-methoxy-quinolin-4-of (840 mg, 100%

yield) that was used without further purification. LCMS found 334 [M+H]".

To a suspension of 8-chloro-2-(2-isopropylaminooxazol-4-yi)-7-methoxy-quinolin-4-of in DCM
{50 mL) was added BBr; {1 N in DCM) {13.4 mi, 13.4 mmeol). The mixture was heated to reflux
and stirred for 4 h. The reaction was cooled to rt and poured onto ice. 4N NaOH was used to
adjust the pH to 14. The aqueous phase was extracted with DCM twice and the pH was adjusted
to about 4 with 2N HCL. Yellow solid precipitated and was collected by filtration. The filter cake
was washed with H,O, Et;O, and dried under high vacuum. 8-Chioro-2-(2-isopropylamino-
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oxazoi-4-vi)-quinoline-4,7-diol was collected as a yellow solid (0.41 g, 1.28 mmol, 42 %) and

used directly in the next reaction. LCMS found 320.3 [M+H]".

The hydrochloride salt of 4-(2-chloroethyl)morpholine (1.4 g, 7.2 mmol), sodium iodide 8.2 g, 1.3
mmol), and cesium carbonate (5.4 g, 16.4 mmol) were combined in DMF (25 mL) and stirred at rt
for 5 min. 8-Chloro-2-(2-isopropylamino-oxazol-4-yl)-quinoline-4,7-dio! (2.1 g, 6.6 mmol) was
‘diluted in DMF (25 mL) and added to the reaction solution. After 5 min at 1, the reaction was
warmed to 65 °C for § h. A small amount of conc. HCI (5-6 pipette drops) was added and the
reaction concentrated in vacuo. The residue was taken up in water and MeOH and filtered
through a C18 column (o remove salts, first eluting with water then with MeOH to elute the
desired compound. Following concentration of combined organics in vacuo, the resulting residue
was purified by reverse phase HPLC to produce 1.79 g (51% yield) of B-chloro-2-(2-
isopropylamino-oxazol-4-yi}-7-(2-piperidin-1-yl-ethoxy)-quinolin-4-ol. LCMS found 433.3
[MHHT .

1. CSzco:;
NP

2. LiOH
THF/M2OH/H,O

1. HC¥ Dioxanes

>
2. CFy O
0" TOPNP
TEA
DCM ,
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Compound 193

To a solution of 8~chloro-2-(2-isopropyvlaminocoxazol-4-vi)-7-(2~-morpholin-4-yl-ethoxy}-quinolin-
4-0f (341 mg, 0.63 mmol) and cesium carbonate (1.23 g, 3.78 mmbi) in NMP was added 1-{[4-(4~
bromobenzenesulfonyloxy)-1 —(E-tert-butoxycarmny}amin0—3,3—dimcthyﬂbutyryl}—pyrmiidine—2~
carbonyl]-amino}-2-vinyl-cyclopropanecarboxylic acid methyl ester (432 mg, 0.63 mmol) and the
reaction was heated to 65°C. After 2 h an additional 0.5 eq of 1-{[4-(4-bromo-
benzenesulfonyloxy)-1-(2-tert-butoxycarbonylamino-3,3-dimethyl-butyryl}-pyrrolidine-2-
carbonyl]-amino}-2-vinyl-cyclopropanecarboxylic acid methyl ester was added and stirred an
additional hour. The reaction was diluted with EtOAc and 5% lithium chloride with stirring. The
reaction was transferred to a separatory funnel and saturated sodium bicarbonate and MeOH (2
ml) was added. The layers were separated and the aqueous extracted again with EtOAc. The
combined organic layers were then ;«vashed with 5% lithium chloride, dried over magnesium
sulfated and concentrated to give 747 mg (99% yield) of 1-({}-(2-tert-butoxycarbonylamino-3,3-
dimethylbutyryi}-4-[8-chloro-2-(2-isopropylamincoxazol-4-y}-7-(2-morpholin-4-yi-
ethoxy)quinolin-4-yloxyl-pyrrolidine-2-carbonyl}-amino}-2-vinyi-cyclopropanecarboxylic acid

methyl ester as a yellow oil. LCMS found 882.11 [M+H]"
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Compound 193 was prepared as shown in Example 130, substituting 1-({1-(2-tert-
butoxycarbonylamino-3,3-dimethylbutyryl}-4-[8-chloro-2-(2-isopropylaminooxazoi-4-y1)-7-(2-

morpholin-4-yl-ethoxy)quinolin-4-yloxy]-pyrrolidine-2:carbonyl} -amino)-2-vinyl-

w

cyclopropanecarboxylic acid methyl ester for 1-{[I-(2-tert-Butoxycarbonylamino-3,3-dimethyl-
butyryl}-4-(8-chloro-2-methoxyquinolin-4-yloxy)-pyrrolidine-2-carbonyl}-amino} -2-ethyl-
cyclopropanecarboxylic acid methyi ester with appropriate adjustments for scale to produce 64
mg, 18% vield over three steps) of Compound 193, 'H NMR (CD;0D, 400 MHz) 5 8.04 (m, 1H);
8.00 (s, 1H); 7.34 (d, 1H); 7.26 {m, 1H); 7.11 (d, 1H); 5.80 (m, 1H); 5.31 (m, 1H); 5.27 (d, 1H);
10 5.10(d, 1H); 4.58 (m, 1H); 4.51 (m, 2H); 4.16 (d, 1H); 4.06 (d, 1H); 3.94 (q, 2H); 3.87 (m, 3H);
3.36 (m, 2H); 3.20 {m, 4H); 2.52 (m, 1H); 2.32 (m, 1H); 2.19 (m, 1H); 1.85 (m, 1H); 1.65 (m,
PH); 1.65 (s, 3H); 1.52-1.35 (m, 1H); 1.39 (s, 3H); 1.35-1.15 (m, 2H); 1.30 (d, 6H}); 1.20 (s, 3H});
1.03 (s, 9H); 0.64 (m, 2H). LCMS found 1036.9 [M+H]".

15  Example 194
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1-(2-Amino-3-chioro-4-methoxyphenyi)ethanone (prepared according to Raboisson, P. J.-M. B,
et al., W02007014926, p78.; 70.7 g, 354 mmol) was stirred in 48% aq. HBr (500 mL) at 110°C
for 72 h. After the mixture was cooled to 0 °C with stirring, the solids were filtered and washed
with water. The resulting solids were triturated with a saturated NaHCO; solution (~350 mL),
filtered, washed with water, and dried under vacuum to give 40 g (61% vield) of 1-(2-amino-3-

chloro-4-hydroxyphenyljethanone as a dark brown solid.

1+(2-Amino-3-chloro-4-hydroxyphenyjethanone (40 g, 21 S mmol) was dissolved in DMF (360
mi). Cesium carbonate (140 g, 430 mmol) was added, followed by bromoacetaldehyde dimethyl
acetal (54.5 g, 323 mmol). The mixture was then vigorously stirred at 65 °C for 24 h. Upon
cooling to room temperature, EtOAc (1 L) and HyO (1 L) were added to the mixture. The organic
layer was extracted with EtOAc (1 x 400 ml). The combined organic layer was washed with
aqueous 3% LiCl solution (2 x 11}, brine, dried (Na,S0,) and concentrated in vacwo. The residue
was purified by silica gel chromatography io give 1-[2-amino-3-chioro-4-(2,2-

dimethoxyethoxyjphenyij-ethanone as a white solid (39 g, 67% vield).

To a mixture of 1-[2-amino-3-chloro-4-(2,2-dimethoxyethoxy)phenyllethanone (13 g, 47.5 mmol)
and isopropylaminothiazole-4-carboxylic acid hydrobromide (prepared as described in Ivanov, V.,
et al; EPI8BIO0OLAL, p.62-63,; 12.6 g, 47.5 mmol) in pyridine {150 mi} was slowly added
phosphorus oxychloride (8.47 g, 61.8 mmol} at -40 °C. The mixture was then stirred at 0 °C for 4
h. Upon completion of the reaction, H,0 (30 mi) was added dropwise to the mixture. The
mixture was then stirred at 0 °C for another 15 min. The mixture was concentrated in vacuo. The
residue was diluted with EiQAc, washed with a sat. NaHCGO; agueous solution. The organic layer
was dried (Ma,S0,) and concentrated in vacuo. The residue was dissolved i CHyCL, hexanes
was added slowly to the solution, and a vellow solid started 1o crash out. More hexanes were
added precipitation was complete to afford 2-isopropylaminothiazole-4-carboxylic acid [6-acetyl-

2-chloro-3-(2,2-dimethoxyethoxy)phenyljamide (18 g, 85% vield).

2-Isopropylamino-thiazole-4-carboxylic acid {6-acetyl-2-chloro-3-(2,2-dimethoxy-ethoxy)-
phenyll-amide (18 g, 40.7 mmol) was suspended in toluene (400 mi). NaH (2.4 g, 61 mmol) was
added to the vigorously stirred mixture while monitoring H; evolution. The mixture became a
clear solution during heating to reflux. After refluxing for 3 h, the mixture was cooled to room
temperature, A solution of AcOH (69.2 mmol} in HuO (3 vol} was added to the mixture. After

vigorous agitation for 1h at 0 °C, the solids were collected by filtration and rinsed with H,O. The
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wet cake was dried under high vacuum to a constant weight to provide 8-chloro-7-(2,2-

dimethoxy-ethoxy)-2-(2-isopropylaminothiazol-4-yi}-quinolin-4-01 (15 g, 86% yield).

BsO,
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1. HOAg/1 4N HCI
in Ho(O {8:3); 60 °C,
1h _
o
2. EtOAg/sat. NaHCO,
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NaBH({OAC),,
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1. LIOH

—_—

2. 0, 0

HATU, DIEA Ny, -8
DBU, DMF y N | N O

Compound 194

i-{[4-{4-Bromobenzenesulfonyioxy}-1-(2-tert-butoxycarbonyiamine-3,3-dimethyibutyrvl)-

5 pvrrolidine-2-carbonyl]amino}-2-ethylcyclopropanecarboxylic acid methyl ester was dissolved in

4N HCl in dioxane (300 mL) at room temperature and stirred for 2Zh. It was then concentrated

under vacuum, and co-evaporated with dichloromethane (2 x 200mL) to dryness. The residue was

dissolved in EtOAc (600mL) and sat’d ag. NaHCQO; (1L). It was stirred vigorously. After 10 min,

carbonic acid bicyclo3.1.0thex-3-y1 ester 2,5-dioxo-pyrrolidin-1-yl ester ( 41.4 g, 173.1 mmol)

10 was added in one portion. After the resulting mixture was stirred for another 30 min, the organic

layer was collect and washed with brine (500mL), dried over Na,80,, and concentrated in vacuo.

The crude product was purified by flash chromatography on silica gel with ethyl acetate/hexane to

afford 94.4 g (82% vield) of 1-{[1-[2-(bicycio|3.1.0]hex-3-yloxycarbonylamino)-3,3-
dimethylbutyryl}-4-(d-bromobenzenesulfonyloxy)-pyrrolidine-2-carbonyl}-amino}-2-

15  ethylcyclopropanecarboxylic acid methyl ester.
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To a mixture of 1-{]1-[2-(bicycio]3.1.G]hex-3-vioxycarbonylamino}-3,3-dimethyl-butyryi}-4-(4-
bromobenzenesulfonyloxy)pyrrolidine-2-carbonyl]Jamino}-2-ethyl-cyclopropanecarboxylic acid
methy! ester (15 g, 35 mmol) and 8-chloro-7-(2,2-dimethoxyethoxy)-2-(2-isopropylaminothiazol-
4-yh-quinolin-4-0l (27.5 g, 38.5 mmotl) in NMP (200 ml} was added cesium carbonate (25.1 g, 77
mmol). The mixture was stirred at 65 °C for 5 h. The reaction was cooled to room temperature
and EtOAc (600 ml) and an aqueous solution of 3% LiCl {600 mi) were added to the mixture.
The organic layer was washed with aqueocus 3% LiCH {1 x 600 ml), brine, dried (Na,SO4) and
concentrated in vacuo. The residue was purified by silica gel chromatography to produce 1-{{1-
[2-(bicyclo[3.1.0}hex-3-yloxycarbonylamino)-3,3-dimethyibutyryl}-4-{8-chloro-7-(2,2-
dimethoxyethoxy)-2-(2-isopropylaminothiazol-4-yl)-quinolin-4-yloxy]lpyrrolidine-2-
carbonyl}amino)-2-ethvicyclopropanecarboxylic acid methyl ester as a yellow solid (23.6 g, 75%
yield). LCMS found 900.1 [M+H]".

1-({1-[2-(Bicyclo[3.1.0}hex-3-vloxycarbonylamineo}-3,3-dimethylbutyryl]-4-{ 8-chloro-7-{2,2-
dimethoxyethoxy}-Z2-(2-isopropylamincthiazol-4-y-quinolin-4-vioxylpyrrolidine-2-
carbonyl}aminc}-2-ethylcyclopropanecarboxylic acid methyi ester (23.6 2. 26 mmol) was
dissolved in glacial acetic acid (200 mi) and 1.4N HCI in H;O (735 mi) was added to the solution.
The mixture was stirred at 60 °C for 1 h. The mixture was concentrated to remove the solvents,
followed by co-evaporation with toluene (x 2) to remove residual acetic acid. The residue was
then dissolved in EtOAc (500 mi) and sat. NaHCO; aqueous solution while monitoring CO,
evolution. The organic layer was washed with brine, dried (N2, 50,) and concentrated in vacue.
The residue was further dried under high vacuum for 1 h and used without further purification in
the next step. The crude material was dissolved in CH,Cl, (360 mi) and morpholine (3.4 g, 39
mmol) and sodium triacetoxyborohydride (7.2 g, 34 mmol) were added to the mixture at 0 °C,
Then glacial acetic acid (0.47 g, 7.8 mmol) was added dropwise to the mixture. The reaction was
complete in 10 min at 0 °C. Saturated agueous NaHCO; solution was added to quench the
reaction. After stirring for another 20 min, the organic layer was washed with brine, dried
(Na,80;) and concentrated in vacuo. The residue was purified by silica gel chromatography to
give 1-{{1-[2-(bicycio{3.1.0]hex-3-yloxycarbonylamino)-3,3-dimethyibutyryl]-4-[8-chloro-2-(2-
isopropylaminothiazol-4-y)-7-(2-morpholin-4-yl-ethoxy)quinolin-4-yloxylpyrrolidine-2-
carbonyl}-amino)-2-ethyl-cyclopropanecarboxylic acid methyl ester as a yellow solid (12 g, 50%
yield). LCMS found 924.63 [M+H]".

1-{{ 1-[2-{Bicyclo[3.1.0}hex-3-yloxycarbonylamino)-3,3-dimethylbutyryi}-4-[ 8-chloro-2-(2-

isopropylaminothiazol-4-vi)-7-(2-morpholin-4-yi-ethoxyjgumolin-4-yloxylpyrrolidine-2-
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carbonyl}-amino)-2-ethyl-cyclopropanecarboxylic acid methyl ester (12 g, 13 mmol) was

dissolved in THF (200 mi), LiOH (1 Ig, 260 mmol) in H,O (200 ml) was added, followed by
MeOH (260 mi). The mixture was kept stirring at room temperature for 20 h. Upon completion
of the reaction, 4 N HCI in H,O was added to adjust pH to 7 at ¢ °C. The mixture was extracted
with EtOAc (2 x 400 ml). The combined organic layer was washed with brine, dried (Na;50,) and
concentrated in vacue to give 1-({1-[2-(bicyclo[3.1.0}hex-3-yloxycarbonylamino)-3,3-dimethyl-
butyryt]-4-{8-chlore-2-(2-isopropylamino-thiazol-4-yi}-7-(2-morpholin-4-yl-ethoxy)-quinolin-4-
vloxyl-pyrrolidine-2-carbonyl}-amino)-2-ethyl-cyclopropanecarboxylic acid as a yellow solid (11
g, 93% vield), LCMS found 911.52[M+H]1".

Compound 194 was prepared according to the method described in Example 2, starting from 1-
({1-[2-(bicyclo[3.1.0}hex-3-vloxycarbonylamino}-3,3~dimethyl-butyryl}-4-[8-chloro-2-(2-
isopropylamino-thiazol<4-yli)-7-(2-morpholin-4-yi-ethoxy}-quinolin-4-vioxyl-pyrrolidine-2-
carbonyl}-amino)-2-ethyl-cyclopropanecarboxylic acid (0.20 g, 0.22 mmol) and with the
gxception of using sulfamic acid 1-methyl-cyclopropyl ester (8.066 g, §.44 mmol} and adjusted
for scale to afford 0.86 g (37% yield) of Compound 194, 'H NMR (CD,0D, 400 MHz) § 7.99
{m, 1HY;, 7.58¢(s, 1H); 746 (5, 1H}; 732 (d, 1H; 6.86 (4, 1H); 541 (5, 1H; 473 (m, 1H); 451
(m, 3H); 4.41 {d, 1H}; 4.24 (d, 1H); 4.10 (d, 1H); 3.92 (m, 1H}; 3.86 (m, SH); 3.11 (m, 4H); 2.56
(m, 1H}; 2.32 (m, 1H); 2.04 (m, 1H); 1.92 (m, [H); 1.76-1.40 (m, 7H); 1.67 (s, 3H); 1.40-1.14 (m,
5HY, 1.32 {(m, 6H); 1.02 (m, SH); 0.97 {t, 3H); 0.66 (s, 2H); 0.36 (m, 2H). LCMS found 10449
[M+HT™

Example 195

Compound 185
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' Compound 195 was prepared analogously to Compound 194 with substitution of 2-(3-

isopropylaminopyrazol-1-y!)-7-(2-methoxyethoxy)-quinolin-4-ol for 8-chloro-7-(2,2-
dimethoxyethoxy}-2-(2-isopropylaminothiazol-4-yl}-guinolin-4-o0l and appropriate adjustments
for scale to afford 82 mg (35% yield) of Compound 195. 'H NMR (CD,OD, 400 MHz) § 8.46
{m, 1H); 7.94 (d, 1H); 7.25 (s, 2H); 7.02 {m, 1H); 6.8% {(m, 1H, exchangeable); 5.98 (m, 1H); 5.48
(s, 1H); 4.77 (t, 1H); 4.55-4.44 (m, 2H); 4.27 (m, 1H); 4.25 {m, 2H}); 4.09 {m, 1H); 3.81 {m, 2H);
‘3.80 (m, 1H}); 3.45 (s, 3H); 2.64 (m, 1H); 2.29 (m, 1H); 2.06 (m, 1H); 1.97 (m, 1H); 1.76-1.48 (m,
6H); 1.68 (5, 3H); 1.47-1.15 (m, 5H); 1.29 (m, 6H); 1.03 (s, 9H); 0.96 (1, 3H); 0.68 (m, 2H); 0.41
{m, 2H). LCMS found 938.09 [M+H]".

Example 196

-
G LiOH

|

Compound 186

1-{[1-(2-Cyclopentyloxycarbonylamino-3,3-d imeihyi-butyryi)—4-hydroxy—pyrmiidine-2—
carbonyl}-amino}-2-vinyl-cvclopropanecarboxylic acid methy! ester (530 mg, 1.11 mmol} was
dissolved in CH;CL {11 mL) and treated with CDI (234 mg, 1.44 mmol). After stirring overnight
at room temperature, 4-fluoro-2,3-dihydro-1H-iscindole (762 mg, 5.56 mmol) was added and the
reaction mixture was stirred overnight. The reaction was then diluted with CH,Cl, and
sequentially washed with 1N HCl, saturated aqueous NaHCO;, H,O and saturated aqueous NaCl.
The organic phase was then dried over sodium sulfate. After removal of solvent, the crude
product was purified by column chromatography on silica (40—60% EtOAc/Hexanes) to provide
4-fluoro-1,3-dihydro-isoindole-2-carboxylic acid 1-(2-cyclopentyloxycarbonylamino-3,3-

dimethyl-butyry!}-S-(1-methoxycarbonyl-2-vinyl-cyclopropylcarbamoyl)-pyrrolidin-3-yl ester
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(563 mg, 79% vield). "H NMR (CDCl, 300 MHz) § 7.77 (bd, 1H), 6.92-7.27 (m, 3H), 5.75 (m,
1H), 5.29 (m, 2H), 5.15 (m, 2H), 4.55-4.85 (m, SH), 4.26 (m, 2H), 3.70 (m, 11), 3.67 (s, 3H),
2.82 (m, 1H), 2.56 (m, 1H), 2.10 (m, 1H), 1.87 (m, 1H), 1.40-1.65 (m, 5H), 1.02 (s, SH). LCMS
found 643.3 [M+H]".

4-Fluoro-1,3-dihydro-isoindole-2-carboxylic acid 1-(2-cyclopentyloxycarbonylamine-3,3-
dimethyl-butyryl}-5-(1-methoxycarbonyl-2-vinyl-cyclopropylcarbamoyl)-pyrrolidin-3-vi ester
{550 mg, 0.86 mmol) was dissolved in THF:MeOH:H,0 (1:1:1 8.7 mL) and treated with lithium
hydroxide (180 mg, 4.28 mmol). The reaction was judged complete by comiplete consumption of
starting material after approximately 2 h, at which time the reaction was neutralized with IN
aqueous HCl. The organic phase was extracted with EtOAc then washed with saturated aqueous
Na(l, and dried over sodium sulfate. Afier removal of solvent, 4-fluoro-1,3-dihydro-isoindole-2-
carboxylic acid 5-(1-carboxy-2-vinyl-cyciopropylcarbamoyl)- 1 -(2-cyclopentyloxycarbonylamino-
3,3-dimethyi-butyryi}-pyrrolidin-3-yi ester was obtained (540 mg, 0.86 mmol}, which was used in

the next reaction without further purification.

4-Fluoro-1,3-dihydro-isoindole-2-carboxylic acid 5-(1-carboxy-2-vinyl-cyclopropylcarbamoyl)-1-
(2-cyclopentyloxycarbonylamino-3,3-dimethyl-butyryl)-pyrrolidin-3-yi ester (160 mg, 0.25
mimnol) was dissolved in DMF (3 mL) and HATU (106 mg, ¢.28 mmol} and iPr,NEL {83 ul, 0.30
mmol} were added. After stirring for 1.5 h, sulfamic acid cyclopropyl ester (41 mg, 0.24 mmot)
and DBU {152 1, 1.62 mmol)} were added and the reaction was stirred overnight. The reaction
was then diluted with EtOAc and sequentially washed with 1N HCl, saturated agueous NH,CL
and saturated aqueous NaCl. The organic phase was then dried over sodium sulfate and
concentrated. Purification via reverse phase HPLC (40—95 % ACN/H,G-1% TFA) afforded
Compound 196 (147 mg, 77% yield): '"H NMR (CD;0D, 300 MHz) 6 9.12 (d, 1H), 6.94-7.32 (m,
3H)), 5.69 (m, 1H), 5.28 (m, 2H), 5.12 {(d, 1H), 4.66-4.85 (m, 61}, 4.34 (d, 1), 4.19 (m, 1H),
4.14 s, E\H), 3.81(d, tH}, 2.40 {dd, 1H), 2.24 (g, 1H), 2.11 {m, 1H), 1.85 {dd, 1H), 1.30-1.60 {m,
9 H), 0.98 (s, 9H), 0.87 (m, 2H), 0.70 {m, 2H). LCMS found 747.9 [M+H]J".
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Example 137

Compound 187

To a solution of cyclopropale]pyrrolof 1,2-a]| 1 .4]diazacyclopentadecine-14a(5H)-carboxylic acid,
6-[[(1,1-dimethylethoxy)carbonyilamine]-1,2,3,6,7,8,9,10,11,133,14,15,16,16a-tetradecahydro-2-
hydroxy-5,16-dioxo-,methy! ester (1.00 g, 2.09 mmol) in CH,Cl; (20 mL) was added CDI (372
mg, 2.29 mmol). Afier stirring overnight at room temperature, 4-fluoro-2,3-dihydro-1H-isoindole
(573 mg, 4.18 mmol) and DBU (0.937 ml, 6.27 mmol) was added and the reaction mixture was
stirred for 2h. The reaction was then diluted with CH,Cl, and sequentially washed with 1N HC,
saturated aqueous NaHCO,, HyO and saturated aqueaus NaCl. The organic phase was then dried
over sodium suifate. After removal of solvent, the crude product was purified by column
chromatography on silica (40—60% EtQAc/Hexanes) to provide 14-tert-Butoxycarbonylamino-
18-{4-flucro-1,3-dihydro-isoindole-2-carbonyloxy)-2,15-dioxo-3,16-diaza-

tricyclo] 14.3.0.04,6nonadec-7-ene-4-carboxylic acid methyl ester (916 mg, 68% vyield). LCMS
found 642.8 [M+HY'.

To 14-tert-Butoxycarbonylamino- | 8-(4-flucro-1,3-dihydro-iscindole-2-carbonyloxy)-2, 1 5-dioxo-

3,16-diaza-tricyclo[14.3.0.04,6Jnonadec-7-ene-4-carboxylic acid methyl ester (916 mg, 1.43

mmol) in a 1:1:1 mixture of THF :MeOH:H;0 (12 mL) was added lithium hydroxide (299 mg,
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41.96 mmol). The resulting slurry was stirred at room temperature overnight then diluted with
EtQAc and washed with 1 N HCI and brine. The resulting organic layer was dried over sodium
sulfate and concentrated to provide the crude 14-tert-Butoxycarbonylamino-18-(4-fluoro-1,3-
dihydro-isoindole-2-carbonyloxy}-2,15-dioxo-3,16-diaza-tricyclof 14.3.0.04,6 Jnonadec-7-ene-4-
carboxylic acid (910 mg, 100% vield). LCMS found 628.8 [M+H]".

To 14-tert-Butoxycarbonylamino-18-(4-fluoro-1,3-dihydro-isoindole-2-carbonvloxy)-2, 1 5-dioxo-
3,16-diaza-tricyclo[14.3.0.04,6lnonadec-7-¢ne-4-carboxylic acid (150 mg, 0.24 mmol) in CHCh,
{2.5 mL) was added HATU (137 mg, .36 mmol) and DIPEA (0.063 mL, 8.36 mmol}). After
stirring for (.5 h at room temperature, suifamic acid 1-methyl-cyclopropyl ester (74 mg, 0.48
mmaol} and DBU (8.144 mL, (.96 mmol) were added. The resulting mixture was stirred at room
temperature overnight then diluted with EtOAc and washed with saturated NH4Cl and brine. The
residue was purified by reverse phase HPLC (30—90 % MeCN/H,0/0.1% TFA) to provide
Compound 197 (86 mg, 47% yield). 'H NMR (300 MHz, CD;0D): § 8.45 (m, 1H), 7.32 (m, 11),
7.13(d, 1H), 7.01 {m, 1H), 5.66 (m, 1H}, 5.40 (m, TH), 5.13 (t, 1H}, 4.79-4.52 {m, 6H}, 4.06 {m,
TH), 3.82 (d, 1H), 2.68 (m, 1H), 2.51-2.36 (m, 2H), 1.75-1.15 (m, 14H), 1.64 (s, 3H), 1.11 (s,
SH), 0.65 (m, 2H). LCMS found 761.8 [M+H]".

Example 198

G

<> ffo
-8
HN"" 0

Compound 198

Compound 198 was prepared according 1o the method presented in example 29, adjusted for
scale, starting from 14-tert-butoxycarbonylamino-18-(4-fluorc-1,3-dihydro-isoindole-2-
carbonyloxy)-2,15-dioxo-3,16-diaza-tricyclo[14.3.0.04,6nonadec-7-ene-4-carboxylic acid (150
mg, 0.24 mmol) and with the exception of using sulfamic acid 1-propyl-cyclopropy! ester (86 mg,
(.48 mmol) afforded compound 198 after purification via reverse phase HPLC (95.1 mg, 50%
yield). 'H NMR (300 MHz, CDOD): 8 8.65 (i, 1H), 7.32 (m, 1H), 7.13 (d, 1H), 7.01 {m, 1H),
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5.66 (q. 1H), 5.40 (s, 1H), 5.12 (¢, 1H), 4.79-4.52 (m, 6H), 4.06 (m, 1H), 3.82 (d, 1H), 2.68 (m,
1H), 2.51-2.35 (m, 2H), 2.00-1.94 (m, 1H), 1.77-1.15 (m, 17 H), 1.11 (s, 9H), 0.96 (t, 3H), 0.67
(m, 2H). LCMS found 789.8 [M+H]".

S Example 199

tosyl hydrazide

NaOAc, DME, HO

HATU, DIPEA
rmmennennennennen R

0, 0
=44
HN™~ 0

DBU

Compound 189

10
To 14-tert-butoxycarbonylamino-18-(4-fluoro-1,3-dihydro-isoindole-2 -carbonyloxy)-2,15-dioxo-
3,16-diaza-tricyclo{ 14.3.0.04,6nonadec-7-ene-4-carboxylic acid methy] ester (392 mg, 0.61) in
DME (3 mL) and water {1 mL) was added tosyl hydrazide (682 mg, 3.66 mmol) and sodium
acetate (600 mg, 7.32 mmol). The reaction was heated to 95°C and allowed to stir 1 hour. The

15 reaction was diluted with water and extracted with ethyl acetate. The organic layer was dried over
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sodium sulfate, filtered, and concentrated. The crude product was purified by column
chromatography on silica (40—60% EtOAc/Hexanes) to provide 14-tert-butoxycarbonylamino-
18-(4-fluoro-1,3-dihydro-isoindole-2-carbonyloxy)-2,15-dioxo-3,16-diaza-

tricyclof1 4.3.0.04,6}n0nadecane-4»carboxﬂic acid methyl ester (319 mg, 81% vield). LCMS
found 644.8 [M+H]".

To t4-tert-butoxycarbonylamino-18-(4-fluorc-1,3-dihydro-iscindole-2-carbonyloxy)-2, 1 5-dioxo-
3,16-diaza-tricyclo| 14.3.0.04,6]nonadecane-4-carboxylic acid methyl ester (319 mg, 0.49 mmol)
ina 1:1:1 mixture of THF:MeOH:H,O (6 mL} was added lithium hydroxide (104 mg, 2.47
minol). The resulting shurry was stirred at room temperature overnight then diluted with EtQAc
and washed with | N HCl and brine. The resulting organic layer was dried over sodium sulfate
and concentrated to provide the crude 14-tert-butoxycarbonylamino-18-(4-fluoro-1,3-dihydro-
isoindole-2-carbonyloxy)-2,15-dioxo-3,16-diaza-tricycio] 14.3.0.04,6jnonadecane-4-carboxylic
acid (300 mg, 97% yield). LCMS found 630.8 [M+HT.

To 14-tert-butoxycarbonylamino-18-(4-fluoro-1,3-dihydro-isoindole-2-carbonyloxy)-2,15-dioxo-
3,16-diaza-tricyclo[14.3.0.04,6 Inonadecane-4-carboxylic acid (150 mg, 0.24 mmol) in DMF (2.5
mL} was added HATU (137 mg, 0.36 mmol) and DIPEA (0.863 ml, 0.36 mmol). After stirring
for 0.5 h at room temperature, sulfamic acid 1-methyl-cyclopropyl ester (74 mg, 0.48 mmol) and
DBU (0.144 mL, 0.96 mmol) were added. The resulting mixture was stirred at room temperature
overnight then diluted with EtOAc and washed with 1N HCI, agueous saturated NH,Cl, and brine.
The crude residue was purified by reverse phase HPLC (3090 % MeCN/H,0/0.1% TFA)Y 10
provide compound 199 (79 mg, 45% vieid). "H NMR (300 MHz, CD:0D): 8§ 8.93 (s, 1H), 7.32
(s, 1H), 7.12(d, 1H), 7.01 (m, 1H), 5.40 (s, 1H), 4.80-4.68 (m, 4H), 4.60 (g, 1H), 4.46 (d, 1H),
402 {m, 1H), 3.85 {m, 1H), 2.55-2.50 (m, 1H), 2.34-2.27 {(m, 2H}, 1.75-1.20 (m, 18H}, 1.66 (5,
3H), 1.15 (s, 9H), 0.70 (m, 2H). LCMS found 763.8 [M+H]".
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Example 280
HO 8sC

tosyl hydrazide
NalAc
e

#. .~ DME
O

1. LIOH
i
2. HATU,

iPr,NE?, DBU,

H
0, O O-_N
e’ ﬁ’ hd
O"NH, | g

Compound 200

i 4-tert-Butoxycarbonylamino- 1 §-hydroxy-2,15-dioxo-3,16-diaza-tricyclo{ 14.3.0.04,6Jnonadec-7-
ene-4-carboxylic acid methyl ester, synthesized by methods presented in Org. Lest. 2004, 6(17),
2901, was converted to the brosylate by methods presented in Example | adjusted for scale (570

mg, 54%). LCMS found 697.7 [M+H]".

14-tert-Butoxycarbonylamino-1 8-(8-chloro-2-ethoxy-quinolin-4-yloxy)-2, 15-dioxo-3,16~diaza-
tricyclo[14.3.0.04,6nonadec-7-ene-4-carboxylic acid methyl ester was synthesized according to
the method presented in example 138, adjusting for scale, to provide the desired aryl ether

macrocycle (472 mg, 84%). LCMS found 685.1 [M+H]".
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Reduction of the unsaturated macrocycle was accomplished according to the method presented in
example 20, adjusting for scale, to provide the fully saturated !4-tert-butoxycarbonylamino-18-(8-
chioro-2-ethoxy-quinolin-4-yloxy)-2,15-dioxo-3,16-diaza-tricyclof14.3.0.04,6nonadecane-4-
carboxylic acid methy! ester. LCMS found 687.1 [M+HT".

Compound 200 was prepared according to the method presented for the synthesis of compound
2. Treatment of | 4-tert-butoxycarbonylamino-i8-(8-chloro-2-ethoxy-quinolin-4-yioxy}-2,15-
di0x0;3,] &-diaza-tricyclo]14.3.0.04 6]nonadecane-4-carboxylic acid methyl ester under the same
conditions, adjusted for scale, and after purification by reverse phase HPLC provided compound
200 (150 mg, 58%). 'H NMR (300 MHz, CD;0D): § 8.96 (s, 1H), 8.06 (d, 1H), 7.73 (d, 1H) 7.23
(t, 1H), 6.54 (d, 1H), 5.47 (brs, 1H), 4.77 (dd, 1H), 4.61 (m, 3H), 4.20 (dd, 1H), 4.02 (dd, 1H),
2.74 (m, 1H), 2.44 (m, 1H), 1.2-1.8 (m, 22H), 1.68 (5, 3H}, 1.28 (s, 9H), 0.72 (m, 2H). LCMS
found 806.0 [M+HT".

Example 281

1. LIOH

: e
Q. 2. HATU,

, iPINEL, DBU,

- _..--1::5:':' O o o
H AN W
~\%/0.\!‘E,N\:/§ AN G’S:NHE\“%/Q
o E s

Compound 201

Compound 201 was prepared according to the method presented for the synthesis of compound
27. Treatment of 14-tert-butoxycarbonylamino-18-(&-chloro-2-ethoxy-guinolin-4-yloxy)-2,15-
dioxo-3,16-diaza-tricyclof 14.3.0.04,6]nonadecane-4-carboxylic acid methyl ester under the same
conditions, adjusted for scale, provided compound 201 (65 mg, 26%): 'H NMR (300 MHz,
CB;0D}: 8894 (5, 1H), 8.87 (d, 1H), 7.73 (d, 1H} 7.25 (t, 1H), 6.54 (d, 1H), 5.46 (brs, 1H), 4.77
{dd, 1H), 4.61 (m, 3H), 4.2% (m, 1H), 4.20 (dd, 1H), 4.03 (dd, 1H), 2.75 (m, 1H), 2.44 {m, 1H),
1.3-1.8 (m, 20H), 1.18 (s, 9H), 0.94 (m, 2H), 0.72 {m, 2H). LCMS found 792.0 [M+H]".
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Example 202

Compound 202

Compound 202 was prepared according to the methods described in Example 77. Treatment of

5 compound 170 (100 mg, 0.11 mmol) under the same conditions, adjusted for scale, provided
compound 202 (85 mg, 80 %). 'H MNR (300 MHz, CD;0D): 8 9.34 (s, 1H), 8.00 (d, 1H), 7.74
(d, 1H), 7.25 (d, 1H), 6.52 (s, 1H), 5.43 (m, 1H), 4.60 (m, 4H), 4.06-3.87 (m, 4H), 3.39 (m, 2H},
2.90 (m, 2H), 2.60 {m, 1H), 2.35 (m, 1H), 2.10 (m, 1H), 1.76-1.18 {(m, 18H), 1.10 (m, 3H), 0.95
{m, 6H). LCMS found 945 [M+H]".
10

Example 203

o\\s,,o Z/\
HN"TT0

Compound 203

15  Compound 203 was prepared according to the method presented in example 29, substituting

sulfamic acid I-propyl-cyclopropyl ester for sulfamic acid I-methyl-cyclopropyl ester, and
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adjusting appropriately for scale. The compound was purified using reverse phase HPLC o give
142.9 mg (57%) of compound 203 as a white amorphous solid. 'H NMR (CD,0D, 300 MHz) 8
7.94 (d, 1H); 7.68 (d, 1H}; 7.20 {m, 1H); 6.47 (s, 1H); 5.68 (m, 1H); 5.37 (s, EH), 5.26 (d, 1H);
5.09 (d, 1H); 4.51 (m, 4H); 4.18 (s, 1H); 4.02 {m, 1H); 2.57 (m, 1H); 2.21 (m, 1H); 1.79 (m, 2H);
1.54 (m, 1H); .41 (m, SH); 1.21 (m, 11H); 0.99 (s, 9H); 0.92 (m, 5H); 0.64 (s, 2H). LCMS
found 820.0 [M+H]".

Example 204

N”’N

HATU, DIPEA o 00 Z
DBU, NTTTO
¢ H
H
N VA ome > tOSz >r z
HalN “
H

XOYNV&O o /T\

0O /;1;\ Compound 204

Compound 204 was prepared according to the method presented example 14. Treatment of 1-{[4-
{4-bromo-benzenesulfonyloxy}- 1-(2-tert-butoxycarbonylamino-3,3-dimethyl-butyryi)-
pyrrolidine-2-carbonyi}-amino}-Z2-ethyl-cyclopropanecarboxylic acid methy} ester (800 mg, 1.16
mmol) under the same conditions adjusted for scale and with the exceptions of utilizing 7-
methoxy-cinnolin-4-of (229 mg, 1.30 mmol), sulfamic acid 1-methyl-cyclopropyl ester (50 mg,
0.33 mmol), and performing the hydrolysis of the methyl ester at 40 °C for 3 h provided
compound 204 (50 mg, 8%): 'H NMR (CD;0OD, 300 MHz) 8 9.12 (s, 1H), 8.13 (d, 1H), 7.68 (s,
1H), 7.15 (s, 1H), 7.07 (5, 1H), 5.66 (s, 1H), 4.62 (m, 1H), 4.51 (d, 11}, 4.22 (m, 2H), 4.02 (5,
3H), 2.77 (m, 1H), 2.48 (m, 1H), 1.67 (s, 3H), 1.50~1.62 {m, 3H), 1.30 (s, 9H), 1.29 (m, Z2H}, 1.02
(s, 9H), 0.98 (m, 3H), 0.67 (m, 2H).
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Example 265

LIOH, THF
i o
MeOH, H,0

HATU, DIEA,
DBU, DMF

/]\ Compound 205
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A round bottom flask was charged with 1-{[4-(4-bromo-benzenesulfonyloxy)-1-(2-
cyclopentyloxycarbonylamino-3,3-dimethyl-butyryi)-pyrrolidine-2-carbonyl]-amino}-2-vinyl-
cyclopropanecarboxylic acid methyl ester (150 mg, 0.21 mmol}, 1.5 ml NMP, 2-cyclopropyl-6-(2-
fluoro-phenyl)-pyrimidin-4-0l (48 mg, 0.21 mmol), Cs;C0O; (102.6 mg, 0.31 mmol) and stirred
overnight. The reaction was diluted with water and extracted 2X with ethy! acetate. The organic
layer was dried over sodium sulfate, filtered, and concentrated to give the aryl ether which was
used crude in the next reaction. LCMS found 692.15 [M+H]".

To 1-{{1-(2-cyclopentyloxycarbonylamine-3,3-dimethyl-butyry}-4-[2-cyclopropyl-6-(2-fluoro-
phenyh-pyrimidin-4-yioxyl-pyrrolidine-2-carbonyi} -amino}-2-vinyl-cyelopropanecarboxylic acid
methyl ester (100 mg, 0.14 mmol} in 5 mi THF, 2 ml methanol, and 2 ml water, was added
tithium hydroxide (10 mg, 8.41 mmol). The mixture was stirred overnight then quenched with IN
HCl and extracted 2X with ethy! acetate. The organic layer was dried over sodium sulfate,
filtered, and concentrated. The mixture was purified by reverse phase HPLC to provide the
desired acid {71.8 mg, 51% 2 steps): LCMS found 678.10 [M+H]".

Compound 204 was prepared according to the method presented in example 27. Treatment of 1-
({1-(2-cyclopentyloxycarbonylamino-3,3-dimethyl-butyryl)-4-[2-cyclopropyl-6-(2-fluoro-
phenyi)-pyrimidin-4-yloxy}-pyrrolidine-2-carbonyl}~amino)-2-vinyl-cyclopropanecarboxylic acid
under the same conditions adjusted for scale provided the desired product (1.5 mg, 2%): '"H NMR
{CD40D, 300 MHz, diagnostic peaks) § 9.27 (m, 1H), 8.03 (m, 1H), 7.50 {m, 1H), 7.19-7.30 (m,
2H), 6.67 (im, 1H), 4.16 (m, 1H), 0.93 (m, 2H), 0.75 (m, 2H); LCMS found 797.11 [M+HY".
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Example 206

—i é,/ HATU / DIPEA
THF / MeOH o
DBU/ DCM
Lot
HN=S~0
o

Compound 208

Benzotriazol-1-01 (68 mg, 0.5 mmol) was dissolved in NMP (2.5 mL) and treated with Cs,CQC;
{245 mg, §.75 mmol) followed by the addition of 1-{[4-(4-bromo-benzenesulfonyloxy)-1-(2-tert-
butoxycarbonylamino-3,3-dimethyl-butyryl)-pyrrolidine-2-carbonyi}-amino}-2-ethyl-
cyclopropanecarboxylic acid methy! ester (345 mg, 0.5 mmol). The reaction mixture was heated
to 60 °C for 16 h after which the reaction was cooled to room temperature and diluted with
aqueous 5% LiCl. The solution was extracted with EtOAc, washed with saturated aqueous NaCl,
and dried over sodium sulfate. After removal of solvent, the crude product was purified by
column chromatography on silica (75-95% EtOAc/hexane) to provide the aryl ether (253 mg,

86%). LCMS found 588 ([M+H]'.
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Compound 205 was prepared according to the methods deseribed in example 29, Treatment of 1-
{{4-(benzotriazol-1 -yloxy)-1-(2-tert-butoxycarbonylamino-3,3-dimethyl-butyryl)-pyrrolidine-2-
carbonyl}-amino}-2-ethyl-cyclopropanecarboxylic acid methyl ester under the same conditions,

5 adjusted for scale, and after reverse phase HPLC purification afforded compound 206 (164 mg,
72%). 'H MNR (300 MHz, CD,0D): § 9.36(s, 1H), 8 8.01 (d, 1H), § 7.90 (d, 1H), & 7.65 (m,
1H), 8 7.50 (m, 1H), 5 5.52 (s, 1H), 8 4.67 (m, 1H), § 4.48 (m, 1H), 5 4.32 (s, 1H), § 4.08 (m, 1H),
82.63 {m, 1H), § 2.21 (m, 1H), 81.70-0.99 (m, 33H), 3 0.70 (m, 2H). LCMS found 707 [M+H]".

10 Example 207

B8s0,
' C52C03

NMP
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LIOH / H,0
B SaEEsaEE—
THF / MeOH

HATU /DIPEA

e

DBU / DCM
o)

H2N~%—o‘ 5\ \k/om/ g":’&o o)
: F A

Compound 207

8-Chloro-2-(2-isopropylamino-thiazol-4-yl)-quinolin-4-ol (50 mg, 0.16 mmol) was dissolved in
NMP (1 mL) and treated with Cs,CO5 (76 mg, 0.23 mmol) followed by the addition of 1-{[4-(4-
bromo-benzenesulfonyloxy)-1-(2-tert-butoxycarbonylamino-3,3-dimethyl-butyryl}-pyrrolidine-2-
carbonyl}-amino}-2-ethyl-cyclopropanecarboxylic acid methyl ester (129 mg, 0.23 mmol). The
reaction mixture was heated to 60 °C for 16 h after which the reaction was cooled to room
temperature and diluted with aqueous 5% LiCl. The solution was extracted with EtOAc, washed
with saturated aqueous NaCl, and dried over sodium sulfate. After removal of solvent, the crude
product was purified by column chromatography on silica (75-95% EiQOAc/hexane) to provide the
aryl ether (97 mg, 81%). LCMS found 772 (fM+H]".

Compound 207 was prepared according to the methods described in example 29. Treatment of -
({1-(2-tert-Butoxycarbonylamino-3,3-dimethy{-butyryl}-4-[8-chloro-2-{2-isopropylamino-thiazol-
4-yh-quinolin-4-yloxy]-pyrrolidine-2-carbonyi} -amino)-2-ethyl-cyclopropanecarboxylic acid
methyl ester under the same conditions, adjusted for scale, and after reverse phase HPLC
purification afforded compound 207 (12 mg, 62%). LCMS found 892 (IM+H]". 'H MNR (300
MHz, CD,0D): 39.23(s, 1H), 8§ 7.50 (d, 1H),8 7.31 (d, 1H), § 7.21(m, 1H), 3 5.86 (m, 1H), 3
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5.47 (m, 2H),  4.61-3.84 (m, SH), 6 2.62 (m, 1H), & 2.33 (m, 1H), 51.69-0.99 (m, 40H), 5 0.69
(m, 2H).

BIOLOGICAL ASSAYS
NS3 Enzvmatic Potency: Purified NS3 protease is complexed with NS4 A peptide and

then incubated with serial dilutions of compound (DMSO used as solvent). Reactions are
started by addition of dual-labeled peptide substrate and the resulting kinetic increase in
fluorescence is measured. Non-linear regression of velocity data is performed to
calculate ICsps. Activity are initially tested against genotype 1b protease. Depending on
the potency obtained against genotype 1b, additional genotypes (1a, 2a, 3) and or protease
inhibitor resistant enzymes (D168Y, D168V, or A156T mutants) may be tested. BILN-
2061 is used as a control during all assays. Representative compounds of the invention
were evaluated in this assay and were typically found to have ICso values of less than
about 1 pum.

Replicon Potency and Cviotoxicity: Huh-luc cells {stably replicating Bartenschlager’s

[38%1uc-ubi-neo/NS3-3"/ET genotype 1b replicon) is treated with serial dilutions of
compound (DMSQ is used as solvent) for 72 hours. Replicon copy number 1s measured
by bioluminescence and non-linear regression is performed to calculate ECsos. Parallel
plates treated with the same drug dilutions are assayed for cytotoxicity using the Promega
CeliTiter-Glo cell viability assay. Depending on the potency achieved against the 1b
replicon, compounds may be tested against a genotype 1a replicon and/or inhibitor
resistant replicons encoding D168Y or A156T mutations. BILN-2061 is used as a control
during all assays. Representative compounds of the invention were evaluated in this

assay and were typically found to have ECs values of less than about 5 pm.

Effect of serum proteins on replicon potency

Replicon assays are conducted in normal cell culture medium (DMEM + 10%FBS)
supplemented with physiclogic concentrations of human serum albumin (40 mg/mL) or
a-acid glycoprotein (1 mg/mL). ECsps in the presence of human serum proteins are
compared to the ECs in normal medium to determine the fold shift in potency.

Enyzmatic Selectivity: The inhibition of mammalian proteases including Porcine

Pancreatic Elastase, Human Leukocyte Elastase, Protease 3, and Cathepsin D are
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measured at K,,, for the respective substrates for cach enzyme. [Csq for each enzyme is
compared to the ICsq obtained with NS3 1b protease to calculate selectivity.
Representative compounds of the invention have shown activity.

MT-4 Cell Cytotoxicity: MT4 cells are treated with serial dilutions of compounds for a

five day period. Cell viability is measured at the end of the treatment period using the
Promega CellTiter-Glo assay and non-linear regression is performed to calculate CCso.

Compound Concentration Associated with Cells at ECsp: _Hub-lue cultures are incubated

with compound at concentrations equal to ECsg. At multiple time points (0 — 72 hours}),
cells are washed 2X with cold medium and extracted with 85% acetonitrile; a sample of
the media at each time-point will also be extracted. Cell and media extracts are analyzed
by LC/MS/MS 1o determine the Molar concentration of compounds in each fraction.
Representative compounds of the invention have shown activity.

Solubility and Stability: Solubility is determined by taking an aliquot of 10 mM DMSO

stock solution and preparing the compound at a final concentration of 100 uM in the test
media solutions (PBS, pH 7.4 and 0.1 N HCI, pH 1.5} with a total DMSO concentration
of 1%. The test media solutions are incubated at room temperature with shaking for 1 hr.
The solutions will then be centrifuged and the recovered supernatants are assayed on the
HPLC/UV. Solubility will be calculated by comparing the amount of compound detected
in the defined test solution compared to the amount detected in DMSO at the same
concentration. Stability of compounds after an 1 hour incubation with PBS at 37°C will
also be determined.

Stability in Crvopreserved Human, Dog, and Rat Hepatocvtes; Each compound is

incubated for up to 1 hour in hepatocyte suspensions (100 ul, 80,000 cells per well) at
37°C. Cryopreserved hepatocyies are reconstituted in the serum-free incubation medium.
The suspension is transferred into 96~-well plates (50 pL/well). The compounds are
diluted to 2 uM in incubation medium and then are added to hepatocyte suspensions o
start the incubation. Samples are taken at 0, 10, 30 and 60 minutes after the start of
incubation and reaction will be quenched with a mixture consisting of 0.3% formic acid
in 90% acetonitrile/10% water. The concentration of the compound in each sample is
analyzed using LC/MS/MS. The disappearance half-life of the compound in hepatocyte

suspension is determined by fitting the concentration-time data with a monophasic
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exponential equation. The data will also be scaled up to represent intrinsic hepatic
clearance and/or total hepatic clearance.

Stability in Hepatic S9 Fraction from Human. Dog, and Rat: Each compound is

incubated for up to 1 hour in §9 suspension (500 ul, 3 mg protein/mbL) at 37°C (n=13).
The compounds are added to the S9 suspension to start the incubation. Samples are taken
at 0, 10, 30, and 60 minutes after the start of incubation. The concentration of the
compound in each sample is analyzed using LC/MS/MS. The disappearance half-life of
the compound in 89 suspension is determined by fitting the concentration-time data with

a monophasic exponential equation.

Cacgo-2 Permeability: Compounds are assayed via a contract service {Absorption

Systems, Exton, PA). Compounds are provided to the contractor in a blinded manner.
Both forward (A-to-B) and reverse (B-to-A) permeability will be measured. Caco-2
monolayers are grown to confluence on collagen-coated, microporous, polycarbonate
membranes in 12-well Costar Transwell® plates. The compounds are dosed on the apical
side for forward permeability (A-to-B), and are dosed on the basolateral side for reverse
permeability (B-to-A). The cells are incubated at 37°C with 5% CO2 in a humidified
incubator. At the beginning of incubation and at 1 hr and 2 hr afier incubation, a 200-pL
aliquot is taken from the receiver chamber and replaced with fresh assay buffer. The
concentration of the compound in each sample is determined with LC/MS/MS. The

apparent permeability, Papp, is calculated.

Plasma Proiein Binding:

Plasma protein binding is measured by equilibrium dialysis. Each compound is spiked
into blank plasma at a final concentration of 2 uM. The spiked plasma and phosphate
buffer is placed into opposite sides of the assembled dialysis cells, which will then be
rotated slowly in a 37°C water bath. At the end of the incubation, the concentration of the
compound in plasma and phosphate buffer is determined. The percent unbound is

calculated using the following equation:
(¢ )
% Unbound = 100e| ——— 1
G +Cr )
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Where Crand G, are free and bound concenirations determined as the post-dialysis buffer
and plasma concentrations, respectively.

CYP450 Profiling:

Each compound is incubated with each of 5 recombinant human CYP450 enzymes,
including CYP1A2, CYP2CY, CYP3A4, CYP2D6 and CYP2C19 in the presence and
absence of NADPH. Serial samples will be taken from the incubation mixture at the

beginning of the incubation and at 5, 15, 30, 45 and 60 min afler the start of the
incubation. The concentration of the compound in the incubation mixture is determined
by LC/MS/MS. The percentage of the compound remaining after incubation at each time
point is calculated by comparing with the sampling at the start of incubation.

Stability in Rat, Dog. Monkey and Human Plasma:

Compounds will be incubaied for up to 2 hours in plasma (rat, dog, monkey, or human} at
37°C. Compounds are added to the plasma at final concentrations of 1 and 10 ug/mL.
Aliguots are taken at 0, 5, 15, 30, 60, and 120 min after adding the compound.
Concentration of compounds and major metabolites at each timepoint are measured by
LC/MS/MS.,

All publications, patents, and patent documents are incorporated by reference
herein, as though individually incorporated by reference. The invention has been
described with reference to various specific and preferred embodiments and technigues.
However, it should be understood that many variations and modifications may be made

while remaining within the spirit and scope of the invention.



10

15

26

25

Claims

What is claimed:

1. A compound of formula I
z! "
?3 O%Sé,?o R{
A3 N ﬁ/ ~g~
A N
Rz H z Q1
2
Z ZZa Y1
Q)

or a pharmaceutically acceptable salt, or prodrug thereof, wherein:

R' is independently selected from H, alkyl, alkenyl, alkynyl, aryl, eycloalkyl,
heterocycle, halogen, halealkyl, alkyisulfonamido, aryisulfonamido, -
C{OINHS({O})2-, or —S(O);-, optionally substituted with one or more A%

R? is selected from,

a) -C(Y')(A),

by (C2-10alkyl, (C3-7)cycloalkyl or (C1-4)alkyl-{C3-Tieycloalkyl, where said

cycloalkyl and alkyl-cycloalky! may be optionally meno-, di- or tri-substituted

with (C1-3)alkyl, or

where said alkyl, cycloalkyl and alkyl-cycloalkyl may optionally be mono-
or di-substituted with substituents selected from hydroxy and O-
{C1-4yalkvl, or

where each of said alkyl-groups may optionally be mono-, di- or tri-
substituted with halogen, or

where each of said cycloalkyl groups beiﬂg 5-, 6- or 7-membered, one or
two —CHj- groups not being directly linked to each other may be
optionally replaced by —O- such that the O-atom is linked to the N
atom to which R? is attached via at least two C-atoms,

¢) phenyl, (C1-3)alkyl-phenyl, heteroaryl or (C1-3)alkyl-heteroaryl,
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wherein the heteroaryl-groups are 5- or 6-membered having from 1 to 3
heteroatoms selected from N, O and 8, wherein said phenyl and heteroaryl
groups may optionally be mono-, di- or trisubstituted with substituents
selected from halogen, ~-OH, (Cl-4)alkyl, O-(C1-4)alkyl, S-(C1-4)alkyl, -
NH,, -CF5 -NH({(C1-4)alkyl) and -N{({C1-4)alkyl),, -CONH; and ~-CONH-
(C1-4)alkyl; and wherein said (C1-3)alkyl may optionally be substituted
with one or more halogen;

d)  -S(Op(AY;or

g  -C(YHX-Y;

R® is H or (C1-6)alkyl;

v! is independently O, 8, N(A®), N(OYA>), N(OA™), N(OXOA®) or
NON(AT)(A));

Zis0, S, or NRY:

7! is an organic group having a three dimentional shape that will fit the extended
52 region of the HCV N83 serine protease domain;

7% is H, (C1-10)alkyl, (C2-10alkenyl, (C2-10)alkynyl;

Q' is A”; or Q' and Z” taken together with the atoms to which they are attached
form g heterocycle, which heterocyele may optionally be substituted with
one or more 03¢ =0}, Rf', or A :

each X is independently abond, G, §, or NR3;

Y is a polycarbocycle or a polyheterocycle, which polycarbocycle ora
polyheterocycle is optionally substituted with one or more R*, halo,
carboxy, hydroxy, {C1-10}alkyl, (C2-10)alkenyl, (C2-10)alkynyl, (Cl-
10alkanoyl, (C1-10)alkoxy, (C1-10)alkanoyloxy, (C1-10)alkoxycarbonyl,
NRoR;, SRy, S(O)R,, or S(O):R:;

each R’ is independently -P(Y HOAOAD, -P(YHOADN(AY,),
-POYHANOA?), -P(Y NAYN(A), or PYHN(AT))(N(AT)2);

cach Y is independently O, S, or NR3;

each R, and R, is independently H, (C1-10)alkyl, (C2-10)atkenyl, (C2-10)alkynyl,
(Ci-10)alkanoyl, (C1-10)alkoxy, (Cl-10)alkanoyloxy, or (Cl-
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IQYalkoxycarhonyl, which (C1-10)alkyl, (C2-10)alkenyl, (C2-10)alkynyl,
(C1-10)alkanoyl, (C1-10)alkoxy, (Ci-10)alkanoyloxy, or {Cl-
[0)alkoxycarbonyl, is optionally substituted with one or more R*, halo,
hydroxy, carboxy, cyano, or (C1-10)alkoxy; or R, and R, together with the
nitrogen to which they are attached form a pyrrolidine, piperidine,

piperazine, morpholino, or thiomorpholino ring;

each R, is independently H, (C1-10)alkyl, (C2-10)alkenyl, (C2-10)alkynyl, (C1-

10)atkanoyl, or (C1-10)atkoxycarbonyl;

7% is H, (C1-10)alkyl, (C2-10)alkenyl, (C2-10)alkynyl, haloalkyl, (C1-

10)alkyl-S(=0),-(C1-10)alkyl, or cycloalkyl, wherein any carbon atom
of Z* may optionally be replaced with a heteroatom selected from O, S,
S{(=0), S(=0},, or N and wherein any cycloalkyl is optionally substituted
with one or more {C1-10alkyl, (C2-18)alkenyl, (C2-10)alkynyl,
haloalkyl, F, CI, Br, or I; or Z* optionally forms a heterocycle with one

.
or more R’, R, Ql, or A3;

Alis independently selected from PRT, H, -OH, -C{C)OH, cyano, alkyl, alkenyl,

alkynyl, amino, amido, imido, imino, halogen, CFi, CH,CFs, cycloalkyl,
nitro, aryl, aralkyl, alkoxy, aryloxy, heterocycle, —C(Az)gﬁ r-C.(A2 )2—C(O)A2;
-C(OIAY, -C{OY0AZ, -O(AY), -N(A),, -S(AY), -CHP(Y WAD(0A?),
-CHP(Y WAHN(A™),), -CHLP(Y ' HOADOAY,

-OCHP(Y WOAH(0A?Y), -OCHP(Y HAHOAY,

-OCHP(Y YAHMN(AY)), -C(OYOCHP(Y YOANOAY,

~C(OYOCH:P(Y WAMHOA?), -COYOCHP(Y HATN(AN),
-CHoP(Y ' YOAN(A®)), -OCHP(Y YOAHN(A®),),

-C(OYOCHP(Y YWOAHN(A,), -CHP(Y HYN(AD)N(AY),),
-C(OYOCHP(Y HIN(ADR)(N(A),), -OCHP(Y YN(AR)(N(A?),),
-{CH;}m-heterocycle, -(CHy)mC(O)0alkyl, <0O-(CH;)pm-0-C(0)-0alkyl, -O-
{(CH)-0-C(O)-(CHy)p-alkyl, -(CH)mO-C(O)-0-alkyl, -(CH)mO-C(0)-0-
cycloalkyl, -N(H)C(Me)C(O)O-alkyl, SR, S(O)R;, S(O):R,, or alkoxy
aryisulfonamide,

wherein each A’ may be optionally substituted with
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-R', -P(Y')OADOA?), -P(YNOAHN(A)), -P(Y'NAH0AY),
-P(Y YAHN(A)), or PYHN(AR)NA ),
-C(=0)N(A")), halogen, alkyl, alkenyl, alkynyl, aryl,
carbocycle, heterocycle, aratkyl, aryl sulfonamide, aryl
alkylsulfonamide, aryloxy sulfonamuide, arvioxy
atkylsulfonamide, aryloxy arylsulfonamide, atkyl
sulfonamide, alkyloxy sulfonamide, alkyloxy
alkylsulfonamide, arylthio, -{CHs)nheterocyele, -({CHz)o-
C{O)0-alkyl, -O(CH2)OC(O)0alkyt, ~-O-(CH2)}m-O-C(O)-
{CHz)w-alkvl, -(CH2)yp-O-C(O}3-0C-alkyl, -(CH;)-O-C(O)-
O-cycloalkyl, -N(H)C(CH;)C(O)Y0-alkyl, or alkoxy
arylsulfonamide, optionally substituted with R';

optionally each independent instance of A’ and Q.i can be taken together with one

3 i X
or more A~ or ' groups to form a ring; and

Alis independently selected from PRT, H, alkyl, alkenyl, alkynyl, aming, amino

acid, alkoxy, aryloxy, cyano, haloalkyl, cycloalkyl, aryl, heteroaryl, heterocycle,

alkylsulfonamide, or arylsulfonamide, wherein cach A” is optionally substituted with A®.

20

2

Rlis AE; and

m is { to &;

provided the compound of formula [ is not the compound:

Q\\ //O /\/©

S~
N O

C e
b'e

H

e
O

N,

S

The compound of claim 1 wherein Z' is an organic group that has favorable

interations with one or more residues corresponding to Histidine 57, Aspartic acid 81,
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Arginine 155, and Aspartic acid 168 of the extended 52 region of the HCV NS83 serine

protease domain.

3. The compound of claim | wherein Z' is an organic group that hss favorable
interations with one or more residues corresponding to ‘Tyrosine 56, Valine 78, and

Aspartic acid 79 of the extended S2 region of the HCV NS3 serine protease domain.
4, The compound of claim | wherein Z' is A

5. The compound of claim 1 wherein Z' is selected from:

wherein each L is independently CH or N; and wherein each Z' is optionally substituted

. 3
with one or more A™.

6. The compound of claim 1 wherein Z' is a group ~Z>-Q, wherein: Z° is a direct
bond, -O-, -8-, -8(=0), -$(=0),, -C(=0)-, -C(=0)O-, or -OC(=0)-; and Q is a bicyclic
{4.4.0] ring system wherein at least one ring is aromatic, which ring system comprises
one or more carbon atoms and optionally comprises one or more O, S, 8(=0), S(=0),, -
N=, or -N{(A%)- in the ring system; wherein each A” is independently A® or the point of
attachment to Z°; and wherein the ring system is optionally substituted on one or more

carbon atoms with A”.
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7. The compound of claim 1 wherein Z' is a group -Z°-Q, wherein: 7% is a direct
bond, -O-, -S-, -C{(=0)-, -C(=0)0-, or -OC(=0)-; and Q is a bicyclic [4.4.0] ring system
wherein at least one ring is aromatic, which ring system comprises one or more carbon
atoms and optionally comprises one or more ~N= or -N{A”}- in the ring system, and

which ring system is optionally substituted on one or more carbon atoms with A”.

& The compound of claim 1 wherein Z' is a group -Z*-Q, wherein: Z° is a direct
bond, -O-, -8-, -C(=0)}-, -C(=0)0-, or -OC(=0)-; and ( 1s a bicyclic [4.4.0] ring system
wherein both rings are aromatic, which ring system comprises one or more carbon atoms
and optionally comprises one or more ~N= in the ring system, and which ring system is

optionally substituted on one or more carbon atoms with A°.

9. The compound of claim 1 wherein Z' is a group -Z°-Q, wherein: Z° is a direct
bond, -O-, -8, -C(=0)-, -C(=0)D-, or -OC(=0)-; and Q is a bicyclic [4.4.0] ring system
wherein both rings are aromatic, which ring system comprises one or more carbon atoms
and compnses 1, 2, 3, or 4 —-N= in the ring system, and which ring system is optionally

substituted on one or more carbon atoms with A”,

10. The compound of claim 1 wherein Z' is a group -Z°-Q, wherein: Z° is a direct
bond, -O-, -8-, -C(=0)-, -C(=0)0-, or -OC{=0)}-; and Q is a bicyclic [4.4.0] ring system
wherein both rings are aromatic, which ring system comprises one or more carbon atoms
and comprises 1 or 2 ~N= in the ring system, and which ring system is optionally

substituted on one or more carbon atoms with A”,

11. The compound of claim | wherein Z' is a group -Z3-Q, wherein: Z° is a direct
bond, ~O-, -§-, -C(=0)-, -C(=0)O-, or -OC(=0}-; and Q is a 1-naphthy! or 2-naphthyl

ring systemn that is optionally substituted with one or more A,

12.  The compound of claim 1 wherein Z' is a group -Z°-Q, wherein: Z’ is a direct

bond, -O-, -8-, -8(=0)}, -8(=0}),, -C(=0)-, -C(=0)0-, or -OC(=0)-; and Q is a bicyclic

[4.3.0] ring system wherein at least one ring is aromatic, which ring system comprises
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one or more carbon atoms and optionally comprises one or more O, §, 8(=0), $(=0),
N=, or -N{(A*)- in the ring system; wherein each A® is independently A’ or the point of
attachment to Z"; and wherein the ring system is optionally substituted on one or more

carbon atoms with A°,

13.  The compound of any one of claims 6-12 wherein Z° is a direct bond, -O-, or
-OC(=0)-.

14 The compound of any one of claims 6-12 wherein 2 is a direct bond.

15. The compound of any one of claims 6-12 wherein Z° is ~O-.

16. The compound of any one of claims 6-12 wherein Z* is -C(=0)0-.

7. The compound of formula (I} as described in claim 1 ora pharmaceuticaliy_

acceptable salt, or prodrug thereof, wherein 7' is selected from:
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18.

The compound of formula (T} as described in claim | or a pharmaceutically
acceptable salt, or prodrug thereof, wherein Z° is selected from

LCN
73 ’ 3 , e

10
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19. The compound of formula (I} as described in claim 1 or a pharmaceutically

acceptable salt, or prodrug thereof, wherein Z' is selected from:

5 > 5
MeO »[)‘NH HMeO i \i/\ﬁj\N
NS AN N l /I N
Ox

MeO S /l\\\g
N
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and N
N
=N
O
|
5 20 The compound of claim 1 wherein Z' is selected from:

10

21. The compound of formula (I} as described in claim 1 or a pharmaceutically

acceptable salt, or prodrug thereof, wherein Z' is selected from the following structures:
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wherein:

each R, is R‘;', H, halo, -O(Az), trifluoromethoxy, NRR,, C(=0O)NRR,,

S(=0);NRR; or {C1-10)alkyl, wherein one or more carbon atoms of said (Cl-
10)alkyl is optionally replaced by O, S, S(=0), §{(=0); or NR; and which
{C1-10)alkyl is optionally substituted with one or more hydroxy, halo,
cyano, NRyR,, C(=O)}NRR,, (C1-10)alkoxy, carboxy, (C1-
10)alkoxycarbonyl, aryl, heteroaryi, or heterocyclyl; or R, and R,, taken
together with the atoms to which they are attached form a 5 or 6 membered
heterocyelic ring containing one or more G, S, or NRy;

each Ry isRY, H, F, Cl, Br, 1, CFa, (C1-10)alkyl, or XR?;

each R is R, H, cyano, F, Cl, Br, I, -C(=0)NR4R,, C(=0)NRR,, NR.R,, SR,,
S(O)R,, or S{ORR,, SEONRR,, (C1-10)alkoxy, cycloalkyl, aryl, or
heteroaryl, which aryl or heteroaryl is optionally substituted with one or
more groups independently selected from halo, hydroxy, (C1-10alkyi,

(C2-10)alkenyl, (C2-10)alkynyl, (C1-10)alkanoyl, (C1-10)alkoxy, (C1-
411
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10)alkanoyloxy, (C1-10)alkoxycarbonyl, NRR,; SR, S(OIR,, or S(O):R,;
wherein any (C1-10)alkoxy of R, is optionally substituted with one or
more halo, (C1-6)alkoxy, or NRRy; v

Rg4 and R, are each independently H, (C1-10)alkyl, or aryl , which is optionally
substituted with one or more halo;

each R, is H, hydroxy, carboxy, cyano, (C1-10jalkyl, (C2-10)alkenyl, (C2-
10)alkynyl, (Cl-10)alkanoyl, (C1-10)alkoxy, (C1-10jalkanoyloxy, (C1-
10)alkoxyecarbonyl, NRR,, SR, S{O}R,, or S{O):R,;

each Ryis H, NRR,, C(=OINRR,, S(=0),NRR,, Az, hydroxy, carboxy, cyano,
{C1-10)alkyl, (C2-10}alkenyl, (C2-10)alkynyl, {C1-10)alkanoyl, (C1-
10jalkoxy, (C1-10)alkanoyloxy, (C1-10)alkoxycarbonyl, NRR,, SR,,
S(OR;, or S(ORR,;

each R, is H, A®, C(=O)NR,R,, or S(=0);NRR,;

each Ry is H, cyano, F, Cl, Br, I, -C(=OINRYR,, -C(=0)NR4R,, (C1-10}alkoxy,
cycloalkyil, or phenyl that is optionally substituted with one or more F, Cl,
Br, I, (C1-10)alkyl, or (C1-10}alkoxy;

each L is independently CH or N;

oneof EorDis O, S, or NRy and the other Eor Dis CRyor N;

each R and R, is independently H, (C1-10)alkyl, (C2-10jalkenyl, (C2-10)alkynyl,
{(C1-10)alkanoyl, S(=0),A%, {C1-10jalkoxy, (Cl-10)alkanoyloxy, or (Cl-
10)alkoxycarbonyl, which (C1-10}alkyl, {C2-10)alkenyl, (C2-10atkynyl,
{C1-10)alkanoyl, (Cl-10)alkoxy, (C1-10)alkanoyloxy, or (C1-
1Malkoxyearbonyl, is optionally substituted with one or more R*, halo
hydroxy, carboxy, cyane, or (C1-10)alkoxy; or R¢ and R, together with the
nitrogen to which they are attached form a pyrrolidine, piperidine,
piperazine, morphelino, or thiomorpholino ring wherein one or more
carbon atoms of said pyrrolidine, piperidine, piperazine, morpholino or
thiomorpholino ring is optionally replaced by S(=0}, S(=0),, or C(=0});

each R, is R, H, F, Cl, Br, I, CF3, (C1-10)alkyl, or XR®

each Ry and R, is independently H or (C1-10)alkyl or R, and R, together with the

nitrogen to which they are attached form a azetidine, pyrrolidine,

412



piperidine, piperazine, morpholine, or thiomorpholine ring which ring is
optionally substituted with hydroxy;
R'is H, alkyl, alkenyl, alkynyl, aryl, heteroaryl, or cycloalkyl, which R' is

optionally substituted with one or more Ry}

L

each R, is independently H, alkyl, alkenyl, alkynyl, halo, hydroxy, cyano,
arylthio, cycloalkyl, aryl, heteroaryl, alkoxy, NRyR;, -C(=0O)NRR;, or
-C(=0)ORy, wherein each aryl and heteroaryl is optionally substituted with
one or more alkyl, halo, hydroxy, cyano, nitro, amino, alkoxy,
alkoxycarbonyl, alkanoyloxy, haloalkyl, or haloalkoxy; wherein each alkyl
10 of R, is is optionally substituted with one or more halo, alkoxy, or cyano;
and

each Ry and R; is independently H, alkyl, or haloalkyl;.

22. The compound of formula (I) as described in claim | or a pharmacentically
15 acceptable salt, or prodrug thereof, wherein:

Z! is selected from the following structures:

20 each R, is R*, H, halo, -O(A?), triflucromethoxy, NR.R,, C(=O)NR.R,,
S(=0);NRR, or (C1-10)alkyl, wherein one or more carbon atoms of said (C1-
10)alkyl is optionally replaced by O, §, 8(=0), S(=0), or NRx and which
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{C1-10)alkyl is optionally substituted with one or more hydroxy, halo,
cyano, NRuR,, C(=0O)NRR,, (C1-10)alkoxy, carboxy, (Cl-
10)alkoxycarbonyl, aryl, heteroaryl, or heterocyclyl; or R, and Ry, taken
together with the atoms to which they are attached form a 5 or 6 membered
heterocyclic ring containing one or more O, S, or NRy;

each Ry is RY, H, F, Cl, Br, I, CFs, (C1-10)alkyl, or XR%;

each R.is R*, H, cyano, F, Cl, Br, I, -C(=0)NR4R,, C(=0)NR R, NRR,, SR,,
S(O)R,, or S(ORR,, S(=0)NRR,, (C1-10)alkoxy, cycloalkyl, arvl, or
heteroaryl, which aryl or hetercaryl is optionally substituted with one or
more groups independently selected from halo, hydroxy, (CI-10)alkyl,
{C2-10)alkenyl, (C2-10)alkynyl, (Ci-10)alkanoyl, (C1-10)alkoxy, (Ci-
10)alkanoyloxy, {Cl-10)alkoxycarbonyl, NR.R;; SR, S(O)R,, or S(O)R;
wherein any {C1-18)alkoxy of R, is optionally substitusted with one or
more halo, (C1-6)alkoxy, or NRR,;

Rg and R, are each independently H, {C1-10)alkyl, or aryl , which is optionally
substituted with one or more halo;

each R, is H, hydroxy, carboxy, cyano, (C1-10)alkyl, (C2-10alkenyl, (C2-
10)alkynyl, (Ci-10)alkanoyl, (C1-10)alkoxy, (Cl-10)alkanoyloxy, (C1-
10)alkoxyecarbonyl, NRyR,, SR, S(O)R,, or S(O)R;

each Ry is H, NR.R,, C=OINRGR,, S(=0NRR,, Az, hydroxy, carboxy, ¢yano,
(C1-10)alkyl, (C2-10)alkenyl, (C2-10)alkynyl, (C1-10)alkanoyl, (C1-
10)alkoxy, (C1-10)alkanoyloxy, (C1-10)alkoxycarbonyl, NR.R;, SR,
S(O)R,, or S(O)R,;;

each R, is H, A®, C(=0)NRR,, or S(=0):NR,R;;

each Rnis H, cyano, F, Cl, Br, L, -C(=0O}NRyRe, -CEOINRGR,, (C1-10}alkoxry,
cycloalkyl, or phenyl that is optionally substituted with one or more F, Cl,
Br, I, (C1-18)akkyl, or (C1-10)alkoxy;

each L is independently CH or N;

one of Eor D is O, S, or NR, and the other E or D is CRyor N;

each R, and R, is independently H, (C1-10)alkyl, (C2-10)alkenyl, (C2-10)alkynyl,
(C1-10)alkanoyl, S(=0),A%, (C1-10)alkoxy, (C1-10)alkanoyloxy, or (C1-

10)alkoxycarbonyl, which (C1-10)alkyl, (C2-1Malkenyl, (C2-10)alkynyl,
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(C1-10)alkanoyl, {C1-10)atkoxy, (C1-10)alkanoyioxy, or {(Cl-
10)alkoxycarbonyl, is optionally substituted with one or more R*, halo
bydroxy, carboxy, cyane, or (Cl-10)alkoxy; or R and R, together with the
nitrogen to which they are attached form a pyrrolidine, piperidine,
piperazine, morpholino, or thiomorpholino ring wherein one or more
carbon atoms of said pyrrolidine, piperidine, piperazine, morpholino or
thiomorpholino ring is optionally replaced by S(=0), 5(=0),, or C(=0);
each Ry is RY H,F,CL By, I, CF;, (Ci-10)alkyl, or XR?
each R, and Ry is independently H or (C1-10)alky! or Ry, and Ry together with the
nitrogen to which they are attached form a azetidine, pyrrolidine,
piperiding, piperazine, morpholine, or thiomorpholine ring which ring is
optionally substituted with hydroxy;
R'is H, alkyl, alkenyl, alkynyl, aryl, heteroaryl, or cycloalkyl, which R is
optionally substituted with one or more Rg;
each R, is independently H, alkyl, alkenyl, alkynyl, halo, hydroxy, cyano,
arylthio, cycloalkyl, arvl, heteroaryl, alkoxy, NRyR;, ~-C(=OINRyR;, or
-C(=0)0OR4, wherein cach ary! and heteroaryl is optionally substituted with
one or more alkyl, halo, hydroxy, cyano, nitro, amino, alkoxy,
alkoxycarbonyl, alkanovloxy, haloalkyl, or haloalkoxy; wherein each alkyl
of Ry is is optionally substituted with one or motr halo or cyano; and

each R, and R; is independently H, alkyl, or haloalkyl.

The compound of formula (I} as described in claim 21 or a pharmaceutically

acceptable salt, or prodrug thereof, wherein 2’ is selected from the following structures:

24,

The compound of claim 1 wherein Z' is selected from the following structures:
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5 25 The compound of any one of claims 21-23 wherein R, is a heteroaryl ring selected

from:

z@“ ;ELES ;taz 9 ;?»Q
?{E:j /‘?{END " ff’zj‘;j

which heteroaryl ring is optionally substituted with one or more (C1-10)alkyl, halo, or

NR,R,; wherein each R, and R, is independently H or (C1-10)alkyl.
10
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26.  The compound of any one of claims 21-23 wherein each R, is selected from:

e wl

el

ESTE . AR Yy
HN’<
2L
#\( 1D L zﬂ(

27.  The compound of any one of claims 21-23 wherein each R, is selected from:

420



28. The compound of any one of claims 21-23 wherein Ry is H, F, Cl, Br, methyl or

trifluoromethyl.

29.  The compound of any one of claims 21-23 wherein Ry, is H, F, Cl, methyl or

trifluoromethyl.

30. The compound of any one of claims 21-23 wherein R, is H, methoxy,
trifluoromethoxy, chloro, N-(2-cyanoethyljamino, N-(3,3,3-triflucroethyl}amino, 2-
methoxyethoxy, 2-hydroxyethoxy, 2-hydroxy-2-methylpropoxy, 2-amino-2-
methylpropoxy, N,N-dimethylaminocarbonylmethoxy, morpholinocarbonylmethoxy, 2-
[N-(2,2,2-trifluoroethyljamino]ethoxy, 2-morpholinoethoxy, cyclopropyloxy 2,2,2-
trifluoroethoxy or 2-(N,N-diemthylamino)ethoxy.

31. The compound of any one of claims 21-23 wherein R, is H, methoxy,

trifluoromethoxy, chloro, N-(2-cyanoethylamino, N-(3,3,3-trifluoroethyl)amino, 2-
421



methoxyethoxy, 2-hydroxyethoxy, 2-hydroxy-2-methyipropoxy, 2-amino-2-
methylpropoxy, N,N-dimethylaminocarbonvimethoxy, morpholinocarbonylmethoxy, 2-

[N-(2,2,2-trifluoroethyl)amino]ethoxy, or 2-morpholinoethoxy.

5 32, Thecompound of claim 1 wherein Z' is selected from the following structures:

10
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34, The compound of any one of claims 21-23 wherein each R; is selected from:

ol wl

S =
:22 i"\’“N\;N and :ezgj

35.  The compound of any one of claims 1-34 wherein R' is aryl, heteroaryl, or

cycloalkyl, which R' is optionally substituted with one to three A3,

36. The compound of any one of claims 1-34 wherein R' is cyclopropyl which Rf is

optionally substituted by up to four A3.
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37. The compound of any one of claims 1-34 wherein R’ is cyclopropyl which Rf is

optionally substitated by one A3.

38.  The compound of any one of claims 1-34 wherein R'is H, alkyl, alkenyl, alkynyl,
aryl, heteroaryl, or cycloalkyl, which R’ is optionally substituted with one or more Rg;
each R, is independently H, alkyl, alkenyl, alkynyl, halo, hydroxy, cyano,
arylthio, cycloalkyl, aryl, heteroaryl, alkoxy, NRyR;, -C(=0)NRyR,, or
-C(=0)OR,, wherein cach aryl and heteroaryl is optionally substituted with
one or more alkyl, halo, hydroxy, cyano, nitro, amino, alkoxy,
alkoxycarbonyl, alkanoyloxy, haloalkyl, or haloalkoxy; wherein each alkyl
of Rq is is optionally substituted with one or motr halo or cyano;
cach Ry is independently H, {C1-18)alkyl, or aryl , which is optionally substituted
with one or more halo; and

each Ry and R, is independently H, alkyl, or haloalkyl.

39. The compound of any one of claims 1-34 wherein Ris H, alkyl, alkenyl, alkynyl,
aryl, heteroaryl, or cycloalkyl, which R' is optionally substituted with one or more Rg:
each R, is‘independentiy H, alkyl, alkenyl, alkynyl, halo, hydroxy, eyano,
arylthio, cveloalkyl, aryl, heteroaryl, alkoxy, NRpR;, -C(=O)NRyR;,
wherein each aryl and heteroaryl is optionally substituted with one of more
alkyl, halo, hydroxy, cyvano, nitro, amino, alkoxy, atkoxycarbonyl,
alkanovloxy, halealkyl, or haloalkoxy; and

cach Ry, and R, is independently H, alkyl, or haloalkyl.

40. The compound of The compound of any one of claims 1-34 wherein R'is phenyl,
cyclopropyl, 2-fluorophenyl, 4-chlorophenyl, 2-chlorophenyl, 2,6-dimethylphenyl, 2-
methylphenyl, 2,2-dimethylpropyl, 2,2-difluoroethyl, 2,2,2-trifluoroethyl, or I-

methylcyclopropyl.

41.  The compound of any one of claims 1-34 wherein R'is cyclopropyl.

427



42. The compound of claim 2 wherein Rfis 1-methylcyclopropyl.

43, The compound of any one of claims 1-42 which is a compound of formula (II):
5
1 O
| 8 R

ZZa (EE)

or a pharmaceutically acceptable salt, or prodrug thereof, wherein: R;is rers-

butoxycarbonyl, cyclopentyloxycarbonyl, 2,2,2-trifluoro-1,1-dimethylethyloxycarbonyl,

tert-butylaminocarbonyl, 1-methyleyclopropyloxycarbonyl, 2-(N,N-dimethylamino)-1-1-
10 dimethylethoxycarbonyl, 2-morpholino-1-1-dimethylethoxycarbonyl, tetrahydrofur-3-

yloxycarbonyl, or

Vi,
@“OAO
44. The compound of any one of claims 1-43 wherein:
15 Q' is (C1-10alkyl, (C2-10)alkenyl, or (C2-10)alkynyl which Q' is optionally

substituted with Rg; or Q' and Z* taken together with the atoms to which
they are attached form a heterocycle, which heterocycle may optionally be
substituted with one or more oxo (=0), R* or A%

each R.is R*, H, cyano, F, Cl, Br, 1, -C(=0)NR4R., C(=0)NRR,, NR,R,, SR,

20 - S(O)R,, or S(ORR,, S(=0)RNRR,, (C1-10)alkoxy, cycloalkyl, aryl, or
heteroaryl, which aryl or heteroaryl is optionally substituted with one or
more groups independently selected from halo, hydroxy, (C1-10)atkyl,
(C2-10)alkenyl, (C2-10)alkynyl, (C1-10)alkanoyl, (C1-10)alkoxy, (C1-
10)alkanoyloxy, (C1-1®)alkoxycarbonyl, NRyR,; SR,, S(OR,, or S(O):R;
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wherein any (C1-10)alkoxy of R, is optionally substituted with one or
more halo, (C1-6)alkoxy, or NRWRy;

Ry and R, are each independently H, (C1-10)alkyl, or aryl , which is optionally
substituted with one or more halo;

each R, and R, is independently H, (C1-10)alkyl, (C2-10)alkenyl, (C2-10)alkynyl,
(C1-10)alkanoyl, {(C1-10)alkoxy, (C1-10)atkanoyloxy, or (C1-
10)alkoxycarbonyl, which (C1-18)alkyl, (C2-10)alkenyl, (C2-10)alkynyl,
(Cl-10jalkanoyl, (C1-10)alkoxy, (C1-10)alkanoyloxy, or (C1-
10)atkoxycarbonyl, is optionally substituted with one or more R*, halo,
hydroxy, carboxy, cyano, or {Cl-10)alkoxy; or R, and R, together with the
nitrogen to which they are attached form a pyrrolidine, piperidine,
piperazine, morpholino, or thiomorpholine ring;

each R, is independently H, (C1-10)alkyl, (C2-10)alkenyl, (C2-10)alkynyi, {(C1-
10alkanoyl, or (C1-10)alkoxycarbonyl;

each R, and R, is independently H, (C1-10)alkyl, (C2-10)alkenyl, (C2-10)alkynyl,
(C1-10)alkanoyl, S(=0),A%, (Cl1-10)alkoxy, (C1-10)alkanoyloxy, or (C1-
1Malkoxycarbonyl, which (Ci-10Yalkyl, (C2-1Malkenyl, (C2-10)alkynyl,
(Ct-10alkanoyl, (C1-10)alkoxy, (Cl-10)alkanoyloxy, or (C1-
10)alkoxycarbonyl, is optionally substituted with one or more R?, halo
hydroxy, carboxy, cyano, or {C1-10)alkoxy; or R and R, together with the
nitrogen to which they are attached form a pyrrolidine, piperidine,
piperazine, morpholing, or thiomorpholine ring wherein one or more
carbon atoms of said pyrrolidine, piperidine, piperazine, morpholino or
thiomorpholino ring is optionally replaced by S(=0), S(=0),, or C(=0)
and;

each Ry and R, is independently H or (C1-10)alkyl or Ry, and R, together with the

nitrogen to which they are attached form a azetidine, pyrrolidine,
piperidine, piperazine, morpholine, or thiomorpholine ring which ring is

optionally substituted with hydroxyl.

45.  The compound of claim 43 wherein Z is O; Y' is O; and one of 2 or Z¥ is

hydrogen.
429



46. The compound of any one of claims 1-43 wherein Q' is vinyl, ethyl, cyanomethyl,

propyl, 2-fluoroethyl, 2,2-difluorocthyl, or 2-cyanoethyl.

5 47.  The compound of any one of claims 1-43 wherein Q' and Z* taken together with
the atoms to which they are attached form a 12-18 membered heterocycle, which

heterocycle may optionally be substituted with one or more oxo (=0) or A

48. The compound of any one of claims 1-43 which is a compound of formula (Ii):

10

2 Y (1

or a pharmaceutically acceptable salt, or prodrug thereof.

49.  The compound of any one of claims 1-43 which is a compound of formula (IV):

15

pz N z
”
221 ¥ (V)

or a pharmaceutically acceptable salt, or prodrug thereof.
50.  The compound of any one of claims 1-43 wherein Z* is tert-butyl, 1-

methylcyclohexyl, tetrahydropyran-4-vi, 1-methyicyclohexyl, 4,4-difluorocyclohexyl,
20 2,2,2-trifluoro-1-trifluoromethylethyl, or cyclopropyl.
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51. The compound of claim 1 or a pharmaceutically acceptable salt, or prodrug
thereof,

wherein:

R! is independently selected from H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl,
heterocycle, halogen, haloalkyl, alkyisulfonamido, arylsulfonamido, -
C(OINHS(O)y-, or —S(0);-, optionally substituted with one or more A%

R? is selected from,

a) -C(Y')(AY),

by (C2-10)alkyl, (C3-T)cycloalkyl or (Cl-4)alkyl-(C3-T)eycloalkyl, where said

cycloalkyl and alkyl-cycloalkyl may be optionally mone-, di- or tri-substituted

with {C1-3)alkyl, or

where said alkyl, cycloalkyl and alkyl-cycloalkyl may optionally be mono-
or di-substituted with substituents selected from hydroxy and O-
{Cl-d)alkyl, or

where each of said altkyl-groups may optionally be mone-, di- or iri-
substituted with halogen, or

where each of said cycloalkyl groups being 5-, 6- or 7-membered, one or
two —CH;- groups not being directly linked to each other may be
optionally replaced by —O- such that the O-atom is linked to the N
atom to which R? is attached via at least two C-atoms,

¢} phenyl, (C1-3)alkyi-phenyl, heteroaryl or (C1-3)alkyl-heterocaryl,
wherein the heteroaryl-groups are 5- or 6-membered having from 1 to 3
heteroatorns selected from N, O and S, wherein said pheny! and heteroaryl
groups may optionally be mono-, di- or trisubstituted with substituents
selected from halogen, -OH, (Cl-4)alkyl, O-(C1-4)alkyl, $-(Cl-4)alkyl, -
NH,, -CF; -NH{(C1-4)alkyl} and -N{{C1-4)alkyl),, -CONH; and -CONH-
(C1-4)alkyl; and wherein said (C1-3)alkyl may optionally be substituted
with one or more halogen;

&) -S(OnA);or

&)  -CYH)-X-Y;

R’ is H or (C1-6)alkyl;



v' is independently O, S, N(A™), N(OYA®), N(OA™), N(O)OA®) or
NNy Ay

Zis 0, S, or NRY;

Z! is selected from the following structures:

Ry

each R, 1s R‘i H, halo, triflucromethoxy, NRR,, C{(=O}NRR,,
S(=0),NRR,; or (C1-10)alkyl, wherein one or more carbon atoms of said (C1-

10 10}alkyl is optionally replaced by G, 8, S{(=0), S(=0); or NR;, and which
{C1-10)alkyl is optionally substituted with one or more hydroxy, halo,
cyano, NRyR,, C(=0OINRR,, (C1-10)alkoxy, carboxy, (C1-
1®alkoxyearbonyl, aryl, heteroaryl, or heterocyelyl; or R; and R, taken
together with the atoms to which they are attached form a 5 or 6 membered

15 heterocyclic ring containing one or more O, S, or NR;

each Ry is R*, H, F, C1, Br, I, CF3, (C1-10)alkyl, or XR?;

each R.is RY, H, cyano, F, Cl, Br, 1, -C(=0)NRuR., C(=0)NRR,, NR,R,, $(=0)-
2NRR,, (Cl-10)alkoxy, cycloalkyl, aryl, or heteroaryl, which arvl or
heteroaryl is optionally substituted with one or more groups independently

20 selected from halo, hydroxy, (C1-10}alkyl, (C2-10)alkenyl, (C2-
10)alkynyl, (Ci-10)alkanoyl, (Ci-10)alkoxy, (C1-10)alkanoyloxy, (C1-

10)alkoxycarbonyl, NRyRy; SR;, S(O)R,, or S5(O):R;;
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Ry and R, are each independently H or (C1-10)alkyl;

each Ry is H, hydroxy, carboxy, cyano, (C1-10)alkyl, (C2-10)alkenyl, (C2-
10)alkynyl, (C1-10)alkanoyl, (C1-10)alkoxy, (C1-10)alkanoyloxy, (C1-
10)alkoxycarbonyl, NR,R,, SR, S(O)R,, or S{(O)R;

each Ry is H, NR.R,, CEOINRR,, S(=0);NRR,, AZ, hydroxy, carboxy, cyano,
(C1-10)alkyl, (C2-10)alkenyl, (C2-10)alkynyl, (C1-10)alkanoyl, (C1-
10)alkoxy, (C1-10)alkanoyloxy, (C1-10)alkoxycarbonyl, NRyR,, SR,
S{O)R,, or S(O)Ry;

each R, is H, A®, C(=O0)NRR,, or S(=O),NRR;

each Rnis H, cvano, F, (], Br, |, -C(=0OINR4R,, (Cl1-10alkoxy, cycloalkyl, or
phenyl that is optionally substituted with one or more F, Cl, Br, L, (C1-
10)alkyl, or (C1-10)alkoxy; '

each L is independently CHor N;

oneof Eor Dis O, §, or NRy and the other Eor D is CRyor N;

Z™ is H, (C1-10)alkyl, (C2-10)alkenyl, (C2-10)alkynyl;

Q' is (C1-10)alkyl, (C2-10)alkenyl, or (C2-10)alkynyl which Q' is optionally
substituted with R or R; or Q' and Z** taken together with the atoms to
which they are attached form a heterocycle, which heterocycle may
optionally be substituted with one or more oxo (=0}, R?, or A®;

cach X is independently abond, G, §, or NRB;

Y is a polycarbocycle or a polyheierocycle, which polycarbocycle or a
polvheterocycle is optionally substituted with one or more R?, halo,
carboxy, hydroxy, (C1-10)alkyl, (C2-10)alkenyl, (C2-10)alkynyl, (C1-
10)alkanovyl, (Ci-10)alkoxy, (C1-10)alkanoyloxy, (Ci-10)alkoxycarbonyl,
NR:Rp, SR, S(O)R,, or S(O):R,;

each R’ is independently -P(Y*YXOAZ(OAY), -P(YHOAN(AY)Y),
-P(Y YATHOA?), -P(YHAT)N(A)), or POY ) N(ATRIN(A ),

each Y is independently O, S, or NR’;

each R, and R;, is independently H, (C1-10)alkyl, (C2-10)alkenyl, (C2-10)alkynyl,
(Ci-10)alkanoyl, {C1-10)alkoxy, (Ci-10)alkanoyloxy, or (C1-
1Qalkoxyearbonyl, which (C1-10alkyl, (C2-10)alkenyl, (C2-10)alkynyi,
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{Ci-10)alkanoyl, {C1-10)alkoxy, (C1-10)alkanoyloxy, or {(Cl-
10)alkoxycarbonyl, is optionally substituted with one or more R* halo,
hydroxy, carboxy, cyano, or (C1-10)alkoxy; or R, and R, together with the
nitrogen to which they are attached form a pyrrolidine, piperidine,

piperazine, morpholino, or thiomorpholino ring;

each R, is independently H, (C1-10)alkyl, (C2-10)alkenyl, (C2-10)atkynyl, (C1-

10)alkanoyl, or (C1-10)alkoxycarbonyl;

each R and R, is independently H, (C1-10)atkyl, (C2-10)alkenvi, (C2-10)alkynyl,

(C1-10)alkanoyl, S(=0)»A%, (C1-10)alkoxy, (Ci-10)alkanoyloxy, or (C1-
1Q)alkoxycarbonyl, which {C1-103alkyl, (C2-10)alkenyl, {C2-10)alkynyl,
(Ci-1(alkanoyl, (Ci-10)alkoxy, (C1-1Gjalkanoyloxy, or (C1-
10)alkoxycarbonyl, is optionally substituted with one or more R*, halo
hydroxy, carboxy, cyano, or (C1-1Q)alkoxy; or R and R, together with the
nitrogen to which they are attached form a pyrrolidine, piperiding,
piperazine, morpholino, or thiomorpholino ring wherein one or more
carbon atoms of said pyrrolidine, pipenidine, piperazine, morpholino or

thiomorpholino ring is optionally replaced by S(=0}, S(=0),, or C(=0};

Z®is H, (C1-10)alkyl, (C2-103alkenyl, (C2-10)alkynyl, haloalkyl, (C1-

10)alkyl-S(=0)-(C1-10)alkyl, or cycloalkyl, wherein any carbon atom
of Z* may optionally be replaced with a heteroatom selected from O, S
or N and wherein any cycloalkyl is optionally substitated with one or
more (C1-10)alkyl, (C2-10)alkenyl, (C2-10)alkynvl, F, CL, Br, or I; or

7 optionally forms a heterocycle with one or more R’, Rz, Q’ ,Of AS;

A’ is independently selected from PRT, H, -OH, -C(O)OH, cyano, alkyl, alkenyl,

alkynyl, amino, amido, imido, imine, halogen, CF3, CH,CFj3, cycloalkyl,
nitro, aryl, aralkyl, alkoxy, aryloxy, heterocycle, -C(AY);, -C(AZ ;,;-—C(O)Azﬁ
-C{OYAL, -C{O)OA?, -O(AY), -N(AD),, -8(A?), -CH,P(Y YA 0AY),
-CHP(Y YA N(AY),), -CHP(Y ') OA%)(0AD),

-OCHP(Y ' WOATOAY), -OCHP(Y HAT(OA?D),

-OCHP(Y WAHN(A)), -C(O)OCHP(Y HOATNOAD),

-C(OYOCHP(Y HAHOA?Y), -CLOYOCH,P(Y JAD(N(AY,),

-CHLP(Y YOADMN(AY,), -OCH:P(Y HOAH(N(AY,),
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-C(O)YOCHP(Y WOADN(AT), -CHLP(Y YN(AD(N(A),

-C(O)OCHP(Y YN(A®))(N(A%),), -OCH:P(Y YN(AT))(N(AT)),

~{CHa)m-heterocycle, -{CH2)nC({0)0alkyl, -O-(CH2)y-O-C(O)-Calkyl, -O-

(CH2),-O-C{O)-(CH)m-alkyl, (CH32),0-C{0)-0O-alkyl, -(CH3),0-C(O})-O-

cycloalkyl, -N(H)YC(Me)C(O)O-alkyl, SR, S(OIR,, S{O)R,, or alkoxy

arylsulfonamide,

wherein each A’ may be optionally substituted with
ltod
-RY, -P(YNOAPNOA?), -P(Y HOAHIN(AT)), -P(YNAPNOAY,

-POY YADYN(A2), or PY YN(AIN(A)),
-C(=0)N(A%)), halogen, alkyl, alkenyl, alkynyl, aryl,
carbocyecle, heterocyele, aralkyl, arvl sulfonamide, arvi
alkylsulfonamide, aryloxy sulfonamide, aryloxy
alkylsulfonamide, aryloxy arvisulfonamide, alkyl
suifonamide, alkyloxy sulfonamide, alkyloxy
alkylsulfonamide, arylthio, -{CHs)nheterocycle, -(CHz)m-
C{O)O-alkyl, -O(CH)nOC(0Y0alkyl, -O-(CH3)n-O-C(O)-
{CH3)m-alkyl, -(CH,}p-0-C(O)-0O-alkyl, -(CH)m-0O-C(O}-
O-cycloalkyl, -N(HYC(CH)C(OYO-alkyl, or alkoxy
arylsulfonamide, optionally substituted with R';

optionally each independent instance of A’ and Q} can be taken together with one

or more A” or Qi groups to form aring;

A%is independently selected from PRT, H, alkyl, alkenyl, alkynyl, amino, amino
acid, alkoxy, aryloxy, cyano, haloalkyl, cycloalkyl, aryl, heteroaryl,
heterocycle, alkylsulfonamide, or arylsulfonamide, wherein each Alis
optionally substituted with A’ :

R'is H, alkyl, alkenyl, alkynyl, aryl, heteroaryl, or cycloalkyl, which R’ is
optionally substituted with one or more Ry;

each R, is independently H, alkyl, alkenyl, alkynyl, halo, hydroxy, cyano,
arylthio, cycloalkyl, aryl, heteroaryl, alkoxy, NRyR;, -C(=O)NRyR,,

wherein each aryl and heteroaryl is optionally substituted with one or more
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alkyl, halo, hydroxy, cyano, nitro, amino, alkoxy, alkoxycarbonyl,
alkanoyloxy, haloalkyl, or haloalkoxy;
each Ry and R; is independently H, alkyl, or haloalkyl; and

mis 0 to 6.

52. The compound of any one of claims 1-51 wherein X is O, §, or NR”,

N
23

The compound of any one of claims 1-51 wherein X is O.

54. The compound of any one of claims 1-53 wherein Y is a polycarbocycle.

55. The compound of any one of claims 1-53 wherein Y is polyheterocycle.

56. The compound of any one of claims 1-53 wherein Y is a fused carbocyclic ring

system.

57. The compound of any one of claims 1-53 wherein Y is a fused heterocyclic ring
system.

58. The compound of any one of claims 1-53 wherein Y is a fused carbocyclic ring

system comprising one or more double bonds.

59. The compound of any one of claims 1-53 wherein Y is a fused heterocycelic ring

system comprising one or more double bonds.

60. The compound of any one of claims 1-53 wherein Y is a bridged carbocyclic ring

system.

61.  The compound of any one of claims 1-53 wherein Y is a bridged heterocyclic ring

systen.

436



10

62.  The compound of any one of claims 1-53 wherein Y is a bridged carbocyclic ring

system comprising one or more double bonds.

63.  The compound of any one of claims 1-53 wherein Y is a bridged heterocyclic ri;lg

system comprising one or more double bonds.

64.  The compound of any one of claims 1-53 wherein Y comprises a bridged ring

system selected from:

wherein one or more carbon atoms in the bridged ring system is optionally replaced with
0, 8, 5(0), S(0),, N (O)R,, or NR,; wherein sach R, is independently H, (C1-10)alkyl,
(C2-10)alkenyl, (C2-10)alkynyl, (Ci-10)alkanoyl, S{ORNRR,, S(O)R,, or (Cl1-
10)alkoxy, wherein each (C1-10)alkyl, (C2-10)alkenyl, (C2-10)alkynyl, {C1-10)alkanoyl,
and (C1-10)alkoxy is optionally substituted with one or more halo; and wherein the ring

system optionally comprises one or more double bonds.
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65.  The compound of claim 64 whercin the ring system comprises one or more double

bonds.

66.  The compound of claim 64 wherein one or more carbon atoms in the bridged ring
system is replaced with O, S, S(O), S(O),, N'(O)R,, or NR,; wherein each R, is
independently H, (C1-10)alkyl, (C2-10)alkenyl, (C2-10)alkynyl, (C1-10)alkanoyl,
S{ORNR R, S{ORR,, or (C1-10)alkoxy, wherein cach (C1-10}alkyl, (C2-10)alkenyl,
{C2-10)alkynyl, (Ci-10)alkanoyl, and (Ci-10)alkoxy is optionally substituted with one or

more halo.

67. The compound of any one of claims 1-53 wherein Y comprises a fused ring

system selected from:
“ D

BON
wherein one or more carbon atoms in the fused ring system is optionally replaced with G,
S, 5(0), ${0)3, N'(OIR,, or NR,; wherein each R, is independently H, (C1-10)alkyl,
(C2-10)alkenyl, {C2-10)alkynyl, (C1-10)alkanoyl, S{O)NRR,, S(ORR,, or (C1-
1Q)alkoxy, wherein each {C1-10)alkyl, (C2-10)alkenyl, (C2-10)alkynyl, (C1-10)alkanoyl,

and (C1-10)alkoxy is optionally substituted with one or more halo; and wherein the ring

system optionally comprises one or more double bonds.

68.  The compound of claim 67 wherein one or more carbon atoms in the fused ring
system is replaced with G, S, S{(0O), S(O),, N(O)R,, or NR,; wherein each Ry is
independently H, (C1-10)alkyl, (C2-10)alkenyl, (C2-10)alkynyl, (C1-10)alkanoyl,
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S{O):NRR,, S(O):R,, or (C1-10)alkoxy, wherein each (C1-10)alkyl, (C2-10)alkenyl,
(C2-10)alkynyl, (C1-10)alkanoyl, and (C1-10)alkoxy is optionally substituted with one or

more halo.
69.  The compound of any one of claims 1-53 wherein Y is selected from:
F -
_ - - xS
O O z fiwg

N 2 27 ON—CHg
Ai@»f‘ LE? @2“
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70.  The compound of claim 1 which is a compound of formula (V):

21 O, Q. ,r,O Rf
: - S ~ /
H
X N
T
O, O
Z (V)
5  werein Z' is selected from the following structures:
H % HaCO__~
] \\/N\/N\W/M\/ i N0~ 3 l \Y’N%
i NN\
F 0
Os O.s b

B
HLCO A3
3 ];Nj ~ H3CO Ny -O~”
NP2
Q\f ﬁ
Oy
10
V/O\Af\ Cfﬁ
HyCO
H
R N O N N NN /,\\//O /\ % 3=,
O [T ] N H,C Ny N
=7 #N ' \/ ~ /N | N
/
O}: O?f O
P
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and

NAZ
S

Z~Z

~ / \V/O; = N\‘
Y
NS

Our ;

RYis H, alkyl, alkenyl, alkynyl, aryl, heteroaryl, or cycloalkyl, which Riis
optionally substituted with one or more Rg;

Q.l is H, (C1-10alkyl, (C2-10)alkenyl, or (C2-10)alkynyl which (C1-
10atkyl, (C2-10)alkenyl, or {C2-10)alkynyl is optionally substituted with one or
more R; or Q' and Z** taken together with the atoms to which they are attached
form a heterocycle, which heterocycle may optionally be substifuted with one or
more oxo (=0} or halo;

R?is -C(=0)-X-Y%

Xisabond, O, S, or NH;

vtis (C2-1Malkyl, (C3-T)cyeloalkyl, heterocycle, polycarbocycle, or
polvheterocycle, which (C2-10)alkyl, (C3-7)eycloalkyl, heterocyele,
polycarboeycle, or polyheterocycle is optionally substituted with ene or more {C1-
10)alkyl, halo, carboxy, hydroxy, (C1-10)alkanovl, (C1-1Q)alkoxy, (Cl-
10)alkanoyloxy, (C1-10)alkoxycarbonyl, trifluoromethyl, NR.R,, SR;, S(O)R,, or
S{O)R;

each Rocyano, F, Cl, Br, S(ORR,, (C1-10)alkoxy, or cycloalkyl;

each Ry is independently H, (C1-10)alky], or aryl , which is optionally
substituted with one or more halo;

cach R, is independently H, alkyl, alkenyl, alkynyl, halo, hydroxy, cyane,
arylthio, cycloalkyl, aryl, heteroaryl, alkoxy, NRyR;, -C(=ONRRR,;, or
-C{(=0)ORy, wherein each aryl and heteroaryl is optionally substituted with one or
more alkyl, halo, hydroxy, cyano, nitro, amino, alkoxy, alkoxycarbonyl,
alkanoyloxy, haloalkyl, or haloatkoxy; wherein each alkyl of R, is is optionally
substituted with one or motr halo, alkoxy, or cyano;

each Ry, and R; is independently H, alkyl, or haloalkyi;

each R, and R, is independently H, (C1-10)alkyl, (C2-10)alkenyl, (C2-
10jalkynyi, {(Ci1-10)alkanoyl, (C1-10)alkoxy, {Cl1-10)atkanovyloxy, or (Cl-
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10Yalkoxycarbonyl, which (C1-10)alkyl, (C2-10)alkenyl, (C2-10)alkynyl, (C1-
10Yalkanoyl, (Ci-10)alkoxy, (Cl-10)alkanoyloxy, or (Cl1-10)alkoxycarbonyl, is
optionally substituted with one or more halo, hydroxy, carboxy, cyano, or (C1-
10)alkoxy; or R, and R, together with the nitrogen to which they are attached
form a pyrrolidine, piperidine, piperazine, morpholino, or thiomorpholino ring;
and

each R, is independently (C1-10}alkyl.

71.  The compound of claim 70 wherein: X is a bond; and Y* is pyrrol-1-yl,
morpholine, or {C2-10}alkyl.

72.  The compound of claim 70 wherein R’ is pyrrol-1-yicarbonyl,

morpholinocarbonyl, or 3,3-dimethylbutanovl.

73.  The compound of claim 70 wherein: X is O; and ¥* is tert-butyl, cyclopentyl, 1,1-
dimethylethyl, eyclopropyl, tetrahydrofuranyl, isopropyl, 2,2-dimethylpropyl, cyclobutyl

or

-

2

which Y* is optionally substituted with one or more (C1-10)alkyl, halo, (C1-10)alkoxy,
triflucromethyl, or NRR, .

74, The compound of claim 70 wherein R%is tert-butoxyearbonyl,
cyclopentoxycarbonyl, 1,1-dimethyl-2,2 2-trifluoroethoxy, 1-
methyleyclopropyloxycarbonyl, 2-(N,N-dimethylamino)-1,1dimethylethoxycarbonyl, 2-
morpholino-1,1dimethylethox ycarbonyl, 3-tetrabydrofuranyloxycarbonyl,
isopropoxycarbonyl, 2-methoxy-1,1-dimethylethoxycarbonyl, 2,2-
dimethylpropoxycarbonyl, 1-triflucromethylcyclobutyloxycarbonyl,
cyclobutyloxycarbonyl, 1-methylcyclopentyloxycarbonyl, 1-
trifluoromethylcyclopentyloxycarbonyl, 1-triflucromethyleyclobutyloxyearbonyl, and
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75.  The compound of claim 70 wherein: X is NH; and and Y4 (C2-10)alkyl that is

optionally substituted with one or more halo.

76. The compound of claim 70 wherein R? is is tert-butylaminocarbonyl, or 1,1-

dimethyl-2,2,2-triflugroethylaminocarbonyl.

77. The compound of any one of claims 70-76 wherein: R'is alkyl, aryl, eycloalkyl,
which Rfis optionally substituted with one or more R® independently selected from alkyl,
halo, -C(=0)ORy, or trifluoromethyl, wherein each alkyl of R®is optionally substituted

with one or more halo, alkoxy, or cvane.

78. The compound of any one of claims 70-76 wherein: Rfis phenyl, cyclopropyl, 2-
fluorophenyl, 4-chlorophenyl, 2-chlorophenyl, 2,6-dimethylphenyl, 2-methylphenyl, 2,2-
dimethyipropyi, 2,2-diflucroethyl, 2,2 2-irifluoroethyl, 1-methylcyclopropyl, 1-
isopropyleyclopropyl, 1-propyleyclopropyl, 2,2 2-trifluoro-1,1-dimethylethyl, I-
{methoxycarbonyicyclopropyl, 1-cthyicyclopropyl, 1-trifluoromethylcyclobutyi, 1-
{methoxymethyl)cvelopropyl, 1-(2-cyancethvl)cyclopropyl, or 1-(2,2,2-

triflucroethyljcyclopropyl.
79. The compound of any one of claims 70-78 wherein: Q' is hydrogen, methyl, ethyl,

vinyl, cyanomethyl, propyl, 2-fluorcethyl, 2,2-diflucroethyl, 2-cyanoethyl, 2-
methoxyethyl, 2-methylsulfonylethyl, or cyclopropyl.

444



The compound of claim 1 which is
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or a pharmaceutically acceptable salt, or prodrug thereof.
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31. The compound of any one of claims 1-80 which is a prodrugor a

pharmaceutically acceptable salt thercof:

82. A pharmaceutical composition comprising the compound as described in any of
claims 1-80 or a pharmaceutically acceptable salt, or prodrug thereof; and at least one

pharmaceutically acceptable carrier.

83, The pharmaceutical composition according to claim 82 for use in treating

disorders associated with HCV.

84, The pharmaceutical composition of claim 82, further comprising at least one

additional therapeutic agent.

85.  The pharmaceutical composition of claim 84, wherein said additional therapeutic
agent is selected from the group consisting of interferons, ribavirin analogs, N83 protease
inhibitors, NS5b polymerase inhibitors, alpha-glucosidase 1 inhibitors, hepatoprotectants,

non-nucleoside inhibitors of HCV, and other drugs for treating HCV.

86.  The pharmaceutical composition according to claim 82, further comprising a

nucleoside analogue.

87. The pharmaceutical composition according to claim 86, further comprising an

interferon or pegylated interferon.

88.  The pharmaceutical composition according to claim 87, wherein said nucleoside
analogue is selected from ribavirin, viramidine, levovirin, a L-nucleoside, and isatoribine

and said interferon is a-interferon or pegylated interferon.

89. A method of treating disorders associated with hepatitis C, said method
comprising administering to an individual a pharmaceutical composition which comprises
a therapeutically effective amount of the compound as described in any of claims 1-80 or

a pharmacecutically acceptable salt, or prodrug thereof.
472
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0G. A compound as deseribed in aay of claims 1-80 or 2 pharmacentically acceptable

salt, or prodrug thereaf for use in medical therapy.

91, Useofacomponnd as described in any one of elaims 1-80 or a pharmacentically
acceptable salt, or prodrug thereof for preparing a medicament for weadng hepatitis Cora

hepatitis € assoctated disorder in an snimal,

92, A compound as described in any of claims 1-8( or a pharmaceutically acceptable
sal, or prodrug thereof for use in the prophylectic or therppeutic irestment of hepatitls C

or a hepatitis C associated disorder.
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