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PROCESS FOR MAKING ISCQUINOLINE COMPOUNDS

CROSS REFERENCE TO RELATED APPLICATION

[08061] This application claims the benefit under 35 U.S.C. §119(e) to U. S. Application Number
61/672,191, filed July 16, 2012, the entirety of which is incorporated herein by reference.

BACKGROUND
Field

16002] The present mvention relates to methods for making isoquinoline compounds and the

intermediate compounds achieved thereby,
State of the Art

[0663] Isoquinoline compounds are known to be effective in the treatment and prevention of conditions
and disorders associated with HIF, incloding anemia and tissuc damage caused by ischemia and/or
hypoxia (s¢e, ¢.g., Robinson et al. {2008) Gastroenterology 134(1): 145-155; Rosenberger et al. (2008)
Nephrol Dial Transplant 23(11):3472-3478). Specifically, the compounds and methods disclosed herein
can be used as, or in the preparation of, isoguinoline compounds for inhibiting HIF hydroxylase activity,
thereby increasing the stability and/or activity of hypoxia inducible factor (HIF), whicl can then be used

to treat and prevent HIF -associated conditions and disorders.

[6604] To date, 2 number of synthetic routes for the preparation of substituted isoquinoline compounds
have been published. In 1966, Caswell et al. ( Heterocvelyl Chem 1866, (3), 328-332) reported the
synthesis of 4-hydroxy-3-carbomethoxy-1(2H)-isoquinoline, and the 6- and §-methoxy substituted
derivatives thereof, via the Gabriel-Coleman rearrangement of phthalimidoacetate with sodium
methanol, preferably at high temperatures (105 °C) in a sealed reaction vessel. Whereas such methods did
provide an excess of one regioisomer, the substitution was dictated by the electronic nature of the

substituent, not the desire of the chennist,

(00051 In 1978, Suzuki et al. (Synthesis 1978 (6}, 461-462) reported the synthesis of 4-hydroxy-3-
carbomethoxy-1(2H)-isoquinoline via the acid catalyzed ring opening and subsequent intramolecular
cyclization of 4-methoxycarbonyl-1,3-oxazole, which was prepared from phthalic anhydride and methyl

isocyanoacetate. Suzuki et al. also reported the synthesis of the nitro substituted 4-hydroxy-3-
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carbomethoxy-1(2H)-isoquinoline, however, the methods disclosed therein provided a mixture of the 6-

and 7-nitro isoquinoline compounds.

[0006] Weidmann et al. (U.S. Patent No. 6,093,730) reported the synthesis of various substituted
isoquinoline-3-carboxamides via chromatographic separation of the 4-hydroxy-3-carbomethoxy-1(2H)-
isoquinoline isomers provided by the Caswell et al. synthesis, followed by hydrolysis of the methyl ester,

activation of the corresponding acid to the acid halide, and condensation with glycine methyl ester.

[0007] Other methods for the preparation of substituted isoquinoline compounds have been reported in
1J.S. Patent 7,629,357 and U.S. Patent 7,928,120, U.S. Patent 7,928,120 teaches the preparation of
substituted cyanoisoquinoline compounds from an optionally substituted 2-methylbenzoic acid ester via
reaction with a halogenating reagent to provide the corresponding 2-(halomethyl)benzoic acid ester,
followed by reaction with a N-protected glycine ester, and finally cyclizatioryaromatization using a base
and optionally an oxidizing agent. Such methods have an advantage over the documents described
hereinabove in that the disclosed process affords only a single isomer of the 5-, 6-, 7-, or 8-substituted
isoquinoline compounds. However, only halo and cyano substituents at the [-position of the isoquinoline
are provided. U.S. Patent 7,629,357 discloses methods for the synthesis of various substituents at the 1-
position of variously substituted isoquinoline compounds, including 1-methyl isoquinoline compounds.
The 1-methyl isoquinotine compounds of U.S. Patent 7,629,357 are prepared by first reacting the
corresponding 1,4-dihydroxyisoquinoline compound with phosphorous oxychloride or phosphorous
oxybromide to afford the 1-chloro or 1-bromoisoquinoline compound, followed by methylation using
either trimethylboroxine with tetrakis(triphenylphosphine)paliadium or an excess of n-butyllithium

followed by methyliodide.
SUMMARY

[6068] The present disciosure refates to methods for synthesizing variously substitated isoquinoline
compounds, and the intermediate compounds achieved thereby, safely and efficiently on a large scale.
Specifically, the methods disclosed herein provide the desired 5-, 6-, 7-, or 8-substituted iscquinoline
compound as a single regioisomer without the need for chromatographic separation, and do not utilize
reagents such as phosphorous oxychloride, phosphorous oxybromide, n-butyllithium or

trimethylboroxine, which can be unsafe and/or costly when used in a large scale.

[0009] Also provided are novel intermediate compounds achieved by the methods. The compounds
disclosed herein can be used as, or in the preparation of, isoquinoline compounds for inhibiting HIF
hydroxylase activity, thereby increasing the stability and/or activity of hypoxia inducible factor (HIF).

Such compounds are useful for the treatment of disorders associated with ischemia and hypoxia, and for



treatment of erythropoietin associated disorders, including infer alia, ancmia (see, e.g., U.S. Patent No.
7,629,357).

[0610] In a first aspect, there 18 provided a method of making a compound of formula [ ora

stereoisomer or mixture of stereoisomers thereof:

RE OH O
R?
R3 = Z/
=N
R4
& Rt
R f?l/
5 R I

the method comprising contacting a compound of fornmla il

RE OH ©O
R® SN Z/RZ
=N
R4
R i

with a compound of formula HL:

T
11 11

10 under reaction conditions sufficient to produce a compound of formula I, wherein
Zis O,NR', or S;
R is selected from the group consisting of hydrogen and alkyl;

R? is selected from the group consisting of hydrogen and alkyl which is unsubstituted or
substituted with one or more substituents independently selected from the group consisting of

15 cycioalkyl, heterocyelyl, aryl, and heteroaryi;

R® and R” are independently selected from the group consisting of hydrogen, alkyl, substituted
alkyl, cycioalkyl, substituted cycloalkyl, heterocyclyl, substituted heterocyelyi, aryl,

substituted aryl, heteroaryl, substituted heteroaryl, halo, hydroxy, cyano, -S(O)-N(R%}-RE,
-NR*C{OINR'RY, and -X'R";

20 where X' is oxygen, -S(0),-, or -NR’-;

nis 0, 1, or2;



cach R® is independently selected from the group consisting of hydrogen, alkyl,
substituted alkyl, aryl, substituted aryl, cycloalkyl, substituted cycloalkyl, heteroaryl,
substituted heteroary!, heterocyclyl and substituted heterocyclyl provided that when
X! is ~80- or —8O,-, then R® is not hydrogen; and

5 R’ is selected from the group consisting of hydrogen, alkyl, and aryl;

or R* and R* together with the carbon atoms pendent thereto, form a cycloalkyl, substituted

cycloalkyl, heterocycelyl, substituted heterocyelyl, aryl, substituted aryl, heteroaryl, or
substituted heteroaryl;

R® and R® are independently selected from the group consisting of hydrogen, halo, alkyl,
10 substituted alkyl, alkoxy, substituted alkoxy, aryl, substituted aryl, heteroaryl, substituted
heteroaryl and ~X*R'%;

where X is oxygen, -S{O},-, or ~NR"-;
nis0, 1, or2;

R is selected from the group consisting of alkyl, substituted alkyl, aryl, substituted aryl,
15 heteroaryl, substituted heteroaryl, heterocyelyl and substituted heterocyclyl; and

R" is selected from the group consisting of hydrogen, alkyi, and aryl;

or when X is -NR"-, then R* and RY, together with the nitrogen atom to which they are

bound, can be joined to form a heterocyclyl or substituted heterocyclyl group; and

each R" is independently selected from alkyl, benzyi or aryl, or two R'' together with the

20 nitrogen atom to which they are attached form a 4-8 membered heterocyclyl or a heteroaryl.

[6016a] In a second aspect, there is provided a method of making a compound of formufa IA or a

sterecisomer or mixture of stereoisomers thereof:

R® OH O
Rs S O/R2
=N
Rd
5 R‘H
R !?,/
Rﬂ IA

comprising contacting a compound of formula ITA:
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RS OH O

RS 3 2 O/RZ

o N
R4
R 1A
with a compound of formula II:
PN
(RN NR™); 11

under reaction conditions sufficient to produce a compound of formula [A; wherein

R? is selected from the group consisting of hydrogen and alkyl which is unsubstituted or
substituted with one or more subsiituents independently selected from the group consisting of

cycloalkyl, heterocyelyl, aryl, and heteroaryi;

R’ and R” are independently selected from the group consisting of hydrogen, alkyl, substituted
alkyl, cycloalkyl, substituted cycloalkyl, heterocyclyl, substituted heterocyelyi, aryl,
substituted aryl, heteroaryl, substituted heteroaryl, halo, hydroxy, cyano, -S{0),-N(RH-R®
where nis 0, 1, or 2, NR*C(ONR'R?, -X'R® where X' is oxygen, -8(0),- or -NR’- where n
is 0, 1, or 2, or R?, R” together with the carbon atom pendent thereto, form a cycloaikyl,
substituted cycloalkyl, heterocyclyi, substituted heterocyeiyl, aryl, substituted aryl,

heteroaryl, or substituted heteroaryl;

R’ and R® are independently selected from the group consisting of hydrogen, halo, alkyl,
substituted alkyl, alkoxy, substituted alkoxy, aryl, substituted aryl, heteroaryl, substituted
heteroary! and —X°R'® where X” is oxygen, -5(0),- or ~NR"- where n is 0, 1, or 2, or when
X?is ~NR".. then R" and RY, together with the nitrogen atom to which they are bound, can

be joined to form a heterocycly! or substituted heterocyclyl group;

cach R® is independently selected from the group consisting of hydrogen, alkyl, substituted alkyl,
aryl, substituted aryl, cycloalkyl, substituted cycloalkyl, heteroaryl, substituted heteroaryl,
heterocyclyl and substituted heterocyclyl provided that when X' is ~SO- or -8O,-, then R¥is
not hydrogen;

R? and R” are independently selected from the group consisting of hydrogen, alkyl, and arvl;

R'® is selected from the group consisting of alkyl, substitated alkyl, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, heterocyclyl and substituted heterocyclyl; and

4a



each R'! is independently selected from alkyl, benzyl or aryl, or two R'' together with the

nifrogen atom to which they are attached form a 4-8 membered heterocyclyl or a heteroaryl.

[8011] In anembodiment, the present disclosure is directed to a method of making a compound of

formula TV or a sterecisomer or mixiure of stereoisomers thereof:

RS OH O
R2
R3 2 Z/
N
R 7o
R g
v

the method comprising contacting a compound of formula L:

4b
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RE OH O

Rz
R3 s Z/
N
R4
& R?’E
R [?/
RM I
with one of the foilowing:
0O 0
3
a a compound of formula R X foilowed by a compound of formula R OH.
P p
O
(b} a compound of formula R'-X’ followed by a compound of formula R OR . o
{c) a compound of formula V:
) e}

-

under reaction conditions sufficient to produce a compound of formuia IV; wherein

R1z2

%3 1s halo;

R is selected from the group consisting of alkyl, aryl, heteroaryl, and heterocyclyl, or when two
R* are present, two R™ together with the carbon atom to which they are attached form a 4-8

membered heterocyclyl; and
Z, R, RL R R R RS RE RO R, RY, RE, n, X! and X* are as defined for formula I above.

[0011a] In a third aspect, there is provided a method of making a compound of formula IV or a

stereoisomer or mixture of stereoisomers thereof:

R& OH O
R3 RN Z/ R
N
R 7o

RE O)j\ R2

comprising contacting a compound of formula I:

v
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RB ~ {
AN
=g
Re I?E/RM
R I

3
with a compound of formula R X followed by a compound of formula R OH. compound of
@]
formula R"2-X° followed by a compound of formula RE" "OH ; or a compound of formula V:
L /(EL
R12 0O R‘EZ v

under reaction conditions sufficient to produce a compound of formula I'V; wherein
ZisO,NR'or §;
R!is selected from the group consisting of hydrogen and alkyl;

R’ is selected from the group consisting of hydrogen and alkyl which is unsubstituted or
substituted with one or more substituents independently selected from the group consisting of

cycloalkyl, heterocycivi, aryl, and heteroaryl;

R’ and R* are independently selected from the group consisting of hydrogen, alkyl, substituted
alkyl, cycloalkyl, substituted cycloalkyl, heterocyclyl, substituted heterocyelyl, aryl,'
substituted aryl, heteroaryl, substituted heteroaryl, halo, hydroxy, cyano, -$(O),-N(R»-R®
wherenis 0, I, or 2, -NRSC(O)NRgRE, X'RE where X' is oxygen, -S{O),~ or -NR®- where n
is 0, 1, or 2, or R?, R* together with the carbon atom pendent thereto, form a cycloalkyl,
substituted cycloalkyl, heterocyclyl, substituted heterocyclyl, aryl, substituted aryl,

heteroaryl, or substituted heteroaryl;

R” and R® are independently selected from the group consisting of hydrogen, halo, alkyl,
substituted alkyl, alkoxy, substituted alkoxy, aryl, substituted aryl, heteroaryl, substituted
heteroaryl and —X*R" where X* is oxygen, -S{O),- or -NR®. wherenis 0, 1, or 2, or when
X% is -NR"-, then R" and R", together with the nitrogen atom to which they are bound, can

be joined to form a heterocyclyl or substituted heterocycelyl group;

S5a



each R® is independently selected from the group consisting of hydrogen, alkyl, substituted alkyl,
aryi, substituted arvyl, cycloalkyl, substituted cycloalkyl, hetercaryl, substituted heteroaryl,
heterocyclyl and substituted heterocyclyl provided that when X is ~SO- or 805, then R is
not hydrogen;

5 R’ and R" are independently selected from the group consisting of hydrogen, alkyl, and aryl;

R' is selected from the group consisting of alkyl, substituted alkyl, aryl, substituted aryl,

heteroaryl, substituted heteroaryl, heterocyelyl and substituted heterocyelyl;

each R is independently selected from alkyl, benzyl or aryl, or two R’ together with the

nitrogen atom to which they are attached form a 4-8 membered heterocyclyl or a heteroaryl;

10 each R is independently selected from the group consisting of alkyl, aryl, heteroaryl, and
heterocyelyl, or when two R™ are present, two R" together with the carbon atom to which

they are attached form a 4-8 membered heterocyciyl; and
X’ is halo.

[0011b] In a fourth aspect, there is provided a method of making a compound of formula IVA or a

15 stereoisomer or mixture of stereoisomers thereof:

R® OH O©

R4 9

Re O/lk R12

IVA

Rﬁ /RN
1A
with a compound of formula V:

20 R12 e R‘IZ v

5b
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under reaction conditions sufficient to produce a compound of formula IVA; wherein

R? is selecied from the group consisting of hydrogen and alkyl which is unsubstituted or
substituted with one or more substituents independently selected from the group consisting of

cyeloalkyl, heterocyelyl, aryl, and heteroaryl;

R* and R? are independently selected from the group consisting of hydrogen, alkyl, substituted
alkyl, cycloalkyl, substituted cycloalkyl, heterocyclyl, substituted heterocyclyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl, halo, hvdroxy, cyano, -$(0),-N(RY)-R®
where nis 0, I, or 2, -NR*C(OINR'RY, -X'R® where X' is oxygen, -8(0),- or -NR’- where n
is0,1,0r2, or R, R together with the carbon atom pendent thereto, form a cycloalkyl,
substituted cycloalkyl, heterocyclyl, substituted heterocyelyl, aryl, substituted aryl,

heteroaryl, or substituted heteroaryl;

R’ and R® are independently selected from the group consisting of hydrogen, halo, alkyl,
substituted alkyl, alkoxy, substituted alkoxy, aryl, substituted aryl, heteroaryl, substituted
heteroaryl and ~XRY where X° is oxygen, -S(0),- or -NR"- where nis 0, 1, or 2, or when
X? is ~NR™-, then R* and R', together with the nitrogen atom to which they are bound, can

be joined to form a heterocyclyl or substituted heterocyclyl group;

each R® is independently selected from the group consisting of hydrogen, alkyl, substituted alkyl,
aryl, substituted aryl, cycloalkyl, substituted cycloalkyl, heteroaryi, substituted heteroaryl,
heterocyelyl and substituted heterocyclyl provided that when X' is =SO- or -8O,-, then R® is
not hydrogen;

R’ and R"are independently selected from the group consisting of hydrogen, alkyl, and aryl;

R' s selected from the group consisting of alkyl, substituted alkyl, aryl, substituted aryl,

heteroaryl, substituted heteroaryl, heterocyclyl and substituted heterocyclyi;

each R' is independently selected from aikyl, benzyl or aryi, or two R' together with the
nitrogen atom to which they are attached form a 4-8 membered heterocyclyl or a heteroaryl;

and

each R" is independently selected from the group consisting of alkyl, aryl, heteroaryl, and
heterocyclyl, or two R' together with the carbon atom to which they are attached form a 4-8

membered heterocyclyl.

¢



10012} In an embodiment, the present disclosure is directed to a method of making a compound of

formula VI or 2 stereoisomer or mixture of sterecisomers thercof:

RE OH O
R3 R 7 R?
=N
R!l
RE VI

the method comprising converting a compound of formula I'V:

3d
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07 “RZ v

under reaction conditions sufficient to produce a compound of formula VI; wherein
7. R R%ERE R RS RS RS RY R RM, R, n, X' and X7 are as defined for formula I above; and
R" is selected from the group consisting of alkyl, aryi, heteroaryl, and heterocyclyl.

5  [0012a] In a fifih aspect, there is provided a method of making a compound of formula V1 ora

stereoisomer or mixture of stereoisomers thereof;

R8s OH O
R3 [ > R?
=N
R4
R \%i

comprising converting a compousnd of formula IV:

RE OH O
R‘3 RS z/Rz
=N
R4 O

Re OJ\ R‘IQ

10  under reaction conditions sufficient to produce a compound of formuia VI; wherein

v

ZisO,NR or §;
R' is selected from the group consisting of hydrogen and atkyl;

R? is selected from the group consisting of hydrogen and alkyl which is unsubstituted or
substituted with one or more substituents independently selected from the group consisting of

I35 cycloalkyl, heterocyelyi, aryl, and heteroaryl;

R’ and R* are independently selected from the group consisting of hydrogen, alkyl, substituted
alkyl, evcloalkyl, substituted cycloalkyl, heterocyelyl, substituted heterocyelyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl, hale, hydroxy, cyano, -S(0)-N(R?)-R®
where nis 0, 1, or 2, -NR*C(O)NRPR®, -X'R® where X' is oxygen, -3{Q),- or -NR’- where n



180,1,0r2, 0r R} R* together with the carbon atom pendent thereto, form a cycloalkyl,
substituted cycloalkyl, heterocyclyl, substituted heterocyclyl, aryl, substituted aryl,

heteroaryl, or substituted heteroaryl;

R’ and R® are independently selected from the group consisting of hydrogen, halo, alkyl,
5 substituted alkyl, alkoxy, substituted alkoxy, aryl, substituted aryl, heteroaryl, substituted
heteroaryl and ~X*R' where X* is oxygen, -S(O),- or ~NR". where nis 0, 1, or 2, or when
X? is -NR -, then R"® and R, together with the nitrogen atom to which they are bound, can

be joined to form a heterocyclyl or substituted heterocyclyi group;

cach R® is independently selected from the group consisting of hydrogen, alkyl, substituted alkyl,
10 aryl, substituted aryl, cycloalkyl, substituted cycloalkyl, heteroaryl, substituted heteroaryl,
heterocyclyl and substituted heterocyclyl provided that when X' is =SO- or -8O,-, then R is

not hydrogen;
R’ and R" are independently selected from the group consisting of hydrogen, alkyl, and aryl; and

R' is selected from the group consisting of alkyl, substituted alkyl, aryl, substituted aryl,

15 heteroaryl, substituted heteroaryl, heterocyclyl and substituted heterocyclyl; and

cach R** is independently selected from the group consisting of alkyl, aryl, heteroaryl, and

heterocyclyl.

[0612b] In a sixth aspect, there is provided a method of making a compound of formula VIA ora

stereoisomer or mixture of stereoisomers thereof:

Rs  OH (I?
R3 N O/R2
=N
Rtl
20 Re VIA
comprising converting a compound of formula [VA:
RE OH ©O

R2 . O/R2
R " o

RS KO)J\ R12

under reaction conditions sufficient to produce a compound of formuia VIA; wherein

IVA

6a
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R? is selected from the group consisting of hydrogen and alkyl which is unsubstituted or
substituted with one or more substituents independently selected from the group consisting of

cycloalkyl, heterocyelyl, aryl, and heteroaryl;

R’ and R* are independently selected from the group consisting of hydrogen, alkyl, substituted
alkyl, cycloalkyl, substituted cycloalkyl, heterocyclyl, substituted heterocyclyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl, halo, hydroxy, cyano, -S(0),-N(R¥)-R®
where nis 0, 1, or 2, NR*C(OINR®*R®, -X'R® where X' is oxygen, -8(0),~ or NR’- where 1
180, 1,0r 2, or R R4 together with the carbon atom pendent thereto, form a cycloalkyl,
substituted cycioalkyl, heterocyclyi, substituted heterocyclyl, aryl, substituted aryl,

heteroaryl, or substituted heteroaryl;

R® and R® are independently selected from the group consisting of hydrogen, halo, alkyi,
substituted atkyl, alkoxy, substituted alkoxy, aryl, substituted aryl, heteroaryl, substituted
heteroaryl and ~X*R ' where X is oxygen, -$(0),- or “NR"- wheren is 0, 1, or 2, or when
X* is -NR"-, then R" and R", together with the nitrogen atom to which they are bound, can

be joined to form a heterocyclyl or substituted heterocyclyl group;

each R® is independently selected from the group consisting of hydrogen, alkyl, substituted alkyl,
aryl, substituted aryl, cycloalkyl, substituted cycloalkyl, heteroaryl, substituied heteroaryl,
heterocyclyl and substituted heterocyelyl provided that when X' is ~SO- or -8O,-, then R® is
not hydrogen;

R’ and R" are independently selected from the group consisting of hvdrogen, alkyl, and aryl; and
D Y g TY.

R' is selected from the group consisting of alkyl, substituted alkyl, aryl, substituted aryl,

heteroaryl, substituted heteroaryl, heterocyclyl and substituted heterocyclyl; and

each R is independently selected from the group consisting of alkyl, aryl, heteroaryl, and

heterocyelyl.

[6012¢] In a sevenih aspect, there is provided a method of making a compound of formula Vlora

stereoisomer or mixture of stereoisomers thereof;

RS OH O
R3 \\ Z/'R2
<N
R4
R® V]

6b



the method comprising the steps of:

a) cortacting a compound of formula II with a compound of formula [II
RS OH ©O
R2
R x 7
2N
Rl PN
RS I (RM)2N NR™:2 11

under reaction conditions sufficient to produce a compound of formula T:

R® OH O
R3 AN Z/R2
N
R4
RB !?/R‘H
5 R™ I
0
. . R12 X3
o)) contacting a compound of formula I with a compound of formula followed by a
O
|
compound of formula R?2 OH. 4 compound of formuta R™-X* followed by a compound of formula
X
R12 OH

; or a compound of formula V:

R12 0 R12 \%

10 under reaction conditions sufficient to produce a compound of formuia IV:

RS OH 0O
Re N
R¢ M o
a Ok R™ v
c) optionally converting a compound of formula VIL

6c
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R12
RE O O
Rz N 2/R2
N
R4 O

R O/lK R12

VII

under reaction condifions sufficient to produce a compound of formula I'V; and

converting a compound of formula IV under reaction conditions sufficient to produce a

compound of fornmata VI,

wherein
Zis O,NR' or §;
R’ is selected from the group consisting of hydrogen and alkyl,

R? is selected from the group consisting of hydrogen and alkyl which is unsubstituted or
substituted with one or more substituents independently selected from the group consisting of

cycloalkyl, heterocvelyl, aryl, and heteroaryl;

R* and R* are independently selected from the group consisting of hydrogen, alkyl, substituted
alkyl, cycloalkyl, substituted cycloalkyl, heterocyclyl, substituted heterocyelyl, arvl,
substituted aryl, heteroaryl, substituied heteroaryl, halo, hydroxy, cyano, —S(O)n—l\I(Rg)-R8
where n s 0, 1, or 2, -NR*C(OINRPRS, -X'R® where X' is oxygen, -S(O),- or -NR’- where n
is 0, 1, or 2, or R, R* together with the carbon atom pendent thereto, form a cycloalkyl,
substituted cycloalkyl, heterocyclyl, substituted heterocyclyl, aryl, substituted aryl,

heteroaryl, or substituted heteroaryl;

R’ and R® are independently selected from the group consisting of hydrogen, halo, alkyl,
substituted alkyl, alkoxy, substituted alkoxy, aryl, substituted aryl, heteroaryl, substituted
heteroaryl and —X’R'® where X? is oxygen, -S(0),- or -NR"- where nis 0, 1, or 2, or when
X? is -NR"., then R" and R*, together with the nitrogen atom to which they are bound, can

be joined to form a heterocyclyl or substituied heterocycelyl group;

each R® is independently selected from the group consisting of hydrogen, alkyl, substituted alkyl,
aryl, substituted aryl, cycloalkyl, substituted cycloalkyl, heteroaryl, substituted heteroaryl,
heterocyclyl and substituted heterocycly! provided that when X' is ~SO- or -SO,-, then R?is
not hydrogen;

6d



R’ and R" are independently selected from the group consisting of hydrogen, alkyl, and aryl; and

R' is selected from the group consisting of alkyl, substituted alkyi, aryl, substituted aryt,
heteroaryl, substituted heteroaryl, heterocyclyl and substituted heterocyclyl;

each R is independently selected from alkyl, benzyl or aryl, or two R together with the

5 nitrogen atom fo which they are attached form a 4-8 membered heterocyclyl or a heteroaryl;

each R'* is independently selected from the group consisting of alkyl, aryl, heteroaryl, and
heterocyelyl, or when two R are present, two R* together with the carbon atom to which

they are attached form a 4-8 membered heterocyclyl; and
X is halo.

10 [0012d] In an eighth aspect, there is provided a methed of making a compound of formula VIA or a

stereoisomer or mixture of stereoisomers thereof:

R® OH O
R3 . o /R2
=N
R4
R® VIA
the method comprising the steps of:
a}) contacting a compound of formula ITA with a compound of formula III
RE OH O
R2
=N
Re /\
5 Ré A (RN N(R™)2 i1

under reaction conditions sufficient to produce a compound of formula IA:

RS OH O
R? e o
=N
24
R6 |? R
R A
b) contacting a compound of formula IA with a compound of formula V

be



1L

under reaction conditions sufficient to produce a compound of formula IVA:

R12 R12 V

R OM O

R3 N O/R2

N
R4 = O

R® O)-k R12

c) optionally converting a compound of formuia VIIA:

VA

O
R
RS O O
Rs ~ ~ R2

R4 0

RS O/U\ R12

under reaction conditions sufficient to produce a compound of formula IVA; and

VIIA

d) converting a compound of formula IVA under reaction conditions sufficient to produce a

compound of formula VIA;
wherein

10 R? is selected from the group consisting of hydrogen and alkyl which is unsubstituted or
substituted with one or more substituents independently selected from the group consisting of

cycloalkyl, heterocyclyl, aryl, and heteroaryl;

R’ and R? are independently selected from the group consisting of hydrogen, alkyl, substituted
alkyl, cycloalkyl, substituted cycloalkyl, heterocyclyl, substituted heterocyelyl, aryl,

15 substituted aryi, heteroaryl, substituted heteroaryl, halo, hydroxy, cyano, -S(0),-N(R¥-R®
wherenis 0, §, or 2, -NRSC(O)NRERS, X'RE where X! is oxygen, -S(0),;- or NR’- where n
is 0, 1, or 2, or R?, R” together with the carbon atom pendent thereto, form a cycloalkyl,
substituted cycloalkyl, heterocyclyl, substituted heterocyclyl, aryl, substituted aryl,

heteroaryl, or substituted heteroaryl;

6f



R’ and R® are independently selected from the group consisting of hydrogen, halo, alkyl,
substituted alkyl, alkoxy, substituted alkoxy, arvl, substituted aryl, heteroaryl, substituted
heteroaryl and “X*R' where X° is oxygen, -3{0),- or ~NR’- where n is 0, 1, or 2, or when X2
is ~NR"-, then R" and R", together with the nitrogen atom to which they are bound, can be

5 joined to form a heterocyelyl or substituted heterocyelyl group;

each R® is independently selected from the group consisting of hydrogen, alkyl, substituted atkyl,
aryl, substituted aryl, cycloalkyl, substituted cycloalky!, heteroaryl, substituted heteroaryl,
heterocyelyl and substituted heterocyelyl provided that when X' is ~SO- or -SO,-, then R® is
not hydrogen;

10 R’ and R" are independently selected from the group consisting of hydrogen, alkyl, and aryl; and

R is selected from the group consisting of alkyl, substituted alkyl, aryl, substituted aryl,

heteroaryl, substituted heteroaryl, heterocyclyl and substituted heterocyclyl;

each R'! is independently selected from alkyl, benzyl or aryl, or two R'' together with the
nitrogen atom to which they are attached form a 4-8 membered heterocyelyl or a heteroaryl;
15 and

each R is independently selected from the group consisting of alkyl, aryl, heteroaryi, and
heterocyclyl, or two R together with the carbon atom to which they are attached form a 4-8

membered heterocyclyl,

[0012¢] In a ninth aspect, there is provided a method of making a compound of formuia VIC or a

20  stercoisomer or mixiure of stereoisomers thereof:

OH O
R2
RS o~
~N
R4
VIC
comprising the steps of:
a) contacting a compound of formula [1C with a compound of formula HIA
OH O
-~ R2
= e N
© N~ N
AN I
R nc 1A



under reaction conditions sufficient to produce a compound of forrmula IC:

o4 O
R2
= o~
=N
R4
N/
| 1C
b) contacting a compound of formula 1C with a compound of formula VA

/ﬁ\ /ﬁ\
O VA
5 under reaction conditions sufficient to produce a compound of formula IVC:
OH O
~ /R2
N

o}
]
O/u\

) optionally converting a compound of formula VIC:

WC

VIIC
under reaction conditions sufficient to produce a compound of formula IVC; and

10 4 converting a compound of formula IVC under reaction conditions sufficient to produce a

compound of formuia VIC;
wherein

R? is selected from the group consisting of hydrogen and alkyl which is unsubstituted or
substituted with one or more substituents independently selected from the group consisting of

15 cycloalkyl, heterocyclyl, aryl, and heteroaryl;



R* is selected from the group consisting of hydrogen, alkyl, substitated alkyi, cycloalkyl,
substituted cycloalkyi, heterocyelyl, substituted heterocyclyl, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, halo, hydroxy, cyano, -S(O),-N (R}-R® wheren is 0, 1, or
2, -NR]C(OINR'R®, -X'R® where X' is oxygen, -S(O),- or NR’-where nis 0, 1, or 2, or R%,

5 R’ together with the carbon atom pendent thereto, form a cycloalkyl, substituted cycloalkyl,
heterocyelyl, substituted heterocyclyl, aryl, substituted aryl, heteroaryl, or substituted

heteroaryl;

each R® is independently selected from the group consisting of hydrogen, alkyl, substituted alkyl,
aryl, substituted aryl, cycloalkyl, substituted cycloalkyl, heteroaryl, substituted heteroaryl,
10 heterocyclyl and substituted heterocyclyt provided that when X' is —=SO- or -SO,-, then R® is
not hydrogen; and

each R’ is selected from the group consisting of hydrogen, alkyl, and aryl.

[8012f] In a tenth aspect, there is provided a method of making a compound of formula VID or &

stereoisomer or mixture of stereoisomers thereof:

OH O
Q2
Re X o~
N
15 ViD

comprising the steps of:
a) contacting a compound of formula {ID with a compound of formula ITIA

OH O

03 RE
S o ™~ N P N -~
A | !
ip OIA

under reaction conditions sufficient to produce a compound of formula 1D:

OHOI

3 R2
R 2 o

AN

N/
| iD
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b) contacting a compound of formula ID with a compound of formula VA

Q 0]

PPN

under reaction conditions sufficient to produce a compound of formula IVD:

VA

OH O
3 =¥
R S o
N
/ j\
© VD
5 o optionally converting a compound of formula VIiL:
R3
VIID

under reaction conditions sufficient to produce a compound of formula IVD; and

d) converting a compound of formula IVD under reaction conditions sufficient to produce a

compound of formata VID;
10 wherein

R* is selected from the group consisting of hydrogen and alkyl which is unsubstituted or
substituted with one or more substituents independently selected from the group consisting of

cycloalkyl, heterocyelyl, aryl, and heteroaryl;

R? is sefected from the group consisting of hydrogen, alkyl, substituted alkyl, cycloalkyl,
£5 substituted cycloalkyl, heterocyclyl, substituted heterocyclyl, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, halo, hydroxy, cyano, -§(0),-N(R%)-R® wheren is 0, 1, or
2, NR*C(O)NRR?, -X'R® where X' is oxygen, -S(O),- or -NR’- where nis 0, 1, or 2, or R’
R’ together with the carbon atom pendent thereto, form a cycloalkyl, substituted cycloalkyl,
heterocyclyl, substituted heterocyclyl, aryl, substituted aryl, heteroaryl, or substituted
20 heteroaryl;

6]
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each R® is independently selected from the group consisting of hydrogen, alkyl, substituted alkyl,
arvi, substituted aryl, cycloalkyl, substituted cycloalkyl, heteroaryl, substituted heteroaryl,
heterocyclyl and substituted heterocyclyl provided that when X' is -8O- or -80,-, then R® is

not hydrogen; and
each R’ is selected from the group consisting of hydrogen, alkyl, and aryl.

In an embodiment, the disclosure is directed to a compound of formula VIIT:

RS OoH O
RB \ Z/ Rz
=N
Rti
RG
R VI

wherein:
Z, R, RZ, R, R R® , RS, Rg, R’ Rw, RY, RB, n, X' and X* are as defined for formula I above;
R’ is -N(RYY(R'"} or ~OC(O)R*; and

R' is selected from the group consisting of alkyl, aryl, heteroaryl, and heterocyclyl;

or a salt, ester, stereoisomer, or mixture of stereoisomers thereof;

provided that the compound is not 1-dimethylaminomethyl-4-hydroxy-7-phenylsulfanyl-isoquinoline-3-

carboxylic acid butyl ester.

In an eleventh aspect, there is provided a compound of formula VIIL:

RS OH O
R3 X Z/R2
=N
R4
Ro R
VHI
wherein:
ZisO,NR'or §;

R' is selected from the group consisting of hydrogen and alkyl;

ok
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R? is selected from the group consisting of hydrogen and alkyl which is unsubstituted or
substituted with one or more substituents independently selected from the group consisting of

cveloalkyl, heterocyclyl, arvl, and heteroaryl;

R* and R* are independently selected from the group consisting of hydrogen, alkyl, substituted
alkyl, cycloalkyl, substituted cycloaikyl, heterocyelyl, substituted heterocyclyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl, halo, hydroxy, cyano, -${(0),-N(R¥}-R®
where n is 0, I, or 2, -NR*C(OINR'R®, -X'R* where X' is oxygen, -S(0),- or -NR’- where n
is0,1,0r2,0r R, R* together with the carbon atom pendent thereto, form a cycloalkyl,
substituted cycloalkyl, heterocyclyl, substituted heterocyclyl, aryl, substituted aryl,

hetercaryl, or substituted heteroaryi;

R’ and R® are independently selected from the group consisting of hydrogen, halo, alkyl,
substituted alkyl, atkoxy, substituted alkoxy, aryl, substituted aryl, hetercaryl, substituted
heteroaryl and —X*R'" where X* is oxygen, -S(0),- or ~NR™- where n is 0, 1, or 2, or when
X* is ~NRY-, then R” and R", together with the nitrogen atom to which they are bound, can

be joined to form a heterocyelyl or substituted heterocyclyl group;
R’ is either -N(R"™)(R") or -OC(OR Y,

each R* is independently selected from the group consisting of hydrogen, alkyl, substituted atkyl,
aryi, substituted aryl, cycloalkyl, substituted cycloalkvi, heteroaryl, substituted heteroaryl,
heterocyclyl and substituted heterocyelyl provided that when X' is —SO- or -SO,-, then R® is
not hydrogen;

R’ and R" are independently selected from the group consisting of hydrogen, alkyl, and aryl;

R'% is selected from the group consisting of alkyl, substituted alkyl, aryl, substituted aryl,

heteroaryl, substituted hetercaryl, heterocyclyl and substituted heterocyclyl;

each R" is independently selected from alkyl, benzyl or aryl, or two R together with the
nifrogen atom to which they are attached form a 4-8 membered heterocyclyl or a heteroaryl;

and

each R" is independently selected from the group consisting of alkyl, aryl, heteroaryl, and

heterocyclyl;

or a sait, ester, stereoisomer, or mixture of stereoisomers thereof;

provided that the compound is not 1-dimethylaminomethyl-4-hydroxy-7-phenylsulfanyl-isoquinoiine-3-

carboxvhic acid butyl ester.

6l
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[6013D]

In a twelfth aspect, there is provided a compound of formula VHIA:
RS OH O
R3 N O/Rz
N
R4
Re R?
VIIHA
wherein:

R? is selected from the group consisting of hydrogen and alkyl which is unsubstituted or
substituted with one or more substituents independently selected from the group consisting of

cycloalkyl, heterocyclyl, aryl, and heteroaryl;

R? and R? are independently selected from the group consisting of hydrogen, alkyl, substituted
alkyl, cycloalkyl, substituted cycloalkyl, heterocyclyl, substituted heterocyclyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl, halo, hydroxy, cyano, -S(O)H-I\T(RS}—Rg
where nis 0, 1, or 2, -NR3C(OINR'R®, -X'R® where X' is oxygen, -S(0),- or -NR’- where n
is0,1,0r 2, or R*, R together with the carbon atom pendent thereto, form a cycloalkyl,
substituted cycloalkyl, heterocyclyl, substituted heterocyclyl, aryl, substituted aryl,

heteroaryl, or substituted heteroaryl;

R’ and R® are independently selected from the group consisting of hydrogen, halo, alkyl,
substituted aikyl, alkoxy, substituted alkoxy, aryl, substituted aryl, heteroaryl, substituted
heteroaryl and —X°R'" where X7 is oxygen, -S(0),- or -NR"- where n is 0, 1, or 2, or when
X% is -NR"-, then R" and R'%, together with the nitrogen atom to which they are bound, can

pe joined to form a heterocyelyl or substituted heterocyely!t group;
R7 is either -N(R'R') or —OC(O)R™;

each R® is independently selected from the group counsisting of hydrogen, alkyl, substituted alkyl,
aryl, substituted aryl, cycloalkyl, substituted cycloalkyl, heteroaryl, substituted heteroaryl,
heterocyelyl and substituted heterocyclyl provided that when X' is ~80- or -SO,-, then R is
not hydrogen;

R? and R" are independently selected from the group consisting of hydrogen, alkyl, and aryl;
R" is selected from the group consisting of alkyl, substituted alky!, aryt, substituted aryl,

heteroaryl, substituted heteroaryl, heterocyclyl and substituted heterocyelyl;

om
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each R is independently selected from alkyl, benzyl or aryl, or two R'' together with the
nifrogen atom to which they are attached form a 4-8 membered heterocyclyl or a heteroaryi;

and

each R" is independently selected from the group consisting of alkyl, aryl, heteroaryl, and
heterocyclvi;

or a salt, ester, stereoisomer, or mixiure of stereoisomers thereof;

provided that the compound is not 1-dimethylaminomethyl-4-bydroxy-7-phenylsulfanyl-isoquinoline-3-

carboxylic acid butyl ester.

[0013¢] In an embodiment, there is provided a compound that is 4-hydroxy-7-phenoxyisoquinoline-3-

OH
N
O 3 3a

[0013d] In an embodiment, there is provided a compound that is methy! 4-hydroxy-1-methyl-7-

carboxylic acid methyl ester {3a):

phenoxyisoquinoline-3-carboxylate (3e):

O

©\ l SN SN COQMe
N
o AN

3e
[0614] Additional embodiments of the invention are described throughout.

DETAILED DESCRIPTION

[0015] Before the compounds and methods are described, it is to be understood that the invention is not
limited to the particular compounds, compositions, methodologies, protocols, cell lines, assays, and
reagents described, as these may vary. It is also to be understood that the terminology used herein is
intended to describe particular embodiments of the present invention, and is in no way intended to timit

the scope of the present invention as set forth in the appended claims.
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Definitions

[T LI L1

{66316] It must be noted that as used herein, and in the appended claims, the singular forms “a,” “an,

and “the” include plural references unless the context clearly dictates otherwise.

[0817] Unless defined otherwise, ail technical and scientific terms used herein have the same meanings
as commonly understood by one of ordinary skill in the art to which this invention belongs. Although any
methods and materials similar or equivalent to those described herein can be used in the practice or
testing of the present mvention, the preferred methods, devices, and materials are now described. All
publications cited herein are incorporated herein by reference in thewr entirety for the purpose of
describing and disclosing the methodologies, reagents, and tools reported in the publications that might be
used in connection with the invention. Nothing herem is to be construed as an admission that the

invention is nof entitled fo antedate such disclosure by virtue of prior invention.

[66E8] The practice of the present invention will employ, unless otherwise indicated, conventional
methods of chemistry, biochemistry, molecular biology, cell biology, genetics, immunology, and
pharmacology, within the skill of the art. Such technigues are explained fully in the literature. See, e.qg.,
Gennare, A.R., ed. (1990) Remington’s Pharmaceutical Sciences, 18% ed., Mack Publishing Co.;
Colowick, 8. ef al., eds., Methods In Enzymology, Academic Press, Inc.; .M. Weir, and C.C. Blackwell,
eds. (1986) Handbook of Experimental Tmmunology, Vols. I-1V, Blackwell Scientific Publications;
Maniatis, T. ef al., eds. {1989) Molecular Cloning: A Laboratory Manual, 2™ edition, Vols. I-I11, Cold
Spring Harbor Laboratory Press; Ausubel, F. M. et ¢l eds. (1999} Short Protocols in Molecular Biology,
4" edition, John Wiley & Sons; Ream ef al., eds. (1998) Molecular Biology Technigues: An Intensive
Laboratory Course, Academic Press; Newton & Graham eds. (1997) PCR (Introduction to Biotechniques

Series), 2nd ed., Springer Verlag.

[6619] The term “alky?” refers to saturated monovalent hydrocarbyl groups having from 1 to 10 carbon
atoms, more particularly from 1 to 5 carbon atoms, and even morve particularly 1 to 3 carbon atoms. This
term is exemplified by groups such as methyl, ethyl, n-propyl, iso-propyl, n-butyl, zbutyl, n-pentyl, and
the like.

{0628] The term “substituted alkyl” refers to an alkyl group of from 1 10 10 carbon atoms, more
particularly 1 to 5§ carbon atoms, and having from 1 to 5 substituenis, or 1 to 3 substituents, each of which
substituents is independently selected from the group consisting of alkoxy, substifited alkoxy, acyl,
acylamino, acyloxy, amino, substituted amino, aminocacyl, aminocarbonylamine,
aminothiocarbonylamino, aminocarbonyloxy, aryl, substituted aryl, aryloxy, substituted arvloxy,

aryloxyaryl, substituted aryloxyaryl, cyano, halogen, hydroxyl, nitro, oxe, thioxo, carboxyl, carboxyl
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esters, cycloalkyl, substituted cycloalkyl, thio, alkylthio, substituted alkylthio, arylthio, substituted
arylthio, cycloalkylthio, substituted cycioalkylthio, heteroarylthio, substituted heteroarylthie,
heterocyclicthio, substituted heterocyclicthio, sulfonyl, substituted sulfonyl, heteroaryl, substituted
heteroaryl, heterocyclic, substituted heterocyclic, cycloalkoxy, substituted cycloalkoxy, heteroaryloxy,
substituted heteroaryloxy, heterocyclyloxy, substituted heterocyclyloxy, oxycarbonylamino,
oxythiocarbonylamino, -OS(0);-alkyl, -O$(0),-substitated alkyl, -OS(0)z-aryl, -OS5(0);-substituted aryl,
-08(0)s-heteroaryl, -OS(O),-substituted heteroaryl, -O8(Q);-heterocyclic, -OS(O).-substituted
heterocyclic, and -080,-NR*R*, -NR*S(0),-NR**-alkyl, NR*’S(0),-NR*’-substituted alkyl,
NR™S(0),-NR“-aryl, -NR¥S(0),-NR*substituted aryl, -NR*S(0),-NR*-heteroaryt, -NR*S(0),-NR*-
substituted heteroaryl, -NR*S(0),-NR"’-heterocyclic, and NR¥S(0),-NR*-substituted heterocyclic,
where each R is independently selected from hydrogen or alkyl. This group is exemplified by groups
such as influcromethyl, benzyl, pyrazol-1-ylmethyl, etc.

[6021] The term “alkoxy” refers to the group “alkyl-O-,” which includes, by way of example, methoxy,

ethoxy, n-propoxy, iso-propoxy, n-butoxy, -butoxy, sec-butoxy, n-pentoxy, and the like.
[0022] The term “substituted alkoxy™ refers to the group “substituted alkyi-O-".

[8023] The term “acyl” refers to the groups H-C{O}-, alkyl-C(O}-, substituted alkyl-C(O)-, alkenyl-
C(O)-, substituted alkenyl-C{Q)-, alkynyl-C(O}-, substituted alkynyl-C(0)-, cycloalkyl-C(O)-, substituted
cycloalkyl-C(O)-, aryl-C(O)-, substituted aryl-C(O)-, heteroaryl-C(O)-, substituted heteroaryl-C(O),
heterocyclic-C{Q)-, and substituted heterocyelic-C(O)-, provided that a nitrogen atom of the heterocyclic
or substituted heterocyclic is not bound to the -C(O)- group, wherein alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl, substituted cycloalkyl, aryl, substituted aryl,

heteroaryl, substituted heteroaryl, heterocyclic, and substituted heterocyclic are as defined herein.

j0024] The term “aminoacyl” or “amide”, or the prefix “carbamoyLl,” “carboxamide,” “substituted
carbamoyl” or “substituted carboxamide”, refers to the group -C(O)I\Ff?me‘12 where each R is
independently selected from the group consisting of hydrogen, alkyl, substituted alkyl, alkenyl,
substituied alkenyl, alkynyl, substituted alkynyl, aryl, substituted aryl, cycloalkyl, substituted cycloalkyl,
heteroaryl, substituted heteroaryl, heterocyclic, and substituted heterocyclic; or where cach R* is joined
to form together with the nitrogen atom a heterocyclic or substituted heterocyclic wherein alkyl,
substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl, substituted
cycloalkyl, aryl, substituted aryl, heteroaryi, substinrted heteroaryl, heterocyclic, and substituted

heterocyclic are as defined herein.
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[6025] The term “acyloxy” refers to the groups allkyl-C(Q)O-, substituted alkyl-C(0)O-, alkenyl-
C{OO0-, substituted atkenyl-C(Y0O~, alkynyl-C(O)0-, substituted alkyny-C{Q}O-, aryl-C{0)O-,
substituted aryl-C(0)O-, cycloalkyl-C(0)O-, substituted cycloalkyl-C{O}O-, heteroaryl-C{0)O-,
substituted heteroaryi-C(0)O-, heterocychic-C(0)Y0-, and substituted heterocyelic-C{0)0-, wherem alkyl,
substituted alkyl, atkenyl, substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl, substituted
cycloalkyl, aryl, substituted aryl. heteroaryl, substituted heteroaryl, heterocyclic, and substituted

heterocyclic are as defined herein.

[0026] The term “alkenyl” refers io a vinyl unsaturated monovalent hydrocarbyl group having from 2 to
6 carbon atoms, or 2 to 4 carbon atoms, and having at least 1, or from I to 2 sites of vinyl (>C=C<)
unsatoration. Such groups are exemplified by vinyl (ethen-1-yl), allyl, but-3-enyl and the lilie. This term
inchudes both E {trans) and Z {cis) isomers as appropriate. It also includes mixtures of both E and Z

components.

[80271 The term “substituied alkenyl” refers to ailkenyl groups having from 1 to 3 substituents, or 1 10 2
substituents, selected from the group consisting of alkoxy, substituted alkoxy, acyl, acylamino, acvloxy,
amino, substitoted amino, aminoacyl, arvl, substinted aryl, aryloxy, substituted aryloxy, cyano, halogen,
hydroxyl, nitro, carboxyl, carboxyvl esters, cycloalkyl, substituted cycloalkyl, heteroaryl, substituted
heteroaryl, heterocyelic, and substituted heterocyelic. This term includes both E (trans) and Z (cis)

isomers as appropriate. It also includes mixtures of both E and Z components.

[06028] The term “alkynyl” refers to acetylenic unsaturated monovalent hydrocarbyl groups having from
2 to 6 carbon atoms, or 2 to 3 carbon atoms, and having at least I, or from 1 to 2 sites of acetylenic

(-C=C-) unsaturation. This group is exemplified by ethyn-1-vl, propyn-1-vi, propyn-2-yi, and the like.

[6629] The term “substituted altkynyl” refers to alkyny! groups having from 1 to 3 substituents, or T 1o 2
substituents, selected from the group consisting of alkoxy, substituted alkoxy, acyl, acylamino, acyloxy,
amino, substituted amino, aminoacyl, aryl, substituted aryl, aryloxy, substituted aryloxy, cyano, halogen,
hydroxyl, nitro, carboxyl, carboxyl esters, cycloalkyl, substituted cycloalkyl, heteroaryl, substituted
hetefoaryl, heterocychic, and substituted heterocyclic, This group is exemphified by groups such as

phenylethynyl, etc.
[6630] The term “amino” refers to the group ~INHa,.

[6031] The term “substitated amino” refers to the group -NR*'R" | where cach R* is independently
selected from the group consisting of hydrogen, alkyl, substituted alkyl, alkenyl, substituted alkenyl,
alkynyl, substituted alkynyl, cycloalkyl, substituted cycloalkyl, aryl, substituted aryl, heteroaryl,

substituted heteroaryl, heterocyclic, substituted heterocyclic, sulfonyl, and substituted sulfonyl, or the R
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groups can be joined together with the nitrogen atem to form a heterocyclic or substituted heterocyclic
ring; provided that both R* groups are not hydrogen. This group is exemplified by phenylamino,
methylphenylamino, and the like. This group is further exemplified by groups such as (ethanic acid-2-

ylamine, etc.

[0632] The term “acylamino™ refers to the groups “NR¥C(O)alkyl, -NR*C(O)substituted alkyl,
NR¥C(O)cycloalkyl, -NR*C(O)substituted cycloalkyl, -NR*C(O)alkenyl, -NR*C(O)substituted
alkenyl, -NR*C(O)alkynyl, -NR*C(O)substituted alkynyl, -NR*C(O)aryl, -NR®C(O)substituted ary,
NR¥C(O)heteroaryl, -NR*C(O)substituted heteroaryl, -NR*C(O)heterocyclic, and
NR*C(O)substituted heterocyclic where R* is hydrogen or alkyl, and wherein alkyl, substituted alkyl,
alkenyl, substituted alkenyl, atkyny!, substituted alkynyl, cycloalky!, substituted cycloalkyl, aryl,
substituted aryl, heteroaryl, substituted heicroaryl, heterocyclic, and substituted heterocyclic are defined

herein.

[0033] The term “oxycarbonylamine” refers to the groups ~NR*C(0)0-alkyl, -NR*C(0)O-substituted
alikyl, -NR*C(0)0-alkenyl, -NR*C(0)O-substituted alkenyl, -NR*C(0)0-alkynyl, -NR**C(0)O-
substituted alkynyl, -NR*C(0)0-cycloalkyl, NR®C(0)0-substituted cycloalkyl, -NR**C(0)0-aryl,
NR¥“C(0)0-substituted aryl, -NR*C(0)O-heteroaryl, -NR**C(0)O-substituted heteroaryl, -NR*C(0)0-
heterocychic, and -NR*C(0)O-substituted heterocyclic where R*® is hydrogen or alkyl, and wherein alkyl,
substituted alkyl, alkeny!, substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl, substituted
cycloalkyl, arvl, substituted aryl, heteroaryl, substituted hetercaryl, heterocyclic, and substituted

heterocyclic are as defined herein.

{0034] The term “oxythiocarbonylamine™ refers to the groups “NR*C(S)0-alkyl, -NR*C(S)0-
substituted alkyl, -NR*C(S)0-alkenyl, -NR*C(S)O-substituted alkenyl, -NR*C(S)O-alkynyl,
"NR*C(S)0-substituted alkynyl, NR*C(S)O-cycloalkyl, -NR*C(S)O-substituted cycloalkyl,
“NR¥C(S)0-aryl, -NR¥*C(S)O-substituted aryl, -NR*C(S)O-heteroaryl, -NR“C(8)O-substituted
heteroary!, -NR*C(S)0-heterocyclic, and NR*C(8)0-substituted heterocyclic where R* is hydrogen or
alkyl, and wherein alkyl, substituted alkyl, alkenyl, substituted alkenyl, allkynyl, substituted atkynyl,
eycloalkyl, substituted cycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic,

and substituted heterocyclic are as defined herein.

[0635] The term “aminocarbonyloxy,” or the prefix “carbamoyloxy™ or “substituted carbamoyloxy.”
refers to the groups -OC(ONR'RY where cach R" is independently selected from the group consisting
of hydrogen, alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl,
substitated cycloalky!l, aryl, substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic, and

substitited heterocyelic; or where each R"" is joined to form, together with the nitrogen atom, a

10
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heterocyclic or substituted heterocyclic, and wherein alkyl, substituted alkyl, alkenyl, substituted alkenyl,
alkynvl, substituted alkynyl, cycloalkyl, substituted cycloalkyl, arvi, substituted aryl, heteroaryl,

substituted heteroaryl, heterocyclie, and substituted heterocyclic are as defined herein.

[6636] The term “aminocarbonylamino” refers to the group -NR¥C(O)N(R™), where each R” is

mdependently selected from the group consisting of hydrogen and alkyl

[6037] The term “aminothiocarbonylamine” refers to the group ~NR™C(SIN(R™), where each R” is

independently selected from the group consisting of hydrogen and alkyl.

[6638] The term “ary!” or “Ar” refers to a monovalent aromatic carbocyelic group of from 6 to 14
carbon atoms having a single ring (e.g., phenyl) or multiple condensed rings (e.g., naphthyl or anthryl)
which condensed rings may or may not be aromatic {e.g., 2-benzoxazalinone, 2H-1,4-benzoxazin-3(4H)-
one-7-yl, and the like) provided that the point of attachment is the aryl group, Preferred aryls include
phenyl and naphthyl.

[00639] The term “substituted arvl” refers to aryl groups, as defined herein, which are substituted with
from 1 to 4, particularly 1 to 3, substituents selected from the group consisting of hydroxy, acyl,
acylamino, acyloxy, alkyi, substituted alkyl, alkoxy, substituted alkoxy, alkenyl, substituted alkenyl,
alkynyl, substituted alkynyl, amidino (-C(=NH}-amino or substituted amino}), amino, substituted amino,
aminoacyl, aminocarbonyloxy, aminocarbonylamino, aminothiocarbonylaminoe, aryl, substituted aryi,
arvloxy, substituted aryloxy, cycloalkoxy, substituted cycloalkoxy, heteroaryloxy, substituted
heteroaryloxy, heterocyelyloxy, substituted heterocyclyloxy, carboxyl, carboxyl esters, cyano, thie,
alkvlthio, substituted alkylthio, arylthio, substituted arylthio, heteroarylthio, substituted heteroarylthio,
cycloalkylthio, substituted cycloalkyithio, heterocyclicthio, substituted heterocyclicthio, cycloalkyl,
substituted cycloalkyl, guanidino (-NH-C(=NHj}-amino or substituted amine}, halo, nitro, heteroaryl,
substituted heteroaryl, heterocyclic, substituted heterocyclic, oxycarbonylamino, oxythiocarbonylamino,
sulfonyl, substituted sulfonyl, -OS(0),-alkyl, -OS(0),-substituted alkyl, -OS(O);-aryl, -OS5(0).-
substituted aryl, -OS(O),-heteroaryl, -OS(O),-substituted heteroaryl, -OS{O),-heterocvelic, -0S(0),-
substituted heterocyclic, and -OSO,-NR* R, -NR*'$(0),-NR ™ -alkyl, -NR*S(0),-NR " -substituted alkyl,
NRS(0),-NR -aryl, -NR*'§(0),-NR*-substitated aryl, -NR*'${0),-NR*-heteroaryl, -NR> $(0),-NR*"-
substituted heteroaryl, -NR*'S(0),-NR’!-heterocyclic, -NR'S(0),-NR’'-substituted heterocyclic, where
each R is independently selected from hydrogen or alkyl, wherein each of the terms is as defined herein.
This group is exemplified by groups such as 4-flucrophenyl, 3-methoxyphenyl, 4-methoxyphenyi, 4-7-
butylphenyl, 4-trifluoromethyiphenyl, 2-trifluoromethoxyphenyl, 3-trifluoromethoxyphenyi, 4-
triflucromethoxyphenyl, 2-chlorophenyl, 3-chlorophenyl, 4-chiorophenyl, 2-chloro-6-fluorophenyl,
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2, A-dichlerophenyl, 3,5-difluorophenyl, 4-methoxyphenyl, 3-cyanophenyl, 4-cyanophenyl,
4-phenoxyphenyl, 4-methanesulfonylphenyl, biphenyl-4-yl, etc.

j0846] The term “aryloxy” refers to the group aryl-O- that includes, by way of example, phenoxy,
naphthoxy, and the like.

[0041] The term “substituted aryloxy™ refers to substitnied aryl-O- groups.
[6042] The term “arvioxyaryl” refers to the group -arvl-O-aryl.

{0043] The term “substituied arvloxyaryl” refers 1o arvloxyaryl groups substituted with from 1 to 3
substituents on either or both aryl rings as defined above for substituted aryl.

[@044] The term “carboxyl” refers to ~COOH or salts thercof.

[6045] The term “carboxyl ester” refers to the groups -C{OY0-alkyl, -C{O)0-substituted alkyl, -C(0)0-
alkenyl, -C{O)O-substituted alkenyl, -C(O)Q-alkynyl, -C(O¥0O-substituted alkynyl, -C(OYO-cycloalkyl,
-C{O)YO-substituted cycloalkyl, -C{O)YG-arvl, -C(OYC-substituted aryl, -C{(O)¥0-heteroaryl, -C{OYO-
substituted heteroaryl, -C(0)O-heterocyclic, and -C{O)O-substituted heterocyclic.

[0046] The term “cyano” refers to the group —CN,

[6047] The term “cycloaikyl” refers to 2 satorated or an unsaturated but nonaromatic cyclic alky! group
of fromm 3 to 14, 3 to 8 or 3 to 6 carbon atoms having single or multiple cyclic rings including, by way of

example, adamantyl, cyclopropyl, cyclobutyl, eyvclopentyl, eyelocetyl, cyclohexenyl, and the like,

[0048] The term “substituted cycloalicyl™ refers to a cycloalkyl group, having from 1 o 5 substituents
selected from the group consisting of oxo (=0), thioxe {=8), alkyl, substitited alkyl, alkoxy, substituted
alkoxy, acyl, acylaming, acyloxy, amino, substifuted amino, aminoacyl, aryl, substituted arvl, aryloxy,
substituted arylogy, cyano, halogen, hydroxy, nitro, cartboxyl, carboxyl esters, cycloalkyl, substituted

cycloalkyl, heteroaryl, substituted heteroaryl, heterocyclic, and substituted heterocyclic.
[6049] The term “cycloalkoxy” refers to -O-cycloalkyl groups.

[6050] The term “substituted cycloalkoxy™ refers to -O-substituted cycloalky! groups.
[085%] The term “halo” or “halogen™ refers to fluoro, chloro, bromo, oriodo.

[@652] The term “hydroxy™ or “hydroxy!” refers to the group ~0OH.

[0853] The term “heteroaryl” refers to an aromatic ring of from 1 to 15 carbon atoms, or from 1 t0 10
carbon atoms, and | to 4 heteroatoms within the ring selected from the group consisting of oxygen,

nitrogen, and sulfur. Such heteroaryl groups can have a single ring (e.g., pyridinyl, firyl, or thienyl) or
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multiple condensed rings (e.g., indolizinyl or benzothienyl) provided the point of attachment is through a
ring containing the hetercatom and that ring is aromatic. The nitrogen and/or sulfur ring atoms can
optionally be oxidized to provide for the N-oxide or the sulfoxide, and sulfone derivatives. Examples of
heteroaryls include but are not limited to, pyridinyl, pyrimidinyl, pyrrolyl, pyrazolyl, indolyl, thiophenyl,
thienyl, and furyl.

[0054] The term “substituted heteroary?™ refers to heteroaryl groups that are substituied with from 1 to 3
substituents selected from the same group of substituents .dcﬁned for substituted aryl. This group is
exemplified by groups such as 5-fluoro-pyridin-3-yl, 1-benzyl-1H-[1,2 3}triazol-4-yl, 5-bromo-furan-2-yl,
triflaoromethyl-2H-pyrazol-3-yl, etc.

[6855] The term “heteroarvioxy™ refers to the group -O-heteroaryl and “substituted heteroaryloxy™

refers to the group -O-substituted heteroaryl.

[0056] The terms “heterocycly!” and “heterocyclic” are used interchangeably herein. As used herein,
the terms refer to a saturated or unsaturated (but not aromatic) group having a single ring or multiple
condensed rings, from 1 to 10 carbon atoms, and from 1 to 4 hetero atoms selected from the group
consisting of nitrogen, sulfur or oxygen within the ring wherein, in fused ring systems, one or more of the
rings can be aryl or heteroaryl provided that the point of attachment is at the heterccycle. The nitrogen
and/or sulfur ring atoms can optionally be oxidized to provide for the N-oxide or the sulfoxide, and

sulfone derivatives.

{00571 The term “substituted heterocyclyl” or “substituted heterocyciic” refers to heterocycle groups

that are substituted with from 1 to 3 of the same substituents as defined for substituted cycioallyl.

[0658] Examples of heterocycles and heteroaryls include, but are not limited to, azetidinyl, pyrrolyl,
imidazolyl, pyrazolyl, pyridinyl, pyrazinyl, pyrimidinyl, pyridazinyl, indokizinyl, isoindolyl, indolyl,
dihydroindolyl, indazolyl, purinyl, quinolizinyl, isoquinolinyl, quinolinyi, phthalazinyl,
naphthylpyridinyl, quinoxalinyl, quinazolinyl, cinnolinyl, pteridinyl, carbazolyl, carbolinyl,
phenanthridinyl, acridinyl, phenanthrolinyl, isothiazolyl, phenazinyl, isoxazolyl, phenoxazinyl,
phenothiazinyl, imidazolidinyl, imidazolinyl, piperidinyl, piperazinyl, indolinyl, phthalimidyl, 1,2,3,4-
tefrahydroisoquinolinyl, 4,5,6,7-tetrahydrobenzofbithiophenyl, thiazolyl, thiazolidinyl, thiopheny?,
benzo[b]thiophenyl, morpholinyl, thiomorpholiny} (also referred to as thiamorpholinyl), piperidinyl,

pyrrolidinyl, tetrahydrofuranyl, and the like.
[0059] The term “nitro” refers to the group —-NO..

[0060] The term “oxo” refers to the atom (=0) or 1o the atom (-0").
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j0061] The term “sulfonyl” refers to the group -S{O)H. The term “substituted sulfonyl” refers to the
groap -SO;-alkyl, -SO,-substituted alkyl, -SO,-alkenyl, -SOs-substituted alkenyl, -SO;-alkynyl,
-SO-substituted alkynyl, -SOs-cycloalkyl, -SO,-substituted cycloalkyl, -SO;-cycicalkenyl,
-$0,-substituted cycloalkenyl, -S0s-aryl, -SO;-substituted aryl, -SO-heteroaryl, -5O,-substituted
heteroaryl, -SO;-heterocyelic, -SOp-substituted heterocyclic, wherein alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl, substituted cycloalkyl, cycloalkenyl,
substituted cycloalkenyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, heterocyclyl and
substituted heterocyclyl are as defined herein. Substitited sulfonyl includes groups such as methyl-5O--,

phenyl-SO»-, and 4-methylphenyl-8O,-.

[60662] The term “heterocyclyloxy™ refers to the group -O-heterocyclic, and “substituted
heterocyelyloxy™ refers to the group -O-substituted heterocyclic.

[0063] The term “thio™ or “mercapto” refers to the group -SH.

[0064] The term “alkylsulfanyl,” “alkylthio,” or “thioether” refers to the groups -S-alkyl where alkyl is

as defined above.

[0063] The term “substitited alkylthio,” “substituted alkylsulfanyl,” or “substifuted alkylthio” refers to
the group -S-substituted alkyl where substituted alkyl is as defined above.

[6666] The term “cycloalkylthic™ or “cycloalkylsulfanyl” refers to the groups -S-cycloalkyl where

cycloalkyl is as defined above.

[0067] The term “substituted cycloalkylthio” refers to the group -S-substituted cycloalkyl where

substituted cycloalkyl is as defined abave.

[6068] The term “arylthio” or “arylsulfanyl” refers to the group -S-aryl, and “substituted arylthio” refers
to the group -S-substituted aryl where aryl and substituted aryl are as defined above.

[6069] The term “heteroarylthio” or “heteroarylsulfanyl” refers to the group -S-heteroaryl, and
“substituted heteroarylthio” refers to the grovp -S-substituted heteroary] where heteroaryl and substituted

heteroaryl are as defined above,

[0678] The term “heterocyelicthic™ or “heterocyclicsulfanyl” refers to the group -S-heterocyclic, and
“substituted heteroeyelicthio™ refers to the group -S-substituted heterocyclic where heterocyclic, and

substituted heterocyclic are as defined above.

[0671] The term “ester” refers to compounds as disclosed herein that include the group ~COOR™ where

R™ is alkyl, or substituted alkyl.
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{6672] 'The term “amine” refers to an organic compound that contains a basic nitrogen atom with a lone
pair of electrons. Amines are derivatives of ammonia, wherein ong or more hydrogen atoms have been
replaced by a substituent such as an alkyl or aryl group. The basic nitrogen atom may also be part of a

heterocyelic or heteroaryl ring.

[0673] It is understood that in all substituted groups defined above, polymers amrived at by defining
substituents with further substituents to themselves (e.g., substituted aryl having a substituted aryl group
as a substituent which is itself substittted with a substituted aryl group, efc.) are not infended for inclusion
herein. Also not included are infinite numbers of substituents, whether the substituents are the same or
different. In such cases, the maximum number of such substitnents is three. Each of the above

definitions is thus constrained by a limitation that, for example, substituted aryl groups are hmited to

-substituted aryi-(substituted aryl)-substituted aryl.

[09741 Similarly, it is understood that the above definitions are not intended to include impermissible
substitution patterns (e.g., methy! substituted with 5 fluoro groups or a hydroxyl group alpha to ethenylic
or acetylenic unsaturation}. Such impermissible substitution patterns arc well known to the skilled

artisan.

[6075] The term compound and molecule are used interchangeably, Other forms contemplated by the
invention when the word “molecule” or “compound” is employed are salts, prodrugs, solvates, tautomers,
stereoisomers and mixtures of stereoisomers. In some embodiments, the salts are pharmaceutically

acceptable salts.

[0076] The term “pharmaceutically acceptable™ refers to those properties and/or substances that are

acceptable to a patient (e.g., human patient) from a toxicological and/or safety point of view,

[6077] The term “salt” means salts of the compounds of the present disclosure, which may be prepared
with relatively nontoxic acids or bases, depending on the particular substituents found on the compounds
described herein, When compounds of the present disclosure contain relatively acidic functionalities
{e.g., -COOH group}, base addition salts can be obtained by contacting the compound (e.g., neutral form
of such compound) with a sufficient amount of the desired base, either neat or in a suitable inert solvent.
Examples of pharmaceutically acceptable base addition salts include Hthium, sodimm, potassium, calcium,
ammonium, organic amino, magnesivm and aluminum salts and the like. When compounds of the
present disclosure contain relatively basic functionalities (e.g., amines), acid addition salts can be
obtained, e.g., by contacting the compound (e.g., neutral form of such compound) with a sufficient
amouni of the desired acid, either neat or in a suitable inert solvent. Examples of pharmaceutically

acceptable acid addition salts include those derived from inorganic acids like hydrochloric, hydrobromic,
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nitric, carbonic, monohydrogencarbonic, phosphoric, diphosphoric, monohydrogenphosphoric,
dihydrogenphosphoric, sulfuric, monohydrogensulfuric, hydriodic and the like, as well as the salts
derived from relatively nontoxic organic acids like formice, acetic, propionic, isobutyric, malic, maleic,
malonic, benzoic, succinic, suberic, fumaric, lactic, mandelic, phthalic, benzenesutfonic, p-tolylsulfonic,
citric, tartaric, methanesulfonic, 2-hydroxyethylsulfonic, salicylic, stearic and the like. Also included are
salts of amino acids such as arginate and the like, and salts of organic acids like glucuronic or
galactunoric acids and the like (see, for exampie, Berge ef ol., Journal of Pharmaceutical Science, 1977,
66: 1-19), Certain specific compounds of the present disclosure contain both, basic and acidic,
functionalities that allow the compounds to be converted into cither base or acid addition salts, In

addition, the counterion can be gxchanged using conventional methods known in the art.

[0678] The neutral forms of the compounds can be regenerated, for example, by contacting the salt with
a base or acid and isolating the parent compound in the conventional manner. The parent form of the
compound can differ from the various salt forms in certain physical properties, such as solubility in polar
solvents, but otherwise the salts are equivalent to the parent form of the compound for the purposes of the

present disclosure.

[0079] When a compound includes a negatively charged oxygen atom “0™, e.g., in “-COO0™, then the
formula is meant to optionally include a proton or an organic or inorganic cationic counterion (e.g., Na').
In one example, the resulting salt form of the compound is pharmaceutically acceptable. Further, when a
compound of the present disclosure includes an acidic group, such as a carboxylic acid group, e.g.,
written as the substituent “~COOH”, “-CO,H” or “-C{O),H", then the formula is meant to optionally
include the corresponding “de-protonated” form of that acidic group, e.g., “-COO™, “-CO;™ or “-C(0),™,

respectively.

[6088] Likewise, when a compound includes a positively charged nitrogen atom “N™, then the formula
1s meant to optionally include an organic or inorganic anionic counterion (e.g., C1). In one example, the
resulting salt form of the compound is pharmaceutically acceptable. Further, when a compound of the
present disclosure includes a basic group, such as an amine, then the formula is meant to optionally

include the corresponding “protonated” form of that basic group, e.g., “NH™,

[#088] Compounds of the present disclosure can exist in all tautomeric forms and, therefore, all

tautomeric forms and mixiures of tautomers are inchuded in the compounds disclosed herein,

[68682] Compounds of the present disclosure can also exist in particular geometric or stereoisomeric
forms. The present disclosure contemplates all such compounds, including cis- and frans-isomers, (-)-

and (+)-cnantiomers, diastercomers, {D)-isomers, (1.)-isomers, the racemic mixtures thereof, and other
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mixtures thereof, such as enantiomerically or diastereomerically enriched mixtures, as falling within the
scope of the present disclosure. Additional asymmetric carbon atoms can be present in a substituent such
as an alkyl group. All such isomers, as well as mixtures thereof, are intended to be mcluded in this
disclosure. When the compounds described herein contain olefinic double bonds or other centers of
geometric asymmetry, and unless specified otherwise, it is intended that the compounds include both E

and Z geometric isomers.

[0083] Optically active (R)- and (S)-isomers and ¢ and / isomers can be prepared using chiral synthons
or chiral reagents, or resolved using conventional techniques. Resolution of the racemates can be
accomplished, for example, by conventional methods such as crystallization in the presence of a resolving
agent; chromatography, using, for example a chiral HPLC column; or derivatizing the racemic mixture
with a resolving reagent to generate diastereomers, separating the diastereomers via chromategraphy, and
removing the resolving agent to generate the original compound in enantiomerically enriched form. Any
of the above procedures can be repeated to increase the enantiomeric purity of a compound. I, for
mstance, a particular enantiomer of a compound of the present disclosure is desired, it can be prepared by
asymmetric synthesis, or by derivatization with a chiral auxiliary, where the resulting diastereomeric
mixture is separated and the auxiliary group cleaved to provide the pure desired enantiomers,
Alternatively, where the molecule contains a bagic functional group, such as an amino group, or an acidic
fimetional group, such as a carboxyl group, diastereomeric salts can be formed with an appropriate
optically active acid or base, followed by resolution of the diastercomers thus formed by fractional
crystaliization or cliromatographic means known in the art, and subsequent recovery of the pure
enantiomers. In addition, separation of enantiomers and diastereomers is frequently accomplished using
chromatography employing chiral, stationary phases, optionally in combination with chemical

derivaftization (e.g., formation of carbamates from amines).

[08684] The term “reaction conditions™ is intended to refer to the physical and/or environmental
conditions under which a chemical reaction proceeds. Examples of reaction conditions include, but are
not limited to, one or more of following: reaction temperature, solvent, pH, pressure, reaction time, mole
ratio of reactants, the presence of a base or acid, or catalyst, etc. Reaction conditions may be named afier
the particular chemical reaction in which the conditions are employed, such as, coupling conditions,
hydrogenation conditions, acylation conditions, reduction conditions, etc. Reaction conditions for most
reactions are generally known to those skilled in the art or can be readily obtained from the literature. It
is also contemplated that the reaction conditions can include reagents in addition to those listed in the

specific reaction.
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[6085] The term “amino-protecting group” refers to those organic groups intended to protect the
nitrogen atom against undesirable reactions during synthetic procedures and tncludes, but Is not imited
to, silyl ethers, such as 2-(frimethylsilylethoxymethyl (SEM) ether, or alkoxymethyl ethers, such as
methoxymethyl {(MOM) ether, ferr-butoxymethyl (BUM) ether, benzyloxymethyl (BOM) ether or
methoxyethoxymethyl (MEM) ether. Additional protecting groups inclade, ferr-butyl, acetyl, benzy!,
benzyloxycarbonyl (carbobenzyloxy, CBZ), p-methoxybenzyloxycarbonyl, p-nitrobenzyloxycarbonyl,
fert-butoxycarbony! (BOQC), trifluoroacetyl, and the hike,

[6086] Certain protecting groups may be preferred over others due to their convenience or relative ease
of removal, or due to their stereospecific effects in subsequent steps of the process. Additional suitable
amino protecting groups are taught in T, W, Greene and P.G. M., Wuts, Protecting Groups in Qrganic
Synthesis, Third Edition, Wiley, New York, 1959, and references cited therein which are all incorporated

by reference in its entirety.

[0087] The term “anhydrous reaction conditions™ s ntended to refer to reaction conditions wherein
water is excluded. Such conditions are laiown to one of skill in the art, and typically comprise one or
more of dry or distilled solvents and reagents, dried reaction vessels, and/cr the presence of a drying

agent, such as activated molecular sieves, magnesium sulfate, sodivm sulfate, etc.

[0088] The term “hydrogenation conditions” or “hydrogenation reaction conditions” is intended to refer
to suitable conditions and catalysts for forming one or more new C-H bonds. Hydrogenation conditions
or hydrogenation reaction conditions typically include a catalyst, such as those based on platinum group

metals (platinum, palladivum, thoditm, and ruthenium) (e.g. P&/C or PG, ).

[0689] The term “inert atmosphere” is intended to refer 1o an atmosphere comprising a gas which does
not react with the reactants and reagents during the desired reaction process. Typically an inert

atmosphere excludes oxygen and/or moisture. Exemplary gases include nitrogen and argon,

[0099] The term “under pressure” is intended to refer to reaction conditions which are conducted under
a pressure of greater than I atmosphere. Such reactions can be carried out in a par hydrogenator or in an
otherwise sealed reaction vessel (i.e. a screw capped flask) where the reaction is performed under heat

such that the solvent vapors increase the pressure within the reaction vessel.

[6691] The term “acid” is intended to refer to a chemical species that can either donate a proton or
accept a pair of electrons from another species. Examples of acids include organic acids, such as
carboxylic acids (e.g. lactic acid, acetic acid, formic acid, citric acid, oxalic acid, uric acid, etc.) and
sulfonic acids (e.g., methanesulfonic acid, p-toluenesulfonic acid), mineral acids (e.g. hydrochloric acid,

nitric acid, phosphoric acid, sulfaric acid, boric acid, hydrofluoric acid, hydrobromic acid), Lewis acids,
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etc. The term “Lewis acid” is used herein refers to a2 molecule or 1on that can combine with another
molecule or ion by forming a covalent bond with two electrons from the second molecule or ion. For use
in the process of the invention, a Lewis acid is considered as an electron deficient species that can accept
a pair of electrons, Examples of Lewis acids that can be used in the present invention are cations of metals
and their complexes including magnesium, calcium, aluminum, zinc, titanium, chromium, copper, boron,
tin, mercury, iron, manganese, cadmium, gallium and barium. Their complex may include hydroxides,
alkyls, alkoxides, halides and organic acid ligands such as acetates. Preferred examples of Lewis acids
useful in the instant process are titanium alkoxides, particularly Ti{OEt). which additionally possesses

dehydrating properties.

[0092] The term “base” is intended fo refer to a chemical species that are proton acceptors. Suitable
bases for use in the present invention include inorganic or organic bases. Examples of inorganic base
include, but are not limited to, potassium hydroxide (KOH), barium hydroxide (Ba(OH),), caesium
hydroxide (CsOH), sodium hydroxide (NaOH), strontium hydroxide (St{OH),), calcium hydroxide
{Ca(OH)y,), lithium hydroxide (LiOH), rubidium hydroxide (RbOH), and magnesium hydroxide
(Mg(OH);). Organic bases can be neutral or negatively charged compounds which typically contain
nitrogen atoms such as amines and nitrogen-containing heterocyclic compounds. Examples of neutral
nifrogen contaiming organic bases include ammonia, pyridine, methyl amine, imidazole, 2,2,6,6-
tetramethylpiperidine, 4-(dimethylamino)pyridine and the like. Examples of negatively charged organic
bases includes alkyl lithium reagents, lithium dialkylamides, lithinm alkyloxides, alkylmagnesium halides

and the like.

Methods

[0693] The present invention provides methods for synthesizing variously substituted isoquinoline
compounds, and the intermediate compounds achieved thereby. The methods enabie the isoquinoline
compounds to be prepared safely and efficiently on a large scale, such as would be desired for the

commercial production of such compounds.

[6094] One advantage of the present methods over those disclosed previously is that the methods
disclosed herein do not require the scparation of regioisomers. For example, the methods disclosed in
Suzuki et al. (supra), Weidmann et al. (supra), and U.S. Patent No. 7,629,357, provide a regioisomeric
mixture of the 5- and §-substituted isoquinoline compounds or the 6- and 7-substituted isoquinoline
compounds, which are then separated using standard chromatographic methods. However, such

separations are undesircabie as the maximum theoretical yield for the step can be only 50%.
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18095] Another advantage of the present methods over those disclosed previously, is that the methods
disclosed herein do not utilize hazardous and/or costly reagents. Specifically, the methods disclosed
herein avoid the halogenation step and thus avoid reagents such as phosphorous oxychloride and
phosphorous oxybromide {see, for example, previously disclosed synthesis in U.S. Patent No. 7,323,475
described in Scheme E herem, E-400 to E-506). These reagents are extremely destructive to tissue of the
mucous membranes, upper respiratory tract, eyes, and skin. In addition, the methods aveid reagents such
as n-butyllithium and trimethylboroxine, both of which require special handling procedures as they are
very reactive to moisture. Therefore, the methods disclosed herein are advantageous over such methods

which utilize undesirable reagents.

[0096] The methods of this invention employ starting compounds which can be prepared from readily
available starting materials or the compounds as disclosed herein using, for example, the foliowing
general methods and procedures. Tt will be appreciated that where typical or preferred process conditions
(Le., reaction temperatures, times, mole ratios of reactants, solvents, pressures, etc.) are given, other
process conditions can also be used unless otherwise stated, Optimum reaction conditions may vary with
the particular reactants or solvent used, but such conditions can be determined by one skilled in the art by

routine optimization procedures.

[6097] Additionally, as will be apparent to those skilled in the art, conventional protecting groups may
be necessary to prevent certain fumctional groups from undergoing undesired reactions. Suitable
protecting groups for various functional groups as well as suitable conditions for protecting and
deprotecting particular fanctional groups are well lmown in the art. For example, numerous profecting
groups are described in T. W, Greene and G. M. Wuts (1999) Protecting Groups in Organic Synthesis,

3rd Edition, Wiley, New York, and references cited therein.

[6698] Furthermore, the methods of this invention may employ compounds which contain one or more
chiral centers. Accordingly, if desired, such compounds ¢an be prepared or isolated as pure
stereoisomers, 1.e., as individual enantiomers or diastercomers, or as stercoisomer-cnriched mixtures. All
such sterecisomers (and enriched mixfures) are included within the scope of this invention, unless
otherwise indicated. Pure stereoisomers (or enriched mixtures) may be prepared using, for example,
optically active starting materials or stereoselective reagents well-known in the art. Alternatively,
racemic mixtures of such compounds can be separated using, for example, chiral column

chromatography, chiral resolving agents, and the like.

[6699] The starting materials for the following reactions are generally known compounds or can be
prepared by known procedures or obvious modifications thereof. For example, many of the starting

materials are available from commercial suppliers such as Aldrich Chemical Co. (Milwaukee, Wisconsin,
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1J.8.A), Bachem {Torrance, California, U.S.A), Emka-Chemce or Sigma (St. Louis, Missouri, U.S.A).
Others may be prepared by procedures, or obvious modifications thereof, described in standard reference
texts such as Fieser and Fieser's Reagents for Organic Synthesis, Volumes 1-15 (John Wiley, and Sons,
1961), Rodd's Chemistry of Carbon Compounds, Volumes 1-5, and Supplementals (Elsevier Science

5  Publishers, 1989), Organic Reactions, Volumes 1-40 (Jehn Wiley, and Sons, 1991), March's Advanced
Organic Chemistry, (John Wiley, and Sons, 5% Edition, 2001), and Larock's Comprehensive Organic
Transformations (VCH Publishers Tnc., 1989).

[6166] In one aspect, the present invention is directed to a method of making a compound of formula I

or a stereoisomer or mixture of stereoisomers thereof:

RE OH ©
2
R? SN 7
—N
RA
8 R
R E?/
10 R 1

the method comprising contacting a compound of formula IE

RE OH O
R7
RE s Z/
=N
Ré
Re i
with a compound of formula III:
4 /\
(R™MN N(R™z 111

15 under reaction conditions sufficient to produce a compound of formula I; wherein
Zis O, NR' or §;
R' is selected from the group consisting of hydrogen and alkyl;

R? s selected from the group consisting of hydrogen and alkyl which is unsubstituted or
substituted with one or more substituents independently selected from the group consisting of

20 cyeloalkyl, heterocyclyl, aryl, and heterocaryl;

R* and R* are independently sclected from the group consisting of hydrogen, alkyl, substituted

alkyl, cycloalkyl, substituicd cycloalkyl, heterocyclyl, substituted heterocyciyl, aryl,
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substituted aryl, heteroaryl, substitited heteroaryl, halo, hydroxy, evano, -S(0).-N(R*)}-R®,
ANREC(OINR®R?, and -X'RY;

where X' is oxygen, -S(0),-, or -NR'-;
nis 0, 1, or 2;

each R* is independently selected from the group consisting of hydrogen, afkyl,
substituted alkyl, aryl, substituted aryl, cycloalkyl, substitated cycloalkyl, heteroaryi,
substitited heteroaryl, heterocyclyl and substituted heterocyclyl provided that when

X! is —SO- or -80,-, then R* is not hydrogen; and
R’ is selected from the group consisting of hydrogen, alkyl, and aryl;

or R? and R” together with the carbon atoms pendent thereto, form a eycloalkyl, substituted
cycloalkyl, heterocyclyl, substiited heterocyelyl, aryl, substituted aryl, heteroaryl, or

substituted heteroaryl;

R” and R are independently selected from the group consisting of hydrogen, halo, alkyl,
substifited alkyl, alkoxy, substituted alkoxy, aryl, substituted aryl, heteroaryl, substituted
heteroaryl and —X"R'’;

where X* is oxygen, -S(0),-, or -NR-;
nis( I, or2;

R is selected from the group consisting of alkyl, substituted alkyl, aryl, substituted aryl,

heteroaryl, substituted heteroaryl, heterocyclyl and substituted heterocyelvl, and
R is selected from the group consisting of hydrogen, alkyl, and aryl;

or when X is -NR"-, then R'" and R", together with the nitrogen atom to which they are

bound, can be joined to form a heterocyelyl or substituted heterocyelyl group; and

each R™ is independently selected from alkyl, benzyl or aryl, or two R'' together with the

nitrogen atom to which they are attached form a 4-8 membered heterocyclyl or a heteroaryl.

[610F] In particular embodiments, the present invention is directed to a method of making a compound

of formula IA or a stereoisomer or mixture of stereotsomers thereof
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R5 o4 O
R3 R?
S o~
=N
R4
Re g\E;/Rﬂ
R 1A

comprising contacting a compound of formula HA:

RE oH O
3 23
R . 0 -
~N
R4
R® A

with & compound of formula HI:
/\
11 1
{R7),N N(R™), T

under reaction conditions sufficient to produce a compound of formula IA; wherein
RZ R: R RS, RS, R R% R RY, R* n, X' and X* are as defined for formula T above.

[0162] The reaction may be carried out in glacial acefic acid or a polar aprotic solvent such as dioxane,
tetrahydrofuran (THF), dimethylformamide (DMF), or dimethylacetamide (DMAc) to produce
compounds of formula 1 or IA with or without an acid catalyst. In certain embodiments, the reaction
conditions comprise an acid. The acid may be selected from, e.g., acetic acid, triftuoroacetic acid,
sulfuric acid, hydrochloric acid, or an acidic ion exchange resin.  In various embodiments, about 0.1-14
molar equivalents of acid may be used. In some embodiments, the acid is glacial acetic acid. In some
embodiments, at least about 2 molar equivaients of glacial acetic acid are used. In particular

embodiments, about 7 to about 8 molar equivalents of glacial acetic acid are used.

{6103} In certain embodiments, the reaction is conducted under an inert atmosphere, such as an argon or

nitrogen atmosphere. In some embodiments, the reaction is conducted under a nitrogen atmosphere.

[0104] In certain embodiments, the reaction conditions are anhydrous reaction conditions. Such
conditions typicaily include drying reagents (e.g. molecular sieves), conducting the reaction under an inert

atmosphere, and the like. Such methods are well known in the art.

[0105] In certain embodiments, the reaction is conducted at a temperature between room temperature

{ca 25 °C) and 110 °C, and at a pressure from 0 to 60 psi. In some embodiments, the reaction is
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conducted at an clevated temperature, 1.¢., at a temperature greater than about 30 °C. For example, the

temperature can range from about 36 °C to about 60 °C.

{0196] In certain embodiments, from about 1.1 to about 1.5 molar equivalents of the compound of

formula I11 is used.

[6107] In certain embodiments, the reaction is conducted in glacial acetic acid, and at a temperature

range from about 50 °C to about 60 °C; and R"' of a compound of formula I is C, to Cy alkyl.

[6108] In certain embodiments, the reaction is conducted in glacial acetic acid, under a nitrogen
atmosphere, and at a temperature range from about 50 °C to about 60 °C; and and R" of a compound of

formuida I1E i3 C; to C; alkylL

" [¢199] Im certain embodiments, the reaction is conducted in about 7 to about 8 molar equivalents of

glacial acetic acid, at a temperature range from about 50 °C to about 60 °C, and about 1.1 to about 1.5

molar equivalents of a compound of formula 111 is used where R is C; to C, alkyL.

[0110] In certain embodiments, the reaction is conducted in about 7 to about § molar equivalents of
glacial acetic acid, under a nifrogen atmosphere, at a temperature range from about 50 °C to about 60 °C,
and about 1.1 to about 1.5 molar equivalents of a compound of formula 111 is used where R'' is C, to C4
alkyl.

[6111] In certain embodiments, R'' of a compound of formula 111 is C, to C, alkyl. In certain

embodiments, the compound of formuia I comprises a compound of formula IHA:

\N/\N/

IIA

[01F2] In another aspect, the present invention is directed to a method of making a compound of

formula IV or a stereoisomer or mixture of stereocisomers thereof:

the method comprising contacting a compound of formula I:
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R® OH O
R N . /Rz
4 N
R
5 R?T
R r?!/
R I
with one of the following:
O O
a a compound of formula R X foliowed by a compound of formuia R™ OH,
Y p
QO
() acompound of formula R'*X* followed by a compound of formula R~ OH; or
3 {c) a compound of formula V:
o O
R‘IZJJ\O/IJ\RQ v

under reaction conditions sufficient to produce a compound of formula 1IV; wherein
X is halo:

R" is selected from the group consisting of alkyl, aryl, heteroaryl, and heterocyclyl, or when two
10 R are present, two R* together with the carbon atom to which they are attached form a 4-8

membered heterocyelyl; and
Z, RL R R G RS RS RS R RY, RYM, RY, n, X' and X7 are as defined for formula T above.

[6113] In one embodiment, the present invention 1s directed to a method of making a compound of

formula TVA or a stereoisomer or mixture of stereoisomers thereof:

15

compriging contacting a compound of formula 1A:
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RS OH O
RS R2
x ol
=N
R4
RS R
l\|1'/
R iA

with a compound of formula V:
JOJ\ /TL
C

under reaction conditions sufficient to produce a compound of formula TVA; wherein

R12 R‘[E vV

R is selected from the group consisting of alkyl, aryl, heteroaryl, and heterocyclyl, or when two
R" are present, two R'? together with the carbon atom to which they are attached form a 4-8

membered heterocyclyl; and
R’ R R R RE RE R, R RY,R™, n, X' and X are as defined for formula I above.

[6114] The reaction may be carried out in glacial acetic acid or a polar aprotic solvent such as dioxane,
THF, DMF, or DMAc with or without an acid cataiyst. In certain embodiments, the reaction conditions
comprise an acid. The acid may be selected from, e.g., acetic acid, trifloroacetic acid, sulfuric acid,
hydrochloric acid, or an acidic ion exchange resin. In various embodiments, about 0.1-14 molar
equivalents of acid may be used. In some embodiments, the acid is glacial acetic acid. In some
embodiments, at least about 2 molar equivalents of glacial acetic acid are used. In particular

embodiments, about 7 to about 8 molar equivalents of glacial acetic acid are used.

[1E5] In certain embodiments, the reaction 1s conducted under an inert atmosphere, such as an argon or

nitrogen atmosphere. In some embodiments, the reaction is conducted under a nitrogen atmosphere.

[6116] In certain embodiments, the reaction conditions are anhydrous reaction conditions. Such
conditions typically include drying reagents (e.g. molecular sieves), conducting the reaction under an inert

atmosphere, and the like. Such methods are well known in the art.

[0817] In certain embodiments, the reaction is conducted at an elevated temperature, i.c., at a
temperature greater than about 30 °C. For example, in cerfain embodiments, the temperature is about

100 °C.

[0118] In various embodiments, from about 1 to about 4 molar cquivalents of the compound of formula

Vi used. In particular embodiments, where the compound of formuia T or TA is isolated prior to
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reaction, about 1 molar equivalent of the compound of formula V is used. In other embodiments, from
about 2 to about 3 molar equivalents of the compound of formula V is used. In certain embodiments, the

compound of formula V comprises acetic anhydride.

[0£19] In certain embodiments, the reaction conditions comprise a compound of formula V where R7is

C; to C; alkyl; and the reaction is conducted at an clevated temperature.

[0120] In certain embodiments, the reaction conditions comprise a compound of formula V where R7is

C, to Cs alkyl; and the reaction is conducted at a temperature of about 100°C.

[0121] Tn certain embodiments the reaction conditions comprise a compound of formula V where R is
C, to C; alkyl; and the reaction is conducted under an inert atmosphere, and at an elvated temperature. In

certain embodiments, further a compound of formula V is acetic anhydride.

[8122] In certain embodiments, the reaction conditions comprise about 2 to about 3 molar equivalents
of a compound of formula V where R” is C; to C, alkyl; and the reaction is conducted at a temperature of

about 100 °C. In certain embodiments, further a compound of formmla V is acetic anhydride.

[0123] In certain embodiments, the reaction conditions comprisc about 2 to about 3 molar equivalents
of a compound of formuia V where R7is C, to C; alkyl; and the reaction is conducted under a nitrogen
atmosphere, and at a temperature of about 100 °C. In certain embodiments, further a compound of

formula V is acetic anhydride.

[0124] I certain embodiments, the reaction conditions further comprise converting a compound of

formula VI o a compound of formula I'V:

o R12
%[/

R o0 0 R oH O
R A Z/Rz Re N R
= =N Q R4 N Q
i OXR” VII ¥ O/U\R” v

under reaction conditions sufficient to produce a compound of formula IV;
wherein Z, R, R:", R’ RA, R’ RS, RS, Rg, RY RP n, X' and X* are as defined for formula T above; and
R™ is selected from the group consisting of alkyl, aryl, heteroaryl, and heterocyclyl.

[6125] In certain embodiments, the reaction conditions further comprise converting a compound of

formula VI1A to a compound of formula IVA:
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i5
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o R‘lE
RS 0 R® oM O
w3 e o R? R2 N o R
N N
R4 “" o 4 e
R L R L
O R12 (@) R12
VIA VA

under reaction conditions sufficient to produce a compound of formula TVA;
wherein R*, R>, RY R, R(’, Rg, R’ R R” 1, X" and X? arc as defined for formula I above; and
R™ is selected from the group consisting of alkyl, aryl, heteroaryl, and heterccyclyl.

[0126] In certain embodiments, the reaction is conducted in a solvent selected from dichloromethane,

ethyl acetate or THF. In particular embodiments, the solvent is dichloromethane.

[0127] In certain embodiments, the reaction conditions comprise an amine. In some embodiments, the
amine is morpheline. In certain embodiments, the reaction is conducted at a temperature from about 0 °C

to about 10 °C.

[6128] In certain embodiments, the reaction conditions comprise morpholine; and the reaction 1s

conducted in dichloromethane, and at a temperature from about 0 °C to about 10 °C.

[0129] In another aspect, the present invention is directed to a method of making a compound of

formula V1 or a stersoisomer or mixture of stereoisomers thereof,

RE OH O
RZ
RS
| R vadl
N
R4
Re Vi

the method comprising converting a compound of formula IV:

RS OH O
R? RN Z/’R2
N
R 7 o
RE O/U\ R'!Z .
v

under reaction conditions sufficient to produce a compound of formula VI

wherein Z, RY, R%, R*, R*, R*, R®, RE R RY™ R, n, X! and X are as defined for formula I above; and
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R™ is selected from the group consisting of alkyl, aryl, heteroaryl, and heterocyclyl.

{6130} In another embodiment, the present invention is directed to a method of making a compound of

formula VIA or a stereolsomer or mixtare of stereoisomers thereof

RS OH O
R: N o _R2
R4 AN
R® VIA

comprising converting a compound of formula TV A:

R oH ©
a =7]
R N o
N
Ré e
VA

under reaction conditions sufficient to produce a compound of formula VIA;
wherein RE, R, R R R® RY R, Rm, RB, n, X' and X are as defined for formula I above; and
R is selected from the group consisting of alkyl, aryl, heteroaryl, and heterocyclyl.

[€131] In certain embodiments, the reaciion conditions to produce V1 or VIA are hydrogenation reaction
conditions. Such conditions typically comprise hydrogen. Such conditions alse typically comprise a
catalyst, such as a palladium catalyst (e.g. PA/C, also known as palladium(0} on carbon). Alternatively,
Pd{OH)»/C or Raney nickel may be used.

[0132] In certain embodiments, the reaction conditions comprise a solvent selected from
dichioromethane, ethyl acetate, or methanol. In particular embodiments, the reaction conditions comprise

dichloromethane. In particular embodiments, the reaction conditions comprise ethyl acetate,

[6133] In some embodiments, the reaction is conducted in a hydrogen atmospherc and under pressure,
e.g., at about 20 to about 300 psi, or at about 60 psi. In some embodiments, the reaction conditions
comprise a base, such ag sodium carbonate or sodinm bicarbonate. In some embodiments, the
hydrogenation reaction conditions comprise from about (.5 to about 1 molar equivalents of sodium

carbonate.

10134] In certain embodiments, the reaction conditions comprise hydrogen, sodium carbonate, ethyl

acetate, Pd/C, and a condition under pressure.
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{6135] In certain embodiments, the reaction conditions comprise hydrogen, sodium carbonate, ethyl

acetate, Pd/C, and a condition under pressure at about 60 psi.

[0136] In certain embodiments, the present invention is directed to a method of making a compound of

formula V1 or a stercoisomer or mixture of sterecisomers thereof:

RS OH O
5 R2
N
R/i
5 R VI
comprising the steps of’
a) contacting a compound of formula 1T with a compound of formula TIT
RE OH O
R3 2 Z/ RE
=N
R4
AT
1t MN(R1
10 under reaction conditions sufficient to provide a compound of formula I
R OH ©
R3 R Z/ R#
=N
R4
6 R
R rl\s/
R‘I‘l ]
b) contacting a compound of formula T with one of the following;
0O
3
(i) acompound of formula R ** followed by a compound of formula R

(ii) acompound of formula R"*-X* followed by a compound of formula R

15 (i) a compound of formula V:

30
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R12 O R12 v

under conditions sufficient to produce a compound of formula IV:

RS OH O
R3 = Z/R2
R =N o
N
v
) optionally converting a compound of formula VIk:
o) Rt
o b o
Ré X . R
R: N o
5 A Y
o a compound of formula TV; and
d) converting a compound of formula IV under conditions sufficient to produce a compound of
formula VI
wherein
10 X is hale;

R {5 selected from the group consisting of alkyl, aryl, heteroaryl, and heterocyclyl, or when two
R* are present, two R** together with the carbon atom to which they are attached form a 4-8
membered heterocyciyl; and

Z.R'.R% rR* RY R® RS R® R, RY™ RY, R™ n, X' and X* are as defined for formula I above.

15  [0137] Incertain embodiments, the present invention is directed to a method of making a compound of

formula VIA or a stereoisomer or mixture of stercoisomers thereof:

RE OH O
R3 e o A2
=N
Rd
RS VIA
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comprising the steps of:

a) contacting a compound of formula ITA with a compound of formula ITT
R OH O
3 Rz
R N
4 = N
f=
) P
Ré A RN NR
under reaction conditions to provide a compound of formula 1A:
R OH O
3 R_Q
R SN O/
=N
R4
R6 ]\l]/R'E1
R 1A
b) contacting a compound of formula 1A with a compound of formula V

O O
JJ\O)J\R12

under reaction conditions sufficient to produce a compound of formmula IVA:

R12 vV

R oH 0
RS N O,R2
e Mo
R S0 Re VA
¢) opticnally converting a compound of formula VIIA
OnR12
o 1
Re N O_,R2
R 7" o
T N0y
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to a compound of formula IVA; and

d) converting a compound of formula IV A under conditions sufficient to produce a compound of
formula VIA;

wherein R?, R* R R, R RY, R, R R". RY n, X'and X are as defined for formula I above; and
5 R is selected from the group consisting of alkyl, aryl, heteroaryl, and heterocyclyl.

[0138] In certain embodiments, the present invention is directed to 2 method of making a compound of

formula VIC or a stereoisomer or mixture of stereoisomers thereof:

OH O
R?
NS o~
N
R4
ViC
comprising the steps of;
10 a) contacting a compound of formula IIC with 2 compound of formula 1IIA
H O
R2
-
N0 NN
N
2 Lo
R ile 1A

under reaction conditions sufficient to provide a compound of formuia IC:

OH ©
R2
R o
~N
R4
N/
| 1C
5 b contacting a compound of formula IC with a compound of formula VA
O G

AN

under reaction conditions sufficient to produce a compound of formmula IVC:

VA
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OH O
= o~ i
R4 N O
N
© Ve
c) optionally converting a compound of formula V1IiC
Q
>_
O o
=~ 0/ R
R4 7" o
Ok VIIC
to a compound of formula IVC; and
d) converting a compound of formula I'VC under conditions sufficient to produce a compound of
formula VIC;
wherein

R? is selected from the group consisting of hydrogen and alky! which is unsubstituted or
substituted with one or more substituents independently selected from the group consisting of

cvcloalkyl, heterocyelyl, aryl, and heteroaryl; and

R’ is selected from the group consisting of hydrogen, alkyl, substituted alkyl, cycloalkyl,
substituted cyeloalkyl, heterocyelyl, substituted heterocyelyl, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, halo, hydroxy, cyano, -S(0),-N(R*-R®, -NR*C(O)NR’R’,
and -XI'RS;
where X' is oxygen, -S(O),-, or -NR’-;

nis 0,1, or 2;

each R® is independently selected from the group consisting of hydrogen, alkyl,
substituted alkyl, aryl, substituted aryl, cycloalkyl, substituted cycloalkyl, heteroaryl,
substituted heteroaryl, heterocyclyl and substituted heterocyelyl provided that when
X' is ~80- and —SO,-, then R® is not hydrogen; and

R’ is selected from the group consisting of hydrogen, alkyl, and aryl.
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[6139] In certain embodiments, the present invention is directed to 2 method of making a compound of

formuyla VID or a stereoisomer or mixiure of stereoisomers thereof’

OoH O
3 X o _R?
N
ViD
comprising the steps of:
5 a contacting a compound of formula 1ID with a compound of formula HIA
oH O
Re N o SN
AN D | | I
under reaction conditions to provide a compound of formula ID:
oR G
R3 o
=N
N—
| D
33} coniacting a compound of formuta ID with a compound of formula VA
O @]
A
10 0 VA

under reaction conditions sufficient to produce a cornpound of formula IVD:

OH O©
R o
=N o
E
o VD
<) optionally converting a compound of formula VID
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8]

>_
@) O

R3 SN O/ R?
=N 0
© VIID
to a compound of formula IVD; and
d) converting a compound of formula IVD under conditions sufficient to produce a compound of

formula VID:
5 wherein

R” is selected from the group consisting of hydrogen and alkyl which is unsubstituted or
substituted with one or more substituents independently selected from the group consisting of

cycloalkyl, heterocyelyl, aryl, and heteroaryl; and

R’ is selected from the group consisting of hydrogen, alicyl, substituted alkyl, cycloalkyl,
10 substituted cycloalkyl, heterocyelyl, substituted heterocyclyl, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, halo, hydroxy, cyano, -S(0),-N(R"-R®, NREC(O)NR'R?,
and -X'R%;

where X! is oxygen, -S(0),-, or NR’-:
nis @, 1, or2;

15 gach R® is independently sclected from the group consisting of hydrogen, alkyl,

substituted alkyl, aryl, substituted aryl, cycloalkyl, substituted cycloalkyl, heteroaryl

14

substituted heteroaryl, heterocyciyl and substituted heterocyclyl provided that when
X' is ~S0- and -80,-, then R* is not hydrogen; and

R’ is selected from the group consisting of hydrogen, alkyl, and aryl.
20 [8140] Tn certain embodiments of the above methods, R” is hydrogen.
[0141] In certain embodiments of the above methods, R is alkyl.
[6142] In certain embodiments of the above methods, R® is phenoxy.
[0143] In certain embodiments of the above methods, R? is 4-methoxyphenoxy.

[0144] In certain embodiments of the above methods, R’ is 3,5-difluorophenoxy.
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[6145]
[6146]
[0147]
[0148)

5 [0149]
[0150]
[0151]
[6152]
[0353]

10 [0154]

In certain embodiments of the above methods, R? is phenoxy.

In certain embodiments of the above methods, R? is 4-methoxyphenoxy.

In certain embodiments of the above methods, R” is 3,5 -diffuorophenoxy.

In certain embodiments of the above methods, R” is hydrogen and R’ is phenoxy.

In certain embodiments of the above methods, R* is hydrogen and R’ is 4-methoxyphenoxy.
In certain embodiments of the above methods, R? is hydrogen and R® is 3,5-difluorophenoxy.
In certain embodiments of the above methods, R” is hydrogen and R* is phenoxy.

In certain embodiments of the above methods, R? is hydrogen and R? is 4-methoxyphenoxy.
In certain embodiments of the above methods, R” is hydrogen and R” is 3,5-difluorophenoxy.

In certain embodiments of the above methods described herein, the compound of formula VIis

represented by formula VIB:

[0155]

R R?

R4
VIB

where R?, R’ and R are as defined for formula I above.

In certain embodiments of the above methods, the compound of formula 11 is represented by

15 formula 118:

OH ©
=N
R? B

wherein R%, R? and R? are as defined for formula T above.

[6156] In certain embodiments of the above methods, the compound of formula I1T is represented by
formula OTA;
R N
20 | | TIA
[0157} In certain embodiments of the above methods, the compound of formula I3I is represented by:
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NN
l
N7 N NN ~
— TN

N N
(\NAN SN

—pg?
ot Lo "V

A

[0E58] In certain embodiments of the above methods, the compound of formula I is represented by

formula 1B:
OH Cli
RE
R SN 0"
N
R4
_ R
E -
5 R™ B

where R, R?, R* and R"" are as defined for formula T above.

[8159] In certain embodiments of the above methods, the compound of formula V is represented by

formula VA:
] G
LA
10 [8168] Incertain embodiments of the above methods, the compound of formula V is represented by:
, or .

[6161] In certain embodiments of the above methods, the compound of formula VII is represented by
formula VIIB:
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O
R12
O 0
R?
R3 e
= "o
=N
[24 O

R12 VIIR

where R%, R®, and R” are as defined for formula T above, and R'? is selected from the group

consisting of alkyl, aryl, heteroaryl, and heterocyclyl,

{0162] In certain embodiments of the above methods, the compound of formula 1V is represented by
5 formula TVB:

OH O
R2
R SN O/
N
4 O

O)j\Rm

where R%, R?, and R” are as defined for formula I above, and R*? is selected from the group

VB

consisting of alkyl, aryl, heteroarvi, and heterocvelyl.

[0163] In an alternative embodiment, the present invention is directed 10 a method of making

10 compounds represented by formula X or a stereoisomer or mixture of sterecisomers thereof:

R OH 0 R R

3 R#
R N ’\SXEV};

Re =N R
RO X
comprising the steps of:
a) contacting a compound of formula II with a compound of formula 111
R OH O
Re 2 Z/R2
4 N
" ow p RN ONR,
15 under reaction conditions sufficient to provide a compound of formula L
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R3 = Z/

R4
RE - R

R 1
b) contacting a compound of formula I with one of the fellowing:
Q o

(iv) acompound of formula R X followed by a compound of formula RE" OH.

O
(v)  acompound of formuta R*-X? followed by a compound of formula RE™ TOH . or

5 (vi) acompound of formuia V:

R12

I

under conditions sufficient te produce a compound of fornmala TV:

RE OH O
RB 2 Z/ Rz
N
R 7o
R N AL,
S \Y
¢ optionally converting & compound of formula VIU:
R o 0
3 Rz
R o 7
N
Re 7o
RN
10 o RE v
to a compound of formula I'V;
d) converting a compound of formula TV, under conditions sufficient to produce a compound of

formula VT; and
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RE OH O
5 R2
R X vl
=N
R4
R? VI
R R
ava
HN .
e) contacting a compound of formula V1 with 2 compound of formuta R’ ;

under reaction conditions sufficient to provide a compound of formmula X:
wherein Z, R, R%, R%, RY, %, R% RY, R®, R', RY, RY, n, X' and X° are as defined for formula T above;
X is halo:

R ig selected from the group consisting of alkyl, aryl, heteroaryl, and heterocyclyl, or when two
R are present, two R" together with the carbon atom to which they are attached form a 4-8

membered heterocyclyl;
pis 0 when R*is -COOH; pis 1 whenR"is ~WR'

W is selected from the group consisting of oxygen, -5(0),- and ~NR"- wherenis 0, 1, or 2, R”
is selected from the group consisting of hydrogen, alkyl, substituted alkyl, acyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl, heterocyclyl and substituted heterocyclyl
and R" is selected from the group consisting of hydrogen, alkyl, substituted alkyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl, heterocyclyl and substituted heterocyclyl,
or when W is ~NR'®- then R™ and R", together with the nitrogen atom to which they are

bound, can be joined to form a heterocyclyl or a substituted heterocyclyl group;
R is selected from the group consisting of hydrogen, deuterium and methyl;

R’ is selected from the group consisting of hydrogen, deuterium, alky! and substitated alkyl;
alternatively, R and R’ and the carbon pendent thereto can be joined to form cycloalkyl,

substituted cycloalkyl, heterocyelyl or substituted heterocyelyl group; and

R" is selected from the group consisting of hydrogen and alkyl or R" together with R’ and the
nitrogen pendent thereto can be joined to form a heterocyclyl or substituted heterocyclyi

group;

and pharmaceutically acceptable salts, stercoisomers, mixture of stereoisomers, and esters

thereof,
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{(164] In another embodiment, the present disclosure is directed to a method of making methyl 4-

hydroxy-1-methyl-7-phenoxyisoquinoline-3-carboxylate (3¢):

OH

™ COzMB
PUOe

3e
comprising the steps of:

5 &) contacting a compound of formula 3a with a compound of formula IIA

OH O
@\ WO/ \N/\.N/
O =N %2 ] I

under reaction conditions sufficient to produce a compound of formula 3b:

1IA

OH O
" o
o =N
N
F 3b
b} contacting a compound of formula 3b with a compound of formula VA

JAC

under reaction conditions sufficient to produce a compound of formula 3c:

i0

OH O

X o7
N

c) optionally converting a compound of formula 3d:

3¢
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O

)Lo 0
s O/
O
0)k 3d

under reaction conditions sufficient to produce a compound of formuta 3¢; and

d) converting a compound of formula 3¢ under reaction conditions sufficient to produce 2 compound

of formula 3e¢.

[6165] In another embodiment, the present disclosure is directed to a method of making 2-(4-hydroxy-

1-methyl-7-phenoxyisoquinoline-3-carboxamido)acetic acid (31)

OH
O =
3f

comprising contacting a compound of formula 3e with glycine or sodium glycinate

OH

@\ ‘- CO2Me
N
O ~

3e
under reaction conditions sufficient to produce a compound of formula 3f.

[0i66] Compounds of fornmla II:

RS OH O
R3 S vl R*
=N
R&
RE I

for use in the methods disclosed herein can be prepared according to published procedures (see, for

example, U.S. Patent No, 7,323,475, which is hereby incorporated by reference in its entirety}.

[6167] In certain embodiments of the methods disclosed herein above, each of R:LRURS RO RE R,

and R'" are as defined below:
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R® and R? are independently sclected from the group consisting of hydrogen, alkyl, cycloalkyl,
heterocyclyl, aryl, heteroaryl, halo, hydroxy, cyano, -S(O)-N(R*)-R, -NR*C(OINR'R?,

and -X'R"; where
X' is oxygen, -S(O)y-, or -NR?-:
nis O, I, or2;

each R® is independently selected from the group consisting of hydrogen, alkyl, aryl, cycloalkyl,
heteroaryl, and heterocyelyl provided that when X' is -SO- or -S0»-, then R® is not

hydrogen; and
R’ is selected from the group consisting of hydrogen, alkyl, and aryl;

or R? and R together with the carbon atoms pendent thereto, form a cycloalkyl, heterocyclyl,

aryl, or heteroaryl;

R’ and R® are independently selected from the group consisting of hydrogen, halo, alkyl, atkoxy,

aryl, heteroaryl, and -X*R'; where
X% is oxygen, -3(0),-, or “NR-;
nis {, I, or 2;
R™ is selected from the group consisting of alkyl, aryl, heteroaryl, and heterocyclyl; and
R" is selected from the group consisting of hydrogen, alkyl, and aryl;

or when X* is ~NR”-, then R'® and R, together with the nitrogen atom to which they are bound,
can be jomed to form a heterocyclyl group;

wherein each alkyl, alkoxy, cycloalkyl, heterocyclyl, aryl, heteroaryl, and heterocyclyl described
100

N

above can be optionally substituted with from [ to 3R

wherein cach R'™ is independently sclected from the group consisting of alkoxy, acyl, acylamino,

acyloxy, amino, aminoacy}, aminocarbonylamino, aminothiocarbonylamino,
aminocarbonyvloxy, aryl, aryloxy, aryloxyaryl, cyanc, halogen, hydroxyl, nitre, oxo,
thioxo, carboxyl, carboxyl ester, cycloalkyl, thio, alkylthio, arylthio, cvcloalkylthio,
heteroarylthio, heterocyelicheterocyclylthio, sulfonyl, heteroaryl,
heterocyclicheterocyclyl, cycloalkoxy, heteroaryloxy, heterocyelyloxy,
oxycarbonylamino, oxythiocarbonylamino, ~OS{O),-alkyl, -OS(O)z-aryl, -0S(0},-
heteroaryl, -OS(0),-heterccyelyl, -OSOZ-NR40R4G, -N'R‘EOS(O)Q-NR‘;O—alkyl,
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NR¥S(0),-NR¥-aryl, -NR*S(0),-NR*-heteroaryl, and -NR*${0},-NR**-heterocyclyl,

where each R™ is independently selected from hydrogen or alkyl,
10168] In certain embodiments of the abave methods, R'!is hydrogen.
[6169] In certain embodiments of the above methods, R* is hydrogen or alkyl.
[0176] In certain embodiments of the above methods,

R® and R” are independently selected from the group consisting of hydrogen, alkyl, substituted
alkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, halo, hydroxy, cyano, -5(0),-
N(R*)-RY, -NR*C(ONRRE, and -X'R";

where X' is oxygen, -S(0),-, or NR-:
nis 0, 1, 0r 2;

each R® is independently selected from the group consisting of hydrogen, alkyl,
substituted alkyl, aryl, substituted aryl, cycloalkyl, substituted cycloalkyl, heteroaryl,
substituted heteroaryl, heterocycly! and substituted heterocyclyl provided that when
X' is =SO- or —805-, then R® is not hydrogen; and

R’ is selected from the group consisting of hydrogen, alkyl, and aryl;

or R* and R* together with the carbon atoms pendent thereto, form a cycloalkyl, substituted
cycloalkyl, heterocyclyl, substituted heterocyclyl, aryl, substituted aryl, heteroaryl, or
substituted heteroaryl.

[6171] Im certain embodiments of the above methods,

R? and R* are independently selected from the group consisting of hydrogen, alkyl, aryl,
heteroaryl, hydroxy, —S(O)D—N(Rs)—Rg, »NRSC(O)NRERS, and -X'R®; where

X! is oxygen, -S(0),~, or -NR’-;
nis ¢, I, or 2;

R* is aryl or substituted aryl; and
R’ is hydrogen, alkyl or aryl;

or R® and R together with the carbon atoms pendent thereto, form a cycloalkyl, heterocyelyl,

aryl, or hetergaryl.

[6172]) Incertain embodiments of the above methods,
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R? and R” are independently selected from the group consisting of hydrogen and -X'RY; where X

is oxygen, and R* is aryl or substituted aryl.
{02731 In certain embodiments of the above methods,

R® and R® are independently selected from the group consisting of hydrogen, halc, alkyl,

5 substituted alkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl and —X*R'*;
where X is oxygen, -S$(0),-, or -NR"-;
nis 0,1, or2;
R is aryl or substituted aryl; and
R" is selected from the group consisting of hydrogen, alkyl, and aryi.
10 [8174] Incertain embodiments of the above methods,

R® and R® are independently sclected from the group consisting of hydrogen and —X°R'Y; where

X is oxygen, and R' is aryl or substituted aryl.
[6175] In cortain embodiments of the above methods, R’ and RS are hydrogen.
[0176] In certain embodiments of the above methods,
15 R? is hydrogen or alkyl;

R® and R” are independently selected from the group consisting of hydrogen, alkyl, substituted
alkyl, aryl, substituted aryi, heteroaryl, substituted heteroarvl, halo, hydroxy, cyano, -S(Q),-
N(R"-R?, -NR*C(O)NRR?, and -X'R";

where X' is oxygen, -S(O),-, or -NR’-;
20 nis{, 1, or2;

each R® is independently sclected from the group consisting of hydrogen, alkyl,
substituted alkyl, aryl, substituted aryi, cycloalkyl, substituted cycloalkyl, heteroaryt,
substituted heteroaryl, heterocyclyl and substituted heterocvelyl provided that when

X! is =SO- or -804-, then R® is not hydrogen; and
25 R’ is selected from the group consisting of hydrogen, alkyl, and aryl;

or R* and R together with the carbon atoms pendent thereto, form a cycloalkyl, substituted
cveloalkyl, heterocyelyl, substituted heterocycelyl, aryl, substituted aryl, heteroaryl, or
substituted heteroaryl; and
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R’ and R® are independently selected from the group consisting of hydrogen, halo, alkyl,

substituted alkyl, aryl, substituted aryi, heteroaryl, substituted heteroaryl and —X"R';
where X° is oxygen, -S(0),-, or -NR"-;
nis 0,1, 0r2;
R' is ary! or substituted aryl; and
R" is selected from the group consisting of hydrogen, alkyl, and aryl.
16377 In certain embodiments of the above methods,
R” is hydrogen or alkyi;

R’ and R? are independently selected from the group consisting of hydrogen, alkyl, aryl,
heteroaryl, hydroxy, -S(0),-N(R¥)-R®, -NR!C(OWRPR?, and -X'R®; where

X'is oxygen, -S(0),-, or ~NR9»;
nis 0, i, or2;

R"is aryl or substituted aryl; and
R’ is hydrogen, alky! or aryl;

or R* and R” together with the carbon atoms pendent thereto, form a cycloalkyl, heterocyclyl,

aryt, or heteroaryl; and

R’ and R® are independently sclected from the group consisting of hydrogen and ~X*R"; where

X* is oxygen, and R™ is aryl or substituted aryl.
[6178] In certain embodiments of the above methods,
R? is hydrogen or alkyl;

R* and R? are independently selected from the group consisting of hydrogen and -X'R®; where X

is oxygen, and R® is aryl or substituted aryl; and
R’ and R® are hydrogen.
[0179) In certain embodiments of the above methods, R'"is C; to C4 alkyl.
[8180] In certain embodiments of the above methods, R is methyl.
[6181] In certain embodiments of the above methods, R%isC, to Cy allyl.

10182] In certain embodiments of the above methods, R is methyl.
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[0183] In certain embodiments of the methods disclosed hereinabove, the methods further comprise the

step of forming a corresponding salt of the compound. Such methods are well known in the art.

[0184] Other modifications to arrive at compounds of this invention are well within the skill of the art.
For example, modification of the C-4 hydroxy group may be done by conventional means to
corresponding ethers, acyloxy etc. to provide compounds of the invention. Specifically, esters can be
prepared under standard coupling conditions by reacting a carboxylic acid containing compound with a
componnd comprising an alcohol in a suitable solvent, optionally at clevated temperatures. Accordingly,
esters of the compounds disclosed herein can be formed at any carboxylic acid or hydroxyl functional
group. Typical ester forming reactions to provide the compounds of the invention are shown below,

where R is as defined herein.

RE OH O RE OH O
3 JR? 3 2
R = OH HO R = O’R
R4 =N R4 =N

3 & i

R R? R l\R?

[0185] The N-oxide derivatives of the above described compounds can also be prepared using methods
known within the skill of the art. Accordingly, compounds of the invention include N-oxide derivatives

of the formula:

RS OH O
R2 N Z,R2
R4 N

RS a7

Compounds of the EInvention

[0186] In another aspect, the invention is directed to a compound of formula VIIL

RE OH O
RE
R3 2 Z/
=N
Ré
RG
R VI
wherein:
Zis O, NRY or S;
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R’ is selected from the group consisting of hydrogen and alkyl;

R? s selected from the group consisting of hydrogen and alkyl which is unsubstituted or
substituted with one or more substituents independently selected from the group consisting of

cvcloalkyl, heterocyelyl, aryl, and heteroaryi;

R® and R* are independently selected from the group consisting of hydrogen, alkyl, substituted
alkyl, cycloalkyl, substituted cycloalkyl, heterocyclyl, substituted heterocyclyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl, halo, hydroxy, cyano, -5( O),,—N(RS)-RS,
NREC(OINR®R?, and -X'RY;

where X' is oxygen, -S(0O}),-, or -NR’-;
nis0, I, 0r2;

each R® is independently selected from the group consisting of hydrogen, alkyl,
substituted alkyl, aryl, substituted arv], cycloalkyl, substituted cycloalkyl, heteroaryl,
substituted heteroaryl, heterocyclyl and substituted heterocyclyl provided that when
X" is ~SO or -SO,-, then R" is not hydrogen; and

R’ is selected from the group consisting of hydrogen, alkyl, and aryl;

or R? and R” together with the carbon atoms pendent thereto, form a cycloalkyl, substituted
cycloalkyl, heterocyclyl, substituted heterocyclyl, aryl, substituted aryl, heteroaryl, or
substituted heteroaryl;

R® and R® are independently selected from the group consisting of hydrogen, halo, alkyl,
substituted alkyl, alkoxy, substituted alkoxy, aryl, substituted aryl, heteroaryl, substituted
heteroaryi and X1

where X? is oxygen, -S(0),-, or ~NRM.
nis 0,1, ar2;

R s selected from the group consisting of alky!, substinnted alkyl, aryl, substituted aryl,

heteroaryl, sobstituted heteroaryl, heterocyclyl and substituted heterocyclyl; and
R" is selected from the group consisting of hydrogen, alkyl, and aryl;

or when X? is -NRY-, then R'” and R, together with the nitrogen atom to which they are

bound, can be joined to form a heterocyclyl or substituted heterocyclyl group; and

R’ is either ~-N(R")R'") or ~OC{OR";
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each R is independently selected from alkyl, benzyl or aryl, or two R together with the
nifrogen atom to which they are attached form a 4-8 membered heterocyclyt or a heteroaryl;

and
R" is selected from the group consisting of alkyl, aryl, heteroaryl, and heterocyclyl;
or a salt, ester, stereoisomer, or mixture of stereoisomers thereof;

provided that the compound is not 1-dimethylaminomethyl-4-hydroxy-7-phenylsulfanyl-isoquinoline-3-

carboxylic acid butyl ester.

[0187] In certain embaodiments, the present invention is directed to a compound of formula VIHIA:

RE OH O
3 R?
R = O/
=N
R4
RE
R7 VIIA

whereiin:

R%L R RY R RS R R RO R RYM RY™ RY n, X' and X7 are as defined for formula VIII

above;
or a salt, ester, stereoisomer, or mixture of stercoisomers thereof;

provided that the compound is not 1-dimethylaminomethyl-4-hydroxy-7-phenylsulfanyl-isoquinotine-3-

carboxylic acid butyl ester.
[0188] In certain embodiments of the above compounds, R” is hydrogen, alkyl, or substituted alkyl.
[0189] 1o certain embodiments, R* is alkyl.

{8190] In certain crobodiments, R and R” are independently selected from the group consisting of
hydrogen, alkyl, cycloalkyl, aryl, heteroaryl, hydroxy, -S(0).-N(R®)-R%, NREC(OINRRY, and -X'RY;

where
X' is oxygen, -S(O)y-, or -NR”-;
nis 0,1, 0r2;
R is aryl or substituted aryl, and

R%is hydrogen, alkyl, or aryl;
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or R* and R? together with the carbon atoms pendent thereto, form a cycloalkyl, heterocyelyl, aryl, or

heteroaryl.

[6191]

[6192]

In certain embodiments, R® and R® are hydrogen.

In certain embodiments, R” is alkyl which is unsubstituted or substituted with one or more

substituents independently selected from the group consisting of cycioalkyl, heterocyclyl, aryl, and

heteroaryl; and R® and R® are hydrogen.

[6193]

In certain embodiments, R” is ~OC{O)R". In certain embodiments, R’ is -N(R'"}R'). In

certain embodiments, R” is ~N(R' )R and R is C; to C, alkyl. In certain embodiments, R is
-OC(ORY; and R is C, to Cg4 alkyl.

[6154]

in certain embodiments, 7 is O,

[0895] In certain embodiments of the compounds disclosed hereinabove, each of R% R R* R® R and

R" are as defined below:

R* and R* are independently selected from the group consisting of hydrogen, alkyl, cycloalkyl,
heterocvelyl, aryl, heteroaryl, halo, hydroxy, cyano, -5( O)-N(R*)-R®, -NREC(OINR'RY,

and -X'RY: where
X' is oxyeen, -8(0),-, or -NR'-;
nis 0,1, 0r2;

each R® is independently selected from the group consisting of hydrogen, alkyl, aryl, cycloalkyl,

heteroaryl, and heterocyelyl; and
R’ is selected from the group consisting of hydrogen, alkyl, and aryi;

or R* and R* together with the carbon atoms pendent thereto, form a cycloalkyl, heterocyclyl,

aryl, or heteroaryl;

R’ and R® are independently selected from the group consisting of hydrogen, halo, alkyl, atkoxy,

aryl, heteroaryl, and X*R'% where
X7 is oxygen, -5{0),-, or -NR"-;
nis G, 1,o0r2;
R is selected from the group consisting of alkyl, aryl, heteroaryl, and heterocyclyl; and

R" is selected from the group consisting of hydrogen, alkyl, and aryl;
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or when X2 is =NR -, then R'* and R", together with the nitrogen atom to which they are bound,

can be joined fo form a heterocyclyl group;

wherein each alkyl, alkoxy, cycloalkyl, heterocyclyl, aryl, heteroaryl, and heterocyelyl described
above can be optionally substituted with from 1 to 3 R'™,

5 wherein each R™ is independently selected from the group consisting of alkoxy, acyl, acylamino,
acyloxy, amino, aminoacyl, aminocarbonyliamino, aminothiocarbenylamino,
aminocarbonyloxy, aryl, aryloxy, aryloxyaryl, cyano, halogen, hydroxyl, nitro, oxo,
thioxo, carboxyl, carboxyl ester, cycloalkyl, thio, alkylthio, arylthic, cycloalkylthio,
heteroarylthio, heterocyclicheterocyelylthio, sulfonyl, heteroaryl,

10 heterocyclicheterocyelyl, cycloalkoxy, heteroaryvloxy, heterocyclyloxy,
oxycarbonylamino, oxythiocarbonylamino, -O8(0)s-alkyl, -OS(O),-aryl, -OS(O).-
heteroaryl, -O$(0);-heterocyelyl, -OS0,-NR¥RY, NRS(0),-NR*-alkyl,
NR¥S(0),-NR"-aryl, -NR"S(0),-NR**-heteroaryl, and -NR$(0),-NR“*-heterocyclyl,

where each R* is independently selected from hydrogen or alkyl;

15 provided that the compound is not I-dimethylaminomethyl-4-hydroxy-7-phenylsulfanyl-

isoquinoline-3-carboxylic acid butyl ester.

[0196] In another aspect, the invention is directed to 4-hydroxy-7-phenoxyisoquinoline-3-carboxylic

ecid methyl ester (3a):

3a

20 [8197] Inanother aspect, the invention is directed to methyl 4-hydroxy-1-methyl-7-

phenoxyisoquinoline-3-carboxylate (3e):

OH

©\ . -CO:Me
N
O o

3e
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Isequinocline Synthesis

{6298] The compounds and methods of the invention can be used for the synthesis of various
isoquincling compounds. Such compounds are known to be useful for inhibiting HIF hydroxylase
activity, thereby increasing the stability and/or activity of hypoxia inducible factor (HIF), and can be used
1o treat and prevent HIF -associated conditions and disorders (see, e.g., U.S. Patent No. 7,323,475).
Exemplary substituted isoquinoline compounds which can be prepared using the methods disclosed

herein include those represented by formula X:

R°®° OH 0 R m

3 R
R = NM
|
Ré ~N R
R X

wherein R?, R*, R® and R® are as defined for formula I above and;
pis 0 when R* is -COOH; pis 1 when R*is —~-WR';

W is selected from the group consisting of oxygen, -8(0},- and ~NR"-where nis 0, 1, or 2, RY
is selected from the group consisting of hydrogen, alkyl, substituted alkyl, acyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryi, heterocyclyl and substituted heterocyelyl
and R™ is selected from the group consisting of hydrogen, alkyl, substituted afkyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl, heterocyclyl and substituted heterocyciyl,
or when W is ~-NR"- then R'® and R", together with the nitrogen atom to which they are

bound, can be jomed to form 2 heterocycely! or a substituted heteroeyelyl group;
R is selected from the group conststing of hvdrogen, deuterivm and methyl;

R' is selected from the group consisting of hydrogen, deuterivim, alkyl and substituted alkyl;
alternatively, R and R’ and the carbon pendent thereto can be joined to form cycloalkyi,

substitated cycloalkyl, heterocyelyl or substituted heterocyelyl group;

R" 1s selected from the group consisting of hydrogen and alkyl or R" together with R' and the
nitrogen pendent thereto can be joined to form a heterocyelyl or substituted heterocyclyl

group;

and pharmaceutically acceptable salts, stercoisomers, mixture of stereoisomers, and esters

thereof.
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[6199] Exemplary mcthods for the preparation of compounds described herein are shown in the
Schemes below, where Z, X°, R%, R*, R*, R*, R R'", R™, 2, R5 R, R and R are as defined for formula T

and formula X above, and PG s a standard amine protecting group.

Scheme A
R o RO PGHNWZ“RZ
R éd o O’R? A~100
R Y R* X!
RS RS
A-100 A-200

[0266] Compounds A-26¢ for use in the reactions depicted in Scheme A, can be prepared by contacting
compounds A-160 with a suitable Lewis acid such as trimethyl borate, in the presence of a halogenating
agent, such as dichlorotriphenylphosphorane and thionyl chloride to generate the acyl halide, which upon
contact with an alcohol of the formula R*-OH, such as methanol, vields the corresponding halogenated
ester A-280. Upon reaction compietion, A-284 can be recovered by conventional techniques such as
neutralization, extraction, precipitation, chromatography, filtration, and the like; or, alternatively, used in

the next step without purtfication and/or isolation.

[@201] Compounds A-200 can be modified to A-360 (formula IT) by contacting A-204 with about a
stoichiometric amount of a suitable alpha-amino acid of formula A-18 (whercin PG refers o a suitable
protecting group such as mesyl, tosyl, etc.) and a catalytic amount of sodium iodide. The reaction is
conducted under conventional coupling conditions well lmown in the art, A suitable base is then added,
such as sodium methoxide, sodium cthoxide or another suitable base in methanol, DMF or another
suitable solvent. The reaction is continued until it is substantially compiete which typically occurs within
about I to 72 h. Upon reaction completion, the compounds A-386 can be recovered by conventional

techniques such as neutralization, extraction, precipitation, chromatography, filtration and the like,

[0282] Compounds A-300 can be modified to B-166 (formula 1) by the methods of the present

invention as shown in Scheme B.

Scheme B
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- RE OH O » (RT),N VN(R11)Q . RS OH O -
=z A-20 4
R4 =N - R4 =N
R® RS g
A-300 |
g-i00 R

[8203] For example, contacting A-30¢ with about a stoichiometric amount or a slight excess thereof of a
compound of formula A-26 (formula IIT) in the presence of an acid, such as acetic acid, provides
compounds B-1006. The reaction is continued until it is substantially complete which typically occurs

5  within about 1 to 72 . Upon reaction compietion, the compounds B-10¢ may be recovered by
conventional techniques such as neutralization, extraction, precipitation, chromatography, filtration and

the like, or used in the next step without isolation and/or purification.

[0204] Compounds B-10¢ (formula I} can be modified to compounds C-100 (formula VII) and C-260

(formula V) by the methods of the present invention as shown in Scheme C.

10 Scheme C
0 0
RTZJJ\O)LRQ
A-30 RE OH ©
3
or R s Z,RZ
R127 X2 or RYAXE RE O/U\R'?z
B-100 RV o) C-200
then R12JJ\OH { 1
R R .
R
. HNM 5
R® OH 0 R r e R OH O
3 R2 R® .R?
R = N7 T A-40 4
] Ao
R4 2N R" R4 =N
RS R®
C-400 £-300

[6205] For example, contacting B-108 with an excess (e.g. 2 — 3 equivalents) of compound A-30
(formula V) in the presence of an acid, such as acetic acid, provides compounds C-£06 and C-200.

Alternatively, contacting B-100 with an acyl halide of formula R™-C(0)X” or an alky] halide of formuia
Ky
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R12.3°, followed by an acid of formula R*-C(O)OH, such as acetic acid, provides compounds C-109 and
C-288. The reaction is typically conducted at temperatures of about 100 °C, and is continued until it is
substantially complete which typically oceurs within about 1 to 72 h. Compounds C-200 can be provided
by the methods of the present invention, such as reaction of the nmxture of compounds C-108 and C-20¢
with an amine, such as morpholine in a suitable polar solvent, such as DMF. The reaction is typically
performed at temperatures below room temperature (i.e. 0 to 10 "C). Upon reaction completion, the
compounds C-200 can be recovered by conventional techniques such as neutralization, extraction,

precipitation, chromatography, filtration and the like,

[06206] Compounds C-20@ (formula IV) can be modified to C-380 (formuia V) under reaction
conditions according to the present invention. In certain embodiments, the reaction conditions are
hydrogenation reaction conditions. Such conditions typically con'ipn'se a catalyst, such as a palladium
catalyst (e.g. palladiun:(0) on carbon), under a hydrogen atmosphere. In some embodiments, the
hydrogenation reaction is conducted under pressure. In some embodiments, the hydrogenation reaction
conditions comprise a base, such as sodium carbonate. In some embodiments, the hydrogenation reaction

conditions comprise from about 0.5 o about 1 molar equivalents of sodium carbonate.

[0207] Compounds C-48¢ (formula X) can be synthesized by contacting compounds C-300 (formula
V) with at least a stoichiometric amount or an gxcess of a suitable amino acid or derivative thereof A-40
{particularly, but not limited to, glycine or its corresponding salts). The reaction is conducted under
conventionai coupling conditions well known in the art. In one embodiment, the reaction is conducted n
the presence of sodium methoxide, sodivm ethoxide or another suitable base in methanol, DMF or
another suitabie solvent ymder elevated reaction temperatures and particularly at reflux. The reaction is
continued until it is substantially complete which typically occurs within about 1 to 72 h. Alternatively,
the reaction can be performed at ¢levated temperatures in a microwave oven. Upon reaction completion,
the compounds C-480 can be recovered by conventional techniques such as neutralization, extraction,

precipitation, chromatography, filiration and the like.
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Specific methods for the preparation of such substitated isoquinoline compounds are shown in

Scheme D below, where R?, R®, RY, R®, RY, R™, p, R®, R, R’ and R arc as defined herein, and PG is a

standard aminc protecting group.

Scheme D
5 PGHN O-pe
R® o RS N RE OH O
RS 3 2 0 3 2
. R o R D10 R S R
R6 RB RB
A-100 B-100 D-200
(RN NR ),
A-20
o O
R® OH O
=3 R2 Rm'U\ OJJ\R,Q R® OH ©
s ol R3 =¥
A-36 = 0}
=N +
R4 o] ZN
R A R
" TR¥2 RS Rt
D-500 l?l
f D-300 p1
R R .
. 5 ,
RE RZ ] " oy S
N o R | N,
" N A-4D NANEN R
RE R®
D-500 C-400
5
{0209} Compounds D-108 for use in the reactions depicted in Scheme D, can be prepared by contacting
compounds A-180 with 2 suitable Lewis acid such as trimethyl borate, in the presence of
dichlorotriphenylphosphorane and thionyi chloride to generate the acyl chloride, which upon contact with
an alcohol, such as methanol, vields the corresponding ester D-14€. Upon reaction completion, D-104
10

can be recovered by conventional techniques such as neutralization, extraction, precipitation,

chromatography, filtration, and the like; or, alternatively, used in the next step without purification and/or

- isolation.
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[0216] Compounds DB-106 can be modified to B-266 (formula 11A) by contacting B-186 with about a
stoichiometric amount of a suitable alpha-amino acid of formula D-10 {wherein PG refers to a suitable
protecting group such as mesyl, tosyl, etc.) and a catalytic amount of sodium iodide. The reaction is
conducted under conventional coupling conditions well known in the art. A suitable base is then added,
siich as sodivm methoxide, sodium ethoxide or another suitable base in methanol, DMF or another
stitabie solvent. The reaction is continued until it is substantially complete which typically ocours within
about 1 to 72 h. Upon reaction completion, the compounds D-280 can be recovered by conventional

techniques such as neutralization, extraction, precipitation, chromatography, filtration and the like.

{6211} Compounds D-200 can be modified to D-360 (formula 1A} by the methods of the present
invention. For example, contacting D-208 with about a stoichiometric amount or a slight excess thercof
of a compound of formula A-20 in the presence of an acid, such as acetic acid, provides compounds D-
306. The reaction is continued until it is substantially complete which typically occurs within about 1 to
72 h. Upon reaction completion, the compounds D-380 can be recovered by conventional techmiques

such as neutralization, extraction, precipitation, chromatography, filtration and the like.

[0212] Compounds D-388 can be modified to compounds D-46¢ (formula VIIA) and D-500 (formula
IVA) by the methods of the present invention. For example, contacting D-3080 with an excess {e.g. 23
equivalents) of compound A-30 in the presence of an acid, such as acetic acid, provides compounds D-
406 and D-580. The reaction is typically conducted at temperatures of about 100 °C, and is continued
untii it is substantially complete which typically occurs within about 1 to 72 h. Compounds B-500 can be
provided by the methods of the present invention, such as reaction of the mixtare of compounds D-400
and D-500 with an amine, such as morpholine in a suitable polar solvent, such as DMF. The reaction is
typically performed at temperatures below room temperature (e.g., 0 to 10 °C). Upon reaction
completion, the compounds D-500 can be recovered by conventional techniques such as neutralization,

extraction, precipitation, chromatography, filtration and the like.

[6213} Compounds D-500 can be modified to D-660 (formula VIA) under reaction conditions according
to the present invention. In certain embodiments, the reaction conditions are hydrogenation reaction
conditions. Such conditions typically comprise a catalyst, such as a palladium catalyst (e.g. palladium(()
on carbon), under a hydrogen atmosphere. In some embodiments, the hydrogenation reaction is
conducted under pressare. In some embodiments, the ydrogenation reaction conditions comgprise a base,
such as sodium carbonate, In some embodiments, the hydrogenation reaction conditions comprise from

about 0.5 to about 1 molar equivalenis of sodium carbonate.
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[0234] Compounds C-400 (formula X) can be synthesized by contacting compounds D-600 with at
least a stoichiometric amount or an excess of a suitable amino acid or derivative thereof A-40
(particularty, but not limited to, glycine or its corresponding salts). The reaction is conducted under
conventional coupling conditions well known in the art. In one embodiment, the reaction is conducted in
the presence of sodium methoxide, sodium ethoxide or another suitable base in methanol, DMF or
another suitable solvent under elevated reaction temperatures and particularly at reflux. The reaction is
continued until it is substantially complete which typically occurs within about 1 to 72 h. Alternatively,
the reaction can be performed at elevated temperatures in a microwave oven, Upon reaction completion,
the compounds C-460 can be recovered by conventional techniques such as neufralization, extraction,

precipitation, chromatography, filtration and the like.

[6215] The compounds A-100, A-18, A-20, A-30, A-40, and D-18 for use in the reactions depicted in
the above Schemes are either available from commercial sources or can be prepared according 1o known
literature procedures. Other modifications to the compounds provided by this invention are well within
the skill of the art, For example, modification of the C-4 hydroxy group may be done by conventional
means to corresponding cthers, acyloxy, and the like. In addition, compounds A-46 can be used as
provided in U.S. Patent No. 7,323,475,

[6216] In the art, soquinoline compounds have been prepared according to methods which are not
desirable for large scale production (Scheme E, where R™ is a general abbreviation that represents a
substituent group as described herein (i.¢., alkyl, alkoxy, aryl, aryloxy, etc}). Exemplary substituent
groups include alkyl, alkoxy, heteroalkyl, aryl, aryloxy, etc., each as defined herein. For example,
isoquinoline compounds prepared according to U.S. Patent No. 7,323,475 involve the undesirable
chromatographic separation of regioisomers £-200 and E-300. It is contempiated that such a process
would be inefficient on a large scale. In addition, the conversion of E-46@ to the corresponding bromide
E-30¢ in order to furnish the alkyl substitution on the isoquinoline ring of compounds E-688 requires the
use of phosphorus oxybromide which is both toxic and potentially explosive. Advantageously, in contrast
to methods previously disclosed, the methods of the present invention do not require the use of such

hazardous reagents for the synthesis of isoquinoline compounds.
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Scheme E
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10217] The synthesis of 1-dimethylaminomethyl-4-hydroxy-7-phenylsul fanyl-isoquinofine-3-carboxylic
acid butyl ester has been reported in U.S. Patent No. 7,323,475, using a mixture of 4-hydroxy-7-
phenylsulfanyl-isoquinoline-3 carboxylic acid butyl ester, N.N-dimethylmethylencammonium iodide, and
potassium carbonate in anhydrous dichloromethane. However, only 16% of the desired 1-
dimethylaminomethyi-4-hydroxy-7-phenylsulfanyl-isoquinoline-3-carboxylic acid butyl ester was
obtained. Advantageously, in contrast to methods previously disclosed, the methods of the present

invention provide good vields for the synthesis of compounds described berein.

Examples

[6218] The invention is further understood by reference to the following examples, which are intended
to be purely exemplary of the invention. The present invention is not limited in scope by the exemplified
embodiments, which are intended as illustrations of single aspects of the invention only. Any methods
that are functionally equivalent are within the scope of the invention. Various modifications of the
invention in addition to those deseribed herein will become apparent to those skilled in the art from the
foregoing description and accompanying figures. Such modifications fall within the scope of the

appended claims.

[6219] Unless otherwise stated all temperatures are in degrees Celsius (°C). Also, in these examples

and elsewhere, abbreviations have the following meanings:

EtOH = Ethanol
Et = Ethyl
g = Gram
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h = Hour

HPLC = Highperformance liquid chromatography
L = Liter

MeOH = Methanol

mg = Milligram

min = Minute

ml. = Milkliter

mM = Miltlimolar

mmol = Millimole

Ac = Acetyl

NaOMe = Sodinm methoxide

EXAMPLE 1
Preparation of 2-(d-hydroxy-1-methyl-S-phenoxyisoguinoline-3-carboxamido)acetic acid

a) Preparation of methyl 1-((dimethylamino)methyl)-4-hydrexy-5-phenoxyisequincline-3-

carboxyliate {(ib)

{6220] A round bottom flask fitted with thermocouple and condenser can be charged with 1a and acetic
acid {about 7 molar equivalents + 5%). The suspension of 1a in acetic acid can be stirred vigorously with
magnetic stirring {note: overhead stirring should be done for larger scale work). A slight excess of bis-
dimethylamimomethane {about 1.25 molar equivalents) can then be slowly added to the mixture {Note:
Reaction is slightly exothermic, 15-20 °C temperature rise can be observed]. After the addition is
complete, the mixiure can be heated to 55 + 3 °C and maintained for af jeast 8 h. The reaction can then be
evajuated by HPLC. If the amount of 1a is greater than 0.5%, the reaction can be stirred for additional 2

hours at 55 & 5 °C and reevaluated by HPLC.
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b) Preparation of methyl I-{(acetoxy)methyl)-4-hydroxy-5-phenoxyisoquinoline-3-carboxylate (1¢)

Morphaline l

[0221] The sclution of 1b from Example 1a) can be cooled to below 25 °C, at which time acetic
anhydride (about 3 molar equivalents) can be added slowly at a temperature below 50 °C [Note: Reaction
is exothermic, 20-25 °C temperature rise can be observed. Rate of addition is important to confrol the
exothermic reaction between acetic anhydride and dimethyl amine of 1b. Excess heat generated will
cause unsafe rapid evolution of gaseous dimethyl amine]. After the addition is complete, the mixture can
be heated to 100 + 5 °C for 20-24 hours. The reaction can then be evaluated by HPLC. If Ibis inan
amount greater than 2%, the reaction can be stirred for an additional 2 hours and then reevaluated by

HPLC.

[6222] 1d canbe converted to Ee by the following procedure. The solution of 1e and 1d from the above
procedure can be cooled to Tess than 65 + 5 °C with good mixing. If the reaction temperature goes below
30 °C, the reaction may solidify, Water can be slowly and steadily added (the first half can be added over
1 hour and the rest added over 30 minutes). The mixture can then be cooled and stirred at 20:£5°C for at
least 3 hours, at which time the mixture can be filtered and the wet cake washed with water (3X) and
added to & round bottom flask fitied with a mechanical stirrer. Dichloromethane and water (3:1 by
volume) can be added and the mixture stirred for 30 minutes. The dichloromethanc can be separated

(without including the interface or agueous layer} and the solution evaluated by HPLC.

[0223] 1c can be further purified according to the following procedure. The above sclution can be
added 1o a flask, fitted with mechanical stirrer, and cooled to 5 £ 5 °C. Morpholine can be added and the
mixturs stirred at 5+ 5§ °C for 30-60 mamutes and evaluated by HPLC. If the amount of 1d is greater than
2%, the reaction can be stirred for an additional hour. Once the reaction reached completion, 1¢ can be

precipitated from cold acetone/methanol solution, filtered, washed and dried under vacuum at 50 =5 °C,
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¢} Preparation of methyl 4-hydroxy-1-methyl-5-phenoxyisoquinoline-3-carboxylate (1€)

COzMe

ic OJK 1e

[6224] A glass lined Parr pressure reactor vessel equipped with a 4-blade impeller can be charged with
1¢, PA/C (about 0.4 to (.5 molar equivalents), anhydrous Na,CO; (about 0.5 molar equivalents), and ethyi
acetate. The flagk can then be vacuum-purged with nitrogen (3X) and vacuum-purged with hydrogen
(3X). The flask can then be pressurized with hydrogen to set point 60 psi and stirred at 60 °C for 6-8 hrs
until completion of reaction (Ic <0.5%). The flask can then be cooled to 20-25 °C, the pressure released
to ambient, the head space purged with nitrogen three times and filtered through glass microfiber filter
paper. The filtrate can be concentrated and precipitated from cold methanol and dried under vacuum at
50+ 5 °C.

d) Preparation of 2-(4-hydroxy-1-methyl-3-phenoxyisoquinoline-3-carbexamido)acetic acid (1f)

., ., ..,

OH 8}
; N7 Y |
COQMQ i OH
TR 1) C Xy N
| N B H/\no/
= 2y acelic acid =N
te 1f

[0225] 2-(4-Bydroxy-1-methyl-5-phenoxyisoquinoline-3-carboxamidoe Yacetic acid can be prepared from
q prey

Ie according to the following procedure.

[0226] A pressure glass reaction flask which included top threads for a screw cap lid can be fitted with a
magnetic stirrer, charged with e, glycine (about 3 molar cquivalents), methanol, and a sodium methoxide
solution {with 1.2 molar eqivalents NaOCH;)and sealed. The reaction can then be heated to 116 °C for at
feast 6 h during which time the reaction forms a yellow suspension. The reaction can then be cooled to
20-25 °C and evalvated by HPLC. The reaction can be continued until less than 19 Ie remains as
determined by HPLC, filtered, washed with methanol, dried under vacuum, dissolved in water and
extracted with ethyl acetate to remove impurities to below 0.1%. The ethyl acetate ¢can be removed and
an acetic acid solution {(with 3 molar eqivalents acetic acid) can be added over one hour. The suspension
can be stirred at room temperature for at least 3 hours, filtered, and the solid washed with water {3X), cold

acetone (5-10 °C, 2X) and evaluated for impurities by HPLC. If acetone removable impurities are
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present, the flask can be charged with acetone and refluxed for at least 8 h, siowly cooled to 5-10 °C,
stirred for at least 2-3 h, filtered, washed with cold acetone (5-10 °C, 3X) and dried under vacuum to

obtain 2-(4-hydroxy-1-methyl-5-phenoxyisoquinoline-3-carboxamidoacetic acid.
EXAMPLE 2
5 Preparation of 2-(4-hydroxy-1-methyl-6-phenoxyisoquinoline-3-carboxamido)acetic acid

a} Preparation of methyl i-((dimethylaminc)methyl)-4-hivéroxy-6-phenoxyisogquingline-3-

carboxviate (2b}
OH O
o} Ly COMe _N R CO2ME
©/ =N =N
aceiic acid
N/

{82271 A round bottom flask fitied with thermocouple and condenser can be charged with 2a and acetic

10 acid (about 7 molar equivalents = 5%). The suspension of 2a in acetic acid can be stirred vigorously with
magnetic stirring (note: overhead stirring should be done for larger scale work). A slight excess of bis-
dimethylaminomethane (about 1.25 molar equivalents) can then be slowly added to the mixture [Note:
Reaction is slightly exothermic, 15-20 °C temperature rise can be observed]. After the addition is
complete, the mixture can be heated to 55 £ 5 °C and maintained for at least 8 h. The reaction can then be

15 evaluated by HPLC. If the amount of 2a is greater than 0.5%, the reaction can be stirred for additional 2
hours at 55 = 5 °C and reevaluated by HPLC.

b) Preparation of methyl I-{(acetoxy)methyl}-4-hydroxy-6-phenoxyisequinoline-3-carboxylate (2¢)

NMotpholine

j0228] The solution of 2b from Example 2a) can be cooled to below 25 °C, at which time acetic

20  aphydride (about 3 molar equivalents) can be added slowly at a temperature below 50 °C [Note: Reaction
is exothermie, 20-25 °C temperature rise can be observed. Rate of addition is important o controf the
exothermic reaction between acetic anhydride and dimethyl amine or 2b. Excess heat generated will

cause unsafe rapid evolution of gaseous dimethyl amine]. After the addition is complete, the mixture can
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be heated to 100 + 5 °C for 20-24 hours. The reaction can then be evaluated by HPLC. I 2b is inan
amount greater than 2%, the reaction can be stirred for an additional 2 hours and then reevaluated by

HPLC.

[0229] 24 can be converted to 2¢ by the following procedure. The solution of 2¢ and 2d from the above
procedure can be cooled to less than 65 = 5 °C with good mixing. If the reaction temperature goes below
30 °C, the reaction may solidify. Water can be slowly and steadily added (the first half can be added over
1 hour and the rest added over 30 minutes). The mixture can then be cooled and stirred at 20+£5°C for at
least 3 hours, at which time the mixture can be filtered and the wet cake washed with water (3X) and
added to a round bottom flask fitied with a mechanical stirrer. Dichloromethane and water (3:1 by
volume) can be added and the mixture stirred for 30 minutes. The dichloromethane can be separated

(without including the interface or aqueous layer) and the solution evaluated by HPLC.

[0238) 2c can be further purified according to the following procedure. The above solution can be
added to a flask, fitted with mechanical stirrer, and cooled to 5+ 5 °C. Morpheline can be added and the
mixture stitred at 5 = 5 °C for 30-60 minutes and evaluated by HPLC. ¥f the amount of 2d is greater than
2%, the reaction can be stitred for an additional hour. Ongce the reaction reached completion, 2¢ can be

precipitated from cold acetone/methanol solution, filtered, washed and dried under vacuum at 50 =5 °C.

¢) Preparation of methyl 4-hydroxy-1-methyl-6-phenoxyisoquinoiine-3-carboxylate (2e)

OH
, \> O \E COzme
l o =N

2¢

[0231] A glass lined Parr pressure reactor vessel equipped with a 4-blade impeller can be charged with
2¢, Pd/C (about 0.4 to 0.5 molar equivalents), anhydrous Na;COs (about 0.5 molar equivalents), and ethyl
acetate. The flask can then be vacuum-purged with nitrogen (3X) and vacuum-purged with hydrogen
{3X). The flask can then be pressurized with hydrogen to set point 60 psi and stirred at 60 °C for 6-8 hrs
until completion of reaction {2¢ <0.5%). The flask can then be cooled to 20-25 °C, the pressure released
to ambient, the head space purged with nitrogen three times and filtered through glass microfiber filter
paper. The filtrate can be concentrated and precipitated from cold methanol and dried under vacuum at

50+ 5°C.

d} Preparation of 2-(4-hydroxy-1-methyl-6-phenoxyisoquinoline-3-carboxamido)acetic acid (2f)
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OH OH oH ©
0 CoMe . HaN Y 0 5 oH
@/ 2 1 o ©/ \l N/\n/
= =N 2} acetic acid =N o
2

] 2

[6232] 2-(4-Hydroxy-1-methyl-6-phenoxyisoguinoline-3-carboxamidodacetic acid is prepared from 2e

according to the following procedure.

[6233] A pressure glass reaction flask which included top threads for a screw cap 1id can be fitted with a
magnetic stirrer, charged with 2e, glycine (about 3 molar equivalents), methanoi, and a sodium methoxide
solution (with 1.2 molar egivalents NaOCHs)and sealed. The reaction can then be heated to 110 °C for at
least 6 h during which time the reaction forms = yellow suspension. The reaction can then be cooled to
20-25 °C and evaluated by HPL.C. The reaction can be continued until less than 19 2e remains as
determined by HPLC, filtered, washed with methanal, dried under vacuum, dissolved in water and
extracted with ethyvl acetate to remove impurities to below 0.1%. The ethy! acetate can be removed and
an acetic acid solution (with 3 molar eqivalents acetic acid) can be added over one hour. The suspension
can be stirred at room temperature for at least 3 hours, filtered, and the solid washed with water (3X), cold
acetone (5-10 °C, 2X) and evaluated for impurities by HPLC. If acetone removable impurities are
present, the flask can be charged with acetone and refluxed for at feast 8 h, slowly cooled to 5-10 °C,
stirred for at Jeast 2-3 h, filtered, washed with cold acetone (5-10 °C, 3X) and dried under vacuum to

obtain 2-(4-hydroxy-1-methyl-6-phenoxyisoquinoline-3-carboxamido}acetic acid.

EXAMPLE 3
Preparation of 2-(d-hydroxy-1-methyi-7-phenoxyisoguinoline-3-carboxamide)acetic acid

a) Preparation of 5-phenoxyphthalide

O O
PhOH, K2C05
O Aceiylacetone, ©\ o
Br (@]

CuBr, DMF

[8234] A reactor was charged with DMF (68 K g}, and stirring was initiated. The reactor was then
charged with phenol (51 Kg), acetylacetone (8 Kg), 5-bromophthalide (85 Kg), copper bromide (9 Kg},
and potassium carbonate (77 Kg). The mixtare was heated above 85 °C and maintained until reaction
completion and then cooled. Water was added. Solid was filtered and washed with water. Solid was

dissolved in dichloromethane, and washed with aqueous HCl and then with water. Solvent was removed
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under pressure and methanol was added. The mixture was stirred and filtered. Solid was washed with

methano! and dried in an oven giving S-phenoxyphthalide (Yield: 72%, HPLC: 99.6%).

b) Preparation of 2-chloromethyl-4-phenoxybenzoie acid methyl ester

0 0] o}
B{OMe)s, (Ph}sPCly Cl MelH Ohde
O I Ci
0 S0Ci;, tolueng o Ci o

[6235] A reactor was charged with toluene (24 Kg), and stirring was initiated. The reactor was then

charged with 5-phenoxyphthalide (36 K.g), thionyl chloride (41 Kg), trimethyl borate (1 Kgj,
dichlorotriphenylphosphorane (2.5 Kg), and potassium carbonate (77 Kg). The mixture was heated to
reflux until reaction completion and solvent was removed leaving 2-chloromethyl-4-phenoxybenzoyl
chloride. Methanol was charged and the mixiure was heated above 50 °C until reaction completion,
Solvent was removed and replaced with DMF. This solution of the product methyl 2-chloromethyl-4-

phenoxybenzoic acid methyl ester in DMF was used directly in the next step (HPLC: 85%).

¢) Preparation of 4-hvdroxy-7-phenoxyisoguinoline-3-carboxylic acid methyl ester (3a)

Q

i
Ll
Ts-Gly-OMi \
OO S QO™ o o
Nal. KaG 2) HOAC; HaD
o ONE 0"~ ) HOAG H, L -COMe
B\ ,N\/COQMG
0 N

3
\-
%

L HiC i = | 3a
{236] A reactor was charged with a solution of 2-chlorometivyl-4-phenoxybenzoic acid methyl ester
(~68 Kg) in DMF, and stirring was initiated. The reactor was then charged with p-toluenesulfonylglycine
methyl ester (66 Kg}, potassium carbonate (60 Kg), and sodium iodide (4 Kg). The mixture was heated to
at least 50 °C until reaction completion. The mixture was cooled.  Sodium methoxide in methanol was
charged and the mixture was stirred until reaction completion. Acetic acid and water were added, and the
mixture was stirred, filtered and washed with water. Solid was purified by acetone trituration and dried in
an oven giving 3a (Yield from step b): 58%; HPLC: 99.4%). 'F NMR (200 MHz, DMSO-d6) d 11.60 (s,
I H), 8.74 (s, 1H), 8.32(d, ] =9.0 Hz, 1 H}, 7.60 (dd, ] = 2.3 & 9.0 Hz, 1H), 7.49 (m, 3 H), 7.24 (m, 3 H),
3,96 (s, 3 H); MS-(+)-<ion M+1 = 296,09
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d) Preparation of methyl i-({(dimethylamino)methyl)-4-hydroxy-7-phenoxyisoquincliine-3-

carboxyviate (3b)
COM
Q O _glycine Ny COMe /N\/ ~ @ 2Me
=N
acettcamd

f6237] A flask was charged with 3a (29.5 g) and acetic acid (44.3 g = 5%), and then stirred. Bis-
dimethylaminomethane (12,8 g + 2%) was slowly added. The mixture was heated to 55 £ 5 °C and
maintained until reaction completion. The reaction product was evaluated by MS, HPLC and 'H NMR.
'HNMR (200 MHz, DMSO-d6) ¢ 11.7 (S, 1 H), 8.38 (d, ] = 9.0 Hz, 1 H), 7.61 (dd, I =9.0, 2.7 Hz, 1 H),
7.49 (m, 3 H), 7.21 (m, 3 H), 5.34 (s, 2 H), 3.97 (5, 3 H), 1.98 (s, 3 H); MS-(+)-ion M+] = 368.12.

¢) Preparation of methyl i-({acetoxy)methyi-4-hydrexy-7-phenoxyisoquincline-3-carboxylate (3¢)

$ Morphaling I

{0238} The solution of 3b from a) above was cooled below 25 °C, at which time acetic anhydride (28.6
g+ 3.5 %) was added to maintain tomperature below 50 °C. The resulting mixture was heated to 100 =

5 °C until reaction completion.

{82391 The solution of 3¢ and 34 from above was cooled to less than 65 = 5 °C. Water (250 mL) was
slowly added. The mixture was then cooled to below 20 + 5 °C and filtered. The wet cake was washed
with water (3 x 30 mL) and added to a new flask. Dichloromethane (90 mL) and water (30 mL.) were
added, and the resulting mixture was stirred. The dichloromethane layer was separated and evaluated by
HPLC.

[6248]) The organic layer was added to a flask and cooled 5% 5 °C. Morpholine was added and the
mixture was stirred until reaction completion. Solvent was replaced with acetone/methanol mixture.
After cooling, compound 3¢ precipitated and was filtered, washed and dried in an oven (Yield: 81%,
HPLC: >99,7%). "HNMR (200 MHz, DMSO-d6) d 11.6 (S, 1 H), 8.31 (d, J= 9.0 Hz, 1 FY), 7.87 (d, I =
2.3 Hz, 1 H), 749 (m, 3 H), 7.24 {m, 3 H), 3.95 (5, 3 H), 3.68 (s, 2H), 2.08 (s, 6 H); MS-(-+)-ion M+1 =
357.17.
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f} Preparation of methy! 4-hydroxy-1-methyl-7-phenexyisoquinoline-3-carboxylate (3¢)

OH
OH

CO,Me
@ SR Hy, Pd-C o COMe
N —_—
0
3 3

o

C e

16241} A reactor was charged with 3¢ (16.0 g}, Pd/C (2.08 g), anhydrous Na,COs (2.56 g) and ethyl
acetate (120 mL). The flask was vacuum-purged with nitrogen (3X) and vacuum-purged with hydrogen
(3X). The flask was then pressurized with hydrogen and stirred at about 60 °C untii completion of
reaction. The flask was cooled to 28-25 °C, the pressure released to ambient, the head space purged with
nitrogen three times and mixture was filtered. The filtrate was concentrated. Methanol was added, The
mixture was stirred and then cooled. Product precipitated and was fittered and dried in an even (Yield:

90%, HPIL.C: 99.7%).

g} Preparation of 2-(4-hydroxy-1-methyl-7-phenoxyisoguinoline-3-carbexamido)acetic acid (30)

HEN/YOH %)H O

1) o N/\_]/OH
- L .

2} acetic acid o) N 0

3f

/

TN

[0242] 2-(4-hydroxy-1-methyl-7-phenoxyisoquinoline-3-carboxamido yacetic acid was prepared from 3e

according to the following procedure.

[0243] A pressure flask was charged with 3e (30,92 g), glyeine (22.52 ¢), methanol (155 mL), sodium
meethoxide solution (64.81 g) and sealed {as an alternative, sodimm glycinate was used in place of glycine
and sodium methoxide)., The reaction was heated to about 110 °C until reaction was complete. The
mixture was cooled, filtered, washed with methanol, dried under vacuum, dissolved in water and washed
with ethy! acetate. The ethyl acetate was removed and to the resulting aqueous layer an acetic acid {18.0
g) solution was added. The suspension was stirred at room temperatare, filtered, and the solid washed
with water (3 x 30 mL), cold acetone (5-10 °C, 2 x 20 mlL.), and dried under vacuum to obtain 2-(4-
hydroxy-1-methyl-7-phenoxyisoquinoline-3-carboxamido)acetic acid (Yield: 86.1%, HPLC: 99.8%).
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EXAMPLE 4
Preparation of 2-(4-hydroxy-1-methyi-8-phenoxyisoguinoline-3-carboxamido)jacetic acid

2) Preparation of methyl 1-((dimethylamino)methyi}-4-hydroxy-8-phenoxyisoquinoline-3-
carboxylate (4b)

OH | OH

COZMe IEI N B COZM@

SN

¥
\
=

=N
acetic acid

5 L 4a 4 |

[6244] A round bottom flask fitted with thermocouple and condenser can be charged with 4a and acetic
acid {about 7 molar equivalents + 5%). The suspension of 4a in acetic acid can be stirred vigorously with
magnetic stirring (note: overhead stirring should be done for larger scale work). A slight excess of bis-
dimethylaminomethane (about 1.25 molar equivalents) can then be slowly added to the mixture [Note:

10 Reaction is slightly exothenmic, 15-20 °C temperature rise can be observed]. After the addition is
complete, the mixture can be heated to 55 + 5 °C and maintained for at least 8 h. The reaction can then be
evaiuated by HPLC. If the amount of 4a is greater than (.5%, the reaction can be stirred for additional 2

hours at 55 & 5 °C and reevaluated by HPLC.

) Preparation of methyl I-((acetoxy)methyl)-4-hydroxy-8-phenoxyisoquinoline-3-carboxylate (4¢)

OH OH

\ COMe R Xy C0:Me S
Ac,0 1 i |
i ! ] 0

. O \N O 0)\ o
| g 4c

L

4b ’% Morphciine

- &

15

{0245] The solution of 4b from Example 4a) can be cooled to below 25 °C, at which time acetic

anhydride (about 3 molar equivalents} can be added slowly at a temperature below 50 °C [Note: Reaction

is exothermic, 20-25 °C temperature rise can be observed. Rate of addition is iraportant to control the

exothermic reaction between acetic anhydride and dimethyl amine 4b. Excess heat generated will cause
20 umsafe rapid evolution of gaseous dimethyl amine]. After the addition is complete, the mixture can be

heatad to 100 + 5 °C for 20-24 hours. The reaction can then be evaluated by HPLC, If4bisin an
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amount greater than 2%, the reaction can be stirred for an additional 2 hours and then reevaiuated by

HPL.C.

[0246] 44 can be converted to 4¢ by the following procedure. The solution of 4¢ and 44 from the above
procedure can be cooled to less than 65 = 5 °C with good mixing. If the reaction temperature goes below
30 °C, the reaction may solidify, Water can be slowly and steadily added (the first half can be added over
1 hour and the rest added over 30 minutes). The mixture can then be cooled and stirred at 20+5°C for at
least 3 hours, at which time the mixture can be filtered and the wet cake washed with water (3X) and
added to a round bottom flask fitted with a mechanical stirrer. Dichloromethane and water (3:1 by
volume) can be added and the mixture stirred for 30 minutes. The dichloromethane can be separated

(without including the interface or aqueous layer) and the solution evaluated by HPLC.

[0247] 4c¢ can be further purified according to the following procedure, The above selution can be
added to a flask, fitted with mechanical stirrer, and cooled to 5 £ 5 °C. Morpholine can be added and the
mixture stirred at 5 £ 5 °C for 30-60 minutes and evaluated by HPLC. If the amount of 4d is greater than
2%, the reaction can be stirred for an additional hour. Once the reaction reached completion, 4¢ can be

precipitated from cold acetone/methanol solution, filtered, washed and dried under vacuum at 50 £ 5 °C.

¢} Preparation of methyl 4-hydroxy-1-methyl-8-phenoxyisoguincline-3-carboxylate (4¢)

[6248] A glass lined Parr pressure reactor vessel equipped with a 4-blade impeller can be charged with
4¢, PA/C (about 0.4 to 0.5 molar equivalents), arthyvdrous Na,COs (about 0.5 molar equivalents), and cthyl
acetate. The flask can then be vacuum-purged with nitrogen (3X) and vacuum-purged with hydrogen
(3X). The flask can then be pressurized with hydrogen to set point 60 psi and stirred at 60 °C for 6-8 hrs
until completion of reaction (4¢ <0.5%). The flask can then be cooled to 20-25 °C, the pressure released
to ambient, the head space purged with nitrogen three times and filtered through glass microfiber filter
paper. The filtrate can be concentrated and precipitated from cold methanol and dried under vacuum at
50+35°C.
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d) Preparation of 2-(4-hydroxy-1-methyl-8-phenoxyisoquineoline-3-carboxamido)acetic acid {4f)

OH oH OH ©
COMe  HNT Y OH

oy T 2 T Ny R N

| 1) 0 i H/ﬁ(
N - A O

\m/ 2) acetic acid E 3

2 C | 0
| P 4e _ 4f

[0249] 2-(4-hydroxy-1-methyl-8-phenoxyisoquinoline-3-carboxamido)acetic acid is prepared from 4e

according to the following precedure,

5 [0258] A pressure glass reaction flask which included top threads for a screw cap lid can be fitted witha
magnetic stirrer, charged with 4e, glycine (about 3 molar equivalents), methanol, and a sodium methoxide
solution (with 1.2 molar eqivalents NaOCH3)and scaled. The reaction can then be heated to 110 °C for at
least 6 h during which time the reaction forms a yellow suspension. The reaction can then be cooled to
20-25 °C and evaluated by HPL.C. The reaction can be continued until less than 1% 4e remains as

10 determined by HPLC, filtered, washed with methanol, dried under vacuum, dissolved in water and
extracted with ethyl acetate to remove impuritics to below 0.1%. The ethyi acetate can be removed and
an acetic acid solution (with 3 molar eqivalents acetic acid) can be added over one hour. The suspension
can be stirred at room temperature for at least 3 hours, filtered, and the solid washed with water (3X), cold
acetone (5-10 °C, 2X) and evaluated for impurities by HPLC. If acetone removable impurities are

15  present, the flask can be charged with acetone and refluxed for at least 8 h, slowly cooled te 5-10 °C,
stirred for at least 2-3 h, filtered, washed with cold acetone (5-10 °C, 3X) and dried under vacuum to

obtain 2-(4-hydroxy-1-methyl-8-phenoxyisoquinoline-3-carboxamido)acetic acid..

EXAMPLE 5

20 Preparation of 2-[4-hyvdroxy-1-methyl-7-(4-methoxy-phenoxy)-isoquinoline-3-carboxamidojacetic
acid

a) Preparation of methyl I-((dimethylamino)ymethyl}-4-hydroxy-7-(4-methoxy-phenoxy)-

isoquinoline-3-carboxylate (5b)

QH ) I l OH
MeO\Q mcone NN Meo\‘\ mcozma
H .
=N . O N
G acetic acid 0 L
5a 5b N7
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j6251] A round bottom flask fitted with thermocouple and condenser can be charged with 8a and acetic
acid (about 7 molar equivalents + 3%). The suspension of 3a in acetic acid can be stirred vigorously with
magnetic stirring (note: overhead stitring should be done for larger scale work). A shight excess of bis-
dimethylaminomethane {about 1.25 molar equivalents) can then be slowly added to the mxture [Note:
Reaction is shghtly exothermic, 15-20 °C temperature rise can be observed]. After the addition 1s
complete, the mixture can be heated to 55 + 5 °C and maintained for at least 8 h. The reaction can then be
evaluated by HPLC. If the amount of 5a is greater than 0.5%, the reaction can be stirred for additional 2

hours at 55 & 5 °C and reevaluated by HPL.C.

b) Preparation of methyl I-((acetoxy)methyl)-4-hydroxy-7-(4-methoxy-phenoxy)-isoquineline-3-

carboxylate (5¢)

¢

&b

[6252] The solution of 5b from Egample 5a) can be cooled to below 25 °C, at which time acetic
anhydride {about 3 melar equivalents) can be added slowly at a temperature below 50 °C [Note: Reaction
15 excthermic, 20-23 °C temperature rise can be observed. Rate of addition 1s important to control the
exothermic reaction berween acetic anhydride and dimethyl amine or Sk. Excess heat generated will
cause unsafe rapid evolution of gascous dimethy! amine]. After the addition is complete, the mixture can
be hreated io 100 x 5 °C for 20-24 houss. The reaction can then be evaluated by HPLC. IfSbhisinen
amount greater than 2%, the reaction can be stirred for an additional 2 hours and then reevaluated by

HPLC,

[#253] 5d can be converted to 5c by the following procedure. The solution of 3¢ and 3d from the above
procedure can be cooled to less than 65 £ 5 °C with good mixing. I the reaction temperature goes below
30 °C, the reaction may solidify. Water can be slowly and steadily added (the first half can be added over
1 hour and the rest added over 30 minutes), The mixture can then be cooled and stirred at 2055°C for at
least 3 hours, at which time the mixture can be filtered and the wet cake washed with water (3X) and
added to a round bottom fiask fitted with a mechanical stirrer. Dichloromethane and water (3:1 by
volume}) can be added and the mixture stirred for 30 minutes. The dichloromethane can be separated

{without including the interface or aqueous layer) and the solution evaluated by HPLC,

73



10

15

20

WO 2014/014834 PCT/USZH13/050538

[6254]  Sc can be further purified according to the following procedure. The above solution can be
added 1o a flask, fitted with mechanical stirrer, and cooled to 5+ 5 °C. Morpholine can be added and the
mixture stirred at 3 £ 5 °C for 30-60 minutes and evaluated by HPLC. If the amoumt of 54 is greater than
2%, the reaction can be stirred for an additional hour. Once the reaction reached completion, 5¢ can be

precipitated from cold acetone/methanol solution, filiered, washed and dried under vacuum at 50 £ 5 °C.

¢) Preparation of methyl 4-hydroxy-1-methyl-7-(4-methoxy-phenexy)-isoguinoline-3-carboxylate
(5¢)

OH OH

Ie) z | e CO-Me H2 Pd-C mMed \.
S o =N o =N

5¢ O)J\\ S5e

[6255] A glass lined Parr pressure reactor vessel equipped with a 4-blade impeller can be charged with

COZME

S¢, Pd/C (about £.4 to 0.5 molar equivalents), anhydrous Na,COs (about 0.5 molar cquivalents), and ethyl
acetate. The flask can then be vacuum-purged with mtrogen (3X) and vacuum-purged with hydrogen
{3X), The flask can then be pressurized with hydrogen to set point 60 psi and stirred at 60 °C for 6-8 hrs
until completion of reaction {5¢ <0.5%). The flask can then be cooled to 20-25 °C, the pressure released
to ambient, the head space purged with nitrogen three times and filtered through glass microfiber filter
paper. The filtrate can be concentrated and precipitated from cold methanol and dried under vacuum at

56x5°C

&) Preparation of 2-[4-hydroxy-1-methyl-7-(4-methoxy-pbhenoxy)-isoquinoline-3-

carboxamidclacetic acig (51)

MEO\Q\ E \; x CO,Me 1) 0O N MGO\Q\ Wg/\ﬂ/c}%
i N 2} acetic acid O/JE\/J\fN 8]
Se 5f

{0256] 2-[4-Hydroxy-1-methyl-7-(4-methoxy-phenoxy)-isoquinoline-3-carboxamido]acetic acid is

prepared from Se according to the following procedure,

[0257] A pressure glass reaction flask which included top threads for a screw cap lid can be fitted with a
magnetic stirrer, charged with Se, glycine (about 3 molar equivalents}, methanol, and a sodivm methoxide
solution {with 1.2 molar egivalents NaOCHj)and sealed. The reaction can then be heated to 110 °C for at
least 6 h during which time the reaction forms a yellow suspension. The reaction can then be cooied o

20-25 °C and evaluated by HPLC. The reaction can be continued until less than 1% Se remains ag
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determined by HPLC, filtered, washed with methanol, dried under vacuum, dissolved in water and
extracted with ethyl acetate to remove impurities to below 0.1%. The ethyl acetate can be removed and
an acetic acid solution (with 3 molar eqivalents acetic acid) can be added over one hour. The suspension
can be stirred at room temperature for at least 3 hours, filtered, and the solid washed with water (3X), cold
acetone (5-10 °C, 2X) and evaloated for impurities by HPLC. If acetone removable impurities are
present, the flask can be charged with acetone and refluxed for at least 8 h, slowly cooled to 3-10 °C,
stirred for at least 2-3 b, filtered, washed with cold acetone (5-10 °C, 3X) and dried under vacuum to

obtain 2-{4-hydroxy-1-methyl-7-(4-methoxy-phenoxy)-isoquinoiine-3-carboxamido]acetic acid.

EXAMPLE 6

Preparatien of 2-[4-hydroxy-1-methyl-6-{4-methoxy-phenoxy)-isoquinoline-3-carboxamidolacetic
acid

2) Preparation of methyl 1-((dimethylaminoymethyl}-4-hydroxy-6-(4-methoxy-phenexy)-
isoquinoline-3-carboxylate (6b)

l o]y}

COsMe /N\/ - SN CQOxMe
/[D =N N

aceiic acid

6a N/

|

19238] A round bottom flask fitted with thermocouple and condenser can be charged with 6a and acetic
acid (about 7 molar equivalents & 5%;). The suspension of 62 in acetic acid can be stirred vigorously with
magnetic stirring {note: overhead stirring should be done for larger scale work). A slight excess of bis-
dimethylaminomethane (about 1.25 molar equivalents) can then be slowly added to the mixture [Note:
Reaction 1s slightly exothermic, 15-20 °C temperature rise can be observed]. After the addition is
complete, the mixture can be heated to 35 + 5 °C and maintained for at least 8 h. The reaction can then be
evalunated by HPLC. If the amount of 6a is greater than 0.5%, the reaction can be stirred for additional 2
hours at 55 + 5 °C and reevahuated by HPLC.
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bY Preparation of methyl 1-({(acetoxy)methyl)-4-hydroxy-6-(4-methoxy-phenoxy)-isequinoline-3-

carboxylate (6¢)

O
o
" mO 2 COE e

N
O

eid 1:0 A

o
MeQ 7

&b

Morpholine

{0259] The solution of 6b from Exampic 6a) can be cooled to below 25 °C, at which time acetic
anhydride (about 3 molar equivalents) can be added slowly at a temperature below 50 °C [Note: Reaction
is exothermic, 20-25 °C temperature rise can be observed. Rate of addition is important to controi the
exothermic reaction between acetic anhydride and dimethyl amine or 6b. Excess heat generated will
cause unsafe rapid evolution of gaseous dimethyl amine]. Afier the addition is complete, the mixture can
be heated to 100 + 5 °C for 20-24 hours. The reaction can then be evaluated by HPLC. If 6b 15 in an
amount greater than 2%, the reaction can be stirred for an additional 2 hours and then reevaluated by

HPLC.

[6260] 64 can be converted to 6¢ by the following procedure. The solution of 6¢ and 6d from the above
procedure can be cooled to less than 65 = 5 °C with good mixing. If the reaction temperature goes below
30 °C, the reaction may solidify. Water can be slowly and steadily added (the first half can be added over
1 hour and the rest added over 30 minutes). The mixture can then be cooled and stirred at 204£5°C for at
least 3 hours, at which time the mixture can be filtered and the wet cake washed with water (3X} and
added to a round bottom flask fitted with a mechanical stirrer. Dichioromethane and water (3:1 by
volume) can be added and the mixture stirred for 30 minutes. The dichloromethane can be separated

{without including the interface or aqueous layer) and the solation evaluated by HPLC,

[6261] 6¢ can be further purified according to the following procedure. The above solution can be
added to a flask, fitted with mechanical stirrer, and cooled to 5 + 5 °C. Morpholine can be added and the
mixture stirred at 5 & 5 °C for 30-60 minutes and evaluoated by HPLC. If the amount of 6d is greater than
2%, the reaction can be stirred for an additional hour. Once the reaction reached completion, 6¢ can be

precipitated from cold acetone/methanol solution, filtered, washed and dried under vacuum at 50 £ 5 °C,
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¢} Preparation of methyl 4-hydroxy-1-methyl-6-(4-methoxy-phenosyi-isoquineline-3-carboxylate
(6e)

OH OH

o N COMe e e L ~COMe
MeO == N O MeO o N
& &

o So~

[82621 A glass lined Parr pressure reactor vessel equipped with a 4-blade impelier can be charged with

e

6¢, Pd/C (about 0.4 to 0.5 molar equivalents}, anhydrous Na,CO; (about 0.5 molar equivalents), and ethyl
acetate, The flask can then be vacuum-purged with nitrogen (3X) and vacuum-purged with hydrogen
{3X}. The flask can then be pressurized with hydrogen to set point 60 psi and stirred at 60 °C for 6-8 hrs
until completion of reaction (6¢ <0.5%). The flask can then be cooled to 20-25 °C, the pressure released
to ambient, the head space purged with nitrogen three times and filtered through glass microfiber filter
paper. The filirate can be concentrated and precipitated from cold methano! and dried under vacunum at

50+ 5°C

d) Preparation of 2-[4-hydroxy-1-methyl-6-(4-methoxy-phenoxy)-isoquineline-3-

carboxamidolacetic acid (6f)

O
i HZN/}rOH OH o
o CO,Me o Ok
N — - Ho5
MeO = 2} acetic acid MeO =N

Be &f

[8243] 2-14-Hydroxy-1-methyl-6-{4-methoxy-phenoxy)-isequineling-3-carboxamido]acetic acid is

prepared from e according to the following procedure.

[6264] A pressure glass reaction flask which inciuded top threads for a screw cap lid can be fitted with a
magnetic stirrer, charged with 6e, glycine {about 3 molar equivalents), methanol, and a sodium methoxide
solution (with 1.2 molar eqgivalents NaOCH;%and sealed. The reaction can then be heated to 110 °C for at
least 6 h during which time the reaction forms a yellow suspension. The reaction can then be cooled to
20-25 °C and evaloated by HPLC. The reaction can be continued until less than 1% 6e remains as
determuined by HPLC, filtered, washed with methanol, dried under vacuum, dissolved in water and
extracted with ethyl acetate to remove impurities to below 0.1%. The ethy! acetate can be removed and
an acetic acid solution (with 3 molar egivalents acetic acid) can be added over one hour. The suspension
can be stirred at room temperature for at least 3 hours, filtered, and the solid washed with water (3X), cold

acetone (5-10 °C, 2X) and evaluated for impurities by HPLC. If acetone removable impurities are
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present, the flask can be charged with acetone and refluxed for at least 8 h, siowly cooled to 5-10 °C,
stirred for at least 2-3 h, filtered, washed with cold acetone (5-10 °C, 3X) and dried under vacuum to

obtain 2-[4-hydroxy-1-methyl-6-(4-methoxy-phenoxy)-isoquinoline-3-carboxamidoJacetic acid.

5 EXAMPLE 7

Preparation of 2-[4-hydroxy-1-methyi-7-(3,5-difluoro-phenoxy)-isoquinoline-3-carboxamido]acetic
acid

a) Preparation of methyl 1-((dimethylaminoymethyl)-4-hydroxy-7-(3,5-difluoro-phenoxy)-
isoquincline-3-carboxylate {7b}

|
CO,Me /N\/ ~ CO.hMe
=N =N

acetic acid

10

[6265] A round bottom flask fitted with thermocouple and condenser can be charged with 7a and acetic
acid (about 7 molar equivalents = 5%). The suspension of 7a in acetic acid can be stirred vigorously with
magnetic stirring {note: overhead stirring should be done for larger scale work). A shight excess of bis-
dimethylaminomethane {about 1.25 molar equivalents) can then be slowly added to the mixture [Note:

15  Reaction is slightly exothermic, 15-20 °C temperature rise can be observed]. After the addition is
complete, the mixture can be heated to 55 & 5 °C and maintained for at least 8 h. The reaction can then be
evaluated by HPLC. If the amount of 7a is greater than 0.5%, the reaction can be stirred for additional 2
hours at 55 + 3 °C and reevaluated by HPLC.

b) Preparation of methyl 1-((acetoxy)methyl)-4-hydroxy-7-(3,5-diflucro-phenoxy)-isequinoline-3-
20 carbexylate (7c)

% Worpholine I

[0266] The solution of 7b from Example 7a) can be cooled to below 25 °C, at which time acetic
anhydride {about 3 molar equivalents) can be added slowly at a temperature below 50 °C [Note: Reaction
is exothermic, 20-25 °C temperature 115¢ can be observed. Rate of addition is important to contrel the

25  cxothermic reaction between acetic anhydride and dimethyiramine or Tb. Excess heat generated will
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cause unsafe rapid evolution of gaseous dimethyl amine]. After the addition is complete, the mixture can
be heated to 100 + 5 °C for 20-24 hours. The reaction can then be evaluated by HPLC. If 7b is in an
amount greater than 2%, the reaction can be stirred for an additional 2 hours and then reevatuated by

HPLC.

[6267] 74 can be converted to 7¢ by the following procedure. The solution of 7¢ and 7d from the above
nrocedure can be cooled to less than 65 + 5 °C with good mixing. If the reaction temperature goes below
30 °C, the reaction may solidify. Water can be slowly and steadily added (the first half can be added over
1 hour and the rest added over 30 minutes). The mixture can then be cooled and stirred at 20+5°C for at
least 3 hours, at which time the mixture can be filtered and the wet cake washed with water (3X) and
added 1o a round bottom flask fitted with a mechanical stirrer. Dichloromethane and water (3:1 by
volume) can be added and the mixture stirred for 30 minutes. The dichloromethane can be separated

(without including the interface or aqueous layer) and the solution evalnated by HPLC.

[0268] 7c can be further purified according to the following procedure. The above solution can be
added to 2 flask, fitted with mechanical stirrer, and cooled to 5 £ 5 °C. Morpholine can be added and the
mixtare stirred at 5 & 5 °C for 30-60 minutes and evaluated by HPLC, If the amount of 7d is greater than
2%, the reaction can be stirred for an additional hour. Once the reaction reached completion, 7¢ can be

precipitated from cold acetone/methanol solution, filteved, washed and dried under vacuum at 50 £ 5 °C.

¢) Preparation of methyl 4-hydroxy-1-methyl-7-(3,5-difluore-phenoxy)-isoquinoline-3-carboxylate
(7e)

" OH F OH
A - CO0Me Hs, PD-C P x COMe
o =N S Ry | =N
F Q (? F ¢
Tc o/l\ 7e

j0269] A glass lined Parr pressure reactor vessel equipped with a 4-blade impeller can be charged with
7e¢, PA/C (about 0.4 to 0.5 molar equivalents), anhydrous Na,CO; (about 0.5 molar equivalents), and ethyl
acetate. The flask can then be vacuum-purged with nitrogen (3X) and vacuum-purged with hydrogen
(3X). The flask can then be pressurized with hydrogen to set point 60 psi and stirred at 60 °C for 6-8 hrs
until completion of reaction (7¢ <0.5%). The flask can then be coaled to 20-25 °C, the pressure released
to ambient, the head space purged with nitrogen three times and filtered through glass microfiber filier
paper. The filtrate can be concentrated and precipitated from cold methanot and dried under vacuum at
50+ 5 °C.
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d) Preparation of 2-{4-hydrexy-I-methyl-7-(3,5-difluoro-phenoxy)-isoquinoline-3-

carboxamidojacetic acid (71)

F OH HQN/\H/OH E OH O
CO-Me OH
s 1} 0 R N
2 N = 2 Y
¥ o = 2) acetic acid o O &

Te 7f

Y

[6276] 2-[4-Hydroxy-1-methyl-7-(3,5-difluoro-phenoxy)-isoquinoline-3-carboxamido]acetic acid is

prepared from 7e according to the following procedure.

[0271] A pressure glass reaction flask which included top threads for a screw cap lid can be fitted with a
magnetic stirrer, charged with 7e, glycine (about 3 molar equivalents), methanol, and a sodium methoxide
solution (with 1.2 molar eqivalents NaOCHs)and sealed. The reaction can then be heated to 110 °C for at
feast 6 h during which time the reaction forms a yellow suspension. The reaction can then be cooled to
20-25 °C and evaluated by HPLC. The reaction can be continued until less than 1% 7e remains as
determined by HPLC, filtered, washed with methanol, dried under vacuum, dissolved in water and
extracted with ethyl acetate to rernove impurities to below 0.1%. The cthyl acetate can be removed and
an acetic acid solution (with 3 molar egivalents acetic acid) can be added over one hour. The suspension
can be stirred at room temperature for at least 3 hours, filtered, and the solid washed with water (3X), cold
acetone {5-10 °C, 2X) and evaluated for impurities by HPLC. If acetone removable impurities are
present, the flask can be charged with acetone and refluxed for at least 8 h, slowly cooled to 5-10 °C,
stirred for at least 2-3 h, filtered, washed with cold acetone (5-10 °C, 3X) and dried under vacuum to

obtain 2-[4-hydroxy-I-methyl-7-(3,5-difluoro-phenoxy)-isoquinoline-3-carboxamido]acetic acid.

EXAMPLES

Preparation of 2-[4-hydroxy-1-methyl-6-(3,5-difluoro-phenoxy)-isoquinoline-3-carboxamidojacetic
acid

a) Preparation of methyl I-((dimethylaminc)methyl}-4-hydroxy-6-(3,5-difiuoro-phenoxy)-
isoguineline-3-carboxylate (8b)

OH o OH
F ~ om,cozm NN F ~ o ' -CO:Me
= N - /E =N
{k_m acefic acid L
Ba 8b N7
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{6272} A round bottom flask fitted with thermocouple and condenser can be charged with 8a and acetic
acid (about 7 moler equivalents & 5%). The suspension of 8a in acetic acid can be stirred vigorously with
magnetic stirring (note: overhead stirring should be done for larger scale work). A slight excess of bis-
dimethylaminomethane (about 1.25 molar equivalemts) can then be slowly added to the mixture [Note:
Reaction 15 slightly exothermic, 15-20 °C temperature rise can be observed]. After the addition is
complete, the mixture can be heated to 55 + 5 °C and maintained for at least § h. The reaction can then be
evahuated by HPLC. If the amount of 8a is greater than 0.5%, the reaction can be stirred for additional 2
hours at 55 = 5 °C and reevaluated by HPLC.

b) Preparation of methyl 1-((acetoxy)methyl}-4-hydroxy-6-(3,5-diftuoro-phenoxy)-isoquineline-3-
carboxylate {8c)

O

N

OH oH
COsMe
F. O N 2 A0 F O 2 GOsMe F. O o CO-Me
e +
2N =N o N o
i |
F ? ;
8b \I\ll/ : 8¢ OJ\ a 8d O/j\

Maorpholine l

[0273] The sohation of 8b from Example 8a) can be cocled to below 25 °C, at which time acetic
anhydride (about 3 molar equivalents) can be added slowly at a temperature below 50 °C [Note: Reaction
is exothermic, 20-25 °C temperature rise can be observed. Rate of addition is important to control the
cxothermic reaction between acetic anhydride and dimethy! amine or 8b. Excess heat generated will
cause unsafe rapid evolution of gaseous dimethyl amine]. Afier the addition is complete, the mixture can
be heated to 100 & 5 °C for 20-24 hours. The reaction can then be evaluated by HPLC, 1f 8b is in an
amount greater than 2%, the reaction can be stirred for an additional 2 hours and then reevaluated by
HPLC.

[0274] 8d can be converted to 8¢ by the foliowing procedure. The solution of 8¢ and 84 from the above
procedure can be cooled to less than 65 = 5 °C with good mixing, If the reaction temperature goes below
30 °C, the reaction may solidify. Water can be slowly and steadily added (the first half can be added over
1 hour and the rest added over 30 minutes). The mixture can then be cooled and stirred at 2035°C for at
least 3 hours, at which time the mixture can be filtered and the wet cake washed with water (3X) and
added to a round bottom flask fitted with a mechanical stirrer, Dichloromethane and water (3:1 by
volume} can be added and the mixture stirred for 30 minutes. The dichloromethane can be separated

(without including the interface or aqueous layer) and the solution evalnated by HPLC.
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[6275] 8¢ can be further purified according to the following procedure. The above solution ¢an be
added to a flagk, fitted with mechamical stirrer, and cooled to 5 + 5 °C. Morpholine can be added and the
mixture stirred at 5 + 5 °C for 30-60 minutes and evaluated by HPLC. If the amount of 8d is greater than
2%, the reaction can be stirred for an additional hour. Once the reaction reached completion, 8¢ can be

precipitated from cold acetone/methanol solution, filtered, washed and dried under vacuum at 50 £ 5 °C.

¢) Preparation of methyl 4-hvdroxy-1-methyl-6-(3,5-difluoro-phenoxy)-isequinoline-3-carboxylate
(Be)

OH
E o h-COMe H? ba.c s COzMe
O, 7;7 i
F 8c O)k

[8276] A glass lined Parr pressure reactor vessel equipped with a 4-blade impeler can be charged with
8¢, Pd/C (about 0.4 to 0.5 molar equivalents), anhydrons Na,CO; {about (.5 molar equivalents), and etiryl
acetate. The flask can then be vacuum-purged with nitrogen (3X and vacuum-purged with hydrogen
{3X). The flask can then be pressurized with hydrogen to set point 60 psi and stirred at 60 °C for 6-8 hrs
until completion of reaction (8¢ <0.5%). The flask can then be cooled to 20-23 °C, the pressure released
1o ambient, the head space purged with nitrogen three times and filiered through glass microfiber filter
paper. The filtrate can be concentrated and precipitated from cold methanol and dried under vacuum at
50£5°C

d) Preparation of 2-[4-hydroxy-1-methyl-6-(3,5-difluore-phenoxy}-isoguinetine-3-

carhoxamidojacetic acid (8f)

OH O
H N
F 0 ‘ \i = COzMe 2 /\r OH
AN 2} acefic acid =N

" 8e

[0277] 2-[4-hydroxy-1-methyi-6-3,5-difluoro-phenoxy)-isoquinoline-3-carboxamidojacetic acid 1s

prepared from 8e according to the following procedure.

[0278] A pressure glass reaction flask which incloded top threads for a screw cap lid can be fited with a
magnetic stirrer, charged with 8e, glycine (about 3 molar equivalents}, methanol, and a sodium methoxide
solution (with 1.2 molar eqivalents NaQCHj5)and sealed. The reaction can then be heated to 110 °C for at

least 6 h during which time the reaction forms a yellow suspension. The reaction can then be cooled to
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20-25 °C and evaluated by HPL.C. The reaction can be continued until less than 1% 8e remains as
determined by HPLC, filtered, washed with methanol, dried under vacuum, dissoived in water and
extracted with ethyl acetate to remove impurities to below 0.1%. The ethyl acetate can be removed and
an acetic acid solution (with 3 molar eqgivalents acetic acid) can be added over one hour. The suspension
can be stirred at room temperature for at least 3 bours, filtered, and the solid washed with water (3X), cold
acetone (5-10 °C, 2X) and evaluated for impurities by HPLC. 1f acetone removable impurities are
present, the flask can be charged with acetone and refluxed for at least 8 h, slowly cooled to 5-10 °C,
stirred for at least 2-3 b, filtered, washed with cold acetone {5-10 °C, 3X) and dried vnder vacuum to

obtain 2-[4-hydroxy-1-methyl-6-(3 5-difluoro-phenoxy)-isoquinoline-3-carboxamido]acetic acid.
EXAMPLE 9
Biological Testing

[6279]1 The compoumds and methods of the invention can be used for the synthesis of various
isoguinoline compounds. Such compounds arc known to be useful for inhibiting HIF hydroxylasc
activity, thereby increasing the stability and/or activity of hiypoxia inducible factor (HIF), and can be used
to treat and prevent HIF-associated conditions and disorders (see, e.g., U.S. Patent No, 7,323,475, U.S.
Publication No. 2007/0004627, 11.5. Publication No. 2006/0276477, and U.S. Pablication No.
2007/0259960, incorporated by reference herein).

[0280] The biological activity of exemplary substituted isoquinoline compounds may be assessed using
any conventionally known methods. In particular embodiments, cells derived from animal tissues,
preferably human tissues, capable of expressing erythropoietin when stimulated by compounds of the
invention are cultured for the in vitro production of endogenous proteins. Cells contemplated for use in
such methods include, but are not limited to, cells derived from hepatic, hematopoietic, renal, and neural

tissucs,

[6281] Cell culture techniques are generally available in the art and include any method that maintaing
cell viability and facilitates expression of endogenous proteins. Cells are typically cultured in a growth
medium optimized for cell growth, viability, and protein production. Cells may be in suspension or
attached to a substrate, and medium may be supphied in batch feed or continious flow-through regimens.
Compounds of the invention are added to the culture medium at fevels that stimulate erythropoietin
production without compromising cell viability. Erythropoietin produced by the cells is secreted into the
culture medium, The medium is then collected and the erythopoietin is purified using methods known to
those of skill in the art. (See, e.g., Lai et al. (1987) U.S. Pat. No. 4,667,016; and Egric (1985) U.S. Pat.
No. 4,558,006.)
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[6282] Suitable assay methods are well known in the art. The following are presented only as examples

and are not infended 1o be limiting.

Cell-based HIF ¢ stabilization assay

[0283] Human cells (e.g., Hep3B cells from hepatocellular tissue) derived from various tissues were
separately sceded into 35 mm culture dishes, and grown at 37 °C, 20 % O, 5 % CQO, in standard culture
medium, e.g., DMEM (Dulbecco’s modification of Eagie’s medium), 10 % FBS (fetal bovine seram).
When cell lavers reach confluence, the media was replaced with OPTI-MEM media (fnvitrogen Life
Technologies, Carlsbad CA), and cell layers were incubated for approximately 24 hours in 20 % O3, 5 %
CO, at 37 °C. Compound or 0.013 % DMSO (dimethyl sulfoxide) was then added to existing medivm
and incubation was continued overnight.

[6284] Following incubation, the media was removed, centrifuged, and stored for analysis (see Celi-
based VEGF and EPO assays below). The cells were washed two times in cold phosphate buffered saline
(PBS) and then lysed in 1 mL of 10 mM Tris (pH 7.4), 1 mM EDTA, 150 mM NaCl, 0.5 % IGEPAL
(Sigma-Aldrich, St. Louis MO), and a protease inhibitor mix (Roche Molecular Biochemicals) for 15
minutes on ice. Cell lysates were centrifuged at 3,000 xg for 5 minutes at 4 °C, and the cytosolic
fractions (supernatant) were collected. The nuclei (pellet) were resuspended and lysed in 100 pi of 20
mM HEPES (pH 7.2), 400 mM NaCl, 1 mM EDTA, I mM dithiothreitol, and 2 protease mix {Roche
Molecular Biochemicals), centrifuged at 13,000 xg for 5 minutes at 4 °C, and the nuclear protein fractions
{supernatant) were coilected.

[0285] The Nuclear protein fractions collected were analyzed for HIF-1a using a QUANTIKINE

immunocassay (R&D Systems, Inc., Minneapohs MN) according to the mamufacturer’s instructions.

Cell-based EPO assay

[0286] Hep3B celis (human hepatocellular carcinoma cells from ATCC, cat # HB-8064) were plated at
25,000 cells per well 96 well plates. The next day, the cells were washed once with DMEM (Cellgro, cat
# 10-013-CM) + 0.5% fetal bovine serum (Cellgro, cat # 35-010-CV) and incubated with various
concentrations of compound or vehicle control (0.15% DMSO) in DMEM + (.3% fetal bovine serumn for
72 hours. Cell free culture supernatants were generated by transfer to a conical bottom 96 well plate and
cenfrifugation for 5 minutes at 2000rpm.  The supernatant was quantitated for EPO using a human EPQ
ELISA kit (R&D Systems, cat # DEP (0).

[6287] The EPO values for the compounds reported herein (e.g., Table 1) are the measured value for

cells plus compound minus the value for the vehicle control for the same cell preparation. The EPO
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values for the vehicie control for the cell preparations used in experiments reported herein varied from (-

12.5 mIt/ml.

HIF-PH assay

[6288] Ketoglutaric acid o-[1-"*C]-sodium salt, alpha-ketoglutaric acid sodium salt, and HPLC purified
peptide were abtained from commercial sources, e.g., Perkin-Elmer {Wellesicy MA), Sigma-Aldrich, and
SynPep Corp. {Dublin CA), respectively. Peptides for use in the assay were fragments of HiFo as
described above or ag disclosed in International Publication WO 2005/1 18836, incorporated by reference
herein. For example, a HIF peptide for use in the HIF-PH assay was [methoxycowmarin]-
DLDLEALAPYIPADDDFQL-amide. HIF-PH, ¢.g., HIF-PH2 {also known as EGLNT1 or PHD?2), was
expressed i, e.g., insect Hi5 cells, and partially purified, e.g., through a SP ion exchange chromatography
columm. Enzyme activity was determined by capturing “*CO, using an assay described by Kivirikko and
Myllyla (1982, Methods Enzymol. 82:245-304). Assay reactions contained 50 mM HEPES (pH 7.4, 100
uM a-ketoglutaric acid sodium salt, 0.30 pCi/mL o-ketoglutaric acid o-{1-"*Cl-sodium salt, 40 uM
Fe50.,, 1 mM ascorbate, 1541.8 units/mL Catalase, with or without 50 uM peptide substrate and various

concentrations of compound of the invention. Reactions were initiated by addition of HIF-PH enzyme.

[0289] The peptide-dependent percent tumover was calculated by subtracting percent turnover in the
absence of peptide from percent turnover in the presence of substrate peptide. Percent inhibition and 1Cy
were calculaied using peptide-dependent percent turnover at given inhibitor concentrations. Calculation
of IC; values for each inhibitor was conducted using GraFit software (Erithacus Software Ltd,, Surrey

UK. The results wre summarized in Table 1,

16294] Table 1 below was intended to demonstrate the pharmacological utility of exemplary substinyed
isoquinoline compounds, By inhibiting HIF proly! hydroxylase enzymes, substitted isoquinoline
compounds stabilize HIFa, which then combines with HIFB to form an active transcription factor that
increases expression of numerous genes involved in response to hypoxic and ischemic conditions,

mcluding erythropoietin (EPO).

Table 1,

Exampie No. | Compound Ne. ICs Cell EPO*
PHDZ (uM) | (mIU/ml) l
|
|

1 1f 7.9 9%.6

&5
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Example No. | Compound No. ICsp Cell EPO™
PHDZ {pM) | (mIU/ml)

2 2f 3.5 78

3 3f 2.1 182

4 4f 1.4 52

5 5f 2.2 209

6 6f 5.2 191

7 7f 2.2 225

8 gt not determined 105

*Cell EPO measured at 30 uM compound tn DMSO compared to DMSO only control
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What is claimed is:

i. A method of making a compound of formula | or a stereocisomer or mixture of sterecisomers
thereof:

RE OH O

3 R?
N
R4
5 Ri1
R T/
R 1

the method comprising contacting a compound of formula II:

R® OH ©
R SN 7 R#
N
R4
Re il

with a compound of formula IFH:

/\\
11 11

under reaction conditions sufficient to produce a compound of formula I; wherein
Zis O,NR', or S;
R’ is selected from the group consisting of hydrogen and alkyl:

R® is selected from the group consisting of hydrogen and alkyl which is unsubstituted or
substituted with one or more substituents independently selected frem the group consisting of

cycloalkyl, heterocyelyl, aryl, and heteroary!;

R’ and R* are independently selected from the group consisting of hydrogen, alkyl, substituted
alkyl, cycloatkyl, substituted cycloatkyl, heterocyelyl, substituted heterocyclyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl, halo, hydroxy, cyano, -S(0),-N(R*)-R®,
-NR*C(O)NR'R®, and -X'R?;

where X' is oxygen, -5{0),-, or NR’-;

nis 0, 1, or 2;
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each R® is independently selected from the group consisting of hydrogen, alkyl,
substituied alkyl, aryl, substituted aryl, cycloalkyl, substituted cycloalkyl, heteroaryi,
substituted heteroaryl, heterocycly! and substituted heterocyclyl provided that when
X! is ~SO- or ~SO,-, then R%is not hydrogen; and

R? is selected from the group consisting of hydrogen, alkyl, and aryl;

or R’ and R* together with the carbon atoms pendent thereto, form a cycloalkyl, substituted
cycloalkyl, heterocyclyl, substitited heterocyclyl, aryl, substituted aryl, heteroaryl, or
substituted heteroaryl;

R’ and R® are independently selected from the group consisting of hydrogen, halo, alkyl,
substituted alkyl, alkoxy, substinted alkoxy, aryl, substituted aryl, heteroaryl, substituted
heteroaryl and —X*R'’;

where X° is oxygen, -S(0Q)y-, or -NR"-;
nis(, 1, or 2;

R is selected from the group consisting of alkyl, substituted alkyl, aryl, substituted aryl,

heteroaryl, substituted heteroaryl, heterocyclyl and substituted heterocyclyl; and
R" is selected from the group consisting of hydrogen, alkyl, and aryl;

or when X* is -NR"-, then R'" and R", together with the nitrogen atom to which they are

bound, can be joined to form a heterocyelyl or substituted heterocyelyl group; and

each R" is independently selected from alkyl, benzyl or aryl, or two R'" together with the

nitrogen atom to which they are attached form a 4-8 membered heterocyclyl or a heteroaryl.

2. A method of making a compound of formula [A or a stereoisomer or mixture of stercoisorners
thereof:
RS OH }
Rz
R3 e o
=N
R4
R8 ’?/R”
R’H _[A

comprising contacting a compound of formula HA:
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RS OH O

R3 e ° /R2
=N

R&

R fA

with a compound of formula IIL:
N
R™)N N(R™); Tt

under reaction conditions sufficient to produce a compound of formula [A; wherein

R* is selected from the group consisting of hydrogen and alkyl which is unsubstitated or
substituted with one or more substituents independently selected from the group consisting of

cycloalkyl, heterocyclyl, aryl, and heteroaryi;

R* and R* arc independently sclected from the group consisting of hydrogen, alkyl, substituted
alkyl, cycloalkyl, substituted cycloatkyl, heterocyclyl, substituted heterocycelyl, aryi,
substituted aryl, heteroaryl, substituted heteroaryl, halo, hydroxy, cyano, -$(0),-N(RH-R®
where n is 0, 1, or 2, -NREC(OYNR®R?, -X'R® where X" is oxygen, -S(O),- or -NR’- where n
is 0, 1, or 2, or R, R* together with the carbon atom pendent thereto, form a cycloalkyl,
substituted cycloalkyl, heterocyclyl, subsiituted heterocyclyl, aryl, substituted aryl,
heteroaryl, or substituied heteroaryl;

R® and R® are independently selected from the group consisting of hydrogen, halo, alkyl,
substituted alkyl, alkoxy, substituted alkoxy, aryl, substituted aryl, heteroaryl, substituted
heteroary! and ~X R where X is oxygen, -S(O),- or —NR"™ where nis 0, 1, or 2, or when
X? is ~NR'-, then R" and R'® together with the nitrogen atom to which they are bound, can

be joined to form a heterocyclyl or substituted heterocyclyl group;

cach R® is independently selected from the group consisting of hydrogen, alkyl, substituted alkyl,
aryl, substituted aryl, cycloalkyl, substituted cycioalkyl, heteroaryi, substituted heteroaryl,
heteroeyclyl and substituted heterocyclyl provided that when X! is 8O- or -SOq-, then R® is

not hydrogen;
R® and R" are independently selected from the group consisting of hydrogen, alkyl, and aryl;

R' is selected from the group consisting of alkyl, substituted alkyl, aryl, substituted aryl,

heteroaryl, substituted heteroaryl, heterocyclyl and substituted heterocyclyl; and
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cach RY is independently selected from alkyl, benzyl or aryl, or two RY together with the

nitrogen atom to which they are attached form a 4-8 membered heterocyclyl or a heteroaryl.

3 The method of claim 1 or claim 2, wherein the reaction conditions comprise an acid.

4, The method of claim 3, wherein the acid is glacial acetic acid.

5. The method of claim 1 or claim 2, wherein the reaction is conducted at a temperaiure greater than
about 30 °C.

6. The method of claim 1 or claim 2, wherein the reaction is conducted at a temperature of from

about 530 °C to about 60 °C.

7. The method of claim 1 or claim 2, wherein R is C; to Cu alkyl.
8. A method of making a compound of formula TV or a stereoisomer or mixture of stereoisomers
thereof:
RE OH O
R3 e i R
N
RA 7 j\
=4
07 “SRE
comprising contacting a compound of formula I:
RE OH O
RS Re
i RSV 7z~
aw
4
& R11
R l\|l/
R‘H I
0O o
X

3
followed by a compound of formula R OH. 5 compound of
O

with a compound of formula R

formula R"-X* followed by a compound of formula RE" O ; or a coropound of formula V:

j\ /‘OJ\
O R12 v

R12
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under reaction conditions sufficient to produce a compound of formula IV; wherein
Zis O,NR' or S;
R’ is selected from the group consisting of hydrogen and alkyl;

R?is selected from the group consisting of hydrogen and alkyl which is unsubstituted or
substituted with one or more substituents independently selected from the group consisting of

cycloalkyl, heterocyelyl, aryl, and heteroaryl;

R and R* are independently selected from the group consisting of hydrogen, alkyl, substituted
alkyl, cycloalkyl, substituted cycloalkyl, heterocyclyl, substituted heterocyclyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl, halo, hydroxy, cyano, -8(0),-N(R%R"
wherenis 0,1, or 2, -NRSC(O)NRgRs, X'R® where X' is oxygen, -3(0),- or -NR’- where n
is 0, 1, or 2, or R®, R* together with the carbon atom pendent thereto, form a cycloalkyl,
substituted cycloalkyl, heterocyelyl, substituted heterocyclyl, aryl, substituted aryl,

heteroaryl, or substituted heteroaryl;

R® and R are independently sclected from the group consisting of hydrogen, halo, alkyl,
substituted alkyl, alkoxy, substituted alkoxy, aryl, substituted aryl, heteroaryl, substituted
heteroaryl and -X*R' where X* is oxygen, -8(0),- or ~NR". where nis 0, 1, or 2, or when
%% i -NR"-, then R and R, together with the nitrogen atom to which they are bound, can

be joined to form a heterocycly! or substituted heterocyelyl group;

each R® is independently selected from the group consisting of hydrogen, alkyl, substituted alkyl,
aryl, substituted aryl, cycloalkyl, substituted cycloalkyl, heteroaryl, substituted heteroaryl,
heterocyelyl and substituted heterocyclyl provided that when X' is —SO- or -SOy-, then R* is

not hydrogen;
R’ and R" are independently selected from the group consisting of hydrogen, alkyl, and aryl;

R is selected from the group consisting of alkyl, substituted alkyl, aryl, substituted aryl,

heteroaryl, substituted heteroaryl, heterocyclyl and substituted heterocyclyl;

gach R is independently selected from alkyl, benzyl or aryl, or two R' together with the

nitrogen atom to which they are attached form a 4-8 membered heterocyelyl or a heteroaryl;

each R" is independently selected from the group consisting of alkyl, aryl, heteroaryl, and
heterocyclyl, or when two R'? are present, two R together with the carbon atom 1o which

they are attached form a 4-8 membered heterocyclyl; and
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X* is halo.

g, A method of making a compound of formuls IVA or a stereoisomer or mixture of stereoisomers

thereof:

VA
comprising contacting a compound of fornmla [A:
R CH O
R3 S
=N
R4
=1 I}J _RM
R 1A
with a compound of formula V:
o] 0
SN .

under reaction conditions sufficient to produce a compoumnd of formula IVA; wherein

R” 13 selected from the group consisting of hydrogen and alky! which is unsubstituted or
substituted with one or more substituents mdependently selected from the group consisting of

cycloalkyl, heterocyclyl, arvl, and heteroaryi;

R’ and R” are independently selected from the group consisting of hydrogen, alkyl, substituted
alkyl, cycloalkyl, substituted cycloalloyl, heterocycelyl, substituted heterocyelyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl, halo, hydroxy, cvano, -8(0),-N(RH-R?
where n is 0, 1, or 2, -NR*C(OWR®R?, -X'R® where X' is oxygen, -S(O),~ or -NR’- where n
is 0, I, or 2, or R®, R* together with the carbon atom pendent thereto, form a cycloalkyl,
substitated cycloalkyl, heterocyclyl, substituted heterocyelyl, aryl, substituted aryl,

heteroaryl, or substituted heteroaryl;

R® and R® are independently sclected from the group consisting of hydrogen, hale, alkyl,

substituted alkyl, alkoxy, substituted alkoxy, aryl, substituted aryl, heteroaryl, substituted
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heteroaryl and —X“R'* where X* is oxygen, -${0),- or —NR"- where n is 0, I, or 2, or when
X is -NR"., then R" and R'®, together with the nitrogen atom 1o which they are bound, can

be joined to form a heterocyclyl or substituted heterocyclyl group;

each R® is independently selected from the group consisting of hydrogen, alkyl, substituted alkyl,
aryl, substituted arvl, cycloalkyl, substitated cycloalkyl, heteroaryl, substituted heteroaryi,
heterocyelyl and substituted heterocyelyl provided that when X' is ~SO- or -SO;-, then R is

not hydrogen;
R’ and R"are independently selected from the group comsisting of hydrogen, alkyl, and aryl;

R'" is selected from the group consisting of alkyl, substituted alkyl, aryl, substituted arvi,

heteroaryl, substituted heteroaryl, heterocyclyl and substituted heterocyelyl;

each R!! is independently selected from alkyl, benzyl or aryl, or two R' together with the
nitrogen atom to which they are attached form a 4-8 membered heterocyelyl or a hetercaryl;

and

each R" is independently selected from the group consisting of alkyl, aryl, heteroaryl, and
heterocyelyl, or two R together with the carbon atom to which they are attached form a 4-8

membered heterocyclyl.

10. The method of claim 8 or claim 9, wherein the reaction conditions comprise a compound of
formula V.

11. The method of claim 8 or claim 9, wherein the reaction is conducted under an inert atmosphere.
iz The method of claim § or claim 9, wherein the reaction is conducted under a nitrogen atmosphere.
13. The method of claim § or claim 9, wherein the reaction conditions are anhydrous reaction
conditions.

14, The method of claim 8 or claim 9, wherein the reaction is conducied at a temperature greater than
about 30 °C.

15. The method of claim 8 or claim 9, wherein the reaction is conducted at 2 temperature of about
1060 °C.

16, The method of claim 8 or claim 9, wherein RYand R% are C, to0 €. alkyl.

17. The method of claim § or claim 9, wherein R" and R™ are methyl.
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1R. The method of claim § or claim 9, wherein the reaction conditions comprise a compound of
formula V where R" is C, to Cy alkyl; and wherein the reaction is conducted at a temperature of about
104 °C.

19. The method of claim 18, further wherein the reaction is conducted under a nitrogen atmosphete.

20, The method of claim § or claim 9, wherein the reaction conditions further comprise converting a

compound of formula VII to a compound of formula 1V

Q
>——R12
RE O o} RE OH O
5 Rz 3 R=
R AN Z/ R R z/
N N
= = o] R4 = O
Y R L ML
07 SRE v o7 SR® v
or converting a compound of formula VIIA to a compound of formula IVA.
O
Q12
R O O RS OH ©
R2 R?
=8 o o~ Ra I P o~
N - N
Rt “ 0 R4 = O
RS )k R8 /[k 2
07 RE ymia o R VA
21 The method of claim 20, wherein the reaction conditions comprise an amine.
22, The method of claim 21, wherein the amine is morpholine.
23. The method of elaim 20, wherein the reaction is conducted in dichloromethane.
24, The method of claim 24}, wherein the reaction is conducted at a temperature below 25 °C.
25. The method of claim 20, wherein the reaction is conducted at a temperature of from about 0 °C to
about 10 °C.
26. The method of claim 20, wherein the reaction conditions comprise morpholine; and wherein the

reaction is conducted in dichloromethane and at a temperature of from about 0 °C to about 10 °C,

27. A method of making a compound of formula VI or a stercoisomer or mixture of sicreoisomers

thereof:
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RS OH O
RQ
RB
S 7z
=N
R4
RE Vi

comprising converting a compound of formuia IV:

RP OH O

Fa3 R : /R2

N
i
RE O)\RQ

under reaction conditions sufficient to preduce a compound of formula VI; wherein

R4

v

Zis O,NR' or §;
R' is selected from the group consisting of hydrogen and alkyl;

R? is sclected from the group consisting of hydrogen and alky! which is unsubstituted or
substituted with one or more substituents independently selected from the group consisting of

cycloalkyl, heterocyclyl, aryl, and heteroaryl;

R® and R* are independently selected from the group consisting of hydrogen, alkyl, substituted
alkyl, cycloalkyl, substituted cycloalkyl, heterocyelyl, substituted heterocyelyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl, halo, hydroxy, cyano, -S(0),-N(R*)-R?
where nis 0, I, or 2, NR*C{OINR*R?, -X'R® where X' is oxygen, -8(0),- or -NR’- where n
is0,1,0r2, or R, R together with the carbon atom pendent thereto, form a cycloalkyl,
substituted cycloalkyl, heterocyclyl, substituted heterocyclyl, aryl, substituted aryl,

hetercaryl, or substituted heteroaryl;

R’ and R® are independently selected from the group consisting of hydrogen, halo, alkyl,
substituted alkyl, alkoxy, substituted alkoxy, aryl, substituted aryl, heteroaryl, substituted
heteroaryl and —X R where X* is oxygen, -S(0),- or ~NR*- where n is 0, 1, or 2, or when
%% 35 -NRY-, then R and R'", together with the nitrogen atom to which they are bound, can

be joined to form a heterocyelyl or substituted heterocyelivl group;

each R® is independently selected from the group consisting of hydrogen, alkyl, substituted alkyl,

aryl, substituted aryl, cycloalkyl, substifuted cycloalkyl, heteroaryl, substituted heteroaryl,
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heterocyclyl and substituted heterocyelyl provided that when X' is ~SO- or -SO;-, then RYis

not hydrogen;
R’ and R" are independently selected from the group consisting of hydrogen, alkyl, and aryl; and

R™ is selected from the group consisting of alkyl, substituted alkyf, aryl, substituted aryl,

heteroaryl, substituted heteroaryl, heterocyclyl and substituted heterocyclyl; and

each R is independently selected from the group consisting of alkyl, aryl, hetercaryl, and

heterocyclyl.

28. A method of making a compound of formula VIA or a stereoisomer or mixture of stercoisomers
thereof:

R® OF O

R2
N
=0
R® VIA

comprising converting a compound of formula IVA:

under reaction conditions sufficient to produce a compound of formula VIA; wherein

R is selected from the group consisting of hydrogen and alkyl which is unsubstituted or
substituted with one or more substituents independently selected from the group consisting of

cycloalkyl, heterocycelyl, aryl, and heteroaryt;

R? and R” are independently selected from the group consisting of hydrogen, atkyl, substituted
alkyl, eycloalkyl, substituted cycloalkyl, heterocyclyl, substituted heterocyelyl, aryl,
substituted aryl, heteroaryl, substituted heteroarvi, halo, hydroxy, cyano, -5( 0),-N(RH-R?
wherenis 0, 1, or 2, -NRSC(O)NRSRS, X'R* where X' is oxygen, -5{0),- or “NR®- where n
is 0, 1, or 2, or R®, R” together with the carbon atom pendent thereto, form a cycloalkyl,
substituted cycloalkyl, heterocyelyl, substituted heterocyclyl, arvl, substituted aryl,
heteroaryl, or substituted hetcroaryl;
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R’ and R® are independently selected from the group consisting of hydrogen, halo, alkyl,
substituted atkyl, alkoxy, substituted alkoxy, aryl, substituted aryl, heteroaryl, substituted
heteroaryl and —X*R'" where X” is oxygen, -S(0),- or ~NR"-wherenis 0, 1, or 2, or when
X* is ~NR'™-, then R" and R'®, together with the nitrogen atom to which they are bound, can

be joined to form a heterocyclyl or substituted heterocyelyl group,;

cach R® is independently selected from the group consisting of hydrogen, alkyl, substituted alkyl,
aryl, substituted aryl, cycloalkyl, substituted cycloalkyl, heteroaryl, substituted heteroaryl,
heterocyclyl and substituted heterocyclyl provided that when X' is ~SO- or -SO,-, then R®is
not hydrogen;

R’ and R" are independently selected from the group consisting of hydrogen, alkyl, and aryl; and

R is selected from the group consisting of alkyl, substituted alkyl, aryl, substituted aryl,

heteroaryl, substituted heteroaryl, heterocyclyl and substituted heterocyelyl; and

cach R" is independently selected from the group consisting of alkyl, aryl, heteroaryl, and

heterocyclyl.
29, The method of claim 27 or claim 28, wherein the reaction conditions comprise hydrogen.
30. The method of claim 27 or claim 28, whergin the reaction conditions comprise a base.
3l The method claim of 30, wherein the base is sodium carbonate.
32 The method of claim 27 or claim 28, wherein the reaction conditions comprise cthyl acetate.
33. The method of claim 27 or claim 28, wherein the reaction conditions comprise a catalyst.

34, The method of 33, wherein the catalyst is Pd/C.

35, The method of claim 27 or claim 28, wherein the reaction conditions comprise a condition under
pressure.
36. The method of claim 27 or claim 28, wherein the reaction conditions comprise a condition under

pressure at about 60 psi,

37. The method of claim 27 or claim 28, wherein the reaction conditions comprise hydrogen, sodium

carbonate, sthyl acetate, Pd/C, and a condition vnder pressure.

38, The method of claim 27 or claim 28, whergin the reaction conditions comprise hydrogen, sedium

carbonate, ethyl acetate, Pd/C, and a condition under pressure at about 60 psi.

39, The method of claim 27 or claim 28, wherein RZis C; to C, alkyl.
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40, The method of claim 27 or claim 28, wherein R is methyl.
41. A method of making a compound of formula VI or a stereoisomer or mixture of stereoisomers
thereof:
R OH O
K3 . Z/RQ
=N
R4
RS Vi

the method comprising the steps of:

a) contacting a compound of formula II with a compound of formula IH
RS OH O
R4 N Z/ Re
N
Rl N
RS I (R¥),N N(R™; m1

under reaction conditions sufficient to produce a compound of formula I

RS OH Q

N
i
Rﬂ 1
X
3
b) contacting a compound of formula I with a compound of formula R X followed bya

O

compound of formula R OH . 4 compound of formuta R-X* followed by a compound of formula
0

A

R OH : or a compound of formula V:
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under reaction conditions sufficient to produce a compound of formula 1V:

RB OH O
RZ
R R Z./

N
Ré e

RS O)]\ R12

c) optionally converting a compound of formula VII:

v

0

>—R12

R O O
RS R

R® O/IK R12

under reaction conditions sufficient {0 produce & compound of formula IV; and

VI

d) converting 4 compound of formula IV under reaction conditions sufficient to produce a

compound of formula VI;
wherein
Zis O,NR'or S:
R' is selected from the group consisting of hydrogen and alkyl;

R’ is selected from the group consisting of hydrogen and alkyl which is unsubstituted or
substituted with one or more substituents independently selected from the group consisting of

cycloalkyl, heterocvelyl, aryl, and heteroaryl;

R’ and R” are independently selected from the group consisting of hydrogen, alkyl, substituted
alkyl, eveloalkyl, substituted cycloalkyl, heterocycelyl, substituted heterocyelyl, aryl,
substituted aryl, heteroaryl, substitunted heteroaryl, halo, hydroxy, cyano, -S(0),-N{R®)-R*
wherenis 0, I, or 2, —NREC{O)NRSRS, X'R* where X' is oxygetn, -S{O),- or -NR’- where n
is0,1,0r2, or R, R* together with the carbon atom pendent thereto, form a cycloalkyl,
substituted cycloalkyl, heterocvelyl, substituted heterocyclyl, arvl, substituted aryl,

heteroaryl, or substituted heteroaryl;
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R’ and R® are independently selected from the group consisting of hydrogen, halo, alkyl,
substituted alkyl, alkoxy, substituted alkoxy, aryl, substituted aryl, heteroaryl, substituted
heteroaryl and ~X°R'® where X* is oxygen, -S(0),- or ~NR"- where 11 is 0, 1, or 2, or when
X% is ~NR'., then R'® and R'°, together with the nitrogen atom to which they are bound, can

be joined to form a heterocycelyl or substituted heterocyclyl group;

each R* is independently selected from the group consisting of hiydrogen, alkyl, substituted alkyl,
aryl, substituted aryl, cycloalkyl, substituted cycloalkyl, heteroaryl, substituted heteroaryl,
heterocyelyl and substituted heterocyelyl provided that when X! s =8O~ or -SO-, then R% is
not hydrogen;

R® and R" are independently selected from the group consisting of hydrogen, alkyl, and aryl; and

R is selected from the group consisting of alkyl, substituted alkyl, aryl, substituted aryl,

heteroaryl, substituted heteroaryl, heterocyclyl and substituted heterocyclyl;

gach R*' is independently sclected from alkyl, benzyl or aryl, or two R together with the

nitrogen atom to which they are attached form a 4-8 membered heterocyclyl or a heteroaryl;

each R™ is independently selected from the group consisting of alkyl, aryl, heteroaryl, and
heterocyclyl, or when two R'? are present, two R together with the carbon atom to which

they are attached form a 4-8 membered heterocyclyl: and
3.
X’ is halo.

42. A method of making 2 compound of formula VIA or 2 stereoisomer or mixture of stereoisomers

thereof’
RS M O
R3 R?

R4
R® VIA

the method comprising the steps of:

a) contacting a compound of formula ITA with a compound of formula IH
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RE OH O
R3 \ O/R2
~N
R N
RE 1A (RN NER™; 11

under reaction conditions sufficient to produce a compound of formula 1A:

RS OH O

Rs SN O/R2
N

Rti

Re y—R"

‘|:Q11 IA.
b) contacting a compound of formula TA with a compound of formula V
G 9]

SN

R‘12 e R12 vV

under reaction conditions sufficient to produce & compound of formula IVA:

RE OH O

A
<)
o)
R12
RE O O
Rz
N
22

R4
RE O).k R12

under reaction conditions sufficient to produce a compound of formula IVA; and

VIIA
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d) converting a compound of formula IV A under reaction conditions sufficient to produce a

compound of formula VIA;
wherein

R* is selected from the group consisting of hydrogen and alkcyl which is tmsubstituted or
substituted with one or more substituents independently selected from the group consisting of

cychoatkyl, heterocyelyl, aryl, and heteroaryl;

R? and R” are independently selected from the group consisting of hydrogen, alkyl, substituted
alkyl, cycloalkyl, substituted cycloalkyl, heterocyclyl, substituted heterocyclyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl, halo, hydroxy, cyano, -S( 0},-N(R")-R®
wherenis 0, 1, or 2, —NRSC(O)NRSRS, 'R where X! is oxvyegen, -5(0),- or -NR’- where n
is 0, 1, or 2, or R?, R together with the carbon atom pendent thercto, form a cycloalkyl,
substituted cycloalkyl, heterocyelyl, substituted heterocyclyl, aryl, substituted aryl,

heteroaryl, or substituted heteroaryl;

R’ and R® are independently selected from the group consisting of hydrogen, halo, alkyi,
substituted alkyl, alkoxy, substituted alkoxy, aryl, substituted aryl, heteroaryl, substituted
heteroaryl and ~X"R'® where X* is oxygen, -S(Q),- or ~NR®- where nis 0, 1, or 2, or when X*
is -NR"-, then R" and R', together with the nitrogen atom to which they are bound, can be

joined to form a heterocyclyl or substituted heterocyclyl group;

cach R® is independently selected from the group consisting of hydrogen, alkyl, substituted alkyl,
aryl, substituted aryl, cycloatkyl, substituted cycloalkyl, heteroaryl, substituted heteroaryl,
heterocyclyl and substituted heterocyelyl provided that when X" is ~80- or -S0,-, then R" is

not hydrogen;
R® and R* are independently selected from the group consisting of hydrogen, alkyl, and aryl; and

R' is selected from the group consisting of alkyl, substituted alkyl, aryl, substituted aryl,

heteroaryl, substituted heteroaryl, heterocycly! and substituted heterocyelyl;

gach R" is independently selected from alkyl, benzyl or aryl, or two R together with the
nitrogen atom to which they are attached form a 4-8 membered heterocyclyl or a heteroaryl;

and

cach R is independently selected from the group consisting of alkyl, aryl, heteroaryl, and
heterocyclyl, or two R** together with the carbon atom to which they are attached form a 4-8

membered heterocyclyl.
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43. The method of claim 41 or claim 42, wherein the reaction conditions of steps a) and b) comprise

an acid.
44, The method of claim 41 or claim 42, wherein R'' and R" are C; to C. alkyl,

45. The method of claim 41 or claim 42, wherein R" and R are C; to C4 alkyl, and R}, R’ and R® are
hydrogen.

46, The method of claim 41 or claim 42, wherein R'" and R" are C to Cs alkyl, and R* R®andR%are

hydrogen.
47. The method of claim 41 or claim 42, wherein R" and R' are methyl.
48, A method of making a compound of formula VIC or a stereoisomer or mixture of stereoisomers
thereof:
H O
R2
RS o~
N
R4
VIC
comprising the steps of:
&) contacting a compound of formula IIC with a compound of formula HIA
oH O
-~ RZ
= R N
© NT N
N | |
R TC ' ‘ A

under reaction conditions sufficient to produce a compound of formula IC:

oH C
R2
> o~
=N
R4
N/
i IC
b) contacting a compotmd of formula IC with a compound of formula VA
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J
o VA
under reaction conditions sufficient to produce a compound of formula TVC:

oH O

R4 O

c) optionally converting a compound of formula VIIC:

VIiIC
under reaction conditions sufficient to produce a compound of formula IVC; and

d convertine a compound of formmula IVC under reaction conditions sufficient 1o produce a
g P p

compound of formula VIC;
wherein

R? is selected from the group consisting of hydrogen and alkyl which is unsubstituted or
substituted with one or more substituents independently selected from the group consisting of

cycloalkyl, heterocyclyl, aryl, and heteroaryi;

R* is selected from the group consisting of hydrogen, alkyl, substituted alkyl, cycloalkyl,
substituted cycloalkyl, heterocyclyl, substituted heterocyclyl, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, halo, hydroxy, cyano, -8(0),-N(RY-R® where nis 0, 1, or
2, —NRSC(O)NRSRS, X'R* where X' is oxygen, -S(0),- or NR®- wherenis 0, 1, or 2, or Rg,
R* together with the carbon atom pendent thereto, form a cycloalkyl, substituted cycloalkyl,
heterocyclyl, substituted heterocyclyl, aryl, substituted aryl, heteroaryl, or substituted

heteroaryi;

each R® is independently selected from the group consisting of hydrogen, alkyl, substituted alkyl,

aryl, substituted aryl, cycloalkyl, substitated cycloalkyl, heteroaryl, substituted heteroaryl,
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heterocyclyl and substituted heterocyclyl provided that when X" is 8O- or -8O;-, then R® is

not hydrogen; and
each R’ is selected from the group consisting of hydrogen, alkyl, and aryl.
49, The method of claim 48, firther comprising step

g) contacting a compound of formula VIC with glycine under reaction conditions sufficient to

produce a compound of fornmla XC:

OH Q
OH
S
ﬁ/\ﬂ/
AN 0
R4
XC
or a stereoisomer or mixture of stereoisomers thereof.
50. The method of claim 48 or 49, wherein R” is bydrogen and R* is phenoxy.
51 The method of claim 48 or 49, wherein R” is hydrogen and R” is 4-methoxyphenoxy.
52, The method of claim 48 or 49, wherein R” is hydrogen and R” is 3,5-difluorophenoxy.
3. A method of making a compound of formula VID or a stercoisomer or mixture of stereoisomers
thereof:
H O
R2
R3 \\ O/
N
VID
comprising the steps of:
a) contacting & compound of formula IID with a compound of formula 1I1A
oH O
R3 Rz
N L
D TIIA

under reaction conditions sufficient to produce a compound of formula ID:
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OoH 0O
R3 N o” R2
N
N/
| D
b) contacting a compound of formula 1D with a compound of formula VA
o] O

AN

under reaction conditions sufficient to produce a compound of formula IVD:

VA

oH O
Rs Rz

Re R2

viD
under reaction conditions sufficient to produce a compound of formula IVD; and

d) converting a compound of formula IVD under reaction conditions sufficient to produce a

compound of formula VID;
wherein

R? is selected from the group consisting of hydrogen and alkyl which is unsubstituted or
substituted with one or more substituents independently seiected from the group consisting of

cycloalkyl, heterocyelyl, arvl, and heteroaryl;

R? is selected from the group consisting of hydrogen, alkyl, substituted alkyl, cycloalkyl,
substituted cycloalkyl, heterocyelyl, substituted heterocyclyl, aryl, substituted aryi,
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heteroaryl, substituted heteroaryl, halo, hydroxy, cyano, -S(O}ﬂ—N(Rg)—RS wherenis 0, 1, or
2, NRE*C(OINR®*R?, -X'R? where X' is oxygen, -S(0),- or NR’- where nis 0, 1, or 2, or R,
R* together with the carbon atom pendent thereto, form a cycloalkyl, substituted cycloalkyl,
heterocyclyl, substituted heterocyclyl, aryl, substituted aryl, heteroaryl, or substituted

heteroaryl;

cach R® is independently selected from the group consisting of hydrogen, alkyl, substitnied alkyl,
aryl, substituted aryl, cycloalkyl, substituted cycloalkyl, heteroaryl, substituted heteroaryl,
heterocyclyl and substituted heterocyclyl provided that when X' is ~SO- or -SO,-, then R® is

not hydrogen; and
cach R’ is selected from the group consisting of hydrogen, alkyl, and aryl.
34, The method of claim 53, further comprising step

e) contacting a compormd of formula VID with glycine under reaction conditions sufficient to

produce a compound of formula XD:

OoH O
R® N N OH
TN
XD

ot a stereoisomer or mixture of sterecisomers thereof.
5. The method of claim 53 or 54, whercin R” is hydrogen and R is phenoxy.
56. The method of claim 53 or 54, wherein R” is hydrogen and R is 4-methoxyphenoxy,
37. The method of claim 53 or 54, wherein R” is hydrogen and R’ is 3,5-diflucrophenoxy.
58. The method of any one of claims 41, 42, 48 or 53, wherein the reaction coditions of step a)
comprise an acid.
59. The method of claim 58, wherein the acid is glacial acetic acid.
60. The method of any one of claims 41, 42, 48 or 53, wherein step a) is conducted at a temperature
greater than about 30 °C.
61. The method of any one of claimg 41, 42, 48 or 53, wherein step a) is conducted at a temperature

of from about 50 °C 1o about 60 °C.
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62. The method of any one of claims 41, 42, 48 or 53, wherein step b) is conducted at a temperature

greater than about 30 °C.

63. The method of any one of claims 41, 42, 48 or 53, wherein step b) is condueted at a temperature
of about 100 °C.

64, The method of any one of claims 41, 42, 48 or 53, wherein the method comprises step ¢).

45, The method of claim 64, wherein the reaction coditions of step ¢} comprise an amine,

66, The method of claim 65, wherein the amine is morpholine.

67. The method of claim 64, wherein step ¢) is conducted in dichloromethane.

68, The method of claim 64, wherein step ¢) is conducted at a temperature below about 25 °C,

69. The method of claim 64, wherein step c) is conducted at a temperature of from about 0 °C to
about 10 °C.

70. The method of any one of claims 41, 42, 48 or 53, wherein the reaction ceditions of step d)

comprise hydrogen.

71. The method of any one of claims 41, 42, 48 or 53, wherein the reaction conditions of step d)

comprise a base,
72, The method claim of 71, wherein the basc is sodium carbonate.

73. The method of claim 71, wherein the reaction conditions of step d) comprise from about 0.5 to

about 1 molar equivalents of sodium carbonate.

74, The method of any one of claims 41, 42, 48 or 53, wherein the reaction conditions of step d)

comprise ethyl acetate.

75, The method of any one of claims 41, 42, 48 or 53, wherein the reaction conditions of step d)

comprise a catalyst,
76. The method of claim 75, wherein the catalyst is Pd/C,

77. The method of claim 1 or claim 41, wherein from about 1.1 to about 1.5 molar equivalents of the

compound of formmila IIT is used.

78. The method of claim 2 or claim 42, wherein from about 1.1 to about 1.5 molar equivalents of the

compound of formula 111 is used.
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79. The method of claim 48 or 53, wherein from about 1.1 to about 1.5 molar equivalents of the

compound of formula ITIA is used.

80, The method of claim § or claim 41, wherein from about 2 to about 3 molar equivalents of the

compound of formula V is used.

81. The method of claim 9 or claim 42, wherein from about 2 to about 3 molar equivalents of the

compound of formula V is used.

82, The method of claim 48 or 53, wherein from about 2 to about 3 molar equivalents of the

compotmd of formuia VA s used.

83. A compound of formula VIIL:

R® OH O
R RN 2/ Re
2N
Rti
Re R
VHI

wherein:
Zis O, NR' or §;
R' is selected from the group consisting of hydrogen and alkyl;

R?is selected from the group consisting of hydrogen and alkyl which is unsubstituted or

substituted with one or more substituents independently sciecied from the group consisting of

cycloalkyl, heterocyelyl, aryl, and heteroaryl;

R*® and R” are independently selected from the group consisting of hydrogen, alkyl, substituted
alkyl, cycloalkyl, substituted cycloalkyl, beterocyclyl, substituted heterocyelyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl, halo, hydroxy, cyano, -S(0),-N(R*-R®
where nis 0, 1, or 2, -NR*C(O)NR*R®, -X'R® where X' is oxygen, -S(0),- or -NR’- where n
i80,1,0r2, or R, R together with the carbon atom pendent thereto, form a cycloalkyl,
substituted cycloalkyl, heterocyelyl, substituted heterocyelyl, aryl, substituted aryl,
heteroaryl, or substituted heteroaryl;

R and R® are independently selected from the group consisting of hydrogen, halo, alkyl,

substituted alkyl, alkoxy, substituted alkoxy, aryl, substituted aryl, heteroaryl, substituted
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heteroary! and “X*RY where X* is oxygen, -S(0),- or ~NR"-where n is 0, 1, or 2, or when
X*is ~-NR'., then R" and R", together with the nitrogen atom to which they are bound, can

be joined to form e heterocyclyl or substituted heterocyclyl group;
R7 is either -N(R'" YR or ~OC(OR";

each R® is independently selected from the group consisting of hydrogen, alkyl, substituted alkyl,
aryl, substituted aryl, cycloalkyl, substituted cycloalkyl, heteroaryi, substituted heteroaryl,
heterocvelyl and substitated heterocyclyl provided that when X' is —=SO- or -SO--, then R® 1s
not hydrogen;

R’ and R'® are independently selected from the group consisting of hydrogen, alkyl, and aryt;

R’ is selected from the group consisting of alkyl, substituted alkyl, aryl, substituted aryl,

heteroaryl, substituted heteroaryl, heterocyelvl and substituted heterocyclyl;

each R'' is independently selected from alkyl, benzyl or aryl, or two R together with the
nitrogen atom to which they are attached form a 4-8 membered heterocyclyl or a heteroaryl;

and

cach R" is independently selected from the group consisting of alkyl, aryl, heteroaryl, and

heterocyclyi;
or a salt, ester, sterecisomer, or mixture of stereoisomers thereof,

provided that the compound is not 1-dimethylaminomethyl-4-hydroxy-7-phenylsulfanyl-isoquinoline-3-

carboxylic acid butyl ester.

84, A compound of formula VIIA:

R OH ©O
R X O/R‘?
=N
R4
RS R7
VIIIA

wherein:

R” is selected from the group consisting of hydrogen and alkyl which is unsubstituted or
substifted with one or more substituents independently selected from the group consisting of

cycloalkyl, heterocyclyl, aryl, and heteroaryi;
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R* and R are independently selected from the group consisting of hydrogen, alkyl, substituted
alkyl, cycloalkyl, substituted cycloalkyl, heterocyclyl, substituted heterocyclyl, aryi,
substituted aryl, heteroaryl, substitated heteroaryl, halo, hydroxy, cyano, -S(O),-N( RF)-RE
where nis 0, 1, or 2, -NR*C(ONR*R?, -X'R® where X' is oxygen, -8(Q),- or -NR’- where 1
is 0, 1, or 2, or R®, R? together with the carbon atom pendent thereto, form a cycloalkyl,
substituted cycloalkyl, heterocyclyl, substituted heterocyclyl, aryl, substituted aryl,
heteroary!, or substituted heteroaryl;

R’ and R® are independently selected from the group consisting of hydrogen, hale, alkyl,
substituted alkyl, alkoxy, substituted alkoxy, aryl, substituted aryl, heteroaryl, substituted
heteroaryl and “X*R' where X is oxygen, -S(0),- or -NR"- wherenis 0, 1, or 2, or when
X7 is -NRY-, then R™ and R", together with the nitrogen atom to which they are bound, can

be joined to form a heterocyclyl or substituted heterocyelyl group;
R’ is either -N(R" YR or ~OC(ORY;

cach R® is independently selected from the group consisting of hydrogen, alkyl, substituted alkyl,
aryl, substituted aryl, cycloalkyl, substituted cycloalkyl, heteroaryl, substituted heteroaryl,
heterocycly] and substituted heterocyclyl provided that when X' is ~SO- or -SO;-, then R is

not hydrogen;
R® and R'* are independently selected from the group consisting of hydrogen, alkyl, and aryl;

R" is selected from the group consisting of alkyl, substituted alkyl, aryl, substituted aryl,

heteroaryl, substituted heteroaryl, heterocyclyl and substifted heterocyclyl;

each R is independently selected from alkyl, benzyl or aryl, or two R'' together with the
nitrogen atom to which they are attached form a 4-8 membered heterocyclyl or a heteroaryl;

and

each R is independently selected from the group consisting of alkyl, aryl, heteroaryl, and

heterocyclyl;
or a salt, ester, siergotsomer, or mixture of sterecisomers thercof;

provided that the compound is not 1-dimethylaminomethyl-4-hydroxy-7-phenylsulfanyi-isoquinoiine-3-

carboxylic acid butyl ester.
85. The compound of claim §3 or claim 84, wherein R* is unsubstituted aikyl.

86, The compound of claim 83 or claim 84, wherein R* and R® are hydrogen.

111



87.

88.

89.

90,

91.

WO 2014/014834 PCT/US2013/050538

The compound of ¢laim 83 or claim 84, wherein:

R?is selected from the group consisting of alikyl which is unsubstituted or substifated with one or
more substituents independently selected from the group consisting of cycloalkyl,

heterocyclyl, aryl, and heteroaryl; and
R’ and R® are hydrogen.
The compound of claim 83 or claim 84, wherein R” is-N(R'"WR"yand R" is C, to C, alkyl.
The compound of claim §3 or claim 84, wherein R is ~OC(O)R"” and R is C; to C4 alkyl.
The compound of claim 83 or claim 84, wherein:

R? is alkyl which is unsubstituted or substituted with one or more substituents independentty

selected from the group consisting of cycloalkyl, heterocyclyl, aryl, and heteroaryl;

R and R are independently selected from the group consisting of hydrogen, alkyl, substituted
alkyl, cyeloalkyl, substituted cycloalkyl, heterocyclyl, substituted heterocyclyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl, halo, hydroxy, cyano, -S(0),-N(R"-R®
where 11 is 0, 1, or 2, -NR®C{OINR®R?, -X'R® where X' is oxygen, -${0),- or -NR’- where n
is0,1,0r2, or R), R together with the carbon atom pendent thereto, form a cycloalkyl,
substimuted cycloalkyl, heterocvelyl, substituted heterocyclyl, arvl, substituted aryl,

heteroaryl, or substituted heteroaryl;
R’ and R® are hydrogen:
R’ is -NER"MDRMY;

each R® is independently selected from the group consisting of hydrogen, alkyl, substituted alkyl,
arvl, substituted aryl, cycloalkyl, substituted cycloalkyl, heteroaryl, substituted heteroaryl,
heterocyclyl and substituted heterocyclyl provided that when X' is ~SO- or -SO,-, then R%is

not hydrogen;
R’ is selected from the group consisting of hydrogen, afkyl, and aryl; and
sach R'' is independently selected from C, to Cy alkyl or aryl.
The compound of claim 83 or claim 84, wherein:

R? is alky] which is unsubstituted or substituted with one or more substituents independentty

selected from the group consisting of cycloalkyl, heterocyelyl, aryl, and heteroaryl;
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R* and R* are independently selected from the group consisting of hydrogen, alkyl, substituted
alkyl, cycloalkyl, substituted cycloalkyl, heterocyclyl, substituted heterocyclyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl, hale, hydroxy, cyano, —S(O)nnl\I(RS)—R8
wherenis 0, 1, or 2, -NR8C(O)NR8R8, -X'R® where X' is oxygen, -S{O),- or NR’- where n

5 is 0, 1, or 2, or R’, R” together with the carbon atom pendent thereto, form a cycloalkyl,
substituted cycloalkyl, heterocyclyl, substituted heterocyclyl, aryl, substituted aryl,

heteroaryl, or substituted heteroaryl;
R’ and R® are hydrogen;
R’ is ~OC(OR";

10 each R® is independently sclected from the group consisting of hydrogen, alkyl, substituted alkyl,
aryl, substituted aryl, cycioalkyl, subsiituted cycloalkyl, heteroaryl, substituted heteroaryl,
heterocyclyl and substituted heterocyclyl provided that when X' is ~SO- or -SO,-, then R? is
not hydrogen;

R’ is selected from the group consisting of hiydrogen, alkyl, and aryl; and

15 each R is independently selected from the group consisting of alkyl, aryl, heteroaryl, and

heterocyelyl.

113



