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Description
CROSS REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit under 35 U.S.C. §119(e) to U. S. Application Number 61/672,191, filed July
16, 2012.

BACKGROUND
Field

[0002] The presentinvention relates to methods for making isoquinoline compounds and the intermediate compounds
achieved thereby.

State of the Art

[0003] Isoquincline compounds are known to be effective in the treatment and prevention of conditions and disorders
associated with HIF, including anemia and tissue damage caused by ischemia and/or hypoxia (see, 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, isoquinoline com-
pounds for inhibiting HIF hydroxylase activity, thereby increasing the stability and/or activity of hypoxia inducible factor
(HIF), which can then be used to treat and prevent HIF-associated conditions and disorders.

[0004] To date, a number of synthetic routes for the preparation of substituted isoquinoline compounds have been
published. In 1966, Caswell et al. (Heterocyclyl Chem 1966, (3), 328-332) reported the synthesis of 4-hydroxy-3-car-
bomethoxy-1(2H)-isoquinoline, and the 6- and 8-methoxy substituted derivatives thereof, via the Gabriel-Coleman re-
arrangement of phthalimidoacetate with sodium in 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 chemist.

[0005] 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-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 U.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
cyclization/aromatization 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 1-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-methylisoquinoline 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)palladium or an excess of n-butyllithium
followed by methyliodide.

SUMMARY

[0008] The present invention relates to methods for synthesizing variously substituted isoquinoline compounds, and
the intermediate compounds achieved thereby, safely and efficiently on alarge scale. Specifically, the methods disclosed
herein provide the desired 5-, 6-, 7-, or 8-substituted isoquinoline 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.
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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 inter alia,
anemia (see, e.g., U.S. Patent No. 7,629,357).

[0010]

In one aspect, the presentinvention is directed to a method of making a compound of formula | or a sterecisomer

or mixture of stereoisomers thereof:

R® OH O
3 R?
~N
R4
RS _RI
I
R 1
the method comprising contacting a compound of formula Il:
R® OH O
3 R?
R X b
~N
R4
R i
with a compound of formula IlI:
PN
(R),N N(R'), -

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

VA
R1
R2

R3 and R4

R5 and R6

is O, NR1, or S;

is selected from the group consisting of hydrogen and alkyl;

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,

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(R8)-R8, -NR8C(O)NRERS, and -X'R8,

where X1 is oxygen, -S(0),-, or -NR%-;

nis 0, 1, or 2;

each R8 is independently selected from the group consisting of hydrogen, alkyl, substituted alkyl, aryl,
substituted aryl, cycloalkyl, substituted cycloalkyl, heteroaryl, substituted heteroaryl, heterocyclyl and sub-
stituted heterocyclyl provided that when X' is -SO- or -S0,-, then R8 is not hydrogen; and

RY 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,

are independently selected from the group consisting of hydrogen, halo, alkyl, substituted alkyl, alkoxy,
substituted alkoxy, aryl, substituted aryl, heteroaryl, substituted heteroaryl and -X2R19;

where X2 is oxygen, -S(0),-, or -NR13-;

nis 0, 1, or 2;

R10 is selected from the group consisting of alkyl, substituted alkyl, aryl, substituted aryl, heteroaryl, sub-
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stituted heteroaryl, heterocyclyl and substituted heterocyclyl; and
R13 is selected from the group consisting of hydrogen, alkyl, and aryl;or when X2 is -NR'3-, then R0 and
R13, 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, 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.

[0011] In another aspect, the present invention is directed to a method of making a compound of formula IV or a
stereoisomer or mixture of sterecisomers thereof:

RE® OH O
R3 N 7 R?
~N
R4 O
N
v

the method comprising contacting a compound of formula |:

R® OH O
RS N Z/RZ
~N
R4
R8 N/R11
||Q11 1
with one of the following:
(a) a compound of formula
0

followed by a compound of formula

O

A

R12 OH.

b

(b) a compound of formula R12-X3 followed by a compound of formula

O

A

R2” “OH

or

(c) a compound of formula V:
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O 0O

AP

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

R \%

X3 is halo;

R12 is selected from the group consisting of alkyl, aryl,
heteroaryl, and heterocyclyl, or when two R12 are
present, two R12 together with the carbon atom to
which they are attached form a 4-8 membered het-
erocyclyl; and

Z, R1 R2 R3 R4 R5 R6 R8 RY R10 R1 R13 n,X1and X2 are as defined for formula | above.

[0012] In another aspect, the present invention is directed to a method of making a compound of formula VI or a
stereoisomer or mixture of sterecisomers thereof:

RE OH O
R2
R3 n Z/
~N
R4
6
R VI
the method comprising converting a compound of formula IV:
R& OH O
R3 > Z/R2
A
R4 0
I -
v

under reaction conditions sufficient to produce a compound of formula VI; wherein
Z,R1,R2 R3 R4 R5 R6 R8 RY9 R10 R R13 n,X"and X2 are as defined for formula | above; and

R12 is selected from the group consisting of alkyl, aryl, het-
eroaryl, and heterocyclyl.

[0013] In another aspect, the invention is directed to a compound of formula VI

RS OH O
R3 AN Z/ R?
~N
R4
R6
R? VIII

wherein:
Z R1 R2 R3 R4 R5 R6 R8 RY R10 R13 n, X1 and X2  are as defined for formula | above;

R7 is -N(R11)(R") or -OC(O)R12; and



10

15

20

25

30

35

40

45

50

55

EP 2 872 487 B1

R12 is selected from the group consisting of alkyl, aryl, heteroar-
yl, and heterocyclyl,

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

provided that the compound is not 1-dimethylaminomethyl-4-hydroxy-7-phenylsulfanyl-isoquinoline-3-carboxylic acid
butyl ester.

[0014] 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 limit the scope of the present invention as set forth in the appended
claims.

Definitions

[0016] It mustbe 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.

[0017] Unless defined otherwise, all 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 invention, the preferred
methods, devices, and materials are now described. All publications cited herein are incorporated herein by reference
in their 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 herein is to be construed as an admission that
the invention is not entitled to antedate such disclosure by virtue of prior invention.

[0018] The practice ofthe presentinventionwillemploy, unless otherwise indicated, conventional methods of chemistry,
biochemistry, molecular biology, cell biology, genetics, immunology, and pharmacology, within the skill of the art. Such
techniques are explained fully in the literature. See, e.g., Gennaro, A.R., ed. (1990) Remington’s Pharmaceutical Sci-
ences, 18th ed., Mack Publishing Co.; Colowick, S. et al., eds., Methods In Enzymology, Academic Press, Inc.; D.M.
Weir, and C.C. Blackwell, eds. (1986) Handbook of Experimental Immunology, Vols. I-IV, Blackwell Scientific Publications;
Maniatis, T. et al., eds. (1989) Molecular Cloning: A Laboratory Manual, 2nd edition, Vols. I-lll, Cold Spring Harbor
Laboratory Press; Ausubel, F. M. et al., eds. (1999) Short Protocols in Molecular Biology, 4th edition, John Wiley & Sons;
Ream et al., eds. (1998) Molecular Biology Techniques: An Intensive Laboratory Course, Academic Press; Newton &
Graham eds. (1997) PCR (Introduction to Biotechniques Series), 2nd ed., Springer Verlag.

[0019] The term "alkyl" refers to saturated monovalent hydrocarbyl groups having from 1 to 10 carbon atoms, more
particularly from 1 to 5 carbon atoms, and even more particularly 1 to 3 carbon atoms. This term is exemplified by groups
such as methyl, ethyl, n-propyl, iso-propyl, n-butyl, t-butyl, n-pentyl, and the like.

[0020] The term "substituted alkyl" refers to an alkyl group of from 1 to 10 carbon atoms, more particularly 1 to 5 carbon
atoms, and having from 1 to 5 substituents, or 1 to 3 substituents, each of which substituents is independently selected
from the group consisting of alkoxy, substituted alkoxy, acyl, acylamino, acyloxy, amino, substituted amino, aminoacyl,
aminocarbonylamino, aminothiocarbonylamino, aminocarbonyloxy, aryl, substituted aryl, aryloxy, substituted aryloxy,
aryloxyaryl, substituted aryloxyaryl, cyano, halogen, hydroxyl, nitro, oxo, thioxo, carboxyl, carboxyl esters, cycloalkyl,
substituted cycloalkyl, thio, alkylthio, substituted alkylthio, arylthio, substituted arylthio, cycloalkylthio, substituted cy-
cloalkylthio, heteroarylthio, substituted heteroarylthio, heterocyclicthio, substituted heterocyclicthio, sulfonyl, substituted
sulfonyl, heteroaryl, substituted heteroaryl, heterocyclic, substituted heterocyclic, cycloalkoxy, substituted cycloalkoxy,
heteroaryloxy, substituted heteroaryloxy, heterocyclyloxy, substituted heterocyclyloxy, oxycarbonylamino, oxythiocarb-
onylamino, -OS(O),-alky, -OS(O),-substituted alkyl, -OS(O),-aryl, -OS(0),-substituted aryl, -OS(O),-heteroaryl,
-0S(O),-substituted heteroaryl, -OS(O),-heterocyclic, -OS(0),-substituted heterocyclic, and -OSO,-NR40R40,
-NR40S(0),-NR*0-alkyl, -NR40S(0),-NR40-substituted alkyl, -NR*0S(0),-NR40-aryl, -NR40S(0),-NR40-substituted aryl,
-NR40S(0),-NR40-heteroaryl, -NR40S(0),-NR40-substituted  heteroaryl, -NR49S(0),-NR40-heterocyclic, and
-NR40S(0),-NR4#0-substituted heterocyclic, where each R40is independently selected from hydrogen or alkyl. This group
is exemplified by groups such as trifluoromethyl, benzyl, pyrazol-1-ylmethyl, etc.

[0021] Theterm"alkoxy" refers to the group "alkyl-O-," whichincludes, by way of example, methoxy, ethoxy, n-propoxy,
iso-propoxy, n-butoxy, t-butoxy, sec-butoxy, n-pentoxy, and the like.

[0022] The term "substituted alkoxy" refers to the group "substituted alkyl-O-".

[0023] The term "acyl" refers to the groups H-C(O)-, alkyl-C(O)-, substituted alkyl-C(O)-, alkenyl-C(O)-, substituted
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alkenyl-C(O)-, alkynyl-C(O)-, substituted alkynyl-C(O)-, cycloalkyl-C(O)-, substituted cycloalkyl-C(O)-, aryl-C(O)-, sub-
stituted aryl-C(O)-, heteroaryl-C(O)-, substituted heteroaryl-C(O), heterocyclic-C(O)-, and substituted heterocyclic-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.
[0024] The term "aminoacyl" or "amide", or the prefix "carbamoyl," "carboxamide," "substituted carbamoyl" or "substi-
tuted carboxamide”, refers to the group -C(O)NR42R42 where each R42 is independently selected from the group con-
sisting of hydrogen, alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, aryl, substituted
aryl, cycloalkyl, substituted cycloalkyl, heteroaryl, substituted heteroaryl, heterocyclic, and substituted heterocyclic; or
where each R42 s 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, substi-
tuted aryl, heteroaryl, substituted heteroaryl, heterocyclic, and substituted heterocyclic are as defined herein.

[0025] The term "acyloxy" refers to the groups alkyl-C(O)O-, substituted alkyl-C(O)O-, alkenyl-C(O)O-, substituted
alkenyl-C(O)O-, alkynyl-C(O)O-, substituted alkynyl-C(O)O-, aryl-C(O)O-, substituted aryl-C(O)O-, cycloalkyl-C(O)O-,
substituted cycloalkyl-C(O)O-, heteroaryl-C(O)O-, substituted heteroaryl-C(O)O-, heterocyclic-C(O)O-, and substituted
heterocyclic-C(O)O-, 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.

[0026] The term "alkeny!" refers to 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 1 to 2 sites of vinyl (>C=C<) unsaturation. Such groups are
exemplified by vinyl (ethen-1-yl), allyl, but-3-enyl and the like. This term includes both E (trans) and Z (cis) isomers as
appropriate. It also includes mixtures of both E and Z components.

[0027] The term "substituted alkenyl" refers to alkenyl groups having from 1 to 3 substituents, or 1 to 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 heteroaryl, heterocyclic, and substituted heterocyclic. This term
includes both E (trans) and Z (cis) isomers as appropriate. It also includes mixtures of both E and Z components.
[0028] 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 1, or from 1 to 2 sites of acetylenic (-C=C-) unsaturation. This group
is exemplified by ethyn-1-yl, propyn-1-yl, propyn-2-yl, and the like.

[0029] The term "substituted alkynyl" refers to alkynyl groups having from 1 to 3 substituents, or 1 to 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 heteroaryl, heterocyclic, and substituted heterocyclic. This group
is exemplified by groups such as phenylethynyl, etc.

[0030] The term "amino" refers to the group -NH,.

[0031] The term "substituted amino" refers to the group -NR4'R#41, where each R4! 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 R4! groups can be joined together with the nitrogen atom to form a heterocyclic
or substituted heterocyclic ring; provided that both R41 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-yl)amino, etc.
[0032] The term "acylamino"” refers to the groups -NR45C(O)alkyl, -NR45C(O)substituted alkyl, -NR45C(O)cycloalkyl,
-NR45C(O)substituted cycloalkyl, -NR45C(O)alkenyl, -NR45C(O)substituted alkenyl, -NR43C(O)alkynyl, -NR43C(O)sub-
stituted alkynyl, -NR45C(O)aryl, -NR45C(O)substituted aryl, -NR45C(O)heteroaryl, -NR45C(O)substituted heteroaryl,
-NR45C(O)heterocyclic, and -NR45C(O)substituted heterocyclic where R45 is hydrogen or alkyl, and wherein alkyl, sub-
stituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl, substituted cycloalkyl, aryl, substituted
aryl, heteroaryl, substituted heteroaryl, heterocyclic, and substituted heterocyclic are defined herein.

[0033] The term "oxycarbonylamino" refers to the groups -NR46C(Q)O-alkyl, -NR46C(O)O-substituted alkyl,
-NR46C(0)0O-alkenyl, -NR46C(0)O-substituted alkenyl, -NR4C(0)O-alkynyl, -NR46C(O)O-substituted alkynyl,
-NR46C(0)O-cycloalkyl, -NR46C(O)O-substituted cycloalkyl, -NR46C(0)O-aryl, -NR#6C(O)O-substituted aryl,
-NR46C(0)0O-heteroaryl, -NR46C(0)O-substituted heteroaryl, -NR46C(0O)O-heterocyclic, and -NR46C(0O)O-substituted
heterocyclic where R46 is hydrogen or alkyl, and wherein alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl,
substituted alkynyl, cycloalkyl, substituted cycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, heterocy-
clic, and substituted heterocyclic are as defined herein.

[0034] The term "oxythiocarbonylamino" refers to the groups -NR46C(S)O-alkyl, -NR46C(S)O-substituted alkyl,
-NR46C(S)O-alkenyl, -NR46C(S)O-substituted alkenyl, -NR#6C(S)O-alkynyl, -NR#6C(S)O-substituted alkynyl,
-NR46C(S)O-cycloalkyl, -NR46C(S)O-substituted cycloalkyl, -NR46C(S)O-aryl, -NR46C(S)O-substituted aryl,
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-NR46C(S)O-heteroaryl, -NR46C(S)O-substituted heteroaryl, -NR48C(S)O-heterocyclic, and -NR48C(S)O-substituted
heterocyclic where R48 is hydrogen or alkyl, and wherein alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl,
substituted alkynyl, cycloalkyl, substituted cycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, heterocy-
clic, and substituted heterocyclic are as defined herein.

[0035] Theterm "aminocarbonyloxy," or the prefix "carbamoyloxy" or "substituted carbamoyloxy," refers to the groups
-OC(O)NR47R47 where each R47 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, and substituted heterocyclic; or where each R47 is joined to form, together
with the nitrogen atom, a heterocyclic or substituted heterocyclic, and wherein alkyl, substituted alkyl, alkenyl, substituted
alkenyl, alkynyl, substituted alkynyl, cycloalkyl, substituted cycloalkyl, aryl, substituted aryl, heteroaryl, substituted het-
eroaryl, heterocyclic, and substituted heterocyclic are as defined herein.

[0036] The term "aminocarbonylamino” refers to the group -NR#9C(O)N(R*9),, where each R*9 is independently se-
lected from the group consisting of hydrogen and alkyl.

[0037] The term "aminothiocarbonylamino" refers to the group -NR49C(S)N(R49), where each R49 is independently
selected from the group consisting of hydrogen and alkyl.

[0038] The term "aryl" or "Ar" refers to a monovalent aromatic carbocyclic 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-benzoxazolinone, 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.

[0039] The term "substituted aryl" 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, alkyl, substituted
alkyl, alkoxy, substituted alkoxy, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, amidino (-C(=NH)-amino or
substituted amino), amino, substituted amino, aminoacyl, aminocarbonyloxy, aminocarbonylamino, aminothiocarbo-
nylamino, aryl, substituted aryl, aryloxy, substituted aryloxy, cycloalkoxy, substituted cycloalkoxy, heteroaryloxy, substi-
tuted heteroaryloxy, heterocyclyloxy, substituted heterocyclyloxy, carboxyl, carboxyl esters, cyano, thio, alkylthio, sub-
stituted alkylthio, arylthio, substituted arylthio, heteroarylthio, substituted heteroarylthio, cycloalkylthio, substituted cy-
cloalkylthio, heterocyclicthio, substituted heterocyclicthio, cycloalkyl, substituted cycloalkyl, guanidino (-NH-C(=NH)-ami-
no or substituted amino), halo, nitro, heteroaryl, substituted heteroaryl, heterocyclic, substituted heterocyclic, oxycarb-
onylamino, oxythiocarbonylamino, sulfonyl, substituted sulfonyl, -OS(O),-alkyl, -OS(O),-substituted alkyl, -OS(O),-aryl,
-OS(0),-substituted aryl, -OS(O),-heteroaryl, -OS(O),-substituted heteroaryl, -OS(O),-heterocyclic, -OS(O),-substitut-
ed heterocyclic, and -OSO,-NR51R51, -NR51S(0),-NR?1-alkyl, -NR51S(0),-NR>1-substituted alkyl, -NR51S(0),-NR51-ar-
yl,  -NR%1S(0),-NR%!-substituted aryl, -NR%1S(0)-NR®!-heteroaryl, -NR51S(0)-NR®!-substituted heteroaryl,
-NR518(0),-NR51-heterocyclic, -NR%1S(0),-NR51-substituted heterocyclic, where each R51 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-
fluorophenyl, 3-methoxyphenyl, 4-methoxyphenyl, 4-t-butylphenyl, 4-trifluoromethylphenyl, 2-trifluoromethoxyphenyl, 3-
trifluoromethoxyphenyl, 4-trifluoromethoxyphenyl, 2-chlorophenyl, 3-chlorophenyl, 4-chlorophenyl, 2-chloro-6-fluoroph-
enyl, 2,4-dichlorophenyl, 3,5-difluorophenyl, 4-methoxyphenyl, 3-cyanophenyl, 4-cyanophenyl, 4-phenoxyphenyl, 4-
methanesulfonylphenyl, biphenyl-4-yl, etc.

[0040] Theterm "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 substituted aryl-O- groups.

[0042] The term "aryloxyary!" refers to the group -aryl-O-aryl.

[0043] Theterm "substituted aryloxyaryl" refers to aryloxyaryl groups substituted with from 1 to 3 substituents on either
or both aryl rings as defined above for substituted aryl.

[0044] The term "carboxyl" refers to -COOH or salts thereof.

[0045] The term "carboxyl ester" refers to the groups -C(O)O-alkyl, -C(O)O-substituted alkyl, -C(O)O-alkenyl, -C(O)O-
substituted alkenyl, -C(O)O-alkynyl, -C(O)O-substituted alkynyl, -C(O)O-cycloalkyl, -C(O)O-substituted cycloalkyl,
-C(O)O-aryl, -C(O)O-substituted aryl, -C(O)O-heteroaryl, -C(O)O-substituted heteroaryl, -C(O)O-heterocyclic, and
-C(0O)O-substituted heterocyclic.

[0046] The term "cyano" refers to the group -CN.

[0047] The term "cycloalkyl" refers to a saturated or an unsaturated but nonaromatic cyclic alkyl group of from 3 to
10, 3to 8 or 3 to 6 carbon atoms having single or multiple cyclic rings including, by way of example, adamantyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclooctyl, cyclohexenyl, and the like.

[0048] The term "substituted cycloalkyl" refers to a cycloalkyl group, having from 1 to 5 substituents selected from the
group consisting of oxo (=0), thioxo (=8), alkyl, substituted alkyl, alkoxy, substituted alkoxy, acyl, acylamino, acyloxy,
amino, substituted amino, aminoacyl, aryl, substituted aryl, aryloxy, substituted aryloxy, cyano, halogen, hydroxy, nitro,
carboxyl, carboxyl esters, cycloalkyl, substituted cycloalkyl, heteroaryl, substituted heteroaryl, heterocyclic, and substi-
tuted heterocyclic.

[0049] The term "cycloalkoxy" refers to -O-cycloalkyl groups.
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[0050] The term "substituted cycloalkoxy" refers to -O-substituted cycloalkyl groups.

[0051] The term "halo" or "halogen" refers to fluoro, chloro, bromo, or iodo.

[0052] The term "hydroxy" or "hydroxyl" refers to the group -OH.

[0053] The term "heteroaryl” refers to an aromatic ring of from 1 to 15 carbon atoms, or from 1 to 10 carbon atoms,
and 1 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, furyl, or thienyl) or multiple condensedrings (e.g., indolizinyl or benzothienyl)
provided the point of attachment is through a ring containing the heteroatom 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 heteroaryl" refers to heteroaryl groups that are substituted with from 1 to 3 substituents
selected from the same group of substituents defined 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, trifluoromethyl-2H-pyrazol-3-yl, etc.

[0055] The term "heteroaryloxy" refers to the group -O-heteroaryl and "substituted heteroaryloxy" refers to the group
-O-substituted heteroaryl.

[0056] The terms "heterocyclyl" 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 heterocycle. The nitrogen and/or sulfur ring atoms can optionally be oxidized to provide for the N-oxide or the
sulfoxide, and sulfone derivatives.

[0057] Theterm "substituted heterocyclyl" or "substituted heterocyclic" refers to heterocycle groups that are substituted
with from 1 to 3 of the same substituents as defined for substituted cycloalkyl.

[0058] Examplesofheterocyclesand heteroarylsinclude, butare notlimited to, azetidinyl, pyrrolyl, imidazolyl, pyrazolyl,
pyridinyl, pyrazinyl, pyrimidinyl, pyridazinyl, indolizinyl, isoindolyl, indolyl, dihydroindolyl, indazolyl, purinyl, quinolizinyl,
isoquinolinyl, quinolinyl, phthalazinyl, naphthylpyridinyl, quinoxalinyl, quinazolinyl, cinnolinyl, pteridinyl, carbazolyl, car-
bolinyl, phenanthridinyl, acridinyl, phenanthrolinyl, isothiazolyl, phenazinyl, isoxazolyl, phenoxazinyl, phenothiazinyl,
imidazolidinyl, imidazolinyl, piperidinyl, piperazinyl, indolinyl, phthalimidyl, 1,2,3,4-tetrahydroisoquinolinyl, 4,5,6,7-tet-
rahydrobenzo[b]thiophenyl, thiazolyl, thiazolidinyl, thiophenyl, benzo[b]thiophenyl, morpholinyl, thiomorpholinyl (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 (=0O) or to the atom (-O").

[0061] The term "sulfonyl" refers to the group -S(O),H. The term "substituted sulfonyl" refers to the group -SO,-alky,
-SO,-substituted alkyl, -SO,-alkenyl, -SO,-substituted alkenyl, -SO,-alkynyl, -SO,-substituted alkynyl, -SO,-cycloalkyl,
-S0,-substituted cycloalkyl, -SO,-cycloalkenyl, -SO,-substituted cycloalkenyl, -SO,-aryl, -SO,-substituted aryl,
-S0,-heteroaryl, -SO,-substituted heteroaryl, -SO,-heterocyclic, -SO,-substituted heterocyclic, wherein alkyl, substitut-
ed alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl, substituted cycloalkyl, cycloalkenyl, substi-
tuted cycloalkenyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, heterocyclyl and substituted heterocyclyl are
as defined herein. Substituted sulfonyl includes groups such as methyl-SO,-, phenyl-SO,-, and 4-methylphenyl-SO,-.
[0062] The term "heterocyclyloxy" refers to the group -O-heterocyclic, and "substituted heterocyclyloxy" 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.
[0065] The term "substituted alkylthio," "substituted alkylsulfanyl," or "substituted alkylthio" refers to the group -S-
substituted alkyl where substituted alkyl is as defined above.

[0066] The term "cycloalkylthio" 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 above.

[0068] 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.

[0069] Theterm "heteroarylthio" or "heteroarylsulfanyl" refers to the group -S-heteroaryl, and "substituted heteroarylth-
io" refers to the group -S-substituted heteroaryl where heteroaryl and substituted heteroaryl are as defined above.
[0070] The term "heterocyclicthio" or "heterocyclicsulfanyl” refers to the group -S-heterocyclic, and "substituted hete-
rocyclicthio" refers to the group -S-substituted heterocyclic where heterocyclic, and substituted heterocyclic are as
defined above.

[0071] The term "ester" refers to compounds as disclosed herein that include the group -COORS54 where R is alkyl,
or substituted alkyl.
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[0072] Theterm"amine"refers to an organic compound that contains a basic nitrogen atom with a lone pair of electrons.
Amines are derivatives of ammonia, wherein one 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 heterocyclic or heteroaryl ring.

[0073] Itis understood that in all substituted groups defined above, polymers arrived at by defining substituents with
further substituents to themselves (e.g., substituted aryl having a substituted aryl group as a substituent which is itself
substituted with a substituted aryl group, etc.) are not intended 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 sub-
stituents is three. Each of the above definitions is thus constrained by a limitation that, for example, substituted aryl
groups are limited to -substituted aryl-(substituted aryl)-substituted aryl.

[0074] Similarly, it is understood that the above definitions are not intended to include impermissible substitution
patterns (e.g., methyl substituted with 5 fluoro groups or a hydroxyl group alpha to ethenylic or acetylenic unsaturation).
Such impermissible substitution patterns are well known to the skilled artisan.

[0075] Theterm 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.

[0077] 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 lithium, sodium, potassium, calcium, ammonium, organic amino, magnesium 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 amount 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, 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 formic, acetic, propionic, isobutyric, malic, maleic,
malonic, benzoic, succinic, suberic, fumaric, lactic, mandelic, phthalic, benzenesulfonic, 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 example,
Berge et al., 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 either base or acid addition
salts. In addition, the counterion can be exchanged using conventional methods known in the art.

[0078] 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"-COO™", 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
saltform 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(O),™, respectively.

[0080] Likewise, when a compound includes a positively charged nitrogen atom "N*", then the formula is meant to
optionally include an organic or inorganic anionic counterion (e.g., Cl). 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*",

[0081] Compounds of the present disclosure can exist in all tautomeric forms and, therefore, all tautomeric forms and
mixtures of tautomers are included in the compounds disclosed herein.

[0082] Compounds ofthe presentdisclosure can also existin particular geometric or sterecisomeric forms. The present
disclosure contemplates all such compounds, including cis- and frans-isomers, (-)-and (+)-enantiomers, diastereomers,
(D)-isomers, (L)-isomers, the racemic mixtures thereof, and other mixtures thereof, such as enantiomerically or diaster-
eomerically 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
included in this disclosure. When the compounds described herein contain olefinic double bonds or other centers of
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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 d 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 aresolving agent; chromatography, using, for example
a chiral HPLC column; or derivatizing the racemic mixture with aresolving reagent to generate diastereomers, separating
the diastereomers via chromatography, and removing the resolving agent to generate the original compound in enanti-
omerically enriched form. Any of the above procedures can be repeated to increase the enantiomeric purity ofa compound.
If, for instance, 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
basic functional group, such as an amino group, or an acidic functional group, such as a carboxyl group, diastereomeric
salts can be formed with an appropriate optically active acid or base, followed by resolution of the diastereomers thus
formed by fractional crystallization or chromatographic 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 derivatization (e.g., formation of carbamates
from amines).

[0084] 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 after the particular chemical reaction in which the conditions are
employed, such as, coupling conditions, hydrogenation conditions, acylation conditions, reduction conditions, etc. Re-
action conditions for most reactions are generally known to those skilled in the art or can be readily obtained from the
literature. Itis also contemplated that the reaction conditions can include reagents in addition to those listed in the specific
reaction.

[0085] The term "amino-protecting group” refers to those organic groups intended to protect the nitrogen atom against
undesirable reactions during synthetic procedures and includes, but is not limited to, silyl ethers, such as 2-(trimethyls-
ilyethoxymethyl (SEM) ether, or alkoxymethyl ethers, such as methoxymethyl (MOM) ether, tert-butoxymethyl (BUM)
ether, benzyloxymethyl (BOM) ether or methoxyethoxymethyl (MEM) ether. Additional protecting groups include,
tert-butyl, acetyl, benzyl, benzyloxycarbonyl (carbobenzyloxy, CBZ), p-methoxybenzyloxycarbonyl, p-nitrobenzyloxy-
carbonyl, tert-butoxycarbonyl (BOC), trifluoroacetyl, and the like.

[0086] 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 taughtin T. W. Greene and P.G. M. Wuts, Protecting Groups in Organic Synthesis, Third Edition, Wiley, New York,
1999, and references cited therein which are all incorporated by reference in its entirety.

[0087] The term "anhydrous reaction conditions" is intended to refer to reaction conditions wherein water is excluded.
Such conditions are known to one of skill in the art, and typically comprise one or more of dry or distilled solvents and
reagents, dried reaction vessels, and/or the presence of a drying agent, such as activated molecular sieves, magnesium
sulfate, sodium 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, palladium, rhodium,
and ruthenium) (e.g. Pd/C or PtO,).

[0089] The term "inert atmosphere"” is intended to refer to 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.

[0090] The term "under pressure” is intended to refer to reaction conditions which are conducted under a pressure of
greater than 1 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.

[0091] 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, sulfuric acid, boric acid, hydrofluoric acid, hyd-
robromic acid), Lewis acids, etc. The term "Lewis acid" is used herein refers to a molecule or ion 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
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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 to 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}), stron-
tium hydroxide (Sr(OH),), calcium hydroxide (Ca(OH),), 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 nitrogen containing
organic bases include ammonia, pyridine, methyl amine, imidazole, 2,2,6,6-tetramethylpiperidine, 4-(dimethylamino)py-
ridine and the like. Examples of negatively charged organic bases includes alkyl lithium reagents, lithium dialkylamides,
lithium alkyloxides, alkylmagnesium halides and the like.

Methods

[0093] The present invention provides methods for synthesizing variously substituted isoquinoline compounds, and
the intermediate compounds achieved thereby. The methods enable 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.

[0094] One advantage of the present methods over those disclosed previously is that the methods disclosed herein
do not require the separation 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 8-substituted isoquinoline
compounds or the 6- and 7-substituted isoquinoline compounds, which are then separated using standard chromato-
graphic methods. However, such separations are undesireable as the maximum theoretical yield for the step can be
only 50%.

[0095] 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, pre-
viously disclosed synthesis in U.S. Patent No. 7,323,475 described in Scheme E herein, E-400 to E-500). These reagents
are extremely destructive to tissue of the mucous membranes, upper respiratory tract, eyes, and skin. In addition, the
methods avoid 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 following general methods and procedures. It
will be appreciated that where typical or preferred process conditions (i.e., 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 particularreactants or solvent used, but such conditions can be determined
by one skilled in the art by routine optimization procedures.

[0097] Additionally, as will be apparent to those skilled in the art, conventional protecting groups may be necessary
to prevent certain functional groups from undergoing undesired reactions. Suitable protecting groups for various functional
groups as well as suitable conditions for protecting and deprotecting particular functional groups are well known in the
art. For example, numerous protecting 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.

[0098] Furthermore, the methods of this invention may employ compounds which contain one or more chiral centers.
Accordingly, ifdesired, such compounds can be prepared or isolated as pure stereoisomers, i.e., asindividual enantiomers
or diastereomers, or as stereoisomer-enriched mixtures. All such stereoisomers (and enriched mixtures) 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 re-
solving agents, and the like.

[0099] 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, U.S.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, 1991), Rodd’s Chemistry of Carbon Compounds, Volumes 1-5, and Supplementals (Elsevier Science
Publishers, 1989), Organic Reactions, Volumes 1-40 (John Wiley, and Sons, 1991), March’s Advanced Organic Chem-
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istry, (John Wiley, and Sons, 5th Edition, 2001), and Larock’s Comprehensive Organic Transformations (VCH Publishers

Inc., 1989).

[0100] Inone aspect, the presentinvention is directed to a method of making a compound of formula | or a sterecisomer
or mixture of sterecisomers thereof:

R& OH O
3 R?
~N
R4
6 R
R ’Tl/
R 1

the method comprising contacting a compound of formula 1II:

RE OH O
R3 \ Z/ R2
~N
R4
R i

with a compound of formula IlI:

RN ONR™, 1

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

VA
R1
R2

R3 and R4

R5 and R6

is O, NR1, or S;

is selected from the group consisting of hydrogen and alkyl;

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,

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(R8)-R8, -NR8C(O)NR8RS, and -X'R8;

where X1 is oxygen, -S(0),-, or -NR%-;

nis 0, 1, or 2;

each R8 is independently selected from the group consisting of hydrogen, alkyl, substituted alkyl, aryl,
substituted aryl, cycloalkyl, substituted cycloalkyl, heteroaryl, substituted heteroaryl, heterocyclyl and sub-
stituted heterocyclyl provided that when X' is -SO- or -S0O,-, then R8 is not hydrogen; and

RY is selected from the group consisting of hydrogen, alkyl, and aryl;or R3 and R4 together with the carbon
atoms pendent thereto, form a cycloalkyl, substituted cycloalkyl, heterocyclyl, substituted heterocyclyl,
aryl, substituted aryl, heteroaryl, or substituted heteroaryl,

are independently selected from the group consisting of hydrogen, halo, alkyl, substituted alkyl, alkoxy,
substituted alkoxy, aryl, substituted aryl, heteroaryl, substituted heteroaryl and -X2R10:

where X2 is oxygen, -S(0),-, or -NR13-;

nis 0, 1, or 2;

R10 js selected from the group consisting of alkyl, substituted alkyl, aryl, substituted aryl, heteroaryl, sub-
stituted heteroaryl, heterocyclyl and substituted heterocyclyl; and

R13 is selected from the group consisting of hydrogen, alkyl, and aryl;or when X2 is -NR13-, then R10 and
R13, together with the nitrogen atom to which they are bound, can be joined to form a heterocyclyl or
substituted heterocyclyl group; and
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each R is independently selected from alkyl, benzyl and aryl, or two R'" together with the nitrogen atom to which
they are attached form a 4-8 membered heterocyclyl or a heteroaryl.

[0101] In particular embodiments, the present invention is directed to a method of making a compound of formula IA
or a sterecisomer or mixture of sterecisomers thereof:

RS OH O
R3 R2
AN o~
~N
R4
Ré ITI/R11
R11 IA

comprising contacting a compound of formula IlA;

R5 OH O
R3 R2
X o~
~N
R4
R ITA
with a compound of formula IlI:
N

1" 1"

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

R2, R3, R4, R5, R6 R8 R9, R19, R', R13 n, X! and X2 are as defined for formula | above.

[0102] Thereaction may be carried out in glacial acetic acid or a polar aprotic solvent such as dioxane, tetrahydrofuran
(THF), dimethylformamide (DMF), or dimethylacetamide (DMAc) to produce compounds of formula | or |A 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, trifluoroacetic 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.

[0103] 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 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.

[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 conducted at an elevated temperature,
i.e., at atemperature greater than about 30 °C. For example, the temperature can range from about 50 °C to about 60 °C.
[0106] In certain embodiments, from about 1.1 to about 1.5 molar equivalents of the compound of formula Il is used.
[0107] 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 Il is C4 to C4 alkyl.

[0108] 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 formula Il is C4 to C4 alky!.
[0109] In 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 Il is used where R is C, to G, alkyl.

[0110] In certain embodiments, the reaction is conducted in about 7 to about 8 molar equivalents of glacial acetic acid,
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under a nitrogen 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 Il is used where R11 is C4 to C,4 alky!.

[0111] Incertainembodiments, R'! of acompound of formulalll is C4to C4alkyl. In certain embodiments, the compound
of formula Il comprises a compound of formula Il1A:;

1A

[0112] In another aspect, the present invention is directed to a method of making a compound of formula IV or a
stereoisomer or mixture of sterecisomers thereof:

R OH O
R3 X Z/ R?
~N
R4 (0]
N
v

the method comprising contacting a compound of formula |:

RS OH O
R2
R3 AN Z/
~N
R4
Reé ’Tl/ R
R 1

with one of the following:

(a) a compound of formula

followed by a compound of formula

R12 OH.

b

(b) a compound of formula R12-X3 followed by a compound of formula

0]

PR

R™2” “OH

or

(c) a compound of formula V:
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R12

I

O R12 v

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

X3
R12

Z,R', R2,R3 R4 R5 R8RS RY R10, R, R13, n, X! and X2

[0113]
stereoisomer or mixture of stereoisomers thereof:

R5

R4

comprising contacting a compound of formula 1A:

RS

R¢

with a compound of formula V:

o)

R12

PPN

is halo;

is selected from the group consisting of alkyl, aryl,
heteroaryl, and heterocyclyl, or when two R12 are
present, two R12 together with the carbon atom to
which they are attached form a 4-8 membered het-
erocyclyl; and

are as defined for formula | above.

In one embodiment, the present invention is directed to a method of making a compound of formula IVA or a

o)

R12 V

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

R12

R2, R3, R4, R% R6, R8 RY R0, R", R'3 n, X! and X?

[0114]

is selected from the group consisting of alkyl, aryl, heteroaryl,
and heterocyclyl, or when two R12 are present, two R12 to-
gether with the carbon atom to which they are attached form
a 4-8 membered heterocyclyl; and

are as defined for formula | above.

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 catalyst. In certain embodiments, the reaction conditions comprise an acid. The acid
may be selected from, e.g., acetic acid, trifluoroacetic acid, sulfuric acid, hydrochloric acid, or an acidic ion exchange
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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.

[0115] 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.

[0116] 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.

[0117] In certain embodiments, the reaction is conducted at an elevated temperature, i.e., at a temperature greater
than about 30 °C. For example, in certain embodiments, the temperature is about 100 °C.

[0118] In various embodiments, from about 1 to about 4 molar equivalents of the compound of formula V is used. In
particular embodiments, where the compound of formula | or |A is isolated prior to 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.

[0119] In certain embodiments, the reaction conditions comprise a compound of formula V where R12is C4to C4 alkyl;
and the reaction is conducted at an elevated temperature.

[0120] In certain embodiments, the reaction conditions comprise a compound of formula V where R12 is C,to C, alkyl;
and the reaction is conducted at a temperature of about 100°C.

[0121] In certain embodiments the reaction conditions comprise a compound of formula V where R12 is C,to C,4 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.

[0122] In certain embodiments, the reaction conditions comprise about 2 to about 3 molar equivalents of a compound
of formula V where R'2 is C4 to C,4 alkyl; and the reaction is conducted at a temperature of about 100 °C. In certain
embodiments, further a compound of formula V is acetic anhydride.

[0123] In certain embodiments, the reaction conditions comprise about 2 to about 3 molar equivalents of a compound
offormula V where R12is C4to C4 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] In certain embodiments, the reaction conditions further comprise converting a compound of formula VIl to a
compound of formula IV:

OYRW
R o o0 RS OH O
R3 R2 R3 R2
X z A z
N N
R4 Z (0] R4 Z (o]
Rs J Rs J
O R12 O R12
VI I\Y

under reaction conditions sufficient to produce a compound of formula IV;
wherein Z, R1, R2, R3, R4, R5, R6, R8, RY, R10, R13, n, X! and X2 are as defined for formula | above; and
R12 is selected from the group consisting of alkyl, aryl, heteroaryl, and heterocyclyl.

[0125] In certain embodiments, the reaction conditions further comprise converting a compound of formula VIIA to a
compound of formula IVA:

O R
Y
O O

N R OH O
R? X O/RZ R? N O/RZ
N N
R4 = O R4 Z (o]
R OJ\R12 R OJ\R12
VIIA IVA
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under reaction conditions sufficient to produce a compound of formula IVA;
wherein R2, R3, R4, R5, R6, R8, R?, R10, R13, n, X1 and X2 are as defined for formula | above; and
R12 is selected from the group consisting of alkyl, aryl, heteroaryl, and heterocyclyl.

[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 mor-
pholine. In certain embodiments, the reaction is conducted at a temperature from about 0 °C to about 10 °C.

[0128] In certain embodiments, the reaction conditions comprise morpholine; and the reaction is conducted in dichlo-
romethane, 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 VI or a
stereoisomer or mixture of sterecisomers thereof:

R5 OH O
R3 N 77 R?
~N
R4
Re VI

the method comprising converting a compound of formula IV:

RS OH O
R3 > Z/R2
=N
R4 0
RS OJJ\RQ
v

under reaction conditions sufficient to produce a compound of formula VI;

wherein Z, R1, R2, R3, R4, R%, R8, R8, RY, R10, R13 n, X! and X2 are as defined for formula | above; and
R12 is selected from the group consisting of alkyl, aryl, heteroaryl, and heterocyclyl.

[0130] In another embodiment, the present invention is directed to a method of making a compound of formula VIA
or a sterecisomer or mixture of sterecisomers thereof:

R5 OH O
R3 § O/R2
~N
R4
RO VIA

comprising converting a compound of formula IVA;
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R OH O
R3 R?
AN o~
N
RS e
LU
IVA

under reaction conditions sufficient to produce a compound of formula VIA;
wherein R2, R3, R4, R5, R6, R8, R?, R10, R13, n, X1 and X2 are as defined for formula | above; and
R12 is selected from the group consisting of alkyl, aryl, heteroaryl, and heterocyclyl.

[0131] In certain embodiments, the reaction conditions to produce VI or VIA are hydrogenation reaction conditions.
Such conditions typically comprise hydrogen. Such conditions also typically comprise a catalyst, such as a palladium
catalyst (e.g. Pd/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 dichloromethane, ethyl ac-
etate, or methanol. In particular embodiments, the reaction conditions comprise dichloromethane. In particular embod-
iments, the reaction conditions comprise ethyl acetate.

[0133] In some embodiments, the reaction is conducted in a hydrogen atmosphere 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 as sodium
carbonate or sodium bicarbonate. In some embodiments, the hydrogenation reaction conditions comprise from about
0.5 to about 1 molar equivalents of sodium carbonate.

[0134] In certain embodiments, the reaction conditions comprise hydrogen, sodium carbonate, ethyl acetate, Pd/C,
and a condition under pressure.

[0135] 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 VI or
a stereoisomer or mixture of stereocisomers thereof:

RS OH O
R3 AN 77 R?
=N
R4
R VI

comprising the steps of:

a) contacting a compound of formula Il with a compound of formula Il

R&® OH O
Rs AN Z/R2
~N
R4
RS
1" 1"

under reaction conditions sufficient to provide a compound of formula I:
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RE® OH O
3 R?
R AN Z/
~N
R4
R6 R
’Tl/
R 1

b) contacting a compound of formula | with one of the following:

(i) a compound of formula

o)

R12 JI\XS

followed by a compound of formula

0]

PR

R127 “OH.

b

(i) a compound of formula R12-X3 followed by a compound of formula

O
R12 OH :
or
(iii) a compound of formula V:
0] O
R12JLO)J\R12 \

under conditions sufficient to produce a compound of formula IV:

Rs OH O
R3 X Z/R2
N
R 7o
Reé O)J\Rm
v

c) optionally converting a compound of formula VII;
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Ox R
Y

RS O o)
3 R2
R N S
N
Ré e
N .
VII

to a compound of formula IV; and

d) converting a compound of formula IV under conditions sufficient to produce a compound of formula VI,

wherein
X3 is halo;
R12 is selected from the group consisting of alkyl, aryl,

heteroaryl, and heterocyclyl, or when two R12 are
present, two R12 together with the carbon atom to
which they are attached form a 4-8 membered het-
erocyclyl; and

Z,R1, R2 R3 R4 R5 R6 R8 RY R10 R R13 n,X1and X2 are as defined for formula | above.

[0137] In certain embodiments, the present invention is directed to a method of making a compound of formula VIA
or a sterecisomer or mixture of sterecisomers thereof:

R5 OH O
R3 N O/R2
~N
R4
RO VIA

comprising the steps of:

a) contacting a compound of formula IIA with a compound of formula I

RS OH O
3 R2
4 z N
R
RS
11 11

under reaction conditions to provide a compound of formula IA;

R® OH O
R3 N O/R2
=N
R4
R® N/R11
||Q11 1A
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b) contacting a compound of formula |A with a compound of formula V

L )oL
R12 0O R12 AV

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

R® OoH O
RS N O/RZ
R¢ e

R® O R12

>:

IVA
c) optionally converting a compound of formula VIIA
R o o0
3 R2
R N o
N
R4 e
N .
VIIA

to a compound of formula IVA; and

d) converting a compound of formula IVA under conditions sufficient to produce a compound of formula VIA;
wherein R2, R3, R4, R5, R6, R8, R?, R10, R11, R13 n, X1 and X2 are as defined for formula | above; and

R12 is selected from the group consisting of alkyl, aryl, heteroaryl, and heterocyclyl.

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

or a stereoisomer or mixture of stereoisomers thereof:

OH O
R2
AN o~
~N
R4
VIC

a) contacting a compound of formula [IC with a compound of formula IlIA

OH O
R2
Ve
~ O NN
/N Y
R* Ic

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

comprising the steps of:
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OH O

R2
AN o~

~N
R4
N~
|

1C

b) contacting a compound of formula IC with a compound of formula VA
@) @)
PPN

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

VA

OH
R2

AN re

~N

o)
O

O
N

R4
vC

c) optionally converting a compound of formula VIIC

R¢ Q
o VIIC

to a compound of formula IVC; and

d) converting a compound of formula IVC under conditions sufficient to produce a compound of formula VIC;
wherein

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 cycloalkyl, heterocyclyl, aryl, and
heteroaryl; and

R4 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, -S(0),,-N(R8)-R8, -NR8C(O)NRERS, and -X'R8;
where X1 is oxygen, -S(0),-, or -NR®-;
nis0, 1, or 2;
each R8 is independently selected from the group consisting of hydrogen, alkyl, substituted alkyl, aryl, sub-
stituted aryl, cycloalkyl, substituted cycloalkyl, heteroaryl, substituted heteroaryl, heterocyclyl and substituted
heterocyclyl provided that when X' is -SO- or -S0,-, then R8 is not hydrogen; and
RY is selected from the group consisting of hydrogen, alkyl, and aryl.
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[0139] In certain embodiments, the present invention is directed to a method of making a compound of formula VID

or a stereoisomer or mixture of stereoisomers thereof:

OH O
R3 R

~N
VID

comprising the steps of:

a) contacting a compound of formula IID with a compound of formula IlIA

OH O
3 R?
R A o~ \N/\
ZN |
1ID
under reaction conditions to provide a compound of formula ID:
OH O
R2
R3 \ O/
~N
N/
| 1D

b) contacting a compound of formula ID with a compound of formula VA

0O 0O

BN

VA

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

OH O
R2
~N
O

N

IvD

c) optionally converting a compound of formula VIID

24
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)

O 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;
wherein

R2

R3

[0140]
[0141]
[0142]
[0143]
[0144]
[0145]
[0146]
[0147]
[0148]
[0149]
[0150]
[0151]
[0152]
[0153]
[0154]

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; and

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, -S(0),-N(R8)-R8, -NREC(O)NRERS, and -X'R8;

where X1 is oxygen, -S(0),,-, or -NR®-;

nis0, 1, or 2;

each R8 is independently selected from the group consisting of hydrogen, alkyl, substituted alkyl, aryl, sub-
stituted aryl, cycloalkyl, substituted cycloalkyl, heteroaryl, substituted heteroaryl, heterocyclyl and substituted
heterocyclyl provided that when X' is -SO- or -S0O,-, then R8 is not hydrogen; and

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

In certain embodiments of the above methods, R2 is hydrogen.

In certain embodiments of the above methods, R2 is alkyl.

In certain embodiments of the above methods, R3 is phenoxy.

In certain embodiments of the above methods, R3 is 4-methoxyphenoxy.

In certain embodiments of the above methods, R3 is 3,5-difluorophenoxy.

In certain embodiments of the above methods, R4 is phenoxy.

In certain embodiments of the above methods, R4 is 4-methoxyphenoxy.

In certain embodiments of the above methods, R4 is 3,5-difluorophenoxy.

In certain embodiments of the above methods, R2 is hydrogen and R3 is phenoxy.

In certain embodiments of the above methods, R2 is hydrogen and R3 is 4-methoxyphenoxy.
In certain embodiments of the above methods, R is hydrogen and R3 is 3,5-difluorophenoxy.
In certain embodiments of the above methods, R2 is hydrogen and R4 is phenoxy.

In certain embodiments of the above methods, R2 is hydrogen and R4 is 4-methoxyphenoxy.
In certain embodiments of the above methods, R2 is hydrogen and R4 is 3,5-diflucrophenoxy.
In certain embodiments of the above methods described herein, the compound of formula VI is represented

by formula VIB:

OH O
R3 AN /R2
~N
R4
VIB

where R2, R3 and R4 are as defined for formula | above.

[0155]

In certain embodiments of the above methods, the compound of formula Il is represented by formula IIB:
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OH O
R2
R3 \ O 7
N
R# 1IB

wherein R2, R3 and R4 are as defined for formula | above.

[0156]

[0157]

[0158]

In certain embodiments of the above methods, the compound of formula |1l is represented by formula IlIA:

\N/\N/

1A

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

X
e OO

K\N /\ SNSNT \N\_/N
/
o o o

In certain embodiments of the above methods, the compound of formula | is represented by formula IB:

OH O
R2
R3 AN O/
~N
R4
/R11
|
R11 IB

where R2, R3, R4 and R'! are as defined for formula | above.

[0159]

[0160]

In certain embodiments of the above methods, the compound of formula V is represented by formula VA:

o) o)

AN

In certain embodiments of the above methods, the compound of formula V is represented by:
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[0161] In certain embodiments of the above methods, the compound of formula VIl is represented by formula VIIB:

(0]
>— R12
(0] (0]
R2
R3 )z
" o
~N
R4 O

OJ\R12

where R2, R3, and R#4 are as defined for formula | above, and R12 is selected from the group consisting of alkyl, aryl,
heteroaryl, and heterocyclyl.
[0162] In certain embodiments of the above methods, the compound of formula IV is represented by formula IVB:

VIIB

OH O
R2
R3 AN o~
~N
R4 (@)

O)J\Ru IVB

where R2, R3, and R#4 are as defined for formula | above, and R12 is selected from the group consisting of alkyl, aryl,
heteroaryl, and heterocyclyl.

[0163] In an alternative embodiment, the present invention is directed to a method of making compounds represented
by formula X or a stereoisomer or mixture of stereoisomers thereof:

R® OH O R R

a4
P

3
R AN

N
R4 ~-N R
R X

comprising the steps of:

a) contacting a compound of formula Il with a compound of formula Il

R&® OH O
Rs AN Z/R2
~N
R4
RS
1" 1"

under reaction conditions sufficient to provide a compound of formula I:
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RE OH O
R3 SN Z/RZ
~N
R4
R8 N/R11
||Q11 1

b) contacting a compound of formula | with one of the following:

(iv) a compound of formula

o)

R12 JI\XS

followed by a compound of formula

0]

PR

R2” “OH.

b

(v) a compound of formula R12-X3 followed by a compound of formula

0O
R OH .
or
(vi) a compound of formula V:
JOL i
R12 O R12 v

under conditions sufficient to produce a compound of formula IV:

RS OH O
R3 > Z/R2
=N
R4 0
RS OJJ\RQ
v

c) optionally converting a compound of formula VII;
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RS

O R™
b

O o
S
N
Z7 o

d) converting a compound of formula IV; under conditions sufficient to produce a compound of formula VI; and

R4

R5

R6

OH O

AN

=N

R2

VI

e) contacting a compound of formula VI with a compound of formula

R R s
R
o
Rll .

b

under reaction conditions sufficient to provide a compound of formula X: wherein

Z,R1,R2 R3 R4 R% RS R8 RY R R R'3 n, X! and X2

X3
R12

=0

29

are as defined for formula | above;

is halo;

is selected from the group consisting of alkyl, aryl,
heteroaryl, and heterocyclyl, or when two R'2 are
present, two R12 together with the carbon atom to
which they are attached form a 4-8 membered het-
erocyclyl;

is 0 when R?2is -COOH; p is 1 when R? is -WR18;
is selected from the group consisting of oxygen,
-S(0),- and -NR'9- where n is 0, 1, or 2, R"9 is
selected from the group consisting of hydrogen,
alkyl, substituted alkyl, acyl, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, heterocyclyl
and substituted heterocyclyl and R18 is selected
from the group consisting of hydrogen, alkyl, sub-
stituted alkyl, aryl, substituted aryl, heteroaryl, sub-
stituted heteroaryl, heterocyclyl and substituted
heterocyclyl, or when W is -NR19- then R18 and
R19, together with the nitrogen atom to which they
are bound, can be joined to form a heterocyclyl or
a substituted heterocyclyl group;

is selected from the group consisting of hydrogen,
deuterium and methyl;

is selected from the group consisting of hydrogen,
deuterium, alkyl and substituted alkyl; alternative-
ly, R and R’ and the carbon pendent thereto can
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R"

be joined to form cycloalkyl, substituted cycloalkyl,
heterocyclyl or substituted heterocyclyl group; and
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 hetero-
cyclyl or substituted heterocyclyl group;

and pharmaceutically acceptable salts, sterecisomers, mixture of sterecisomers, and esters thereof.

[0164] In another embodiment, the present disclosure is directed to a method of making methyl 4-hydroxy-1-methyl-

7-phenoxyisoquinoline-3-carboxylate (3e):

L,

comprising the steps of:

OH
CO,Me

~N
3¢

a) contacting a compound of formula 3a with a compound of formula IllA

OH O
A o~
o) N

3a

N

—Z

1A

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

9N

I 3b

b) contacting a compound of formula 3b with a compound of formula VA

J

VA

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

9%

30

OH O
A o~
~N o



10

15

20

25

30

35

40

45

50

55

EP 2 872 487 B1

c) optionally converting a compound of formula 3d:

)J\o 0
A o~
9Uees
OJ\

under reaction conditions sufficient to produce a compound of formula 3c; and
d) converting a compound of formula 3¢ under reaction conditions sufficient to produce a compound of formula 3e.

3d

[0165] In another embodiment, the present disclosure is directed to a method of making 2-(4-hydroxy-1-methyl-7-
phenoxyisoquinoline-3-carboxamido)acetic acid (3f)

OH

@]
SN N/\n/OH
o) N °
3f

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

OH

©\ X COsMe
N
0 =

3¢

under reaction conditions sufficient to produce a compound of formula 3f.
[0166] Compounds of formula Il

R® OH O
R3 AN Z/ R?
=N
R4
Re m

for use in the methods disclosed herein can be prepared according to published procedures (see, for example, U.S.
Patent No. 7,323,475).

[0167] In certain embodiments of the methods disclosed herein above, each of R3, R4, R5 R6, R8 R? and R10 are
as defined below:

R3 and R#4 are independently selected from the group consisting of hydrogen, alkyl, cycloalkyl, heterocyclyl, aryl,
heteroaryl, halo, hydroxy, cyano, -S(0),-N(R8)-R8, -NREC(O)NRERS, and -X'R8; where

X1is oxygen, -S(O),-, or -NR9-;

nis 0, 1, or 2;
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each R8 is independently selected from the group consisting of hydrogen, alkyl, aryl, cycloalkyl, heteroaryl, and
heterocyclyl provided that when X' is -SO- or -SO5-, then R8 is not hydrogen; and

RY is selected from the group consisting of hydrogen, alkyl, and aryl;
or R3 and R4 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, alkoxy, aryl, heteroaryl,
and -X2R10: where

X2 is oxygen, -S(0),-, or -NR13-;

nis 0, 1, or 2;

R10 is selected from the group consisting of alkyl, aryl, heteroaryl, and heterocyclyl; and
R13 is selected from the group consisting of hydrogen, alkyl, and ary!;

or when X2 is -NR'3-, then R0 and R3, together with the nitrogen atom to which they are bound, can be joined to
form a heterocyclyl group;

wherein each alkyl, alkoxy, cycloalkyl, heterocyclyl, aryl, heteroaryl, and heterocyclyl described above can be op-
tionally substituted with from 1 to 3 R100,

wherein each R'90 js independently selected from the group consisting of alkoxy, acyl, acylamino, acyloxy, amino,
aminoacyl, aminocarbonylamino, aminothiocarbonylamino, aminocarbonyloxy, aryl, aryloxy, aryloxyaryl, cyano, hal-
ogen, hydroxyl, nitro, oxo, thioxo, carboxyl, carboxyl ester, cycloalkyl, thio, alkylthio, arylthio, cycloalkylthio, heter-
oarylthio, heterocyclicheterocyclylthio, sulfonyl, heteroaryl, heterocyclicheterocyclyl, cycloalkoxy, heteroaryloxy, het-
erocyclyloxy, oxycarbonylamino, oxythiocarbonylamino, -OS(O),-alkyl, -OS(O),-aryl, -OS(O),-heteroaryl,
-0S(O),-heterocyclyl, -OSO,-NR40R40, -NR40S(0),-NR40-alkyl, -NR40S(O),-NR40-aryl, -NR40S(0),-NR40-heter-
oaryl, and -NR40S(0),-NR40-heterocyclyl, where each R40 is independently selected from hydrogen and alkyl.

[0168] In certain embodiments of the above methods, R is hydrogen.
[0169] In certain embodiments of the above methods, R2 is hydrogen or alkyl.
[0170] In certain embodiments of the above methods,

R3 and R4 are independently selected from the group consisting of hydrogen, alkyl, substituted alkyl, aryl, substi-
tuted aryl, heteroaryl, substituted heteroaryl, halo, hydroxy, cyano, -S(O),-N(R8)-R8, -NR8C(O)NRERS,
and -X1R8;
where X1 is oxygen, -S(O),-, or -NR%-;
nis 0, 1, or 2;

each R8 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 -SO5-, then R8 is not hydrogen; and

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

or R3and R4  together with the carbon atoms pendent thereto, form a cycloalkyl, substituted cycloalkyl, heterocyclyl,

substituted heterocyclyl, aryl, substituted aryl, heteroaryl, or substituted heteroaryl.

[0171] In certain embodiments of the above methods,

R3 and R4 are independently selected from the group consisting of hydrogen, alkyl, aryl, heteroaryl, hydroxy,

-S(0),-N(R8)-R8, -NR8C(0O)NR8RS, and -X1R8; where
X1is oxygen, -S(0),-, or -NR%-;

nis 0, 1, or 2;

R8 is aryl or substituted aryl; and

R® is hydrogen, alkyl or aryl;

orR3and R*  together with the carbon atoms pendent thereto, form a cycloalkyl, heterocyclyl, aryl, or heteroaryl.

32



10

15

20

25

30

35

40

45

50

55

EP 2 872 487 B1
[0172] In certain embodiments of the above methods,

R3and R* are independently selected from the group consisting of hydrogen and -X'R8; where X' is oxygen, and R®
is aryl or substituted aryl.

[0173] In certain embodiments of the above methods,

R%and R®  are independently selected from the group consisting of hydrogen, halo, alkyl, substituted alkyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl and -X2R19;
where X2 is oxygen, -S(0),-, or -NR13-;
nis 0, 1, or 2;
R10 is aryl or substituted aryl; and
R13 is selected from the group consisting of hydrogen, alkyl, and aryl.

[0174] In certain embodiments of the above methods,

R5and R6  are independently selected from the group consisting of hydrogen and -X2R10; where X2 is oxygen, and
R10 is aryl or substituted aryl.

[0175] In certain embodiments of the above methods, R® and R® are hydrogen.
[0176] In certain embodiments of the above methods,

R2 is hydrogen or alky!;

R3 and R4 are independently selected from the group consisting of hydrogen, alkyl, substituted alkyl, aryl, substi-
tuted aryl, heteroaryl, substituted heteroaryl, halo, hydroxy, cyano, -S(O),-N(R8)-R8, -NR8C(O)NRERS,
and -X1R8;

where X1 is oxygen, -S(O),-, or -NR%-;
nis 0, 1, or 2;
each R8 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 -SO5-, then R8 is not hydrogen; and
RY is selected from the group consisting of hydrogen, alkyl, and aryl;

or R3and R4  together with the carbon atoms pendent thereto, form a cycloalkyl, substituted cycloalkyl, heterocyclyl,
substituted heterocyclyl, aryl, substituted aryl, heteroaryl, or substituted heteroaryl; and

RS and R® are independently selected from the group consisting of hydrogen, halo, alkyl, substituted alkyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl and -X2R19;
where X2 is oxygen, -S(0),-, or -NR13-;
nis 0, 1, or 2;
R10 is aryl or substituted aryl; and
R13 is selected from the group consisting of hydrogen, alkyl, and aryl.

[0177] In certain embodiments of the above methods,

R2 is hydrogen or alkyl;
R3 and R4 are independently selected from the group consisting of hydrogen, alkyl, aryl, heteroaryl, hydroxy,
-S(0),~N(R8)-R8, -NREC(O)NRBRS, and -X1R8; where
X1is oxygen, -S(0),-, or -NR%-;
nis 0, 1, or 2;
R8 is aryl or substituted aryl; and
R® is hydrogen, alkyl or aryl;
or R3and R4  together with the carbon atoms pendent thereto, form a cycloalkyl, heterocyclyl, aryl, or heteroaryl; and
RS and R® are independently selected from the group consisting of hydrogen and -X2R10: where X2 is oxygen, and
R10 is aryl or substituted aryl.

[0178] In certain embodiments of the above methods,

R2 is hydrogen or alkyl;
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R3and R4are  independently selected from the group consisting of hydrogen and -X'R&: where X! is oxygen, and R8
is aryl or substituted aryl; and
R% and R are hydrogen.

[0179] In certain embodiments of the above methods, R11is C, to C, alkyl.

[0180] In certain embodiments of the above methods, R11 is methyl.

[0181] In certain embodiments of the above methods, R12 is C, to C, alkyl.

[0182] In certain embodiments of the above methods, R12 is methyl.

[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 compound comprising an alcohol in a suitable solvent, optionally at elevated
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 R2
is as defined herein.

RS OH O ) RS OH O
_R
R? Xy~ “OH HO R3 N o
6 6
R R R 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:

R® OH O
RS N Z,R2
R4 I~ N\

RS R

Compounds of the Invention

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

R OH O
R2
R3 X Z/
~N
R4
R6
R VIII
wherein:
Z is O, NR1, or S;
R? is selected from the group consisting of hydrogen and alkyl;
R2 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,

R3and R* are independently selected from the group consisting of hydrogen, alkyl, substituted alkyl, cycloalkyl,
substituted cycloalkyl, heterocyclyl, substituted heterocyclyl, aryl, substituted aryl, heteroaryl, substituted
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heteroaryl, halo, hydroxy, cyano, -S(0),,-N(R8)-R8, -NR8C(O)NRERS, and -X'R8;
where X1 is oxygen, -S(0),-, or -NR%-;
nis 0, 1, or 2;
each R8 is independently selected from the group consisting of hydrogen, alkyl, substituted alkyl, aryl,
substituted aryl, cycloalkyl, substituted cycloalkyl, heteroaryl, substituted heteroaryl, heterocyclyl and sub-
stituted heterocyclyl provided that when X1is -SO or -SO,-, then R8 is not hydrogen; and
RY is selected from the group consisting of hydrogen, alkyl, and aryl;or R3 and R4 together with the carbon
atoms pendent thereto, form a cycloalkyl, substituted cycloalkyl, heterocyclyl, substituted heterocyclyl,
aryl, substituted aryl, heteroaryl, or substituted heteroaryl,

R5and R6  are independently selected from the group consisting of hydrogen, halo, alkyl, substituted alkyl, alkoxy,
substituted alkoxy, aryl, substituted aryl, heteroaryl, substituted heteroaryl and -X2R19;
where X2 is oxygen, -S(0),-, or -NR13-;
nis 0, 1, or 2;
R10 is selected from the group consisting of alkyl, substituted alkyl, aryl, substituted aryl, heteroaryl, sub-
stituted heteroaryl, heterocyclyl and substituted heterocyclyl; and
R13 is selected from the group consisting of hydrogen, alkyl, and aryl;or when X2 is -NR13-, then R10 and
R13, together with the nitrogen atom to which they are bound, can be joined to form a heterocyclyl or
substituted heterocyclyl group; and

R7 is either -N(R1")(R11) or -OC(O)R2;

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

R12 is selected from the group consisting of alkyl, aryl, heteroaryl, and heterocyclyl;

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

provided that the compound is not 1-dimethylaminomethyl-4-hydroxy-7-phenylsulfanyl-isoquinoline-3-carboxylic acid
butyl ester.

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

R OH O
R3: N o~ R?
=N
R4
RS
R VIITIA

wherein:
R2, R3, R4, R5 R6, R7, R8, R9, R10, R11 R12 R13, n, X1 and X2 are as defined for formula VIl above;

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

provided that the compound is not 1-dimethylaminomethyl-4-hydroxy-7-phenylsulfanyl-isoquinoline-3-carboxylic acid
butyl ester.

[0188] In certain embodiments of the above compounds, R2 is hydrogen, alkyl, or substituted alkyl.

[0189] In certain embodiments, R? is alkyl.

[0190] In certain embodiments, R3 and R# are independently selected from the group consisting of hydrogen, alkyl,
cycloalkyl, aryl, heteroaryl, hydroxy, -S(O),-N(R8)-R8, -NREC(O)NRERSE, and -X1R8; where

X1 is oxygen, -S(O),, , or -NR®%-;

nis 0,1, or2;

R8 is aryl or substituted aryl, and

RY is hydrogen, alkyl, or aryl;

or R3 and R* together with the carbon atoms pendent thereto, form a cycloalkyl, heterocyclyl, aryl, or heteroaryl.
[0191] In certain embodiments, R® and R® are hydrogen.

[0192] In certain embodiments, R? is alkyl which is unsubstituted or substituted with one or more substituents inde-
pendently selected from the group consisting of cycloalkyl, heterocyclyl, aryl, and heteroaryl; and R%and R6 are hydrogen.
[0193] In certain embodiments, R7 is -OC(O)R'2. In certain embodiments, R7 is -N(R1")(R1"). In certain embodiments,
R7is -N(R™)(R"); and R is C4 to C4 alkyl. In certain embodiments, R7 is -OC(O)R'2; and R12is C to C4 alky!.
[0194] In certain embodiments, Zis O.
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[0195] In certain embodiments of the compounds disclosed hereinabove, each of R3, R4, RS, R8, R8, and R10 are as
defined below:

R3 and R# are independently selected from the group consisting of hydrogen, alkyl, cycloalkyl, heterocyclyl, aryl,
heteroaryl, halo, hydroxy, cyano, -S(0O),-N(R8)-R8, -NREC(O)NRERS, and -X'R8; where

X1is oxygen, -S(0),-, or -NR%-;
nis 0, 1, or 2;

each R8 is independently selected from the group consisting of hydrogen, alkyl, aryl, cycloalkyl, heteroaryl, and
heterocyclyl; and

R is selected from the group consisting of hydrogen, alkyl, and aryl;
or R3 and R4 together with the carbon atoms pendent thereto, form a cycloalkyl, heterocyclyl, aryl, or heteroaryl;

RS and RS are independently selected from the group consisting of hydrogen, halo, alkyl, alkoxy, aryl, heteroaryl,
and -X2R10; where

X2 is oxygen, -S(0),-, or -NR13-;

nis 0, 1, or 2;

R10 is selected from the group consisting of alkyl, aryl, heteroaryl, and heterocyclyl; and
R13 is selected from the group consisting of hydrogen, alkyl, and aryl;

or when X2 is -NR'3-, then R0 and R3, together with the nitrogen atom to which they are bound, can be joined to
form a heterocyclyl group;

wherein each alkyl, alkoxy, cycloalkyl, heterocyclyl, aryl, heteroaryl, and heterocyclyl described above can be op-
tionally substituted with from 1 to 3 R100,

wherein each R100 is independently selected from the group consisting of alkoxy, acyl, acylamino, acyloxy, amino,
aminoacyl, aminocarbonylamino, aminothiocarbonylamino, aminocarbonyloxy, aryl, aryloxy, aryloxyaryl, cyano, hal-
ogen, hydroxyl, nitro, oxo, thioxo, carboxyl, carboxyl ester, cycloalkyl, thio, alkylthio, arylthio, cycloalkylthio, heter-
oarylthio, heterocyclicheterocyclylthio, sulfonyl, heteroaryl, heterocyclicheterocyclyl, cycloalkoxy, heteroaryloxy, het-
erocyclyloxy, oxycarbonylamino, oxythiocarbonylamino, -OS(O),-alkyl, -OS(O),-aryl, -OS(O),-heteroaryl,
-0S(0),-heterocyclyl, -OS0O,-NR40R40, -NR40S(0),-NR40-alkyl, -NR40S(0),-NR40-aryl, -NR40S(0),-NR40-heter-
oaryl, and -NR40S(0),-NR40-heterocyclyl, where each R40 is independently selected from hydrogen and alkyl;

provided that the compound is not 1-dimethylaminomethyl-4-hydroxy-7-phenylsulfanyl-isoquinoline-3-carboxylic ac-
id butyl ester.

[0196] In another aspect, the invention is directed to 4-hydroxy-7-phenoxyisoquinoline-3-carboxylic acid methyl ester
(3a):

OH

X CO,Me
o ~-N

[0197] Thecompounds and methods of the invention can be used for the synthesis of various isoquinoline compounds.
Such compounds are known to be useful for inhibiting HIF hydroxylase activity, thereby increasing the stability and/or

3a

Isoquinoline Synthesis
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activity of hypoxia 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). Exemplary substituted isoquinoline compounds which can be prepared using the
methods disclosed herein include those represented by formula X:

R°® OH O R R

ave
N P

3
i N
~-N R"

R4
R® X

wherein R3, R4, R5 and R® are as defined for formula | above and:
pis 0 when R2is -COOH; p is 1 when R2 is -WR18;

W is selected from the group consisting of oxygen, -S(0),- and -NR19- where n is 0, 1, or 2, R9 is selected from
the group consisting of hydrogen, alkyl, substituted alkyl, acyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl,
heterocyclyl and substituted heterocyclyl and R18 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 -NR19- then R18 and R'9, 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, alkyl and substituted alkyl; alternatively, R and R’
and the carbon pendent thereto can be joined to form cycloalkyl, substituted cycloalkyl, heterocyclyl or substituted

heterocyclyl group;

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 heterocyclyl group;

and pharmaceutically acceptable salts, sterecisomers, mixture of sterecisomers, and esters thereof.
[0198] Exemplary methods for the preparation of compounds described herein are shown in the Schemes below,

where Z, X3, R2, R3, R4, R5 R6,R"1 R12 p, Ra R, R’ and R" are as defined for formula | and formula X above, and PG
is a standard amine protecting group.

Scheme A
z
5 5 PGHN “R? 5
- R® o - RS O - /\([)]/ - RS OH O .
0” A-10 A z
0 X! N
R4 R4 R4 =
R5 RS RG
A-100 A-200 A-300

[0199] Compounds A-200 for use in the reactions depicted in Scheme A, can be prepared by contacting compounds
A-100 with a suitable Lewis acid such as trimethyl borate, in the presence of a halogenating agent, such as dichlorot-
riphenylphosphorane and thionyl chloride to generate the acyl halide, which upon contact with an alcohol of the formula
R2-OH, such as methanal, yields the corresponding halogenated ester A-200. Upon reaction completion, A-200 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.

[0200] Compounds A-200 can be modified to A-300 (formula Il) by contacting A-200 with about a stoichiometricamount
of a suitable alpha-amino acid of formula A-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
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known in the art. A suitable base is then added, such as sodium methoxide, sodium ethoxide or another suitable base
in methanol, DMF or another suitable solvent. The reaction is continued until it is substantially complete which typically
occurs within about 1 to 72 h. Upon reaction completion, the compounds A-300 can be recovered by conventional
techniques such as neutralization, extraction, precipitation, chromatography, filtration and the like.

[0201] Compounds A-300 can be modified to B-100 (formula I) by the methods of the present invention as shown in
Scheme B.

Scheme B
R® OH O 5
R3 R2 (R11)2NVN(R11)2 R3 R OH O R2
N z° A-20 X ~z°
R4 2N R4 N
RS R6 R
N
A-300 I
B-100 R"

[0202] For example, contacting A-300 with about a stoichiometric amount or a slight excess thereof of a compound
of formula A-20 (formula Ill) in the presence of an acid, such as acetic acid, provides compounds B-100. The reaction
is continued until it is substantially complete which typically occurs within about 1 to 72 h. Upon reaction completion, the
compounds B-100 may be recovered by conventional techniques such as neutralization, extraction, precipitation, chro-
matography, filtration and the like, or used in the next step without isolation and/or purification.

[0203] Compounds B-100 (formula I) can be modified to compounds €-100 (formula VII) and C-200 (formula IV) by
the methods of the present invention as shown in Scheme C.

Scheme C
0O 0 0
R’IZJJ\O)J\R'IZ >‘R12
A-30 R® O o RS OH O
3 2 3 2
or R X Z,R R x Z,R
i R N o ! R4 N o
3 12_y%3
| R™2” X3 or R12X NI N SN
B-100 R" fl\ c-100 C-200
then R12 OH | 1
R
HN
R® OH O R R' L P R® OH O
R3 a R R3 ,RZ
X N g A-40 N vz
R ~.N R" Ré _N
R6 R®
C-400 C-300

[0204] For example, contacting B-100 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-100 and C-200. Alternatively, contacting B-100 with
an acyl halide of formula R12-C(0)X3 or an alkyl halide of formula R12-X3, followed by an acid of formula R12-C(O)OH,
such as acetic acid, provides compounds C-100 and C-200. The reaction is typically conducted at temperatures of about
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100 °C, and is continued until it is substantially complete which typically occurs within about 1 to 72 h. Compounds C-
200 can be provided by the methods of the present invention, such as reaction of the mixture of compounds C-100 and
C-200 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.

[0205] Compounds C-200 (formula IV) can be modified to C-300 (formula VI) 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(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 hydro-
genation reaction conditions comprise from about 0.5 to about 1 molar equivalents of sodium carbonate.

[0206] Compounds C-400 (formula X) can be synthesized by contacting compounds C-300 (formula V1) with at least
a stoichiometric amount or an excess 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 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-400 can be recovered by conventional techniques such as neutralization, extraction, precipitation, chromatography,
filtration and the like.

[0207] Specific methods for the preparation of such substituted isoquinoline compounds are shown in Scheme D
below, where R2, R3, R4, R%, R11, R12 p, Ra, R, R’ and R" are as defined herein, and PG is a standard amine protecting

group.
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Scheme D
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[0208] Compounds D-100 for use in the reactions depicted in Scheme D, can be prepared by contacting compounds
A-100 with a suitable Lewis acid such as trimethyl borate, in the presence of dichlorotriphenylphosphorane and thionyl
chloride to generate the acyl chloride, which upon contact with an alcohol, such as methanol, yields the corresponding
ester D-100. Upon reaction completion, D-100 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.

[0209] Compounds D-100 can be modified to D-200 (formula IIA) by contacting D-100 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, such as sodium methoxide, sodium ethoxide or another suitable
base in methanol, DMF or another suitable solvent. The reaction is continued until it is substantially complete which
typically occurs within about 1 to 72 h. Upon reaction completion, the compounds D-200 can be recovered by conventional
techniques such as neutralization, extraction, precipitation, chromatography, filtration and the like.

[0210] Compounds D-200 can be modified to D-300 (formula IA) by the methods of the presentinvention. For example,
contacting D-200 with about a stoichiometric amount or a slight excess thereof of a compound of formula A-20 in the
presence of an acid, such as acetic acid, provides compounds D-300. The reaction is continued until it is substantially
complete which typically occurs within about 1 to 72 h. Upon reaction completion, the compounds D-300 can be recovered
by conventional techniques such as neutralization, extraction, precipitation, chromatography, filtration and the like.
[0211] Compounds D-300 can be modified to compounds D-400 (formula VIIA) and D-500 (formula IVA) by the methods
of the present invention. For example, contacting D-300 with an excess (e.g. 2 - 3 equivalents) of compound A-30 in
the presence of an acid, such as acetic acid, provides compounds D-400 and D-500. The reaction is typically conducted
at temperatures of about 100 °C, and is continued until it is substantially complete which typically occurs within about 1
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to 72 h. Compounds D-500 can be provided by the methods of the present invention, such as reaction of the mixture 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 com-
pounds D-500 can be recovered by conventional techniques such as neutralization, extraction, precipitation, chroma-
tography, filtration and the like.

[0212] Compounds D-500 can be modified to D-600 (formula VIA) under reaction conditions according to the present
invention. In certain embodiments, the reaction conditions are hydrogenation reaction conditions. Such conditions typ-
ically comprise a catalyst, such as a palladium catalyst (e.g. palladium(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 to about 1 molar equivalents of sodium carbonate.

[0213] 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 (particularly, 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-400 can be
recovered by conventional techniques such as neutralization, extraction, precipitation, chromatography, filtration and
the like.

[0214] The compounds A-100, A-10, A-20, A-30, A-40, and D-10 for use in the reactions depicted in the above
Schemes are either available from commercial sources or can be prepared according to known literature procedures.
Other modifications to the compounds provided by this invention are well within the skill of the art. For example, modi-
fication of the C-4 hydroxy group may be done by conventional means to corresponding ethers, acyloxy, and the like.
In addition, compounds A-40 can be used as provided in U.S. Patent No. 7,323,475.

[0215] In the art, isoquinoline compounds have been prepared according to methods which are not desirable for large
scale production (Scheme E, where R20is a general abbreviation that represents a substituent group as described herein
(i.e., 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 regicisomers E-200 and E-300. It is contemplated that such a process
would be inefficient on a large scale. In addition, the conversion of E-400 to the corresponding bromide E-500 in order
to furnish the alkyl substitution on the isoquinoline ring of compounds E-600 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.

Scheme E
O 0 OH O OH O OH O
20
N_}—OR R x ORzo . AN ORZO RN ORzo
R =N R =N R N
0 OH OH OH
E-100 E-200 E-300 E-400
OH O OH O
A OR® _ = OR20
N
R N R =
Br
E-600 E-500

[0216] The synthesis of 1-dimethylaminomethyl-4-hydroxy-7-phenylsulfanyl-isoquinoline-3-carboxylic acid butyl ester
has beenreported in U.S. PatentNo. 7,323,475, using a mixture of 4-hydroxy-7-phenylsulfanyl-isoquinoline-3-carboxylic
acid butyl ester, N,N-dimethylmethyleneammonium iodide, and potassium carbonate in anhydrous dichloromethane.
However, only 16% of the desired 1-dimethylaminomethyl-4-hydroxy-7-phenylsulfanyl-isoquinoline-3-carboxylic acid
butyl ester was obtained. Advantageously, in contrast to methods previously disclosed, the methods of the present
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invention provide good yields for the synthesis of compounds described herein.
Examples

[0217] 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 described 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.

[0218] 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

h = Hour
HPLC = High-performance liquid chromatography
L = Liter
MeOH = Methanol
mg = Milligram
min = Minute
mL = Milliliter
mM = Millimolar
mmol = Millimole
Ac = Acetyl

NaOMe = Sodium methoxide

EXAMPLE 1

Preparation of 2-(4-hydroxy-1-methyl-5-phenoxyisoquinoline-3-carboxamido)acetic acid

a) Preparation of methyl 1-((dimethylamino)methyl)-4-hydroxy-5-phenoxyisoquinoline-3-carboxylate (1b)

[0219]

N COZMe /N\/N\ N COzMe
~ N > s N
acetic acid
e
1a 1b N

[0220] 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-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 evaluated 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.

b) Preparation of methyl 1-((acetoxy)methyl)-4-hydroxy-5-phenoxyisoquinoline-3-carboxylate (1c)

[0221]
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x COzMe ACQO x COzMe SN COzMe
% +
~N N 0 N o
N~ 1c ok 1d o)J\
b | ¢ Morpholine |

[0222] The solution 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 ata temperature below 50 °C [Note: Reactionis exothermic, 20-25 °C temperature
rise can be observed. Rate of addition is important to control 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 1b is in an amount greater than 2%, the reaction can be stirred for an additional 2 hours and then reevaluated
by HPLC.

[0223] 1d can be converted to 1c by the following procedure. The solution of 1c and 1d 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.

[0224] 1c 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 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.

c) Preparation of methyl 4-hydroxy-1-methyl-5-phenoxyisoquinoline-3-carboxylate (1e)

[0225]

o)
1c OJ\ 1e

[0226] A glass lined Parr pressure reactor vessel equipped with a 4-blade impeller can be charged with 1c, Pd/C
(about 0.4 to 0.5 molar equivalents), anhydrous Na,CO5 (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 (1c <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-5-phenoxyisoquinoline-3-carboxamido)acetic acid (1f)

[0227]
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L ., L ...

OH
H,N
come  HNTY

ZN 2) acetic acid ~ZN 0

1e 1f

[0228] 2-(4-Hydroxy-1-methyl-5-phenoxyisoquinoline-3-carboxamido)acetic acid can be prepared from 1e according
to the following procedure.

[0229] A pressure glass reaction flask which included top threads for a screw cap lid can be fitted with a magnetic
stirrer, charged with 1e, glycine (about 3 molar equivalents), methanol, and a sodium methoxide solution (with 1.2 molar
eqgivalents 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 cooled to 20-25 °C and evaluated by HPLC. The reaction can be
continued until less than 1% 1e 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 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-1-methyl-5-phenoxyisoquinoline-3 -carboxamido)acetic
acid.

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

a) Preparation of methyl 1-((dimethylamino)methyl)-4-hydroxy-6-phenoxyisoquinoline-3-carboxylate (2b)

[0230]
OH | OH
o N C0Me NN ° Ny oM
©/ N ; ~N
acetic acid
2a 2b N~

[0231] A round bottom flask fitted with thermocouple and condenser can be charged with 2a and acetic 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 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 1-((acetoxy)methyl)-4-hydroxy-6-phenoxyisoquinoline-3-carboxylate (2c)

[0232]
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[0233] The solution of 2b from Example 2a) can be cooled to below 25 °C, at which time acetic anhydride (about 3
molar equivalents) can be added slowly ata temperature below 50 °C [Note: Reactionis exothermic, 20-25 °C temperature
rise can be observed. Rate of addition is important to control 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 be heated to 100 = 5 °C for 20-24 hours. The reaction can then be evaluated by
HPLC. If 2b is in an amount greater than 2%, the reaction can be stirred for an additional 2 hours and then reevaluated
by HPLC.

[0234] 2d can be converted to 2c by the following procedure. The solution of 2c 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 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.

[0235] 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. Morpholine can be added and the mixture stirred at 5 = 5 °C for
30-60 minutes and evaluated by HPLC. If the amount of 2d is greater than 2%, the reaction can be stirred for an additional
hour. Once the reaction reached completion, 2c can be precipitated from cold acetone/methanol solution, filtered, washed
and dried under vacuum at 50 = 5 °C.

c) Preparation of methyl 4-hydroxy-1-methyl-6-phenoxyisoquinoline-3-carboxylate (2e)

[0236]

OH

0 CO,Me
©/ x H,, PD-C 0 \\-CO:zMe
_N - -
0 =N

2c O)K 2e

[0237] A glass lined Parr pressure reactor vessel equipped with a 4-blade impeller can be charged with 2c, Pd/C
(about 0.4 to 0.5 molar equivalents), anhydrous Na,CO5 (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¢c <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)

[0238]
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[0239] 2-(4-Hydroxy-1-methyl-6-phenoxyisoquinoline-3-carboxamido)acetic acid is prepared from 2e according to the
following procedure.

[0240] A pressure glass reaction flask which included top threads for a screw cap lid can be fitted with a magnetic
stirrer, charged with 2e, 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 evaluated by HPLC. The reaction can be
continued until less than 1% 2e 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 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-1-methyl-6-phenoxyisoquinoline-3-carboxamido)acetic
acid.

EXAMPLE 3
Preparation of 2-(4-hydroxy-1-methyl-7-phenoxyisoquinoline-3-carboxamido)acetic acid

a) Preparation of 5-phenoxyphthalide

[0241]
8] O
PhOH, K,CO3
0 Acetylacetone, ©\ o
Br CuBr, DMF 9

[0242] A reactor was charged with DMF (68 Kg), and stirring was initiated. The reactor was then charged with phenol
(51 Kg), acetylacetone (8 Kg), 5-bromophthalide (85 Kg), copper bromide (2 Kg), and potassium carbonate (77 Kg). The
mixture 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 HCI and then
with water. Solvent was removed under pressure and methanol was added. The mixture was stirred and filtered. Solid
was washed with methanol and dried in an oven giving 5-phenoxyphthalide (Yield: 72%, HPLC: 99.6%).

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

[0243]

0 9 9
@\ /@:/(/O B(OMe)s, (Ph)sPCl, @\ /@iim MeOH @\ /Eiom
> Cl
o SOCl,, toluene o Cl 0

[0244] A reactor was charged with toluene (24 Kg), and stirring was initiated. The reactor was then charged with 5-
phenoxyphthalide (56 Kg), thionyl chloride (41 Kg), trimethyl borate (1 Kg), 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 mixture was heated above 50 °C
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until reaction completion. Solvent was removed and replaced with DMF. This solution of the product methyl 2-chlorome-
thyl-4-phenoxybenzoic acid methyl ester in DMF was used directly in the next step (HPLC: 85%).

c) Preparation of 4-hydroxy-7-phenoxyisoquinoline-3-carboxylic acid methyl ester (3a)

[0245]
0 B 0 ]
@\ OMe 18-Gly-OMe @\ OMe 1) NaOMe; MeOH OH
[ ——— _——
Cl :
o Na|bf'\(/|2FCOg, o 2) HOAg; H0 SN CO-Me

QN COsMe !

N e} Z
L He _ 3

[0246] A reactor was charged with a solution of 2-chloromethyl-4-phenoxybenzoic acid methyl ester (~8 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%). TH NMR (200 MHz, DMSO-
d6)d 11.60 (s, 1 H), 8.74 (s, 1H), 8.32 (d,J =9.0 Hz, 1 H), 7.60 (dd, J =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

d) Preparation of methyl 1-((dimethylamino)methyl)-4-hydroxy-7-phenoxyisoquinoline-3-carboxylate (3b)

[0247]

CO,Me
@\ _glycne COMe /N\/ ~ X 2
N ~N

acetic acid

[0248] Aflask 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. TH NMR (200 MHz, DMSO-d6)d 11.7 (S, 1 H), 8.38 (d, J
=9.0 Hz, 1 H), 7.61 (dd, J = 9.0, 2.7 Hz, 1 H), 7.49 (m, 3 H), 7.21 (m, 3H), 5.34 (s, 2 H), 3.97 (s, 3 H), 1.98 (s, 3 H);
MS-(+)-ion M+1 = 368.12.

e) Preparation of methyl 1-((acetoxy)methyl)-4-hydroxy-7-phenoxyisoquinoline-3-carboxylate (3c)
[0249]

O

OH

o CO2Me COzMe CO,Me
—_—
_N
e
3b

N

Morpholine |

[0250] The solution of 3b from a) above was cooled below 25 °C, at which time acetic anhydride (28.6 g * 3.5 %)
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was added to maintain temperature below 50 °C. The resulting mixture was heated to 100 = 5 °C until reaction completion.
[0251] The solution of 3c and 3d 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 50 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.

[0252] Theorganiclayer was added to aflask 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 3c precipitated
and was filtered, washed and dried in an oven (Yield: 81 %, HPLC: >99.7%). H NMR (200 MHz, DMSO-d6) d 11.6 (S,
1H),831(d,J=9.0Hz, 1H),787(d,J=23Hz, 1H),7.49 (m, 3H), 7.24 (m, 3 H), 3.95 (s, 3 H), 3.68 (s, 2H), 2.08
(s, 8 H); MS-(+)-ion M+1 = 357.17.

f) Preparation of methyl 4-hydroxy-1-methyl-7-phenoxyisoquinoline-3-carboxylate (3e)

[0253]

OH

CO,Me
@\ X2 H,, Pd-C A\ -CO:Me
N .
o 7o [:::1\0 _N

3c O)K 3e

[0254] Areactor was charged with 3¢ (16.0 g), Pd/C (2.08 g), anhydrous Na,CO3 (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 until completion of reaction. The flask was cooled to 20-25 °C, the pressure
released to ambient, the head space purged with nitrogen three times and mixture was filtered. The filtrate was concen-
trated. Methanol was added. The mixture was stirred and then cooled. Product precipitated and was filtered and dried
in an oven (Yield: 90%, HPLC: 99.7%).

g) Preparation of 2-(4-hydroxy-1-methyl-7-phenoxyisoquinoline-3-carboxamido)acetic acid (3f)

[0255]

OH ’
HzN/\n/OH 0] 0
(0]

CO;Me OH
AN
QL M BN Wseas
0 N 2) acetic acid 0 =N
3 3f

e

[0256] 2-(4-hydroxy-1-methyl-7-phenoxyisoquinoline-3-carboxamido)acetic acid was prepared from 3e according to
the following procedure.

[0257] A pressure flask was charged with 3e (30.92 @), glycine (22.52 g), methanol (155 mL), sodium methoxide
solution (64.81 g) and sealed (as an alternative, sodium 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 ethyl 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 temperature,
filtered, and the solid washed with water (3 x 30 mL), cold acetone (5-10 °C, 2 x 20 mL), and dried under vacuum to
obtain 2-(4-hydroxy-1-methyl-7-phenoxyisoquinoline-3-carboxamido)acetic acid (Yield: 86.1%, HPLC: 99.8%).

EXAMPLE 4
Preparation of 2-(4-hydroxy-1-methyl-8-phenoxyisoquinoline-3-carboxamido)acetic acid
a) Preparation of methyl 1-((dimethylamino)methyl)-4-hydroxy-8-phenoxyisoquinoline-3-carboxylate (4b)

[0258]
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acetic acid

[0259] 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: 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 4a 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-8-phenoxyisoquinoline-3-carboxylate (4c)

[0260]
]
OH OH Ok
‘\-COMe - CO2Me - C02Me
ACzo N
_N e =N o N Z5 5
) N/ O O)K 0 Ok
o, . .
4b % Morpholine |

[0261] 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 ata temperature below 50 °C [Note: Reactionis exothermic, 20-25 °C temperature
rise can be observed. Rate of addition is important to control the exothermic reaction between acetic anhydride and
dimethyl amine 4b. 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 4b is in an amount greater than 2%, the reaction can be stirred for an additional 2 hours and then reevaluated
by HPLC.

[0262] 4d can be converted to 4c by the following procedure. The solution of 4c and 4d 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.

[0263] 4c 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 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, 4c can be precipitated from cold acetone/methanol solution, filtered, washed
and dried under vacuum at 50 = 5 °C.

c) Preparation of methyl 4-hydroxy-1-methyl-8-phenoxyisoquinoline-3-carboxylate (4e)

[0264]
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[0265] A glass lined Parr pressure reactor vessel equipped with a 4-blade impeller can be charged with 4c, Pd/C
(about 0.4 to 0.5 molar equivalents), anhydrous Na,CO5 (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 (4c <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-8-phenoxyisoquinoline-3-carboxamido)acetic acid (4f)

[0266]
OH OH OH O
‘. -CO:Me HzN/\[( N N/\WOH
1) 0 H
~N - ~N (0]

2) acetic acid
(o) 0]
o o

[0267] 2-(4-hydroxy-1-methyl-8-phenoxyisoquinoline-3-carboxamido)acetic acid is prepared from 4e according to the
following procedure.

[0268] A pressure glass reaction flask which included top threads for a screw cap lid can be fitted with a magnetic
stirrer, charged with 4e, glycine (about 3 molar equivalents), methanol, and a sodium methoxide solution (with 1.2 molar
eqgivalents 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 cooled to 20-25 °C and evaluated by HPLC. The reaction can be
continued until less than 1% 4e 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 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-1-methyl-8-phenoxyisoquinoline-3-carboxamido)acetic
acid..

EXAMPLE 5
Preparation of 2-[4-hydroxy-1-methyl-7-(4-methoxy-phenoxy)-isoquinoline-3-carboxamido]acetic acid

a) Preparation of methyl 1-((dimethylamino)methyl)-4-hydroxy-7-(4-methoxy-phenoxy)-isoquinoline-3-carboxy-
late (5b)

[0269]
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[0270] A round bottom flask fitted with thermocouple and condenser can be charged with 5a and acetic acid (about 7
molar equivalents = 5%). The suspension of 5a 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 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 HPLC.

b) Preparation of methyl 1-((acetoxy)methyl)-4-hydroxy-7-(4-methoxy-phenoxy)-isoquinoline-3-carboxylate (5c)

[0271]

o)
OH OH o/u\

Me0\©\ - C02Me A0 Meo\©\ Xy COMe Meo\©\ - C02Me
N > +
O Z o 2N 0 o =N

e
5b 'Tl 5¢ O)J\ 5d
¢ Morpholine |

[0272] The solution of 5b from Example 5a) can be cooled to below 25 °C, at which time acetic anhydride (about 3
molar equivalents) can be added slowly ata temperature below 50 °C [Note: Reactionis exothermic, 20-25 °C temperature
rise can be observed. Rate of addition is important to control the exothermic reaction between acetic anhydride and
dimethyl amine or 5b. 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 5b is in an amount greater than 2%, the reaction can be stirred for an additional 2 hours and then reevaluated
by HPLC.

[0273] 5d can be converted to 5¢c by the following procedure. The solution of 5¢ and 5d 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.

[0274] 5c 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 evaluated by HPLC. If the amount of 5d 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, filtered, washed
and dried under vacuum at 50 = 5 °C.

c) Preparation of methyl 4-hydroxy-1-methyl-7-(4-methoxy-phenoxy)-isoquinoline-3-carboxylate (5¢)

[0275]
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[0276] A glass lined Parr pressure reactor vessel equipped with a 4-blade impeller can be charged with 5¢, Pd/C
(about 0.4 to 0.5 molar equivalents), anhydrous Na,COj, (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 (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 50 * 5 °C.

d) Preparation of 2-[4-hydroxy-1-methyl-7-(4-methoxy-phenoxy)-isoquinoline-3-carboxamido] acetic acid (5f)

[0277]

OH OH OH o
H N
CO,Me 2 /Y

MeO OH
X X
i:\o N 2) acetic acid =N 0

5e 5f

[0278] 2-[4-Hydroxy-1-methyl-7-(4-methoxy-phenoxy)-isoquinoline-3-carboxamido]acetic acid is prepared from 5e ac-
cording to the following procedure.

[0279] A pressure glass reaction flask which included top threads for a screw cap lid can be fitted with a magnetic
stirrer, charged with 5e, 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 evaluated by HPLC. The reaction can be
continued until less than 1% 5e 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 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-1-methyl-7-(4-methoxy-phenoxy)-isoquinoline-3-carbox-
amidolacetic acid.

EXAMPLE 6
Preparation of 2-[4-hydroxy-1-methyl-6-(4-methoxy-phenoxy)-isoquinoline-3-carboxamido]acetic acid

a) Preparation of methyl 1-((dimethylamino)methyl)-4-hydroxy-6-(4-methoxy-phenoxy)-isoquinoline-3-carboxy-
late (6b)

[0280]
OH | | OH
0] XN COs;Me /N\/N\ 0 XN CO,Me
MeO acetic acid MeO
6a 6b N7
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[0281] 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 6a 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 evaluated 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 reevaluated by HPLC.

b) Preparation of methyl 1-((acetoxy)methyl)-4-hydroxy-6-(4-methoxy-phenoxy)-isoquinoline-3-carboxylate (6c)

[0282]

OH OH OJ\

CO,M
/©/o N oM Lo /©/o - COMe /@/0 - CO2Me
N _ N +
MeO = MeO =N 4 MeO N
P 6¢c 6d
b N * o)J\

| Morpholine

[0283] The solution of 6b from Example 6a) can be cooled to below 25 °C, at which time acetic anhydride (about 3
molar equivalents) can be added slowly ata temperature below 50 °C [Note: Reactionis exothermic, 20-25 °C temperature
rise can be observed. Rate of addition is important to control the exothermic reaction between acetic anhydride and
dimethyl amine or 6b. 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 6b is in an amount greater than 2%, the reaction can be stirred for an additional 2 hours and then reevaluated
by HPLC.

[0284] 6d can be converted to 6¢ by the following procedure. The solution of 6¢c 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 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.

[0285] 6c 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 evaluated 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.

c) Preparation of methyl 4-hydroxy-1-methyl-6-(4-methoxy-phenoxy)-isoquinoline-3-carboxylate (6e)

[0286]

OH OH

M
0] \ CO,Me H,, Pd-C (o) x CO,Me
—_—»
MeO” : =N o MeO/(j _N
6

6¢c o)K

[0287] A glass lined Parr pressure reactor vessel equipped with a 4-blade impeller can be charged with 6¢, Pd/C
(about 0.4 to 0.5 molar equivalents), anhydrous Na,CO5 (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¢c <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

e
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dried under vacuum at 50 * 5 °C.
d) Preparation of 2-[4-hydroxy-1-methyl-6-(4-methoxy-phenoxy)-isoquinoline-3-carboxamido] acetic acid (6f)

[0288]

OH OH OH 0
CO,Me ) HzN/E

(6]
X 0 N OH
N
/©/ I - - /©/ H/j)]/
MeO = 2) acetic acid MeO =N

6e 6f

[0289] 2-[4-Hydroxy-1-methyl-6-(4-methoxy-phenoxy)-isoquinoline-3-carboxamidolacetic acid is prepared from 6e ac-
cording to the following procedure.

[0290] A pressure glass reaction flask which included 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 evaluated by HPLC. The reaction can be
continued until less than 1% 6e 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 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-1-methyl-6-(4-methoxy-phenoxy)-isoquinoline-3-carbox-
amidolacetic acid.

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

a) Preparation of methyl 1-((dimethylamino)methyl)-4-hydroxy-7-(3,5-difluoro-phenoxy)-isoquinoline-3-carbox-
ylate (7b)

F OH | | F OH
i /E:::I:ffT/COZMe NN i . CO2Me
N > N
F o) = F o) Z
7b T/

[0291]

acetic acid
7a

[0292] 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 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 evaluated by HPLC. If the amount of 7a 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-7-(3,5-difluoro-phenoxy)-isoquinoline-3-carboxylate
(7¢c)

[0293]
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[0294] 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 ata temperature below 50 °C [Note: Reactionis exothermic, 20-25 °C temperature
rise can be observed. Rate of addition is important to control the exothermic reaction between acetic anhydride and
dimethyl amine or 7b. 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 7b is in an amount greater than 2%, the reaction can be stirred for an additional 2 hours and then reevaluated
by HPLC.

[0295] 7d can be converted to 7c by the following procedure. The solution of 7c and 7d 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.

[0296] 7c 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 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, 7c can be precipitated from cold acetone/methanol solution, filtered, washed
and dried under vacuum at 50 = 5 °C.

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

CO,Me H2, PD-C CO,Me

[0298] A glass lined Parr pressure reactor vessel equipped with a 4-blade impeller can be charged with 7c, Pd/C
(about 0.4 to 0.5 molar equivalents), anhydrous Na,CO5 (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 (7c <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.

[0297]

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

[0299]
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[0300] 2-[4-Hydroxy-1-methyl-7-(3,5-difluoro-phenoxy)-isoquinoline-3-carboxamido]acetic acid is prepared from 7e
according to the following procedure.

[0301] 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
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 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 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 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-1-methyl-7-(3,5-difluoro-phenoxy)-isoquinoline-3-carbox-
amidolacetic acid.

EXAMPLE 8
Preparation of 2-[4-hydroxy-1-methyl-6-(3,5-difluoro-phenoxy)-isoquinoline-3-carboxamido]acetic acid

a) Preparation of methyl 1-((dimethylamino)methyl)-4-hydroxy-6-(3,5-difluoro-phenoxy)-isoquinoline-3-carbox-
ylate (8b)

[0302]

OH | | OH
F O X CO02Me NN F 0 - CO2Me
~ N > p N
£ acetic acid
F
8a 8b 'Tl/

[0303] A round bottom flask fitted with thermocouple and condenser can be charged with 8a and acetic acid (about 7
molar 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
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 evaluated 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-difluoro-phenoxy)-isoquinoline-3-carboxylate
(8c)

[0304]
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[0305] The solution of 8b from Example 8a) can be cooled to below 25 °C, at which time acetic anhydride (about 3
molar equivalents) can be added slowly ata temperature below 50 °C [Note: Reactionis exothermic, 20-25 °C temperature
rise can be observed. Rate of addition is important to control the exothermic reaction between acetic anhydride and
dimethyl amine or 8b. 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 8b is in an amount greater than 2%, the reaction can be stirred for an additional 2 hours and then reevaluated
by HPLC.

[0306] 8d can be converted to 8c by the following procedure. The solution of 8¢c and 8d 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.

[0307] 8c 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 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, 8c can be precipitated from cold acetone/methanol solution, filtered, washed
and dried under vacuum at 50 = 5 °C.

c) Preparation of methyl 4-hydroxy-1-methyl-6-(3,5-difluoro-phenoxy)-isoquinoline-3-carboxylate (8e)

OH
F 0 o CO2Me Hz, PA.C CO,Me
OO y
F 8c OJ\

[0309] A glass lined Parr pressure reactor vessel equipped with a 4-blade impeller can be charged with 8c, Pd/C
(about 0.4 to 0.5 molar equivalents), anhydrous Na,CO5 (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 (8¢ <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.

[0308]

d) Preparation of 2-[4-hydroxy-1-methyl-6-(3,5-difluoro-phenoxy)-isoquinoline-3-carboxamido] acetic acid (8f)

[0310]
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OH OH
F o \COaMe H2N/\ff OH

=N

2) acetic acid ZN

F
8e

[0311] 2-[4-hydroxy-1-methyl-6-(3,5-difluoro-phenoxy)-isoquinoline-3-carboxamido]acetic acid is prepared from 8e
according to the following procedure.

[0312] A pressure glass reaction flask which included top threads for a screw cap lid can be fitted with a magnetic
stirrer, charged with 8e, 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 evaluated by HPLC. The reaction can be
continued until less than 1% 8e 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 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-1-methyl-6-(3,5-difluoro-phenoxy)-isoquinoline-3-carbox-
amidolacetic acid.

EXAMPLE 9
Biological Testing

[0313] Thecompounds and methods of the invention can be used for the synthesis of various isoquinoline 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 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, U.S. Publication No. 2006/0276477, and
U.S. Publication No. 2007/0259960, incorporated by reference herein).

[0314] The biological activity of exemplary substituted isoquinoline compounds may be assessed using any conven-
tionally 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 tissues.

[0315] Cell culture techniques are generally available in the art and include any method that maintains 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
supplied in batch feed or continuous flow-through regimens. Compounds of the invention are added to the culture medium
at levels 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 etal. (1987) U.S. Pat. No. 4,667,016; and Egrie (1985) U.S. Pat. No. 4,558,006.)
[0316] Suitable assay methods are well known in the art. The following are presented only as examples and are not
intended to be limiting.

Cell-based HIF o stabilization assay

[0317] Human cells (e.g., Hep3B cells from hepatocellular tissue) derived from various tissues were separately seeded
into 35 mm culture dishes, and grown at 37 °C, 20 % O,, 5 % CO, in standard culture medium, e.g., DMEM (Dulbecco’s
modification of Eagle’s medium), 10 % FBS (fetal bovine serum). When cell layers reach confluence, the media was
replaced with OPTI-MEM media (Invitrogen Life Technologies, Carlsbad CA), and cell layers were incubated for approx-
imately 24 hours in 20 % O,, 5 % CO, at 37 °C. Compound or 0.013 % DMSO (dimethyl sulfoxide) was then added to
existing medium and incubation was continued overnight.

[0318] Following incubation, the media was removed, centrifuged, and stored for analysis (see Cell-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
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minutes at 4 °C, and the cytosolic fractions (supernatant) were collected. The nuclei (pellet) were resuspended and
lysed in 100 pL of 20 mM HEPES (pH 7.2), 400 mM NaCl, 1 mM EDTA, 1 mM dithiothreitol, and a protease mix (Roche
Molecular Biochemicals), centrifuged at 13,000 xg for 5 minutes at 4 °C, and the nuclear protein fractions (supernatant)
were collected.

[0319] The Nuclear protein fractions collected were analyzed for HIF-1¢, using a QUANTIKINE immunoassay (R&D
Systems, Inc., Minneapolis MN) according to the manufacturer’s instructions.

Cell-based EPO assay

[0320] Hep3B cells (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-C) and incubated with various concentrations of compound or vehicle control (0.15%
DMSO) in DMEM + 0.5% fetal bovine serum for 72 hours. Cell free culture supernatants were generated by transfer to
a conical bottom 96 well plate and centrifugation for 5 minutes at 2000rpm. The supernatant was quantitated for EPO
using a human EPO ELISA kit (R&D Systems, cat # DEP 00).

[0321] 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 values for the vehicle control
for the cell preparations used in experiments reported herein varied from 0-12.5 mlU/ml.

HIF-PH assay

[0322] Ketoglutaric acid a-[1-14C]-sodium salt, alpha-ketoglutaric acid sodium salt, and HPLC purified peptide were
obtained from commercial sources, e.g., Perkin-Elmer (Wellesley MA), Sigma-Aldrich, and SynPep Corp. (Dublin CA),
respectively. Peptides for use in the assay were fragments of HIF o, as described above or as disclosed in International
Publication WO 2005/1188386, incorporated by reference herein. For example, a HIF peptide for use in the HIF-PH assay
was [methoxycoumarin]-DLDLEALAPYIPADDDFQL-amide. HIF-PH, e.g., HIF-PH2 (also known as EGLN1 or PHD2),
was expressed in, e.g., insect Hi5 cells, and partially purified, e.g., through a SP ion exchange chromatography column.
Enzyme activity was determined by capturing 14CO, 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 pn.Ci/mL o-ketoglutaric acid a-[1 -14C]-sodium salt, 40 pM FeSO,, 1 mM ascorbate, 1541.8 units/mL Catalase, with
or without 50 pM peptide substrate and various concentrations of compound of the invention. Reactions were initiated
by addition of HIF-PH enzyme.

[0323] The peptide-dependent percent turnover was calculated by subtracting percent turnover in the absence of
peptide from percent turnover in the presence of substrate peptide. Percent inhibition and IC5y were calculated using
peptide-dependent percent turnover at given inhibitor concentrations. Calculation of IC5, values for each inhibitor was
conducted using GraFit software (Erithacus Software Ltd., Surrey UK). The results wre summarized in Table 1.

[0324] Table 1 below was intended to demonstrate the pharmacological utility of exemplary substituted isoquinoline
compounds. By inhibiting HIF prolyl hydroxylase enzymes, substituted isoquinoline compounds stabilize HIF o, which
then combines with HIFR to form an active transcription factor that increases expression of numerous genes involved
in response to hypoxic and ischemic conditions, including erythropoietin (EPO).

Table 1.
Example No. Compound No. IC5¢ PHD2 (M) Cell EPO* (mIU/ml)

1 If 7.9 98.6
2 2f 35 78

3 3f 2.1 182
4 4f 1.4 52

5 5f 22 209
6 6f 52 191
7 7f 22 225
8 8f not determined 105

*Cell EPO measured at 30 uM compound in DMSO compared to DMSO only control
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1. A method of making a compound of formula | or a sterecisomer or mixture of stereoisomers thereof;

R® OH O
R2
R3 N 7
=N
R4
R® ITI/RH
R I
the method comprising contacting a compound of formula Il:
R® OH O
3, R?
N
R4
R 1|
with a compound of formula Il
P
(R11)2N N(R11)2

I

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

Zis O,NR1, or S;

R1is 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, heterocyclyl, aryl, and
heteroaryl;

R3 and R4 are independently selected from the group consisting of hydrogen, alkyl, substituted alkyl, cycloalkyl,
substituted cycloalkyl, heterocyclyl, substituted heterocyclyl, aryl, substituted aryl, heteroaryl, substituted het-
eroaryl, halo, hydroxy, cyano, -S(0),-N(R8)-R8, -NR8C(O)NR8RS, and -X'R8;

where X1 is oxygen, -S(0),-, or -NR%-;

nis 0, 1, or 2;

each R8 is independently selected from the group consisting of hydrogen, alkyl, substituted alkyl, aryl,
substituted aryl, cycloalkyl, substituted cycloalkyl, heteroaryl, substituted heteroaryl, heterocyclyl and sub-
stituted heterocyclyl provided that when X' is -SO- or -SO,-, then R8 is not hydrogen; and

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

or R3 and R4 together with the carbon atoms pendent thereto, form a cycloalkyl, substituted cycloalkyl, hetero-
cyclyl, substituted heterocyclyl, aryl, substituted aryl, heteroaryl, or substituted heteroaryl;

R5 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 -X2R10;

where X2 is oxygen, -S(0),-, or -NR13-;

nis 0, 1, or 2;

R10 is selected from the group consisting of alkyl, substituted alkyl, aryl, substituted aryl, heteroaryl, sub-
stituted heteroaryl, heterocyclyl and substituted heterocyclyl; and

R13 is selected from the group consisting of hydrogen, alkyl, and aryl; or when X2 is -NR13-, then R10 and
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R13, 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, benzyl and aryl, or two R'1 together with the nitrogen atom to
which they are attached form a 4-8 membered heterocyclyl or a heteroaryl.

2. The method according to claim 1 for making a compound of formula |A or a sterecisomer or mixture of sterecisomers
thereof:

RS OH O
RS3. AN O/R2
=N
R4
Re ITI/RH
R A

comprising contacting a compound of formula IIA:

R& OH O
R3. AN O/R2
=N
R4
R A
with a compound of formula Il
(R11)2N/\N(R11)2 I

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 substituents independently selected from the group consisting of cycloalkyl, heterocyclyl, aryl, and
heteroaryl;

R3 and R4 are independently selected from the group consisting of hydrogen, alkyl, substituted alkyl, cycloalkyl,
substituted cycloalkyl, heterocyclyl, substituted heterocyclyl, aryl, substituted aryl, heteroaryl, substituted het-
eroaryl, halo, hydroxy, cyano, -S(0),-N(R8)-R8 where n is 0, 1, or 2, -NREC(O)NRERS, and -X'R8 where X1 is
oxygen, -S(0),, or -NR®-where nis 0, 1, or 2, or R3, R4 together with the carbon atom pendent thereto, form a
cycloalkyl, substituted cycloalkyl, heterocyclyl, substituted heterocyclyl, aryl, substituted aryl, heteroaryl, or
substituted heteroaryl;

R5 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 -X2R10 where X2 is
oxygen, -S(0),, or -NR13-where nis 0, 1, or 2, or when X2 is -NR 13-, then R13and R0, together with the nitrogen
atom to which they are bound, can be joined to form a heterocyclyl or substituted heterocyclyl group;

each R8 is independently selected from the group consisting of hydrogen, alkyl, substituted alkyl, aryl, substituted
aryl, cycloalkyl, substituted cycloalkyl, heteroaryl, substituted heteroaryl, heterocyclyl and substituted hetero-
cyclyl provided that when X1 is -SO- or -SO,- then R8 is not hydrogen;

RY and R'3 are independently selected from the group consisting of hydrogen, alkyl, and aryl;

R10 s 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 alkyl, benzyl and aryl, or two R'! together with the nitrogen atom to
which they are attached form a 4-8 membered heterocyclyl or a heteroaryl.
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The method of claim 1 or claim 2, wherein

(i) the reaction conditions comprise an acid, such as glacial acetic acid; or
(i) thereactionis conducted ata temperature greater than about 30 °C, such asfrom about 50 °C to about60°C; or

(iiiy R is C4 to C, alkyl.

A method of making a compound of formula |V or a sterecisomer or mixture of sterecisomers thereof:

RS

R4

RE® OH O
AN
N

O

R2

R® O)k R12

comprising contacting a compound of formula |:

with a compound of formula

followed by a compound of formula

a compound of formula R12-X3 followed by a compound of formula

or a compound of formula V:

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

Zis O,NR'or S;

R12

R% OH O
X
~N
6 R11
R ’\ll/
R11
O

PR

Rz OH.

O

R12” ~OH

ISP

O
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R1is 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, heterocyclyl, aryl, and
heteroaryl;

R3 and R4 are independently selected from the group consisting of hydrogen, alkyl, substituted alkyl, cycloalkyl,
substituted cycloalkyl, heterocyclyl, substituted heterocyclyl, aryl, substituted aryl, heteroaryl, substituted het-
eroaryl, halo, hydroxy, cyano, -S(0),-N(R8)-R8 where n is 0, 1, or 2, -NREC(O)NRERS, and -X'R8 where X1 is
oxygen, -S(0), or -NR% where nis 0, 1, or 2, or R3, R4 together with the carbon atom pendent thereto, form a
cycloalkyl, substituted cycloalkyl, heterocyclyl, substituted heterocyclyl, aryl, substituted aryl, heteroaryl, or
substituted heteroaryl;

R5 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 -X2R10 where X2 is
oxygen, -S(0),, or -NR13-where nis 0, 1, or 2, or when X2 is -NR 13-, then R13and R0, together with the nitrogen
atom to which they are bound, can be joined to form a heterocyclyl or substituted heterocyclyl group;

each R8 is independently selected from the group consisting of hydrogen, alkyl, substituted alkyl, aryl, substituted
aryl, cycloalkyl, substituted cycloalkyl, heteroaryl, substituted heteroaryl, heterocyclyl and substituted hetero-
cyclyl provided that when X1 is -SO- or -SO,-, then R8 is not hydrogen;

RY and R'3 are independently selected from the group consisting of hydrogen, alkyl, and aryl;

R10 s 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 and aryl, or two R'! together with the nitrogen atom to
which they are attached form a 4-8 membered heterocyclyl or a heteroaryl;

each R12is independently selected from the group consisting of alkyl, aryl, heteroaryl, and heterocyclyl, or when
two R12 are present, two R'2 together with the carbon atom to which they are attached form a 4-8 membered
heterocyclyl; and

X3 is halo.

The method according to claim 4 for making a compound of formula IVA or a stereocisomer or mixture of sterecisomers
thereof:

R5 OH O
R3. AN - R?

R4 O

R® O)k R12

IVA

comprising contacting a compound of formula 1A:

RS OH O
R3. AN /R2

R4
R6 /R’l’l

RM IA

with a compound of formula V:

R12 O R12 \V4

under reaction conditions sufficient to produce a compound of formula IVA; wherein
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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, heterocyclyl, aryl, and
heteroaryl;

R3 and R4 are independently selected from the group consisting of hydrogen, alkyl, substituted alkyl, cycloalkyl,
substituted cycloalkyl, heterocyclyl, substituted heterocyclyl, aryl, substituted aryl, heteroaryl, substituted het-
eroaryl, halo, hydroxy, cyano, -S(0),-N(R8)-R8 where n is 0, 1, or 2, -NREC(O)NRERS, and -X'R8 where X1 is
oxygen, -S(O),- or -NR®- where nis 0, 1, or 2, or R3, R4 together with the carbon atom pendent thereto, form
a cycloalkyl, substituted cycloalkyl, heterocyclyl, substituted heterocyclyl, aryl, substituted aryl, heteroaryl, or
substituted heteroaryl;

R5 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 -X2R10 where X2 is
oxygen, -S(O),- or -NR13- where n is 0, 1, or 2, or when X2 is -NR"3-, then R13 and R'9, together with the
nitrogen atom to which they are bound, can be joined to form a heterocyclyl or substituted heterocyclyl group;
each R8 is independently selected from the group consisting of hydrogen, alkyl, substituted alkyl, aryl, substituted
aryl, cycloalkyl, substituted cycloalkyl, heteroaryl, substituted heteroaryl, heterocyclyl and substituted hetero-
cyclyl provided that when X1 is -SO- or -SO,- then R8 is not hydrogen;

RY and R'3 are independently selected from the group consisting of hydrogen, alkyl, and aryl;

R10 s 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 and 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 R12is independently selected from the group consisting of alkyl, aryl, heteroaryl, and heterocyclyl, or two
R12 together with the carbon atom to which they are attached form a 4-8 membered heterocyclyl.

The method of claim 4 or claim 5, wherein

(i) the reaction conditions comprise a compound of formula V; or

(ii) the reaction is conducted under an inert atmosphere, for example under a nitrogen atmosphere; or

(iii) the reaction conditions are anhydrous reaction conditions; or

(iv) the reaction is conducted at a temperature greater than about 30 °C, such as at a temperature of about 100
°C; or

(v) R" and R12 are C4 to C,4 alkyl, such as methyl; or

(vi) the reaction conditions comprise a compound of formula V where R12 is C,4 to Cy4 alkyl; and wherein the
reaction is conducted at a temperature of about 100 °C, optionally under a nitrogen atmosphere.

The method of claim 4 or claim 5, wherein the reaction conditions further comprise converting a compound of formula
VIl to a compound of formula IV;

(0]
>~R12
R5 O 0 R® OH O
2
Rs3 AN Z/R2 R3 AN Z/R
N =N
R4 = (0] R4 O
R® O)k R12 Re O)‘k R12

VII v

or converting a compound of formula VIIA to a compound of formula IVA.
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(0]
>~R12
R® O (0] R5 OH O
R2 R?
R3 A o~ R3. AN o~
N =N

R4 = (o] R4 O

R® O)k R12 R® O)‘k R12

IVA

and optionally wherein

(i) the reaction conditions comprise an amine, such as morpholine; or

(i) the reaction is conducted in dichloromethane; or

(iii) the reaction is conducted at a temperature below 25 °C, such as from about 0 °C to about 10 °C; or

(iv) the reaction conditions comprise morpholine; and the reaction is conducted in dichloromethane and at a
temperature of from about 0 °C to about 10 °C.

8. A method of making a compound of formula VI or a stereoisomer or mixture of stereoisomers thereof:

RS> OH O
Rs. AN Z/R2
=N
R4
RS VI
comprising converting a compound of formula IV:
R& OH O
R3 AN Z/R2
R4 N @)

RO O)k R12

v

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

Zis O,NR'or S;

R1is 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, heterocyclyl, aryl, and
heteroaryl;

R3 and R4 are independently selected from the group consisting of hydrogen, alkyl, substituted alkyl, cycloalkyl,
substituted cycloalkyl, heterocyclyl, substituted heterocyclyl, aryl, substituted aryl, heteroaryl, substituted het-
eroaryl, halo, hydroxy, cyano, -S(0),-N(R8)-R8 where n is 0, 1, or 2, -NREC(O)NRERS, and -X'R8 where X1 is
oxygen, -S(0),, or -NR®-where nis 0, 1, or 2, or R3, R4 together with the carbon atom pendent thereto, form a
cycloalkyl, substituted cycloalkyl, heterocyclyl, substituted heterocyclyl, aryl, substituted aryl, heteroaryl, or
substituted heteroaryl;

R5 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 -X2R10 where X2 is
oxygen, -S(0),, or -NR13-where nis 0, 1, or 2, or when X2 is -NR 13-, then R13and R0, together with the nitrogen
atom to which they are bound, can be joined to form a heterocyclyl or substituted heterocyclyl group;

each R8 is independently selected from the group consisting of hydrogen, alkyl, substituted alkyl, aryl, substituted
aryl, cycloalkyl, substituted cycloalkyl, heteroaryl, substituted heteroaryl, heterocyclyl and substituted hetero-
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cyclyl provided that when X1 is -SO- or -SO,-, then R8 is not hydrogen;

R® and R'3 are independently selected from the group consisting of hydrogen, alkyl, and aryl; and

R10 is selected from the group consisting of alkyl, substituted alkyl, aryl, substituted aryl, heteroaryl, substituted
heteroaryl, heterocyclyl and substituted heterocyclyl; and

each R12 is independently selected from the group consisting of alkyl, aryl, heteroaryl, and heterocyclyl.

9. The method according to claim 8 for making a compound of formula VIA or a sterecisomer or mixture of sterecisomers
thereof:

RS OH O
R3 AN 0 - Re
‘ ~N
R4
RO VIA

comprising converting a compound of formula IVA:

R® OH O
R3 AN O/R2
~N
R4 (0]

RO O)k R12

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, heterocyclyl, aryl, and
heteroaryl;

R3 and R4 are independently selected from the group consisting of hydrogen, alkyl, substituted alkyl, cycloalkyl,
substituted cycloalkyl, heterocyclyl, substituted heterocyclyl, aryl, substituted aryl, heteroaryl, substituted het-
eroaryl, halo, hydroxy, cyano, -S(0),-N(R8)-R8 where n is 0, 1, or 2, -NREC(O)NRERS, and -X'R8 where X1 is
oxygen, -S(O),- or -NR9- where nis 0, 1, or 2, or R3, R4 together with the carbon atom pendent thereto, form
a cycloalkyl, substituted cycloalkyl, heterocyclyl, substituted heterocyclyl, aryl, substituted aryl, heteroaryl, or
substituted heteroaryl;

R5 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 -X2R10 where X2 is
oxygen, -S(O),- or -NR13- where n is 0, 1, or 2, or when X2 is -NR"3-, then R13 and R'9, together with the
nitrogen atom to which they are bound, can be joined to form a heterocyclyl or substituted heterocyclyl group;
each R8 is independently selected from the group consisting of hydrogen, alkyl, substituted alkyl, aryl, substituted
aryl, cycloalkyl, substituted cycloalkyl, heteroaryl, substituted heteroaryl, heterocyclyl and substituted hetero-
cyclyl provided that when X1 is -SO- or -SO,-, then R8 is not hydrogen;

RY and R'3 are independently selected from the group consisting of hydrogen, alkyl, and aryl; and

R10 s selected from the group consisting of alkyl, substituted alkyl, aryl, substituted aryl, heteroaryl, substituted
heteroaryl, heterocyclyl and substituted heterocyclyl; and

each R'2 is independently selected from the group consisting of alkyl, aryl, heteroaryl, and heterocyclyl.

10. The method of claim 8 or claim 9, wherein

(i) the reaction conditions comprise hydrogen; or

(ii) the reaction conditions comprise a base, for example sodium carbonate;

(iii) the reaction conditions comprise ethyl acetate;

(iv) the reaction conditions comprise a catalyst, for example Pd/C; or

(v) the reaction conditions comprise a condition under pressure, for example a condition under pressure at
about 60 psi; or
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(vi) the reaction conditions comprise hydrogen, sodium carbonate, ethyl acetate, Pd/C, and a condition under
pressure; or

(vii) the reaction conditions comprise hydrogen, sodium carbonate, ethyl acetate, Pd/C, and a condition under
pressure at about 60 psi;

(viii) R12 is C, to C, alkyl, for example methyl.

11. A method of making a compound of formula VI or a sterecisomer or mixture of stereoisomers thereof:

R OH O
R3 AN e R?
‘ ~N
R4
R® VI

the method comprising the steps of:

a) contacting a compound of formula Il with a compound of formula Il

R5 OH O
R3 X Z/R2
‘ ~N
R4
R® I (R11)2N/\N(R1 Y 11

under reaction conditions sufficient to produce a compound of formula I

RS OH O
R3 AN Z/R2
‘ ZN
R4
R6 N/R11
|
R11 I

b) contacting a compound of formula | with a compound of formula

O
)L X3

R12

followed by a compound of formula

O

PR

Rz OH.

b

a compound of formula R12-X3 followed by a compound of formula
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O

R12” ~OH

or a compound of formula V:

O O

PPN

R12 O R12 \V4

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

R® OH O
R3 AN Z/R2
Ré N o

R® O)k R12 v

c) optionally converting a compound of formula VII;
O
>~R12

R® O O
Rs AN Z/R2
R4 N O

R® O)k R12 VII

under reaction conditions sufficient to produce a compound of formula IV; and
d) converting a compound of formula IV under reaction conditions sufficient to produce a compound of formula VI;

40

45

50

55

wherein

ZisO,NR'or S;

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

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,

R3 and R4 are independently selected from the group consisting of hydrogen, alkyl, substituted alkyl, cy-
cloalkyl, substituted cycloalkyl, heterocyclyl, substituted heterocyclyl, aryl, substituted aryl, heteroaryl, sub-
stituted heteroaryl, halo, hydroxy, cyano, -S(O),-N(R8)-R8 where nis 0, 1, or 2, -NR8C(O)NRER8, and -XTR8
where X1 is oxygen, -S(0),- or -NR%-where nis 0, 1, or 2, or R3, R4 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 -X2R'9 where X2 is
oxygen, -S(O),- or -NR'3- where n is 0, 1, or 2, or when X2 is -NR'3-, then R'3 and R0, together with the
nitrogen atom to which they are bound, can be joined to form a heterocyclyl or substituted heterocyclyl group;
each R8 is independently selected from the group consisting of hydrogen, alkyl, substituted alkyl, aryl,
substituted aryl, cycloalkyl, substituted cycloalkyl, heteroaryl, substituted heteroaryl, heterocyclyl and sub-
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stituted heterocyclyl provided that when X' is -SO- or -SO,- then R8 is not hydrogen;

R® and R'3 are independently selected from the group consisting of hydrogen, alkyl, and aryl; and

R10 is selected from the group consisting of alkyl, substituted alkyl, aryl, substituted aryl, heteroaryl, sub-
stituted heteroaryl, heterocyclyl and substituted heterocyclyl;

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

each R12 is independently selected from the group consisting of alkyl, aryl, heteroaryl, and heterocyclyl, or
when two R'2 are present, two R12 together with the carbon atom to which they are attached form a 4-8
membered heterocyclyl; and

X3 is halo.

12. The method according to claim 11 for making a compound of formula VIA or a sterecisomer or mixture of stereoi-
somers thereof:

RS OH O
R3 AN O/R2
‘ ~N
R4
RO VIA

the method comprising the steps of:

a) contacting a compound of formula IIA with a compound of formula IlI

RS OH O
R3 AN O/R2
‘ N
R4
Re A RN ONR), M

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

R5 OH O
R3 N O/R2
‘ N
R4
R6 N/R11
|

b) contacting a compound of formula IA with a compound of formula V

JOL i
R12 o) R12 v

under reaction conditions sufficient to produce a compound of formula IVA:
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R® OH O
R3 N O/R2
R ~N o
a O)k R® 1va
c) optionally converting a compound of formula VIIA:
O
>~R12
R® O O
Rs AN O/R2
Ré =N o
a Ok R® viia

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

d) 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, heterocyclyl, aryl,
and heteroaryl,

R3 and R4 are independently selected from the group consisting of hydrogen, alkyl, substituted alkyl, cy-
cloalkyl, substituted cycloalkyl, heterocyclyl, substituted heterocyclyl, aryl, substituted aryl, heteroaryl, sub-
stituted heteroaryl, halo, hydroxy, cyano, -S(O),-N(R8)-R8 where nis 0, 1, or 2, -NR8C(O)NRER8, and -XTR8
where X' is oxygen, -S(O),,- or -NR9- where nis 0, 1, or 2, or R3, R4 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 -X2R10 where X2 is
oxygen, -S(O),- or -NR9- where n is 0, 1, or 2, or when X2 is -NR13-, then R13 and R0, together with the
nitrogen atom to which they are bound, can be joined to form a heterocyclyl or substituted heterocyclyl group;
each R8 is independently selected from the group consisting of hydrogen, alkyl, substituted alkyl, aryl,
substituted aryl, cycloalkyl, substituted cycloalkyl, heteroaryl, substituted heteroaryl, heterocyclyl and sub-
stituted heterocyclyl provided that when X' is -SO- or -SO,-, then R8 is not hydrogen;

RY and R'3 are independently selected from the group consisting of hydrogen, alkyl, and aryl; and

R10 is selected from the group consisting of alkyl, substituted alkyl, aryl, substituted aryl, heteroaryl, sub-
stituted heteroaryl, heterocyclyl and substituted heterocyclyl;

each R is independently selected from alkyl, benzyl and 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'2 is independently selected from the group consisting of alkyl, aryl, heteroaryl, and heterocyclyl, or
two R12 together with the carbon atom to which they are attached form a 4-8 membered heterocyclyl.

13. The method of claim 11 or claim 12, wherein
(i) the reaction conditions of steps a) and b) comprise an acid; or
(i) R and R12 are C,4 to C,4 alkyl; or

(iiiy R and R12 are C, to C4 alkyl, and R3, R® and R are hydrogen; or
(iv) R and R12 are C, to C, alkyl, and R4, R and R are hydrogen; or
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(v) R and R12 are methyl.

14. The method according to claim 11 for making a compound of formula VIC or a stereoisomer or mixture of stereoi-

somers thereof:

OH O
R2
AN o~

‘ N
R4
VIC

comprising the steps of:

a) contacting a compound of formula [IC with a compound of formula IlIA

R* Ic
under reaction conditions sufficient to produce a compound of formula IC:

OH O

R2
X o~

~N
R4

N/

| IC

b) contacting a compound of formula IC with a compound of formula VA

O O

I

VA

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

OH O
X o~
=N

R# (0]

N

IvC

c) optionally converting a compound of formula VIIC:

7
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R "
VIIC

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

d) converting a compound of formula IVC under reaction conditions sufficient to produce a compound of formula
VIC; and optionally

e) contacting a compound of formula VIC with glycine underreaction conditions sufficient to produce a compound
of formula XC:

OH O
S NWOH
H
~N (0]

R4

or a stereoisomer or mixture of sterecisomers thereof;
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% is selected from the group consisting of hydrogen, alkyl, substituted alkyl, cycloalkyl, substituted cy-
cloalkyl, heterocyclyl, substituted heterocyclyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, halo,
hydroxy, cyano, -S(0),-N(R8)-R8 where nis 0, 1, or 2, -NRgC(O)NRBRS, and -X1R8 where X! is oxygen,
-S(O),- or -NR% where nis 0, 1, or 2,;

each R8 is independently selected from the group consisting of hydrogen, alkyl, substituted alkyl, aryl,
substituted aryl, cycloalkyl, substituted cycloalkyl, heteroaryl, substituted heteroaryl, heterocyclyl and sub-
stituted heterocyclyl provided that when X' is -SO- or -SO,-, then R8 is not hydrogen; and

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

15. The method according to claim 11 for making a compound of formula VID or a stereoisomer or mixture of stereoi-
somers thereof:

OH O
R3 AN O/RZ
~-N
VID

comprising the steps of:

a) contacting a compound of formula IID with a compound of formula IlIA
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OH O

R® i NN
X o N N

~N ‘ ‘
11D IITA

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

RS, R

1D

b) contacting a compound of formula ID with a compound of formula VA
O O
PN

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

VA

OH

/R2

R3.
X

O

O
=N o
Ok IVD

c) optionally converting a compound of formula VIID:

RS, R?

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 formula

VID; and optionally

e) contacting a compound of formula VID with glycine under reaction conditions sufficient to produce a compound

of formula XD:
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OH O
R3.
H
=N (0]

XD

or a stereoisomer or mixture of sterecisomers thereof;
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,

R3 is selected from the group consisting of hydrogen, alkyl, substituted alkyl, cycloalkyl, substituted cy-
cloalkyl, heterocyclyl, substituted heterocyclyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, halo,
hydroxy, cyano, -S(0),-N(R8)-R8 where n is 0, 1, or 2, -NR8C(O)NR8R8, and -X'R8 where X! is oxygen,
-S(0),- or -NR®- where nis 0, 1, or 2, or R3, R4 together with the carbon atom pendent thereto, form a
cycloalkyl, substituted cycloalkyl, heterocyclyl, substituted heterocyclyl, aryl, substituted aryl, heteroaryl, or
substituted heteroaryl;

each R8 is independently selected from the group consisting of hydrogen, alkyl, substituted alkyl, aryl,
substituted aryl, cycloalkyl, substituted cycloalkyl, heteroaryl, substituted heteroaryl, heterocyclyl and sub-
stituted heterocyclyl provided that when X' is -SO- or -SO,-, then R8 is not hydrogen; and

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

The method of claim 14 or 15, wherein

(i) RZ is hydrogen and R# is phenoxy; or
(i) RZ is hydrogen and R# is 4-methoxyphenoxy; or
(iii) R? is hydrogen and R# is 3,5-difluorophenoxy.

The method of any one of claims 11, 12, 14 or 15, wherein

(i) the reaction conditions of step a) comprise an acid, for example glacial acetic acid; or

(ii) step a) is conducted at a temperature greater than about 30 °C, for example at a temperature of from about
50 °C to about 60 °C; or

(iii) step b) is conducted at a temperature greater than about 30 °C, for example at a temperature of about 100
°C; or

(iv) the method comprises step c); or

(v) the method comprises step c¢) and the reaction conditions of step ¢) comprise an amine, for example mor-
pholine; or

(vi) the method comprises step c¢) and step c) is conducted in dichloromethane; or

(vii) the method comprises step ¢) and step c¢) is conducted at a temperature below about 25 °C, for example
at a temperature of from about 0 °C to about 10 °C; or

(viii) the reaction conditions of step d) comprise hydrogen; or

(ix) the reaction conditions of step d) comprise a base, for example sodium carbonate; or

(x) thereaction conditions of step d) comprise from about 0.5 to about 1 molar equivalents of sodium carbonate; or
(xi) the reaction conditions of step d) comprise ethyl acetate; or

(xii) the reaction conditions of step d) comprise a catalyst, for example Pd/C.

The method of any one of claims 1, 2, 11 or 12 wherein from about 1.1 to about 1.5 molar equivalents of the compound
of formula Il is used, or the method of claim 14 or 15 wherein from about 1.1 to about 1.5 molar equivalents of the
compound of formula IlIA is used.

The method of any one of claims 4, 5, 11 or 12 wherein from about 2 to about 3 molar equivalents of the compound

of formula V is used, or the method of claim 14 or 15 wherein from about 2 to about 3 molar equivalents of the
compound of formula VA is used.
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20. A compound of formula VIII;

RS OH O
R3 AN Z/ R2
‘ ~-N
R4
Ré R7
VIII

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, heterocyclyl, aryl, and
heteroaryl;

R3 and R4 are independently selected from the group consisting of hydrogen, alkyl, substituted alkyl, cycloalkyl,
substituted cycloalkyl, heterocyclyl, substituted heterocyclyl, aryl, substituted aryl, heteroaryl, substituted het-
eroaryl, halo, hydroxy, cyano, -S(0),-N(R8)-R8 where n is 0, 1, or 2, -NREC(O)NRERS, and -X'R® where X1 is
oxygen, -S(O),- or -NR®- where nis 0, 1, or 2, or R3, R4 together with the carbon atom pendent thereto, form
a cycloalkyl, substituted cycloalkyl, heterocyclyl, substituted heterocyclyl, aryl, substituted aryl, heteroaryl, or
substituted heteroaryl;

R5 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 -X2R10 where X2 is
oxygen, -S(O),- or -NR13- where n is 0, 1, or 2, or when X2 is -NR"3-, then R13 and R'9, together with the
nitrogen atom to which they are bound, can be joined to form a heterocyclyl or substituted heterocyclyl group;
R7 is either -N(R1")(R11) or -OC(O)R12;

each R8s independently selected from the group consisting of hydrogen, alkyl, substituted alkyl, aryl, substituted
aryl, cycloalkyl, substituted cycloalkyl, heteroaryl, substituted heteroaryl, heterocyclyl and substituted hetero-
cyclyl provided that when X' is -SO- or -SO,-, then R8 is not hydrogen;

R® and R'3 are independently selected from the group consisting of hydrogen, alkyl, and aryl;

R10 s 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 and aryl, or two R'1 together with the nitrogen atom to
which they are attached form a 4-8 membered heterocyclyl or a heteroaryl; and

each R'2 is independently selected from the group consisting of alkyl, aryl, heteroaryl, and heterocyclyl;

or a salt, ester, stereoisomer, or mixture of sterecisomers thereof;
provided that the compound is not 1-dimethylaminomethyl-4-hydroxy-7-phenylsulfanylisoquinoline-3-carboxylic acid
butyl ester.

21. The compound according to claim 20 of formula VIIIA;

RE OH O
R3. X o _R2
‘ ~N
R4
Re R7
VIITIA
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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;

R3 and R4 are independently selected from the group consisting of hydrogen, alkyl, substituted alkyl, cycloalkyl,
substituted cycloalkyl, heterocyclyl, substituted heterocyclyl, aryl, substituted aryl, heteroaryl, substituted het-
eroaryl, halo, hydroxy, cyano, -S(0),-N(R8)-R8 where n is 0, 1, or 2, -NREC(O)NRERS, and -X'R® where X1 is
oxygen, -S(O),- or -NR9- where nis 0, 1, or 2, or R3, R4 together with the carbon atom pendent thereto, form
a cycloalkyl, substituted cycloalkyl, heterocyclyl, substituted heterocyclyl, aryl, substituted aryl, heteroaryl, or
substituted heteroaryl;

R5 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 -X2R10 where X2 is
oxygen, -S(O),- or -NR13- where n is 0, 1, or 2, or when X2 is -NR"3-, then R13 and R'9, together with the
nitrogen atom to which they are bound, can be joined to form a heterocyclyl or substituted heterocyclyl group;
R7 is either -N(R1")(R11) or -OC(O)R12;

each R8s independently selected from the group consisting of hydrogen, alkyl, substituted alkyl, aryl, substituted
aryl, cycloalkyl, substituted cycloalkyl, heteroaryl, substituted heteroaryl, heterocyclyl and substituted hetero-
cyclyl provided that when X1 is -SO- or -SO,-, then R8 is not hydrogen;

R® and R'3 are independently selected from the group consisting of hydrogen, alkyl, and aryl;

R10 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 and aryl, or two R'1 together with the nitrogen atom to
which they are attached form a 4-8 membered heterocyclyl or a heteroaryl; and

each R'2 is independently selected from the group consisting of alkyl, aryl, heteroaryl, and heterocyclyl;

or a salt, ester, stereoisomer, or mixture of sterecisomers thereof;
provided that the compound is not 1-dimethylaminomethyl-4-hydroxy-7-phenylsulfanylisoquinoline-3-carboxylic acid
butyl ester.

22. The compound of claim 20 or claim 21, wherein

(i) R? is unsubstituted alkyl; or

(i) RS and R® are hydrogen; or

(i) R? is selected from the group consisting of alkyl which is unsubstituted or substituted with one or more
substituents independently selected from the group consisting of cycloalkyl, heterocyclyl, aryl, and heteroaryl;
and

R% and RS are hydrogen;

(iv) R7is -N(R1)(R") and R is C4 to C4 alkyl; or

(v) R7 is -OC(O)R'2 and R12is C, to C, alkyl;

(vi) R2 is alkyl which is unsubstituted or substituted with one or more substituents independently selected from
the group consisting of cycloalkyl, heterocyclyl, aryl, and heteroaryl;

R3 and R4 are independently selected from the group consisting of hydrogen, alkyl, substituted alkyl, cy-
cloalkyl, substituted cycloalkyl, heterocyclyl, substituted heterocyclyl, aryl, substituted aryl, heteroaryl, sub-
stituted heteroaryl, halo, hydroxy, cyano, -S(0),-N(R8)-R8 where nis 0, 1, or 2, -NR8C(O)NR8RS, and -X1R8
where X' is oxygen, -S(O),,- or -NR9- where nis 0, 1, or 2, or R3, R4 together with the carbon atom pendent
thereto, form a cycloalkyl, substituted cycloalkyl, heterocyclyl, substituted heterocyclyl, aryl, substituted
aryl, heteroaryl, or substituted heteroaryl;

R5 and R® are hydrogen;

R7is -N(RTH(R);

each R8 is independently selected from the group consisting of hydrogen, alkyl, substituted alkyl, aryl,
substituted aryl, cycloalkyl, substituted cycloalkyl, heteroaryl, substituted heteroaryl, heterocyclyl and sub-
stituted heterocyclyl provided that when X' is -SO- or -SO,-, then R8 is not hydrogen;

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

each R is independently selected from C, to C4 alkyl and aryl; or

(vii) R2 is alkyl which is unsubstituted or substituted with one or more substituents independently selected from
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the group consisting of cycloalkyl, heterocyclyl, aryl, and heteroaryl;

R3 and R4 are independently selected from the group consisting of hydrogen, alkyl, substituted alkyl, cy-
cloalkyl, substituted cycloalkyl, heterocyclyl, substituted heterocyclyl, aryl, substituted aryl, heteroaryl, sub-
stituted heteroaryl, halo, hydroxy, cyano, -S(O),-N(R8)-R8 where nis 0, 1, or 2, -NR8C(O)NRER8, and -XTR8
where X' is oxygen, -S(O),,- or -NR9- where nis 0, 1, or 2, or R3, R4 together with the carbon atom pendent
thereto, form a cycloalkyl, substituted cycloalkyl, heterocyclyl, substituted heterocyclyl, aryl, substituted
aryl, heteroaryl, or substituted heteroaryl;

R5 and R® are hydrogen;

R7 is -OC(O)R12;

each R8 is independently selected from the group consisting of hydrogen, alkyl, substituted alkyl, aryl,
substituted aryl, cycloalkyl, substituted cycloalkyl, heteroaryl, substituted heteroaryl, heterocyclyl and sub-
stituted heterocyclyl provided that when X' is -SO- or -SO,-, then R8 is not hydrogen;

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

each R'2 is independently selected from the group consisting of alkyl, aryl, heteroaryl, and heterocyclyl.

23. A compound that is 4-hydroxy-7-phenoxyisoquinoline-3-carboxylic acid methyl ester (3a):

OH

- CO2Me

N
o) Z 3a

24. The method of any one of claims 1, 4, or 11 wherein R is hydrogen.
25. The method of any one of claims 1, 2, 4, 5, 8, 9, 11, 12, 14 or 15 wherein R? s hydrogen or alkyl.
26. The method of any one of claims 1, 2, 4, 5, 8, 9, 11 or 12, wherein

(i) R3 and R# are independently selected from the group consisting of hydrogen, alkyl, substituted alkyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl, halo, hydroxy, cyano, -S(0),-N(R8)-R8, -NR8C(O)NRERS,
and -X1R8;

where X1 is oxygen, -S(0),-, or -NR%-;

nis 0, 1, or 2;

each R8 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 -SO5-, then R8 is not hydrogen; and

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

or R3 and R4 together with the carbon atoms pendent thereto, form a cycloalkyl, substituted cycloalkyl,
heterocyclyl, substituted heterocyclyl, aryl, substituted aryl, heteroaryl, or substituted heteroaryl; or

(i) R3 and R* are independently selected from the group consisting of hydrogen, alkyl, aryl, heteroaryl, hydroxy,
-8(0),-N(R8)-R8, -NREC(O)NRERS, and -X'R8; where

X1 is oxygen, -S(0),-, or -NR%;
nis 0, 1, or 2;

R8 is aryl or substituted aryl; and
RY is hydrogen, alkyl or aryl;

or R3and R4 together with the carbon atoms pendent thereto, form a cycloalkyl, heterocyclyl, aryl, or heteroaryl; or
(iii) R3 and R# are independently selected from the group consisting of hydrogen and -X'R8; where X! is oxygen,
and R8 is aryl or substituted aryl; or

(iv) R® and R® are independently selected from the group consisting of hydrogen, halo, alkyl, substituted alkyl,
aryl, substituted aryl, heteroaryl, substituted heteroaryl and -X2R10;
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where X2 is oxygen, -S(0),-, or -NR13-;

nis 0, 1, or 2;
R10 is aryl or substituted aryl; and
R13 is selected from the group consisting of hydrogen, alkyl, and aryl; or

(v) R%and R® are independently selected from the group consisting of hydrogen and -X2R10; where X2 is oxygen,
and R10 is aryl or substituted aryl; or

(vi) R® and R® are hydrogen; or

(vii) RZ is hydrogen or alkyl;

R3 and R4 are independently selected from the group consisting of hydrogen, alkyl, substituted alkyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl, halo, hydroxy, cyano, -S(0),-N(R8)-R8, -NREC(O)NRERS,
and -X1R8;

where X1 is oxygen, -S(0),-, or -NR%-;

nis 0, 1, or 2;

each R8 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 -SO5-, then R8 is not hydrogen; and

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

or R3 and R4 together with the carbon atoms pendent thereto, form a cycloalkyl, substituted cycloalkyl,
heterocyclyl, substituted heterocyclyl, aryl, substituted aryl, heteroaryl, or substituted heteroaryl; and

R% and R® are independently selected from the group consisting of hydrogen, halo, alkyl, substituted alkyl,
aryl, substituted aryl, heteroaryl, substituted heteroaryl and -X2R10; w

here X2 is oxygen, -S(O),-, or -NR13-;

nis 0, 1, or 2;
R10 is aryl or substituted aryl; and
R13 is selected from the group consisting of hydrogen, alkyl, and aryl; or

(viii) R2 is hydrogen or alkyl;

R3and R4 are independently selected from the group consisting of hydrogen, alkyl, aryl, heteroaryl, hydroxy,
-S(0),~N(R®)-R8, -NREC(O)NRERS, and -X'R8; where

X1 is oxygen, -S(0),-, or -NR%-;
nis 0, 1, or 2;

R8 is aryl or substituted aryl; and
RY is hydrogen, alkyl or aryl;

or R3 and R# together with the carbon atoms pendent thereto, form a cycloalkyl, heterocyclyl, aryl, or
heteroaryl; and
R% and R® are independently selected from the group consisting of hydrogen and -X2R10; where X2 is
oxygen, and R10 is aryl or substituted aryl; or

(ix) R2 is hydrogen or alkyl;
R3 and R4 are independently selected from the group consisting of hydrogen and -X'R8; where X1 is oxygen,
and R8 is aryl or substituted aryl; and
RS and R are hydrogen.

27. The method of any one of claims 1, 2, 4, 5, 11 or 12, wherein

(iy R"is C4 to C4 alkyl; or
(i) R is methyl.
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28. The method of any one of claims 4, 5, 8, 9, 11 or 12, wherein

(iy R12is C4 to C4 alkyl; or
(i) R12 is methyl.

29. The method of claim 7, wherein

(i) R'is hydrogen; or

(i) R is hydrogen or alkyl; or

(iii) R3 and R4 are independently selected from the group consisting of hydrogen, alkyl, substituted alkyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl, halo, hydroxy, cyano, -S(0),-N(R8)-R8, -NRE8C(O)NRERS,
and -X1R8;

where X1 is oxygen, -S(0),-, or -NR%-;

nis 0, 1, or 2;

each R8 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 X1 is -SO- or -S0,-, then R8 is not hydrogen; and

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

or R3 and R4 together with the carbon atoms pendent thereto, form a cycloalkyl, substituted cycloalkyl, hetero-
cyclyl, substituted heterocyclyl, aryl, substituted aryl, heteroaryl, or substituted heteroaryl; or

(iv) R3 and R4 are independently selected from the group consisting of hydrogen, alkyl, aryl, heteroaryl, hydroxy,
-8(0),-N(R8)-R8, -NREC(O)NRERS, and -X'R8; where

X1 is oxygen, -S(0),-, or -NR%;
nis 0, 1, or 2;

R8 is aryl or substituted aryl; and
RY is hydrogen, alkyl or aryl;

or R3and R4 together with the carbon atoms pendentthereto, form a cycloalkyl, heterocyclyl, aryl, or heteroaryl; or
(v) R and R# are independently selected from the group consisting of hydrogen and -X1R8; where X' is oxygen,
and R8 is aryl or substituted aryl; or

(vi) R® and R® are independently selected from the group consisting of hydrogen, halo, alkyl, substituted alkyl,
aryl, substituted aryl, heteroaryl, substituted heteroaryl and -X2R10;

where X2 is oxygen, -S(0),-, or -NR13-;

nis 0, 1, or 2;
R10 is aryl or substituted aryl; and
R13 is selected from the group consisting of hydrogen, alkyl, and aryl; or

(vii) R% and R® are independently selected from the group consisting of hydrogen and -X2R10; where X2 is
oxygen, and R19 is aryl or substituted aryl; or

(viii) RS and R® are hydrogen; or

(ix) R2 is hydrogen or alkyl;

R3 and R# are independently selected from the group consisting of hydrogen, alkyl, substituted alkyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl, halo, hydroxy, cyano, -S(0),-N(R8)-R8, -NRE8C(O)NRERS,
and -X1R8;

where X1 is oxygen, -S(0),-, or -NR%-;

nis 0, 1, or 2;

each R8 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 -SO5-, then R8 is not hydrogen; and

RY is selected from the group consisting of hydrogen, alkyl, and aryl;
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or R3 and R4 together with the carbon atoms pendent thereto, form a cycloalkyl, substituted cycloalkyl,
heterocyclyl, substituted heterocyclyl, aryl, substituted aryl, heteroaryl, or substituted heteroaryl; and

R% and R® are independently selected from the group consisting of hydrogen, halo, alkyl, substituted alkyl,
aryl, substituted aryl, heteroaryl, substituted heteroaryl and -X2R10; w

here X2 is oxygen, -S(O),-, or -NR13-;

nis 0, 1, or 2;
R10is aryl or substituted aryl; and
R13 is selected from the group consisting of hydrogen, alkyl, and aryl; or

(x) R2 is hydrogen or alkyl;

R3and R4 are independently selected from the group consisting of hydrogen, alkyl, aryl, heteroaryl, hydroxy,
-8(0),~N(R®)-R8, -NREC(O)NRERS, and -X'R8; where

X1is oxygen, -S(O),-, or -NR9-;
nis 0, 1, or 2;

R8 is aryl or substituted aryl; and
RY is hydrogen, alkyl or aryl;

or R3 and R# together with the carbon atoms pendent thereto, form a cycloalkyl, heterocyclyl, aryl, or
heteroaryl; and

R5 and R® are independently selected from the group consisting of hydrogen and -X2R10; where X2 is
oxygen, and R10 is aryl or substituted aryl; or

(xi) R? is hydrogen or alkyl;
R3 and R4 are independently selected from the group consisting of hydrogen and -X1R8; where X1 is oxygen,
and R8 is aryl or substituted aryl; and

R5 and R are hydrogen; or

(xii) R12is C to C4 alkyl; or
(xiii) R12 is methy!.

Patentanspriiche

1.

Verfahren zur Herstellung einer Verbindung der Formel | oder eines Stereoisomers oder Stereoisomerengemischs
davon:

R® OH O
3 R?
=N
R4
Ré > R
R 1

bei dem man eine Verbindung der Formel Il
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RE OH O
R3. N Z/R2
~N
R4
R 1

unter zur Bildung einer Verbindung der Formel | ausreichenden Reaktionsbedingungen mit einer Verbindung der
Formel IlI:

N
(R11),N N(R™), 10

umsetzt; wobei

Z fir 0, NR1 oder S steht;

R' aus der Gruppe bestehend aus Wasserstoff und Alkyl ausgewahlt ist;

R? aus der Gruppe bestehend aus Wasserstoff und Alkyl, das unsubstituiert oder durch einen oder mehrere
Substituenten, die unabhangig aus der Gruppe bestehend aus Cycloalkyl, Heterocyclyl, Aryl und Heteroaryl
ausgewahlt sind, substituiert ist, ausgewahilt ist;

R3 und R4 unabhéngig aus der Gruppe bestehend aus Wasserstoff, Alkyl, substituiertem Alkyl, Cycloalkyl,
substituiertem Cycloalkyl, Heterocyclyl, substituiertem Heterocyclyl, Aryl, substituiertem Aryl, Heteroaryl, sub-
stituiertem Heteroaryl, Halogen, Hydroxy, Cyano, -S(O),-N(R8)-R8, -NREC(O)NR8R® und -X'R® ausgewéhlt
sind; wobei X1 fiir Sauerstoff, -S(O),- oder -NR%steht;

n fur 0, 1 oder 2 steht;

R8 jeweils unabhangig aus der Gruppe bestehend aus Wasserstoff, Alkyl, substituiertem Alkyl, Aryl, sub-
stituiertem Aryl, Cycloalkyl, substituiertem Cycloalkyl, Heteroaryl, substituiertem Heteroaryl, Heterocyclyl
und substituiertem Heterocyclyl ausgewahlt ist, mit der MaRgabe, dass dann, wenn X' fiir -SO-oder -SO,-
steht, R8 nicht fiir Wasserstoff steht; und

RY aus der Gruppe bestehend aus Wasserstoff, Alkyl und Aryl ausgewahlt ist;

oder R3 und R4 zusammen mit den daran gebundenen Kohlenstoffatomen ein Cycloalkyl, substituiertes Cyc-
loalkyl, Heterocyclyl, substituiertes Heterocyclyl, Aryl, substituiertes Aryl, Heteroaryl oder substituiertes Hete-
roaryl bilden;

R% und R6 unabhingig aus der Gruppe bestehend aus Wasserstoff, Halogen, Alkyl, substituiertem Alkyl, Alkoxy,
substituiertem Alkoxy, Aryl, substituiertem Aryl, Heteroaryl, substituiertem Heteroaryl und -X2R10 gqusgewahlt
sind; wobei X2 fiir Sauerstoff, -S(O),,- oder -NR'3-steht;

n fur 0, 1 oder 2 steht;

R10 aus der Gruppe bestehend aus Alkyl, substituiertem Alkyl, Aryl, substituiertem Aryl, Heteroaryl, sub-
stituiertem Heteroaryl, Heterocyclyl und substituiertem Heterocyclyl ausgewahlt ist und

R13 aus der Gruppe bestehend aus Wasserstoff, Alkyl und Aryl ausgewahlt ist; oder dann, wenn X2 fir
-NR13- steht, R10 und R'3 zusammen mit dem Stickstoffatom, an das sie gebunden sind, unter Bildung
einer Heterocyclyl- oder substituierten Heterocyclylgruppe miteinander verknipft sein kénnen; und

R'1 jeweils unabhingig aus Alkyl, Benzyl und Aryl ausgewahlt ist oder zwei R zusammen mit dem Stickstoff-
atom, an das sie gebunden sind, ein 4-8-gliedriges Heterocyclyl oder ein Heteroaryl bilden.

2. Verfahren nach Anspruch 1 zur Herstellung einer Verbindung der Formel |A oder eines Sterecisomers oder Stere-
oisomerengemischs davon:
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R5 OoH O
R3 AN O/R2
=N
R4
Ré ITI/R11
R 1A
bei dem man eine Verbindung der Formel llA:
R OH O
3 R=
R AN o~
=N
R4
6
R 1A

unter zur Bildung einer Verbindung der Formel IA ausreichenden Reaktionsbedingungen mit einer Verbindung der
Formel IlI:

N(R™), I

umsetzt; wobei

R2 aus der Gruppe bestehend aus Wasserstoff und Alkyl, das unsubstituiert oder durch einen oder mehrere
Substituenten, die unabhangig aus der Gruppe bestehend aus Cycloalkyl, Heterocyclyl, Aryl und Heteroaryl
ausgewahlt sind, substituiert ist, ausgewahilt ist;

R3 und R# unabhingig aus der Gruppe bestehend aus Wasserstoff, Alkyl, substituiertem Alkyl, Cycloalkyl,
substituiertem Cycloalkyl, Heterocyclyl, substituiertem Heterocyclyl, Aryl, substituiertem Aryl, Heteroaryl, sub-
stituiertem Heteroaryl, Halogen, Hydroxy, Cyano, -S(0) -N(R8)-R8, wobein fur 0, 1 oder 2 steht, -NREC(O)NRER8
und -X'R8, wobei X1 fur Sauerstoff, -S(O),- oder -NR- steht, wobei n fur 0, 1 oder 2 steht, ausgewahlt sind
oder R3und R4 zusammen mitdem daran gebundenen Kohlenstoffatom ein Cycloalkyl, substituiertes Cycloalkyl,
Heterocyclyl, substituiertes Heterocyclyl, Aryl, substituiertes Aryl, Heteroaryl oder substituiertes Heteroaryl bil-
den;

R5 und R8 unabhangig aus der Gruppe bestehend aus Wasserstoff, Halogen, Alkyl, substituiertem Alkyl, Alkoxy,
substituiertem Alkoxy, Aryl, substituiertem Aryl, Heteroaryl, substituiertem Heteroaryl und -X2R10, wobei X2 fiir
Sauerstoff, -S(0),- oder -NR13- steht, wobei n fiir 0, 1 oder 2 steht, ausgewahlt sind oder dann, wenn X2 fir
-NR13- steht, R13 und R10 zusammen mit dem Stickstoffatom, an das sie gebunden sind, unter Bildung einer
Heterocyclyl- oder substituierten Heterocyclylgruppe miteinander verkniipft sein kénnen;

R®8 jeweils unabhingig aus der Gruppe bestehend aus Wasserstoff, Alkyl, substituiertem Alkyl, Aryl, substitu-
iertem Aryl, Cycloalkyl, substituiertem Cycloalkyl, Heteroaryl, substituiertem Heteroaryl, Heterocyclyl und sub-
stituiertem Heterocyclyl ausgewahlt ist, mit der MaRgabe, dass dann, wenn X! fiir -SO- oder -S0,- steht, R8
nicht fir Wasserstoff steht;

R® und R'3 unabhangig aus der Gruppe bestehend aus Wasserstoff, Alkyl und Aryl ausgewahlt sind;

R10 aus der Gruppe bestehend aus Alkyl, substituiertem Alkyl, Aryl, substituiertem Aryl, Heteroaryl, substitu-
iertem Heteroaryl, Heterocyclyl und substituiertem Heterocyclyl ausgewahilt ist und

R jeweils unabhangig aus Alkyl, Benzyl und Aryl ausgewahlt ist oder zwei R zusammen mit dem Stickstoff-
atom, an das sie gebunden sind, ein 4-8-gliedriges Heterocyclyl oder ein Heteroaryl bilden.

3. Verfahren nach Anspruch 1 oder Anspruch 2, bei dem

(i) die Reaktionsbedingungen eine Saure, wie Eisessig, umfassen oder
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(ii) die Umsetzung bei einer Temperatur von mehr als etwa 30°C, wie etwa 50°C bis etwa 60°C, durchgefiihrt
wird oder
(iii) R fur C4- bis C4-Alkyl steht.

Verfahren zur Herstellung einer Verbindung der Formel IV oder eines Sterecisomers oder Stereoisomerengemischs
davon:

RE OH O
R3 2 Z/R2
=N
R¢ 0

R® O/Lk R12

v

bei dem man eine Verbindung der Formel |:

RS OH O
R2
R3 SN z/
_ ZN
R4
s R11
R |\||/
R11 I

unter zur Bildung einer Verbindung der Formel IV ausreichenden Reaktionsbedingungen mit einer Verbindung der
Formel

gefolgt von einer Verbindung der Formel

O

PR

R12 OH;

einer Verbindung der Formel R12-X3 gefolgt von einer Verbindung der Formel

O

PR

R™2 OH

oder einer Verbindung der Formel V: umsetzt; wobei

@) O
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Z fir 0, NR1 oder S steht;

R' aus der Gruppe bestehend aus Wasserstoff und Alkyl ausgewahlt ist;

R? aus der Gruppe bestehend aus Wasserstoff und Alkyl, das unsubstituiert oder durch einen oder mehrere
Substituenten, die unabhangig aus der Gruppe bestehend aus Cycloalkyl, Heterocyclyl, Aryl und Heteroaryl
ausgewahlt sind, substituiert ist, ausgewahilt ist;

R3 und R4 unabhéngig aus der Gruppe bestehend aus Wasserstoff, Alkyl, substituiertem Alkyl, Cycloalkyl,
substituiertem Cycloalkyl, Heterocyclyl, substituiertem Heterocyclyl, Aryl, substituiertem Aryl, Heteroaryl, sub-
stituiertem Heteroaryl, Halogen, Hydroxy, Cyano, -S(0) ,-N(R8)-R8, wobein fir 0, 1 oder 2 steht, -NREC(O)NRER8
und -X'R8, wobei X1 fir Sauerstoff, -S(O),- oder -NR- steht, wobei n fiir 0, 1 oder 2 steht, ausgewahlt sind
oder R3und R4 zusammen mitdem daran gebundenen Kohlenstoffatom ein Cycloalkyl, substituiertes Cycloalkyl,
Heterocyclyl, substituiertes Heterocyclyl, Aryl, substituiertes Aryl, Heteroaryl oder substituiertes Heteroaryl bil-
den;

R5 und R8 unabhangig aus der Gruppe bestehend aus Wasserstoff, Halogen, Alkyl, substituiertem Alkyl, Alkoxy,
substituiertem Alkoxy, Aryl, substituiertem Aryl, Heteroaryl, substituiertem Heteroaryl und -X2R10, wobei X2 fiir
Sauerstoff, -S(O),,- oder -NR13- steht, wobei n fiir 0, 1 oder 2 steht, ausgewahlt sind oder dann, wenn X2 fir
-NR13- steht, R13 und R10 zusammen mit dem Stickstoffatom, an das sie gebunden sind, unter Bildung einer
Heterocyclyl- oder substituierten Heterocyclylgruppe miteinander verkniipft sein kénnen;

R8 jeweils unabhangig aus der Gruppe bestehend aus Wasserstoff, Alkyl, substituiertem Alkyl, Aryl, substitu-
iertem Aryl, Cycloalkyl, substituiertem Cycloalkyl, Heteroaryl, substituiertem Heteroaryl, Heterocyclyl und sub-
stituiertem Heterocyclyl ausgewahilt ist, mit der MaRgabe, dass dann, wenn X1 fir -SO- oder -SO,- steht, R8
nicht fir Wasserstoff steht;

R® und R'3 unabhangig aus der Gruppe bestehend aus Wasserstoff, Alkyl und Aryl ausgewahlt sind;

R10 aus der Gruppe bestehend aus Alkyl, substituiertem Alkyl, Aryl, substituiertem Aryl, Heteroaryl, substitu-
iertem Heteroaryl, Heterocyclyl und substituiertem Heterocyclyl ausgewahilt ist;

R'1 jeweils unabhingig aus Alkyl, Benzyl und Aryl ausgewahlt ist oder zwei R zusammen mit dem Stickstoff-
atom, an das sie gebunden sind, ein 4-8-gliedriges Heterocyclyl oder ein Heteroaryl bilden;

R12 jeweils unabhéngig aus der Gruppe bestehend aus Alkyl, Aryl, Heteroaryl und Heterocyclyl ausgewahlt ist
oder dann, wenn zwei R12 vorliegen, zwei R12 zusammen mit dem Kohlenstoffatom, an das sie gebunden sind,
ein 4-8-gliedriges Heterocyclyl bilden und

X3 fur Halogen steht.

5. Verfahren nach Anspruch 4 zur Herstellung einer Verbindung der Formel IVA oder eines Stereocisomers oder Ste-
reoisomerengemischs davon:

RE OH O
R3 /R2

R4

0
RS OJJ\ R12

VA

bei dem man eine Verbindung der Formel IA:

unter zur Bildung einer Verbindung der Formel IVA ausreichenden Reaktionsbedingungen mit einer Verbindung
der Formel V:
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®) O

R12 ®) R12 Y

umsetzt; wobei

R2 aus der Gruppe bestehend aus Wasserstoff und Alkyl, das unsubstituiert oder durch einen oder mehrere
Substituenten, die unabhangig aus der Gruppe bestehend aus Cycloalkyl, Heterocyclyl, Aryl und Heteroaryl
ausgewahlt sind, substituiert ist, ausgewahilt ist;

R3 und R# unabhingig aus der Gruppe bestehend aus Wasserstoff, Alkyl, substituiertem Alkyl, Cycloalkyl,
substituiertem Cycloalkyl, Heterocyclyl, substituiertem Heterocyclyl, Aryl, substituiertem Aryl, Heteroaryl, sub-
stituiertem Heteroaryl, Halogen, Hydroxy, Cyano, -S(0) -N(R8)-R8, wobein fur 0, 1 oder 2 steht, -NREC(O)NRER8
und -X'R8, wobei X1 fur Sauerstoff, -S(O),- oder -NR- steht, wobei n fur 0, 1 oder 2 steht, ausgewahlt sind
oder R3und R* zusammen mitdem daran gebundenen Kohlenstoffatom ein Cycloalkyl, substituiertes Cycloalkyl,
Heterocyclyl, substituiertes Heterocyclyl, Aryl, substituiertes Aryl, Heteroaryl oder substituiertes Heteroaryl bil-
den;

R5 und R8 unabhangig aus der Gruppe bestehend aus Wasserstoff, Halogen, Alkyl, substituiertem Alkyl, Alkoxy,
substituiertem Alkoxy, Aryl, substituiertem Aryl, Heteroaryl, substituiertem Heteroaryl und -X2R10, wobei X2 fiir
Sauerstoff, -S(0),- oder -NR13- steht, wobei n fiir 0, 1 oder 2 steht, ausgewahlt sind oder dann, wenn X2 fir
-NR13- steht, R19 und R'3 zusammen mit dem Stickstoffatom, an das sie gebunden sind, unter Bildung einer
Heterocyclyl- oder substituierten Heterocyclylgruppe miteinander verkniipft sein kénnen;

R8 jeweils unabhangig aus der Gruppe bestehend aus Wasserstoff, Alkyl, substituiertem Alkyl, Aryl, substitu-
iertem Aryl, Cycloalkyl, substituiertem Cycloalkyl, Heteroaryl, substituiertem Heteroaryl, Heterocyclyl und sub-
stituiertem Heterocyclyl ausgewahlt ist, mit der MaRgabe, dass dann, wenn X! fiir -SO- oder -S0,- steht, R8
nicht fir Wasserstoff steht;

R® und R'3 unabhangig aus der Gruppe bestehend aus Wasserstoff, Alkyl und Aryl ausgewdhlt sind;

R10 aus der Gruppe bestehend aus Alkyl, substituiertem Alkyl, Aryl, substituiertem Aryl, Heteroaryl, substitu-
iertem Heteroaryl, Heterocyclyl und substituiertem Heterocyclyl ausgewahilt ist;

R jeweils unabhangig aus Alkyl, Benzyl und Aryl ausgewahlt ist oder zwei R zusammen mit dem Stickstoff-
atom, an das sie gebunden sind, ein 4-8-gliedriges Heterocyclyl oder ein Heteroaryl bilden und

R12 jeweils unabhingig aus der Gruppe bestehend aus Alkyl, Aryl, Heteroaryl und Heterocyclyl ausgewahlt ist
oder zwei R12 zusammen mit dem Kohlenstoffatom, an das sie gebunden sind, ein 4-8-gliedriges Heterocyclyl
bilden.

6. Verfahren nach Anspruch 4 oder Anspruch 5, bei dem

(i) die Reaktionsbedingungen eine Verbindung der Formel V umfassen oder

(ii) die Umsetzung unter einer Inertatmosphare, beispielsweise unter einer Stickstoffatmosphare, durchgefiihrt
wird oder

(iii) es sich bei den Reaktionsbedingungen um wasserfreie Reaktionsbedingungen handelt oder

(iv) die Umsetzung bei einer Temperatur von mehr als etwa 30°C, wie bei einer Temperatur von etwa 100°C,
durchgefihrt wird oder

(v) R und Ry, fiir C4- bis C4-Alkyl, wie Methyl, stehen oder

(vi) die Reaktionsbedingungen eine Verbindung der Formel V, wobei R fir C4- bis C4-Alkyl steht, umfassen
und wobei die Umsetzung bei einer Temperatur von etwa 100°C, gegebenenfalls unter einer Stickstoffatmos-
phére, durchgefuhrt wird.

7. Verfahren nach Anspruch 4 oder Anspruch 5, bei dem die Reaktionsbedingungen ferner die Umwandlung einer
Verbindung der Formel VIl in eine Verbindung der Formel IV
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o
>~R‘2
RS O o) RS OH O
R? R?
R Z/ R ~X Z/
=N
R# 0 R4 O
Re /lk 12 R® J’k 12
0" “R¥ yq 0" ™R v
bzw. die Umwandlung einer Verbindung der Formel VIIA in eine Verbindung der Formel IVA
(@]
>—R12
RS O 0]
R2
R3 AN o~
N
R 70
NN
0" “R¥ via IVA

umfassen und gegebenenfalls

(i) die Reaktionsbedingungen ein Amin, wie Morpholin, umfassen oder

(ii) die Umsetzung in Dichlormethan durchgefiihrt wird oder

(iii) die Umsetzung bei einer Temperatur unter 25°C, wie etwa 0°C bis etwa 10°C, durchgefiihrt wird oder

(iv) die Reaktionsbedingungen Morpholin umfassen und die Umsetzung in Dichlormethan und bei einer Tem-
peratur von etwa 0°C bis etwa 10°C durchgefihrt wird.

Verfahren zur Herstellung einer Verbindung der Formel VI oder eines Sterecisomers oder Stereoisomerengemischs
davon:

R OH O
R3. AN Z/R2
~N
R4
Ré VI
bei dem man eine Verbindung der Formel IV:
R® OH O
R3 s Z/R2
R4 N O

R® O/Lk R12

unter zur Bildung einer Verbindung der Formel VI ausreichenden Reaktionsbedingungen umwandelt; wobei

v

Z fir 0, NR1 oder S steht;
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R aus der Gruppe bestehend aus Wasserstoff und Alkyl ausgewahlt ist;

R? aus der Gruppe bestehend aus Wasserstoff und Alkyl, das unsubstituiert oder durch einen oder mehrere
Substituenten, die unabhangig aus der Gruppe bestehend aus Cycloalkyl, Heterocyclyl, Aryl und Heteroaryl
ausgewahlt sind, substituiert ist, ausgewahilt ist;

R3 und R4 unabhéngig aus der Gruppe bestehend aus Wasserstoff, Alkyl, substituiertem Alkyl, Cycloalkyl,
substituiertem Cycloalkyl, Heterocyclyl, substituiertem Heterocyclyl, Aryl, substituiertem Aryl, Heteroaryl, sub-
stituiertem Heteroaryl, Halogen, Hydroxy, Cyano, -S(0) -N(R8)-R8, wobein fur 0, 1 oder 2 steht, -NREC(O)NRER8
und -X'R8, wobei X1 fir Sauerstoff, -S(O),- oder -NR- steht, wobei n fiir 0, 1 oder 2 steht, ausgewahlt sind
oder R3und R* zusammen mitdem daran gebundenen Kohlenstoffatom ein Cycloalkyl, substituiertes Cycloalkyl,
Heterocyclyl, substituiertes Heterocyclyl, Aryl, substituiertes Aryl, Heteroaryl oder substituiertes Heteroaryl bil-
den;

R5 und R8 unabhangig aus der Gruppe bestehend aus Wasserstoff, Halogen, Alkyl, substituiertem Alkyl, Alkoxy,
substituiertem Alkoxy, Aryl, substituiertem Aryl, Heteroaryl, substituiertem Heteroaryl und -X2R10, wobei X2 fiir
Sauerstoff, -S(O),,- oder -NR13- steht, wobei n fiir 0, 1 oder 2 steht, ausgewahlt sind oder dann, wenn X2 fir
-NR13- steht, R13 und R0 zusammen mit dem Stickstoffatom, an das sie gebunden sind, unter Bildung einer
Heterocyclyl- oder substituierten Heterocyclylgruppe miteinander verkniipft sein kénnen;

R8 jeweils unabhangig aus der Gruppe bestehend aus Wasserstoff, Alkyl, substituiertem Alkyl, Aryl, substitu-
iertem Aryl, Cycloalkyl, substituiertem Cycloalkyl, Heteroaryl, substituiertem Heteroaryl, Heterocyclyl und sub-
stituiertem Heterocyclyl ausgewahlt ist, mit der MaRgabe, dass dann, wenn X! fiir -SO- oder -S0,- steht, R8
nicht fir Wasserstoff steht;

R® und R'3 unabhangig aus der Gruppe bestehend aus Wasserstoff, Alkyl und Aryl ausgewdhlt sind;

R10 aus der Gruppe bestehend aus Alkyl, substituiertem Alkyl, Aryl, substituiertem Aryl, Heteroaryl, substitu-
iertem Heteroaryl, Heterocyclyl und substituiertem Heterocyclyl ausgewahilt ist und

R12 jeweils unabhangig aus der Gruppe bestehend aus Alkyl, Aryl, Heteroaryl und Heterocyclyl ausgewahlt ist.

9. Verfahren nach Anspruch 8 zur Herstellung einer Verbindung der Formel VIA oder eines Stereoisomers oder Ste-
reoisomerengemischs davon:

R® OH O
R AN O/RZ
~N
R4
RS VIA

bei dem man eine Verbindung der Formel IVA:

R®  OH O
3 R?
N
R4 7

RS O)J\ R12

VA

unter zur Bildung einer Verbindung der Formel VIA ausreichenden Reaktionsbedingungen umwandelt; wobei

R2 aus der Gruppe bestehend aus Wasserstoff und Alkyl, das unsubstituiert oder durch einen oder mehrere
Substituenten, die unabhangig aus der Gruppe bestehend aus Cycloalkyl, Heterocyclyl, Aryl und Heteroaryl
ausgewahlt sind, substituiert ist, ausgewahilt ist;

R3 und R# unabhingig aus der Gruppe bestehend aus Wasserstoff, Alkyl, substituiertem Alkyl, Cycloalkyl,
substituiertem Cycloalkyl, Heterocyclyl, substituiertem Heterocyclyl, Aryl, substituiertem Aryl, Heteroaryl, sub-
stituiertem Heteroaryl, Halogen, Hydroxy, Cyano, -S(0) ,-N(R8)-R8, wobein fir 0, 1 oder 2 steht, -NREC(O)NRER8
und -X1R8, wobei X! fur Sauerstoff, -S(0),- oder -NR9- steht, wobei n fir 0, 1 oder 2 steht, ausgewahlt sind
oder R3und R4 zusammen mitdem daran gebundenen Kohlenstoffatom ein Cycloalkyl, substituiertes Cycloalkyl,

87



10

15

20

25

30

35

40

45

50

55

EP 2 872 487 B1

Heterocyclyl, substituiertes Heterocyclyl, Aryl, substituiertes Aryl, Heteroaryl oder substituiertes Heteroaryl bil-
den;

R% und R6 unabhingig aus der Gruppe bestehend aus Wasserstoff, Halogen, Alkyl, substituiertem Alkyl, Alkoxy,
substituiertem Alkoxy, Aryl, substituiertem Aryl, Heteroaryl, substituiertem Heteroaryl und -X2R10, wobei X2 fiir
Sauerstoff, -S(0),- oder -NR13- steht, wobei n fiir 0, 1 oder 2 steht, ausgewahlt sind oder dann, wenn X2 fir
-NR13- steht, R13 und R10 zusammen mit dem Stickstoffatom, an das sie gebunden sind, unter Bildung einer
Heterocyclyl- oder substituierten Heterocyclylgruppe miteinander verkniipft sein kénnen;

R®8 jeweils unabhingig aus der Gruppe bestehend aus Wasserstoff, Alkyl, substituiertem Alkyl, Aryl, substitu-
iertem Aryl, Cycloalkyl, substituiertem Cycloalkyl, Heteroaryl, substituiertem Heteroaryl, Heterocyclyl und sub-
stituiertem Heterocyclyl ausgewahlt ist, mit der MaRgabe, dass dann, wenn X! fiir -SO- oder -SO,- steht, R8
nicht fir Wasserstoff steht;

R® und R'3 unabhangig aus der Gruppe bestehend aus Wasserstoff, Alkyl und Aryl ausgewahlt sind und

R10 aus der Gruppe bestehend aus Alkyl, substituiertem Alkyl, Aryl, substituiertem Aryl, Heteroaryl, substitu-
iertem Heteroaryl, Heterocyclyl und substituiertem Heterocyclyl ausgewahilt ist und

R12 jeweils unabhangig aus der Gruppe bestehend aus Alkyl, Aryl, Heteroaryl und Heterocyclyl ausgewahilt ist.

10. Verfahren nach Anspruch 8 oder Anspruch 9, bei dem

(i) die Reaktionsbedingungen Wasserstoff umfassen oder

(ii) die Reaktionsbedingungen eine Base, beispielsweise Natriumcarbonat, umfassen;

(iii) die Reaktionsbedingungen Essigsaureethylester umfassen;

(iv) die Reaktionsbedingungen einen Katalysator, beispielsweise Pd/C, umfassen oder

(v) die Reaktionsbedingungen eine Bedingung unter Druck, beispielsweise eine Bedingung unter Druck bei
etwa 60 psi, umfassen oder

(vi) die Reaktionsbedingungen Wasserstoff, Natriumcarbonat, Essigsaureethylester, Pd/C und eine Bedingung
unter Druck umfassen oder

(vii) die Reaktionsbedingungen Wasserstoff, Natriumcarbonat, Essigsaureethylester, Pd/C und eine Bedingung
unter Druck bei etwa 60 psi umfassen;

(viiiy R12 fur C4- bis C4-Alkyl, wie Methyl, steht.

11. Verfahren zur Herstellung einer Verbindung der Formel VI oder eines Stereoisomers oder Stereoisomerengemischs
davon:

R® OH O
R3 X Z/ R2
~N
R4
Re VI

bei dem man:

a) eine Verbindung der Formel Il unter zur Bildung einer Verbindung der Formel I

RS OH O
2
R3 R
X 77
~N
R4
R6 N/RH
l

ausreichenden Reaktionsbedingungen mit einer Verbindung der Formel Ill in Berlihrung bringt

88



10

15

20

25

30

35

40

45

50

55

EP 2 872 487 B1

R OH O
Rs AN e R?
~N
R4
RS I

(R':N

NR', i

b) eine Verbindung der Formel | unter zur Bildung einer Verbindung der Formel IV:

R OH O
‘ =N
R4 O

R2

R® O)J\ R

ausreichenden Reaktionsbedingungen mit einer Verbindung der Formel

0O
R12

gefolgt von einer Verbindung der Formel

O

PR

R12 OH;

einer Verbindung der Formel R12-X3 gefolgt von einer Verbindung der Formel

0

PR

A

r

R OH.

oder einer Verbindung der Formel V:

R12 0)

in Beruhrung bringt;
c) gegebenenfalls eine Verbindung der Formel VII:
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O
>—‘R12
RS O 0
R X Z/R2
N
R 770

R® O/LK R12

unter zur Bildung einer Verbindung der Formel IV ausreichenden Reaktionsbedingungen umwandelt und

d) eine Verbindung der Formel IV unter zur Bildung einer Verbindung der Formel VI ausreichenden Reaktions-
bedingungen umwandelt;

wobei

VII

Z fur 0, NR' oder S steht;

R aus der Gruppe bestehend aus Wasserstoff und Alkyl ausgewahlt ist;

R2 aus der Gruppe bestehend aus Wasserstoff und Alkyl, das unsubstituiert oder durch einen oder mehrere
Substituenten, die unabhangig aus der Gruppe bestehend aus Cycloalkyl, Heterocyclyl, Aryl und Heteroaryl
ausgewahlt sind, substituiert ist, ausgewabhlt ist;

R3 und R4 unabhingig aus der Gruppe bestehend aus Wasserstoff, Alkyl, substituiertem Alkyl, Cycloalkyl,
substituiertem Cycloalkyl, Heterocyclyl, substituiertem Heterocyclyl, Aryl, substituiertem Aryl, Heteroaryl,
substituiertem Heteroaryl, Halogen, Hydroxy, Cyano, -S(O)n-N(RS)-RS, wobei n flir 0, 1 oder 2 steht,
-NR8C(O)NR8RE und -X'R8, wobei X! fiir Sauerstoff, -S(O),- oder -NR9- steht, wobei n fir 0, 1 oder 2 steht,
ausgewahlt sind oder R3 und R4 zusammen mit dem daran gebundenen Kohlenstoffatom ein Cycloalkyl,
substituiertes Cycloalkyl, Heterocyclyl, substituiertes Heterocyclyl, Aryl, substituiertes Aryl, Heteroaryl oder
substituiertes Heteroaryl bilden;

R5 und R® unabhangig aus der Gruppe bestehend aus Wasserstoff, Halogen, Alkyl, substituiertem Alkyl,
Alkoxy, substituiertem Alkoxy, Aryl, substituiertem Aryl, Heteroaryl, substituiertem Heteroaryl und -X2R10,
wobei X2 fiir Sauerstoff, -S(0),- oder -NR13- steht, wobei n fur 0, 1 oder 2 steht, ausgewahlt sind oder dann,
wenn X2 fir -NR 13- steht, R13 und R10 zusammen mit dem Stickstoffatom, an das sie gebunden sind, unter
Bildung einer Heterocyclyl- oder substituierten Heterocyclylgruppe miteinander verknlipft sein kdnnen;
R®8 jeweils unabhangig aus der Gruppe bestehend aus Wasserstoff, Alkyl, substituiertem Alkyl, Aryl, sub-
stituiertem Aryl, Cycloalkyl, substituiertem Cycloalkyl, Heteroaryl, substituiertem Heteroaryl, Heterocyclyl
und substituiertem Heterocyclyl ausgewahlt ist, mit der MaRgabe, dass dann, wenn X! fir -SO- oder -SO,-
steht, R8 nicht fir Wasserstoff steht;

R® und R'3 unabhangig aus der Gruppe bestehend aus Wasserstoff, Alkyl und Aryl ausgewahlt sind und
R10 aus der Gruppe bestehend aus Alkyl, substituiertem Alkyl, Aryl, substituiertem Aryl, Heteroaryl, sub-
stituiertem Heteroaryl, Heterocyclyl und substituiertem Heterocyclyl ausgewahlt ist;

R jeweils unabhangig aus Alkyl, Benzyl und Aryl ausgewahlt ist oder zwei R1! zusammen mit dem Stick-
stoffatom, an das sie gebunden sind, ein 4-8-gliedriges Heterocyclyl oder ein Heteroaryl bilden;

R12 jeweils unabhéngig aus der Gruppe bestehend aus Alkyl, Aryl, Heteroaryl und Heterocyclyl ausgewahit
istoderdann, wenn zwei R12vorliegen, zwei R12 zusammen mit dem Kohlenstoffatom, an das sie gebunden
sind, ein 4-8-gliedriges Heterocyclyl bilden und

X3 fir Halogen steht.

12. Verfahren nach Anspruch 11 zur Herstellung einer Verbindung der Formel VIA oder eines Sterecisomers oder
Stereocisomerengemischs davon:
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RS OH O
R3 AN O/R2
~N
R4
R6

bei dem man:

VIA

a) eine Verbindung der Formel IIA unter zur Bildung einer Verbindung der Formel IA:

R& OH O
F{3 AN O/R2
~N
R4
R N —R"
|

ausreichenden Reaktionsbedingungen mit einer Verbindung der Formel llI

RS OH O
R AN O/R2
~N
R4
R® A

in Beruhrung bringt

(R'):N

N

NR™:2 11

b) eine Verbindung der Formel |A unter zur Bildung einer Verbindung der Formel IVA:

"R OH O
R3 X O/ Re
N
R4 Z O

Rﬁ Ok R2

ausreichenden Reaktionsbedingungen mit einer Verbindung der Formel V

O O

PPN

R12 0

in Beruhrung bringt;
c) gegebenenfalls eine Verbindung der Formel VIIA:
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o)
>—R12
R O O
Rs AN O/R2
=N
R4 Q

R® Ok R12

unter zur Bildung einer Verbindung der Formel IVA ausreichenden Reaktionsbedingungen umwandelt und

d) eine Verbindung der Formel IVA unter zur Bildung einer Verbindung der Formel VIA ausreichenden Reakti-
onsbedingungen umwandelt;

wobei

VIIA

RZ aus der Gruppe bestehend aus Wasserstoff und Alkyl, das unsubstituiert oder durch einen oder mehrere
Substituenten, die unabhangig aus der Gruppe bestehend aus Cycloalkyl, Heterocyclyl, Aryl und Heteroaryl
ausgewahlt sind, substituiert ist, ausgewabhlt ist;

R3 und R4 unabhi#ngig aus der Gruppe bestehend aus Wasserstoff, Alkyl, substituiertem Alkyl, Cycloalkyl,
substituiertem Cycloalkyl, Heterocyclyl, substituiertem Heterocyclyl, Aryl, substituiertem Aryl, Heteroaryl,
substituiertem Heteroaryl, Halogen, Hydroxy, Cyano, -S(O)n-N(RS)-RS, wobei n flir 0, 1 oder 2 steht,
-NR8C(O)NRERS und -X'R8, wobei X! fur Sauerstoff, -S(0),- oder -NR®- steht, wobei n fir 0, 1 oder 2 steht,
ausgewahlt sind oder R3 und R4 zusammen mit dem daran gebundenen Kohlenstoffatom ein Cycloalkyl,
substituiertes Cycloalkyl, Heterocyclyl, substituiertes Heterocyclyl, Aryl, substituiertes Aryl, Heteroaryl oder
substituiertes Heteroaryl bilden;

R5 und R® unabhingig aus der Gruppe bestehend aus Wasserstoff, Halogen, Alkyl, substituiertem Alkyl,
Alkoxy, substituiertem Alkoxy, Aryl, substituiertem Aryl, Heteroaryl, substituiertem Heteroaryl und -X2R10,
wobei X2 fir Sauerstoff, -S(0),- oder -NR9- steht, wobei n fir 0, 1 oder 2 steht, ausgewahlt sind oder dann,
wenn X2 fir -NR 13- steht, R13 und R10 zusammen mit dem Stickstoffatom, an das sie gebunden sind, unter
Bildung einer Heterocyclyl- oder substituierten Heterocyclylgruppe miteinander verknlipft sein kdnnen;
R8 jeweils unabhangig aus der Gruppe bestehend aus Wasserstoff, Alkyl, substituiertem Alkyl, Aryl, sub-
stituiertem Aryl, Cycloalkyl, substituiertem Cycloalkyl, Heteroaryl, substituiertem Heteroaryl, Heterocyclyl
und substituiertem Heterocyclyl ausgewahlt ist, mit der MaRgabe, dass dann, wenn X! fiir -SO- oder -SO,-
steht, R8 nicht fir Wasserstoff steht;

R® und R'3 unabhangig aus der Gruppe bestehend aus Wasserstoff, Alkyl und Aryl ausgewahlt sind und
R10 aus der Gruppe bestehend aus Alkyl, substituiertem Alkyl, Aryl, substituiertem Aryl, Heteroaryl, sub-
stituiertem Heteroaryl, Heterocyclyl und substituiertem Heterocyclyl ausgewahlt ist;

R11 jeweils unabhingig aus Alkyl, Benzyl und Aryl ausgewahlt ist oder zwei R'! zusammen mit dem Stick-
stoffatom, an das sie gebunden sind, ein 4-8-gliedriges Heterocyclyl oder ein Heteroaryl bilden; und

R12 jeweils unabhéngig aus der Gruppe bestehend aus Alkyl, Aryl, Heteroaryl und Heterocyclyl ausgewahit
ist oder zwei R12 zusammen mit dem Kohlenstoffatom, an das sie gebunden sind, ein 4-8-gliedriges He-
terocyclyl bilden.

13. Verfahren nach Anspruch 11 oder Anspruch 12, bei dem

(i) die Reaktionsbedingungen von Schritt a) und Schritt b) eine Saure umfassen oder

(i) R und R12fur C,- bis C4-Alkyl stehen oder

(i) R1 und R'2 fur C,- bis C,4-Alkyl stehen und R3, R® und R fur Wasserstoff stehen oder
(iv) R und R12 fiir C4- bis C4-Alkyl stehen und R4, R® und RS fiir Wasserstoff stehen oder
(v) R" und R'2 fir Methyl stehen.

14. Verfahren nach Anspruch 11 zur Herstellung einer Verbindung der Formel VIC oder eines Sterecisomers oder
Stereocisomerengemischs davon:
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OH O

R2
AN o~

~N
R4

VIC

bei dem man:

a) eine Verbindung der Formel IIC unter zur Bildung einer Verbindung der Formel IC:

OH O
RZ
AN o~

~N
R4

N -~
|

IC

ausreichenden Reaktionsbedingungen mit einer Verbindung der Formel IlIA in BerUhrung bringt

OH O
R2
x o~ \N/\ ~

Ao .
R* 11C [TA

b) eine Verbindung der Formel IC unter zur Bildung einer Verbindung der Formel IVC:
OH O

=3 o~

=N
R4 O

N

ausreichenden Reaktionsbedingungen mit einer Verbindung der Formel VA

A

vC

VA

in Beruhrung bringt,
¢) gegebenenfalls eine Verbindung der Formel VIIC:
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0
0

RY 9
o)k

unter zur Bildung einer Verbindung der Formel IVC ausreichenden Reaktionsbedingungen umwandelt und

d) eine Verbindung der Formel IVC unter zur Bildung einer Verbindung der Formel VIC ausreichenden Reak-
tionsbedingungen umwandelt und gegebenenfalls

e) eine Verbindung der Formel VIC unter zur Bildung einer Verbindung der Formel XC:

VIIC

OH O

A N/\z]/OH
H i

=N O

R4
XC

oder eines Stereoisomers oder Sterecisomerengemischs davon ausreichenden Reaktionsbedingungen mit
Glycin in Beruhrung bringt;
wobei

R2 aus der Gruppe bestehend aus Wasserstoff und Alkyl, das unsubstituiert oder durch einen oder mehrere
Substituenten, die unabhangig aus der Gruppe bestehend aus Cycloalkyl, Heterocyclyl, Aryl und Heteroaryl
ausgewahlt sind, substituiert ist, ausgewabhlt ist;

R# aus der Gruppe bestehend aus Wasserstoff, Alkyl, substituiertem Alkyl, Cycloalkyl, substituiertem Cy-
cloalkyl, Heterocyclyl, substituiertem Heterocyclyl, Aryl, substituiertem Aryl, Heteroaryl, substituiertem He-
teroaryl, Halogen, Hydroxy, Cyano, -S(0O),-N(R8)-R8, wobei n fiir 0, 1 oder 2 steht, -NR8C(O)NRERS und
-X1R8, wobei X' fir Sauerstoff, -S(0),- oder -NR9- steht, wobei n fur 0, 1 oder 2 steht, ausgewahlt ist;

R®8 jeweils unabhangig aus der Gruppe bestehend aus Wasserstoff, Alkyl, substituiertem Alkyl, Aryl, sub-
stituiertem Aryl, Cycloalkyl, substituiertem Cycloalkyl, Heteroaryl, substituiertem Heteroaryl, Heterocyclyl
und substituiertem Heterocyclyl ausgewahlt ist, mit der MaRgabe, dass dann, wenn X! fiir -SO- oder -SO,-
steht, R8 nicht fur Wasserstoff steht; und

RY jeweils aus der Gruppe bestehend aus Wasserstoff, Alkyl und Aryl ausgewahlt ist.

15. Verfahren nach Anspruch 11 zur Herstellung einer Verbindung der Formel VID oder eines Sterecisomers oder
Stereocisomerengemischs davon:

R3: Re

VID

bei dem man:

a) eine Verbindung der Formel IID unter zur Bildung einer Verbindung der Formel ID:
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N~
| 1D

ausreichenden Reaktionsbedingungen mit einer Verbindung der Formel IlIA in BerUhrung bringt

o U
Ra Re
=N | [
[ID [1TA

b) eine Verbindung der Formel ID unter zur Bildung einer Verbindung der Formel IVD:

OH O
R3. R2
AN o~
N
e

N

ausreichenden Reaktionsbedingungen mit einer Verbindung der Formel VA

BN

IvD

VA
in Beruhrung bringt,
c) gegebenenfalls eine Verbindung der Formel VIID:
O>—
O O
R3 R2
s
o
N
P )(L
© VIID

unter zur Bildung einer Verbindung der Formel IVD ausreichenden Reaktionsbedingungen umwandelt und

d) eine Verbindung der Formel IVD unter zur Bildung einer Verbindung der Formel VID ausreichenden Reak-
tionsbedingungen umwandelt und gegebenenfalls

e) eine Verbindung der Formel VID unter zur Bildung einer Verbindung der Formel XD:
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OH O
R?
SN N/ﬁ‘rOH
H
~N O

XD

oder eines Stereoisomers oder Sterecisomerengemischs davon ausreichenden Reaktionsbedingungen mit
Glycin in Beruhrung bringt;
wobei

R2 aus der Gruppe bestehend aus Wasserstoff und Alkyl, das unsubstituiert oder durch einen oder mehrere
Substituenten, die unabhangig aus der Gruppe bestehend aus Cycloalkyl, Heterocyclyl, Aryl und Heteroaryl
ausgewahlt sind, substituiert ist, ausgewabhlt ist;

R3 aus der Gruppe bestehend aus Wasserstoff, Alkyl, substituiertem Alkyl, Cycloalkyl, substituiertem Cy-
cloalkyl, Heterocyclyl, substituiertem Heterocyclyl, Aryl, substituiertem Aryl, Heteroaryl, substituiertem He-
teroaryl, Halogen, Hydroxy, Cyano, -S(0),-N(R8)-R8, wobei n fiir 0, 1 oder 2 steht, -NR8C(O)NRER8 und
-X1R8, wobei X! fir Sauerstoff, -S(O),,- oder -NR9- steht, wobei n fur 0, 1 oder 2 steht, ausgew#hlt ist oder
R3 und R4 zusammen mitdem daran gebundenen Kohlenstoffatom ein Cycloalkyl, substituiertes Cycloalkyl,
Heterocyclyl, substituiertes Heterocyclyl, Aryl, substituiertes Aryl, Heteroaryl oder substituiertes Heteroaryl
bilden;

R®8 jeweils unabhangig aus der Gruppe bestehend aus Wasserstoff, Alkyl, substituiertem Alkyl, Aryl, sub-
stituiertem Aryl, Cycloalkyl, substituiertem Cycloalkyl, Heteroaryl, substituiertem Heteroaryl, Heterocyclyl
und substituiertem Heterocyclyl ausgewahlt ist, mit der MaRgabe, dass dann, wenn X! fir -SO- oder -SO,-
steht, R8 nicht fur Wasserstoff steht; und

RY jeweils aus der Gruppe bestehend aus Wasserstoff, Alkyl und Aryl ausgewahlt ist.

16. Verfahren nach Anspruch 14 oder 15, bei dem

(i) R2 fir Wasserstoff steht und R4 fiir Phenoxy steht oder
(i) R? fir Wasserstoff steht und R4 fir 4-Methoxyphenoxy steht oder
(ii)) R2 fur Wasserstoff steht und R# fir 3,5-Diflucrphenoxy steht.

17. Verfahren nach einem der Anspriiche 11, 12, 14 oder 15, bei dem

(i) die Reaktionsbedingungen von Schritt a) eine Saure, wie Eisessig, umfassen oder

(ii) Schritt a) bei einer Temperatur von mehr als etwa 30°C, wie etwa 50°C bis etwa 60°C, durchgefiihrt wird oder
(iii) Schritt b) bei einer Temperatur von mehr als etwa 30°C, wie bei einer Temperatur von etwa 100°C, durch-
geflhrt wird oder

(iv) das Verfahren Schritt ¢c) umfasst oder

(v) das Verfahren Schritt ¢) umfasst und die Reaktionsbedingungen von Schritt ¢) ein Amin, beispielsweise
Morpholin, umfassen oder

(vi) das Verfahren Schritt ¢c) umfasst und Schritt ¢) in Dichlormethan durchgefihrt wird oder

(vii) das Verfahren Schritt ¢) umfasst und Schritt ¢) bei einer Temperatur unter etwa 25°C, wie etwa 0°C bis
etwa 10°C, durchgefihrt wird oder

(viii) die Reaktionsbedingungen von Schritt d) Wasserstoff umfassen oder

(ix) die Reaktionsbedingungen von Schritt d) eine Base, beispielsweise Natriumcarbonat, umfassen oder

(x) die Reaktionsbedingungen von Schritt d) etwa 0,5 bis etwa 1 Molaquivalente Natriumcarbonat umfassen oder
(xi) die Reaktionsbedingungen von Schritt d) Essigsaureethylester umfassen oder

(xii) die Reaktionsbedingungen von Schritt d) einen Katalysator, beispielsweise Pd/C umfassen.

18. Verfahren nach einem der Anspriiche 1, 2, 11 oder 12, beidem etwa 1,1 bis etwa 1,5 Molaquivalente der Verbindung
der Formel Il verwendet werden, oder Verfahren nach Anspruch 14 oder 15, bei dem etwa 1,1 bis etwa 1,5 Mola-
quivalente der Verbindung der Formel llIA verwendet werden.

19. Verfahren nach einem der Anspriiche 4, 5, 11 oder 12, bei dem etwa 2 bis etwa 3 Molaquivalente der Verbindung
derFormel V verwendetwerden, oder Verfahren nach Anspruch 14 oder 15, beidem etwa 2 bis etwa 3 Molaquivalente
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der Verbindung der Formel VA verwendet werden.

20. Verbindung der Formel VIII:

RS OH O
R AN e Re
‘ ~N
R4
R R7
Vil

wobei:

Z fur 0, NR' oder S steht;

R aus der Gruppe bestehend aus Wasserstoff und Alkyl ausgewahlt ist;

R2 aus der Gruppe bestehend aus Wasserstoff und Alkyl, das unsubstituiert oder durch einen oder mehrere
Substituenten, die unabhangig aus der Gruppe bestehend aus Cycloalkyl, Heterocyclyl, Aryl und Heteroaryl
ausgewahlt sind, substituiert ist, ausgewahilt ist;

R3 und R# unabhingig aus der Gruppe bestehend aus Wasserstoff, Alkyl, substituiertem Alkyl, Cycloalkyl,
substituiertem Cycloalkyl, Heterocyclyl, substituiertem Heterocyclyl, Aryl, substituiertem Aryl, Heteroaryl, sub-
stituiertem Heteroaryl, Halogen, Hydroxy, Cyano, -S(0) -N(R8)-R8, wobein fur 0, 1 oder 2 steht, -NREC(O)NRER8
und -X'R8, wobei X1 fur Sauerstoff, -S(O),- oder -NR- steht, wobei n fur 0, 1 oder 2 steht, ausgewahlt sind
oder R3und R4 zusammen mitdem daran gebundenen Kohlenstoffatom ein Cycloalkyl, substituiertes Cycloalkyl,
Heterocyclyl, substituiertes Heterocyclyl, Aryl, substituiertes Aryl, Heteroaryl oder substituiertes Heteroaryl bil-
den;

R5 und R8 unabhangig aus der Gruppe bestehend aus Wasserstoff, Halogen, Alkyl, substituiertem Alkyl, Alkoxy,
substituiertem Alkoxy, Aryl, substituiertem Aryl, Heteroaryl, substituiertem Heteroaryl und -X2R10, wobei X2 fiir
Sauerstoff, -S(0),- oder -NR13- steht, wobei n fiir 0, 1 oder 2 steht, ausgewahlt sind oder dann, wenn X2 fir
-NR13- steht, R13 und R10 zusammen mit dem Stickstoffatom, an das sie gebunden sind, unter Bildung einer
Heterocyclyl- oder substituierten Heterocyclylgruppe miteinander verkniipft sein kénnen;

R7 entweder fir -N(R1")(R'") oder -OC(O)R'2 steht;

R8 jeweils unabhangig aus der Gruppe bestehend aus Wasserstoff, Alkyl, substituiertem Alkyl, Aryl, substitu-
iertem Aryl, Cycloalkyl, substituiertem Cycloalkyl, Heteroaryl, substituiertem Heteroaryl, Heterocyclyl und sub-
stituiertem Heterocyclyl ausgewahlt ist, mit der MaRgabe, dass dann, wenn X! fiir -SO- oder -S0,- steht, R8
nicht fir Wasserstoff steht;

R® und R'3 unabhangig aus der Gruppe bestehend aus Wasserstoff, Alkyl und Aryl ausgewdhlt sind;

R10 aus der Gruppe bestehend aus Alkyl, substituiertem Alkyl, Aryl, substituiertem Aryl, Heteroaryl, substitu-
iertem Heteroaryl, Heterocyclyl und substituiertem Heterocyclyl ausgewahilt ist;

R jeweils unabhangig aus Alkyl, Benzyl und Aryl ausgewahlt ist oder zwei R zusammen mit dem Stickstoff-
atom, an das sie gebunden sind, ein 4-8-gliedriges Heterocyclyl oder ein Heteroaryl bilden und

R12 jeweils unabhangig aus der Gruppe bestehend aus Alkyl, Aryl, Heteroaryl und Heterocyclyl ausgewahlt ist;

oder ein Salz, Ester, Sterecisomer oder Sterecisomerengemisch davon;
mit der MaRgabe, dass es sich bei der Verbindung nicht um 1-Dimethylaminomethyl-4-hydroxy-7-phenyl-sulfanyli-

sochinolin-3-carbonsaurebutylester handelt.

21. Verbindung nach Anspruch 20 der Formel VIIIA:
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RS OH O
R N o’R2
=N
R4
Re® R7
VIIA

wobei:

R2 aus der Gruppe bestehend aus Wasserstoff und Alkyl, das unsubstituiert oder durch einen oder mehrere
Substituenten, die unabhangig aus der Gruppe bestehend aus Cycloalkyl, Heterocyclyl, Aryl und Heteroaryl
ausgewahlt sind, substituiert ist, ausgewahilt ist;

R3 und R# unabhingig aus der Gruppe bestehend aus Wasserstoff, Alkyl, substituiertem Alkyl, Cycloalkyl,
substituiertem Cycloalkyl, Heterocyclyl, substituiertem Heterocyclyl, Aryl, substituiertem Aryl, Heteroaryl, sub-
stituiertem Heteroaryl, Halogen, Hydroxy, Cyano, -S(0),,-N(R8)-R8, wobein fur 0, 1 oder 2 steht, -NR8C(O)NR8R8
und -X'R8, wobei X1 fur Sauerstoff, -S(O),- oder -NR- steht, wobei n fur 0, 1 oder 2 steht, ausgewahlt sind
oder R3und R4 zusammen mitdem daran gebundenen Kohlenstoffatom ein Cycloalkyl, substituiertes Cycloalkyl,
Heterocyclyl, substituiertes Heterocyclyl, Aryl, substituiertes Aryl, Heteroaryl oder substituiertes Heteroaryl bil-
den;

R5 und R8 unabhangig aus der Gruppe bestehend aus Wasserstoff, Halogen, Alkyl, substituiertem Alkyl, Alkoxy,
substituiertem Alkoxy, Aryl, substituiertem Aryl, Heteroaryl, substituiertem Heteroaryl und -X2R10, wobei X2 fiir
Sauerstoff, -S(0),- oder -NR13- steht, wobei n fiir 0, 1 oder 2 steht, ausgewahlt sind oder dann, wenn X2 fir
-NR13- steht, R13 und R10 zusammen mit dem Stickstoffatom, an das sie gebunden sind, unter Bildung einer
Heterocyclyl- oder substituierten Heterocyclylgruppe miteinander verkniipft sein kénnen;

R7 entweder fir -N(R1")(R'") oder -OC(O)R'2 steht;

R8 jeweils unabhangig aus der Gruppe bestehend aus Wasserstoff, Alkyl, substituiertem Alkyl, Aryl, substitu-
iertem Aryl, Cycloalkyl, substituiertem Cycloalkyl, Heteroaryl, substituiertem Heteroaryl, Heterocyclyl und sub-
stituiertem Heterocyclyl ausgewahlt ist, mit der MaRgabe, dass dann, wenn X! fiir -SO- oder -S0,- steht, R8
nicht fir Wasserstoff steht;

R® und R'3 unabhangig aus der Gruppe bestehend aus Wasserstoff, Alkyl und Aryl ausgewdhlt sind;

R10 aus der Gruppe bestehend aus Alkyl, substituiertem Alkyl, Aryl, substituiertem Aryl, Heteroaryl, substitu-
iertem Heteroaryl, Heterocyclyl und substituiertem Heterocyclyl ausgewahilt ist;

R jeweils unabhangig aus Alkyl, Benzyl und Aryl ausgewahlt ist oder zwei R zusammen mit dem Stickstoff-
atom, an das sie gebunden sind, ein 4-8-gliedriges Heterocyclyl oder ein Heteroaryl bilden und

R12 jeweils unabhangig aus der Gruppe bestehend aus Alkyl, Aryl, Heteroaryl und Heterocyclyl ausgewahlt ist;

oder ein Salz, Ester, Sterecisomer oder Sterecisomerengemisch davon;
mit der MaRgabe, dass es sich bei der Verbindung nicht um 1-Dimethylaminomethyl-4-hydroxy-7-phenyl-sulfanyli-
sochinolin-3-carbonsaurebutylester handelt.

22. Verbindung nach Anspruch 20 oder Anspruch 21, wobei

(i) R? fiir unsubstituiertes Alkyl steht oder

(i) RS und R® fir Wasserstoff stehen oder

(iii) R2 aus der Gruppe bestehend aus Alkyl, das unsubstituiert oder durch einen oder mehrere Substituenten,
die unabhangig aus der Gruppe bestehend aus Cycloalkyl, Heterocyclyl, Aryl und Heteroaryl ausgewahilt sind,
substituiert ist, ausgewahlt ist und

R5 und RS fiir Wasserstoff stehen;

(iv) R7 fiir -N(R1)(R) steht und R firr C4- bis C,4-Alkyl steht oder

(v) R7 fur -OC(O)R12 steht und R12 fiir C4- bis C4-Alkyl steht;

(vi) R2 fur Alkyl, das unsubstituiert oder durch einen oder mehrere Substituenten, die unabhangig aus der
Gruppe bestehend aus Cycloalkyl, Heterocyclyl, Aryl und Heteroaryl ausgewahlt sind, substituiert ist, steht;
R3 und R4 unabhéngig aus der Gruppe bestehend aus Wasserstoff, Alkyl, substituiertem Alkyl, Cycloalkyl,
substituiertem Cycloalkyl, Heterocyclyl, substituiertem Heterocyclyl, Aryl, substituiertem Aryl, Heteroaryl, sub-
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stituiertem Heteroaryl, Halogen, Hydroxy, Cyano, -S(0) -N(R8)-R8, wobein fur 0, 1 oder 2 steht, -NREC(O)NRER8
und -X'R8, wobei X1 fir Sauerstoff, -S(O),- oder -NR- steht, wobei n fiir 0, 1 oder 2 steht, ausgewahlt sind
oder R3und R* zusammen mitdem daran gebundenen Kohlenstoffatom ein Cycloalkyl, substituiertes Cycloalkyl,
Heterocyclyl, substituiertes Heterocyclyl, Aryl, substituiertes Aryl, Heteroaryl oder substituiertes Heteroaryl bil-
den;

R5 und RS fir Wasserstoff stehen;

R7 fur -N(R11)(R) steht;

R®8 jeweils unabhingig aus der Gruppe bestehend aus Wasserstoff, Alkyl, substituiertem Alkyl, Aryl, substitu-
iertem Aryl, Cycloalkyl, substituiertem Cycloalkyl, Heteroaryl, substituiertem Heteroaryl, Heterocyclyl und sub-
stituiertem Heterocyclyl ausgewahlt ist, mit der MaRgabe, dass dann, wenn X! fiir -SO- oder -SO,- steht, R8
nicht fir Wasserstoff steht;

RY aus der Gruppe bestehend aus Wasserstoff, Alkyl und Aryl ausgewahlt ist und

R jeweils unabhangig aus C,- bis C4-Alkyl und Aryl ausgewahit ist oder

(vii) R2 fir Alkyl, das unsubstituiert oder durch einen oder mehrere Substituenten, die unabhiangig aus der
Gruppe bestehend aus Cycloalkyl, Heterocyclyl, Aryl und Heteroaryl ausgewahlt sind, substituiert ist, steht;
R3 und R4 unabhéngig aus der Gruppe bestehend aus Wasserstoff, Alkyl, substituiertem Alkyl, Cycloalkyl,
substituiertem Cycloalkyl, Heterocyclyl, substituiertem Heterocyclyl, Aryl, substituiertem Aryl, Heteroaryl, sub-
stituiertem Heteroaryl, Halogen, Hydroxy, Cyano, -S(0) -N(R8)-R8, wobein fur 0, 1 oder 2 steht, -NREC(O)NRER8
und -X'R8, wobei X1 fur Sauerstoff, -S(O),- oder -NR- steht, wobei n fur 0, 1 oder 2 steht, ausgewahlt sind
oder R3und R* zusammen mitdem daran gebundenen Kohlenstoffatom ein Cycloalkyl, substituiertes Cycloalkyl,
Heterocyclyl, substituiertes Heterocyclyl, Aryl, substituiertes Aryl, Heteroaryl oder substituiertes Heteroaryl bil-
den;

R5 und RS fir Wasserstoff stehen;

R fir -OC(O)R'2 steht;

R®8 jeweils unabhingig aus der Gruppe bestehend aus Wasserstoff, Alkyl, substituiertem Alkyl, Aryl, substitu-
iertem Aryl, Cycloalkyl, substituiertem Cycloalkyl, Heteroaryl, substituiertem Heteroaryl, Heterocyclyl und sub-
stituiertem Heterocyclyl ausgewahilt ist, mit der MaRgabe, dass dann, wenn X1 fir -SO- oder -SO,- steht, R8
nicht fir Wasserstoff steht;

RY aus der Gruppe bestehend aus Wasserstoff, Alkyl und Aryl ausgewahlt ist und

R12 jeweils unabhangig aus der Gruppe bestehend aus Alkyl, Aryl, Heteroaryl und Heterocyclyl ausgewahlt ist.

23. Verbindung, bei der es sich um 4-Hydroxy-7-phenoxyisochinolin-3-carbonsauremethylester (3a) handelt:

OH

\CO:Me

N
o) Z 3a

24, Verfahren nach einem der Anspriiche 1, 4 oder 11, bei dem R fiir Wasserstoff steht.
25. Verfahren nach einem der Anspriiche 1,2, 4,5, 8,9, 11, 12, 14 oder 15, bei dem R2 fiir Wasserstoff oder Alkyl steht.

26. Verfahren nach einem der Anspriiche 1, 2, 4, 5, 8, 9, 11 oder 12, bei dem

50

55

(i) R3 und R# unabhingig aus der Gruppe bestehend aus Wasserstoff, Alkyl, substituiertem Alkyl, Aryl, substi-
tuiertem Aryl, Heteroaryl, substituiertem Heteroaryl, Halogen, Hydroxy, Cyano, -S(0),-N(R8)-R8,
-NR8C(O)NR8RS und -X1R8 ausgewahlt sind;

wobei X1 fiir Sauerstoff, -S(0),- oder -NR%-steht;

n fur 0, 1 oder 2 steht;

R®8 jeweils unabhangig aus der Gruppe bestehend aus Wasserstoff, Alkyl, substituiertem Alkyl, Aryl, sub-
stituiertem Aryl, Cycloalkyl, substituiertem Cycloalkyl, Heteroaryl, substituiertem Heteroaryl, Heterocyclyl
und substituiertem Heterocyclyl ausgewahlt ist, mit der MaRgabe, dass dann, wenn X! fir -SO- oder -SO,-
steht, R8 nicht fur Wasserstoff steht; und

RY aus der Gruppe bestehend aus Wasserstoff, Alkyl und Aryl ausgewahlt ist;
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oder R3 und R4 zusammen mit den daran gebundenen Kohlenstoffatomen ein Cycloalkyl, substituiertes Cyc-
loalkyl, Heterocyclyl, substituiertes Heterocyclyl, Aryl, substituiertes Aryl, Heteroaryl oder substituiertes Hete-
roaryl bilden oder

(i) R3 und R4 unabhangig aus der Gruppe bestehend aus Wasserstoff, Alkyl, Aryl, Heteroaryl, Hydroxy,
-S(0),-N(R8)-R8, -NREC(O)NRERS8 und -X'R8 ausgewahlt sind; wobei

X1 fur Sauerstoff, -S(0),- oder -NR9- steht;
n fur 0, 1 oder 2 steht;

R® flr Aryl oder substituiertes Aryl steht und
R fir Wasserstoff, Alkyl oder Aryl steht;

oder R3 und R4 zusammen mit den daran gebundenen Kohlenstoffatomen ein Cycloalkyl, Heterocyclyl, Aryl
oder Heteroaryl bilden oder

(ii) R3 und R* unabhangig aus der Gruppe bestehend aus Wasserstoff und -X'R8 ausgewahlt sind; wobei X'
fir Sauerstoff steht und R8 flr Aryl oder substituiertes Aryl steht; oder

(iv) RS und R® unabhingig aus der Gruppe bestehend aus Wasserstoff, Halogen, Alkyl, substituiertem Alkyl,
Aryl, substituiertem Aryl, Heteroaryl, substituiertem Heteroaryl und -X2R10 ausgewahlt sind;

waobei X2 fiir Sauerstoff, -S(0),- oder -NR13- steht;

n fur 0, 1 oder 2 steht;
R0 fir Aryl oder substituiertes Aryl steht und
R13 aus der Gruppe bestehend aus Wasserstoff, Alkyl und Aryl ausgewahlt ist; oder

(v) R% und R6 unabh#ngig aus der Gruppe bestehend aus Wasserstoff und -X2R10 ausgewahlt sind; wobei X2
fir Sauerstoff steht und R10 fiir Aryl oder substituiertes Aryl steht; oder

(vi) R® und RS fiir Wasserstoff stehen oder

(vii) R? fir Wasserstoff oder Alkyl steht;

R3 und R4 unabhangig aus der Gruppe bestehend aus Wasserstoff, Alkyl, substituiertem Alkyl, Aryl, substitu-
iertem Aryl, Heteroaryl, substituiertem Heteroaryl, Halogen, Hydroxy, Cyano, -S(0),-N(R8)-R8, -NR8C(O)NRSER8
und -X1R8 ausgewahlt sind;

wobei X1 fiir Sauerstoff, -S(0),- oder -NR%-steht;

n fur 0, 1 oder 2 steht;

R8 jeweils unabhangig aus der Gruppe bestehend aus Wasserstoff, Alkyl, substituiertem Alkyl, Aryl, sub-
stituiertem Aryl, Cycloalkyl, substituiertem Cycloalkyl, Heteroaryl, substituiertem Heteroaryl, Heterocyclyl
und substituiertem Heterocyclyl ausgewahlt ist, mit der MaRgabe, dass dann, wenn X1 fiir -SO-oder -SO,-
steht, R8 nicht fiir Wasserstoff steht; und

R® aus der Gruppe bestehend aus Wasserstoff, Alkyl und Aryl ausgewahlt ist;

oder R3 und R4 zusammen mit den daran gebundenen Kohlenstoffatomen ein Cycloalkyl, substituiertes Cyc-
loalkyl, Heterocyclyl, substituiertes Heterocyclyl, Aryl, substituiertes Aryl, Heteroaryl oder substituiertes Hete-
roaryl bilden und

R% und R8 unabhingig aus der Gruppe bestehend aus Wasserstoff, Halogen, Alkyl, substituiertem Alkyl, Aryl,
substituiertem Aryl, Heteroaryl, substituiertem Heteroaryl und -X2R10 ausgewahlt sind; wobei X2 fiir Sauerstoff,
-S(0),- oder -NR'3- steht;

n fur 0, 1 oder 2 steht;
R10 fur Aryl oder substituiertes Aryl steht und
R13 aus der Gruppe bestehend aus Wasserstoff, Alkyl und Aryl ausgewahlt ist; oder

(viii) R2 fir Wasserstoff oder Alkyl steht;
R3 und R# unabhangig aus der Gruppe bestehend aus Wasserstoff, Alkyl, Aryl, Heteroaryl, Hydroxy,
-S(0),-N(R8)-R8, -NREC(O)NRERS8 und -X'R8 ausgewahlt sind; wobei

X1 fir Sauerstoff, -S(0),,- oder -NR9- steht;
n fur 0, 1 oder 2 steht;

R® flr Aryl oder substituiertes Aryl steht und
R fir Wasserstoff, Alkyl oder Aryl steht;
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oder R3 und R4 zusammen mit den daran gebundenen Kohlenstoffatomen ein Cycloalkyl, Heterocyclyl, Aryl
oder Heteroaryl bilden und

R5 und R8 unabhéngig aus der Gruppe bestehend aus Wasserstoff und -X2R10 ausgewahlt sind; wobei X2 fiir
Sauerstoff steht und R0 fiir Aryl oder substituiertes Aryl steht; oder

(ix) R2 fir Wasserstoff oder Alkyl steht;

R3 und R4 unabhangig aus der Gruppe bestehend aus Wasserstoff und -X'R8 ausgewahlt sind; wobei X1 fir
Sauerstoff steht und R8 fiir Aryl oder substituiertes Aryl steht; und

R® und RS fir Wasserstoff stehen.

27. Verfahren nach einem der Anspriiche 1, 2, 4, 5, 11 oder 12, bei dem

(i) R fur C4- bis C4-Alkyl steht oder
(ii) R fiir Methyl steht.

28. Verfahren nach einem der Anspriiche 4, 5, 8, 9, 11 oder 12, bei dem

(i) R12fur C4- bis C4-Alkyl steht oder
(ii) R12 fiir Methyl steht.

29. Verfahren nach Anspruch 7, bei dem

(i) R1 fir Wasserstoff steht oder

(i) R2 fur Wasserstoff oder Alkyl steht oder

(iii) R3 und R# unabhingig aus der Gruppe bestehend aus Wasserstoff, Alkyl, substituiertem Alkyl, Aryl, sub-
stituiertem Aryl, Heteroaryl, substituiertem Heteroaryl, Halogen, Hydroxy, Cyano, -S(O)n-N(RS)-RS,
-NR8C(O)NRB8RS8 und -X'R8 ausgewahlt sind;

wobei X fiir Sauerstoff, -S(O),,- oder -NR%-steht;

n fur 0, 1 oder 2 steht;

R8 jeweils unabhangig aus der Gruppe bestehend aus Wasserstoff, Alkyl, substituiertem Alkyl, Aryl, sub-
stituiertem Aryl, Cycloalkyl, substituiertem Cycloalkyl, Heteroaryl, substituiertem Heteroaryl, Heterocyclyl
und substituiertem Heterocyclyl ausgewahlt ist, mit der MaRgabe, dass dann, wenn X' fiir -SO-oder -SO,-
steht, R8 nicht fiir Wasserstoff steht; und

RY aus der Gruppe bestehend aus Wasserstoff, Alkyl und Aryl ausgewahlt ist;

oder R3 und R4 zusammen mit den daran gebundenen Kohlenstoffatomen ein Cycloalkyl, substituiertes Cyc-
loalkyl, Heterocyclyl, substituiertes Heterocyclyl, Aryl, substituiertes Aryl, Heteroaryl oder substituiertes Hete-
roaryl bilden oder

(iv) R® und R# unabhingig aus der Gruppe bestehend aus Wasserstoff, Alkyl, Aryl, Heteroaryl, Hydroxy,
-S(0),-N(R8)-R8, -NR8C(O)NR8R8 und -X1R8 ausgewihlt sind; wobei

X1 fur Sauerstoff, -S(0),- oder -NR9- steht;
n fur 0, 1 oder 2 steht;

R® flr Aryl oder substituiertes Aryl steht und
RS fir Wasserstoff, Alkyl oder Aryl steht;

oder R3 und R4 zusammen mit den daran gebundenen Kohlenstoffatomen ein Cycloalkyl, Heterocyclyl, Aryl
oder Heteroaryl bilden oder

(v) R3 und R4 unabhéngig aus der Gruppe bestehend aus Wasserstoff und -X'R® ausgewahlt sind; wobei X'
fir Sauerstoff steht und R8 flr Aryl oder substituiertes Aryl steht; oder

(vi) R®% und R® unabhingig aus der Gruppe bestehend aus Wasserstoff, Halogen, Alkyl, substituiertem Alkyl,
Aryl, substituiertem Aryl, Heteroaryl, substituiertem Heteroaryl und -X2R10 ausgewahlt sind;

waobei X2 fiir Sauerstoff, -S(0),- oder -NR13- steht;

n fur 0, 1 oder 2 steht;

R0 fir Aryl oder substituiertes Aryl steht und
R13 aus der Gruppe bestehend aus Wasserstoff, Alkyl und Aryl ausgewahlt ist; oder
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(vii) R% und R® unabhangig aus der Gruppe bestehend aus Wasserstoff und -X2R10 ausgewahlt sind; wobei X2
fir Sauerstoff steht und R10 fiir Aryl oder substituiertes Aryl steht; oder

(viii) R% und R® fur Wasserstoff stehen oder

(ix) R2 fir Wasserstoff oder Alkyl steht;

R3 und R4 unabhangig aus der Gruppe bestehend aus Wasserstoff, Alkyl, substituiertem Alkyl, Aryl, substitu-
iertem Aryl, Heteroaryl, substituiertem Heteroaryl, Halogen, Hydroxy, Cyano, -S(0),-N(R8)-R8, -NR8C(O)NRSER8
und -X1R8 ausgewahlt sind;

wobei X1 fiir Sauerstoff, -S(0),- oder -NR%-steht;

n fur 0, 1 oder 2 steht;

R8 jeweils unabhangig aus der Gruppe bestehend aus Wasserstoff, Alkyl, substituiertem Alkyl, Aryl, sub-
stituiertem Aryl, Cycloalkyl, substituiertem Cycloalkyl, Heteroaryl, substituiertem Heteroaryl, Heterocyclyl
und substituiertem Heterocyclyl ausgewahlt ist, mit der MaRgabe, dass dann, wenn X1 fiir -SO-oder -SO,-
steht, R8 nicht fiir Wasserstoff steht; und

R® aus der Gruppe bestehend aus Wasserstoff, Alkyl und Aryl ausgewahlt ist;

oder R3 und R4 zusammen mit den daran gebundenen Kohlenstoffatomen ein Cycloalkyl, substituiertes Cyc-
loalkyl, Heterocyclyl, substituiertes Heterocyclyl, Aryl, substituiertes Aryl, Heteroaryl oder substituiertes Hete-
roaryl bilden und

R% und R8 unabhingig aus der Gruppe bestehend aus Wasserstoff, Halogen, Alkyl, substituiertem Alkyl, Aryl,
substituiertem Aryl, Heteroaryl, substituiertem Heteroaryl und -X2R10 ausgewahlt sind; wobei X2 fiir Sauerstoff,
-S(0),,- oder -NR13- steht;

n fur 0, 1 oder 2 steht;
R0 fir Aryl oder substituiertes Aryl steht und
R13 aus der Gruppe bestehend aus Wasserstoff, Alkyl und Aryl ausgewahlt ist; oder

(x) R2 fiir Wasserstoff oder Alkyl steht;
R3 und R# unabhangig aus der Gruppe bestehend aus Wasserstoff, Alkyl, Aryl, Heteroaryl, Hydroxy,
-S(0),-N(R8)-R8, -NREC(O)NRERS8 und -X'R8 ausgewahlt sind; wobei

X1 fir Sauerstoff, -S(0),,- oder -NR9- steht;
n fur 0, 1 oder 2 steht;

R8 fur Aryl oder substituiertes Aryl steht und
R fir Wasserstoff, Alkyl oder Aryl steht;

oder R3 und R# zusammen mit den daran gebundenen Kohlenstoffatomen ein Cycloalkyl, Heterocyclyl, Aryl
oder Heteroaryl bilden und

R5 und R8 unabhéngig aus der Gruppe bestehend aus Wasserstoff und -X2R10 ausgewahlt sind; wobei X2 fiir
Sauerstoff steht und R0 fiir Aryl oder substituiertes Aryl steht; oder

(xi) R2 fiir Wasserstoff oder Alkyl steht;

R3 und R4 unabhangig aus der Gruppe bestehend aus Wasserstoff und -X'R8 ausgewahlt sind; wobei X1 fir
Sauerstoff steht und R8 fiir Aryl oder substituiertes Aryl steht; und

R% und RS fiir Wasserstoff stehen oder

(xii) R12 fiir C4- bis C4-Alkyl steht oder

(xiii) R12 fur Methyl steht.

Revendications

1.

Procédé de préparation d’'un composé de formule | ou d’un stéréoisomére ou d’'un mélange de stéréoisoméres de
celui-ci :
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RE OH O
R2
R3 R Z/
N
R4
5 R
R r‘l‘l/
R I

le procédé comprenant la mise en contact d’un composé de formule Il ;

R OH O
RZ
oA
R4
R |
avec un composé de formule Ill :
(R11),N /\\N(RH)z

Ii1

dans des conditions de réaction suffisantes pour produire un composé de formule | ; dans lequel

ZestO,NR1, 0uS;

R1 est choisi dans le groupe consistant en hydrogéne et alkyle ;

R? est choisi dans le groupe consistant en hydrogéne et alkyle qui est non substitué ou substitué par un ou
plusieurs substituants indépendamment choisis dans le groupe consistant en cycloalkyle, hétérocyclyle, aryle
et hétéroaryle ;

R3 et R4 sont indépendamment choisis dans le groupe consistant en hydrogéne, alkyle, alkyle substitué, cy-
cloalkyle, cycloalkyle substitué, hétérocyclyle, hétérocyclyle substitué, aryle, aryle substitué, hétéroaryle, hé-
téroaryle substitug, halogéno, hydroxy, cyano, -S(0),-N(R8)-R8, -NREC(O)NR8RE et -X1R8 ; ot X1 est oxygéne,
-S(O),- ou -NR®-;

nvaut0,1ou?2;

chaque R8 est indépendamment choisi dans le groupe consistant en hydrogéne, alkyle, alkyle substitué,
aryle, aryle substitué, cycloalkyle, cycloalkyle substitué, hétéroaryle, hétéroaryle substitué, hétérocyclyle
et hétérocyclyle substitué a condition que lorsque X1 est-SO-ou -S0,-, alors R8 ne soit pas hydrogéne ; et
RY est choisi dans le groupe consistant en hydrogéne, alkyle et aryle ;

ouR3 etR* conjointement avecles atomes de carbone quileur sont pendants, forment un cycloalkyle, cycloalkyle
substitué, hétérocyclyle, hétérocyclyle substitué, aryle, aryle substitué, hétéroaryle ou hétéroaryle substitué ;
RS et R sont indépendamment choisis dans le groupe consistant en hydrogéne, halogéno, alkyle, alkyle subs-
titué, alcoxy, alcoxy substitué, aryle, aryle substitué, hétéroaryle, hétéroaryle substitué et -X2R10 :

ou X2 est oxygene, -S(O),- ou -NR13-;

nvaut0,1ou?2;

R10 est choisi dans le groupe consistant en alkyle, alkyle substitué, aryle, aryle substitué, hétéroaryle,
hétéroaryle substitué, hétérocyclyle et hétérocyclyle substitué; et

R13 est choisi dans le groupe consistant en hydrogéne, alkyle et aryle ; ou lorsque X2 est -NR13- alors R10
et R13, conjointement avec 'atome d’azote auquel ils sont liés, peuvent étre joints pour former un groupe
hétérocyclyle ou hétérocyclyle substitué; et

chaque R est indépendamment choisi parmi alkyle, benzyle et aryle, ou deux R!! conjointement avec I'atome
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d’azote auquel ils sont attachés forment un hétérocyclyle a 4 a 8 chainons ou un hétéroaryle.

Procédé selon larevendication 1 de préparation d’'un composé de formule IAou d’un stéréoisomeére ou d’'un mélange
de stéréoisoméres de celui-ci :

RS OH O
R‘j \ 0/R2
A
R*
R? r}J‘fRﬂ
R 1A

comprenant la mise en contact d’'un composé de formule IIA :

89
RS OH O
R2
R3 \\ O/
=N
R4
R A
avec un composé de formule Ill :
//\
(R™):N N(R™"), I

dans des conditions de réaction suffisantes pour produire un composé de formule IA ; dans lequel

R? est choisi dans le groupe consistant en hydrogéne et alkyle qui est non substitué ou substitué par un ou
plusieurs substituants indépendamment choisis dans le groupe consistant en cycloalkyle, hétérocyclyle, aryle
et hétéroaryle;

R3 et R4 sont indépendamment choisis dans le groupe consistant en hydrogéne, alkyle, alkyle substitué, cy-
cloalkyle, cycloalkyle substitué, hétérocyclyle, hétérocyclyle substitué, aryle, aryle substitué, hétéroaryle, hé-
téroaryle substitué, halogéno, hydroxy, cyano, -S(0),-N(R8)-R8 ou n vaut 0, 1 ou 2, -NRBC(O)NRERS, et -XTR8
ou X1 est oxygéne, -S(0),- ou -NR®- ol n vaut 0, 1 ou 2, ou R3, R* conjointement avec 'atome de carbone qui
leur est pendant, forment un cycloalkyle, cycloalkyle substitué, hétérocyclyle, hétérocyclyle substitué, aryle,
aryle substitué, hétéroaryle ou hétéroaryle substitué ;

RS et R8 sont indépendamment choisis dans le groupe consistant en hydrogéne, halogéno, alkyle, alkyle subs-
titué, alcoxy, alcoxy substitué, aryle, aryle substitué, hétéroaryle, hétéroaryle substitué et -X2R10 ol X2 est
oxygeéne, -S(0),- ou -NR13- ot n vaut 0, 1 ou 2, ou lorsque X2 est -NR13-, alors R'3 et R10, conjointement avec
latome d’azote auquel ils sont liés, peuvent étre joints pour former un groupe hétérocyclyle ou hétérocyclyle
substitué ;

chaque R8 est indépendamment choisi dans le groupe consistant en hydrogéne, alkyle, alkyle substitué, aryle,
aryle substitué, cycloalkyle, cycloalkyle substitué, hétéroaryle, hétéroaryle substitué, hétérocyclyle et hétéro-
cyclyle substitué a condition que lorsque X1 est-SO- ou -SO,-, alors R8 ne soit pas hydrogéne;

RY et R13 sont indépendamment choisis dans le groupe consistant en hydrogéne, alkyle et aryle;

R10est choisidans le groupe consistanten alkyle, alkyle substitué, aryle, aryle substitué, hétéroaryle, hétéroaryle
substitué, hétérocyclyle et hétérocyclyle substitué; et

chaque R est indépendamment choisi parmi alkyle, benzyle et aryle, ou deux R!! conjointement avec I'atome
d’azote auquel ils sont attachés forment un hétérocyclyle a 4 a 8 chainons ou un hétéroaryle.
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Procédé selon la revendication 1 ou la revendication 2, dans lequel

(i) les conditions de réaction comprennent un acide, tel que l'acide acétique glacial; ou

(ii) la réaction est conduite a une température supérieure a environ 30 °C, telle que d’environ 50 °C a environ
60 °C; ou

(i) R1 est alkyle en C a Cy.

Procédé de préparation d’'un composé de formule IV ou d’un stéréoisomeére ou d’un mélange de stéréoisoméres
de celui-ci :

RS OH O
Rz
R 2 Z/
=N
Ré 0
R No P ge
O R v
comprenant la mise en contact d’'un composé de formule | ;
R OH O
R2
R SN 7
=M
R4
5 R
R hlJ/
R11 I
avec un composé de formule
O
R12 )kxﬁ
suivi par un composé de formule
O
reAon
un composé de formule R12-X3 suivi par un composé de formule
O
R*E)LOH ;
ou un composé de formule V :
JOJ\ )OJ\
R12 e) R12 v

dans des conditions de réaction suffisantes pour produire un composé de formule IV ; dans lequel
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ZestO,NRTouS;

R' est choisi dans le groupe consistant en hydrogéne et alkyle ;

R? est choisi dans le groupe consistant en hydrogéne et alkyle qui est non substitué ou substitué par un ou
plusieurs substituants indépendamment choisis dans le groupe consistant en cycloalkyle, hétérocyclyle, aryle
et hétéroaryle;

R3 et R4 sont indépendamment choisis dans le groupe consistant en hydrogéne, alkyle, alkyle substitué, cy-
cloalkyle, cycloalkyle substitué, hétérocyclyle, hétérocyclyle substitué, aryle, aryle substitué, hétéroaryle, hé-
téroaryle substitué, halogéno, hydroxy, cyano, -S(0),-N(R8)-R8 ou n vaut 0, 1 ou 2, -NRBC(O)NRERS, et -XTR8
ou X' est oxygeéne, -S(0),- ou -NR®- ol n vaut 0, 1 ou 2, ou R3, R* conjointement avec 'atome de carbone qui
leur est pendant, forment un cycloalkyle, cycloalkyle substitué, hétérocyclyle, hétérocyclyle substitué, aryle,
aryle substitué, hétéroaryle ou hétéroaryle substitué;

RS et R sont indépendamment choisis dans le groupe consistant en hydrogéne, halogéno, alkyle, alkyle subs-
titué, alcoxy, alcoxy substitué, aryle, aryle substitué, hétéroaryle, hétéroaryle substitué et -X2R10 ol X2 est
oxygeéne, -S(0),- ou -NR3- ot n vaut 0, 1 ou 2, ou lorsque X2 est -NR13-, alors R13 et R10, conjointement avec
latome d’azote auquel ils sont liés, peuvent étre joints pour former un groupe hétérocyclyle ou hétérocyclyle
substitué;

chaque R8 est indépendamment choisi dans le groupe consistant en hydrogéne, alkyle, alkyle substitué, aryle,
aryle substitué, cycloalkyle, cycloalkyle substitué, hétéroaryle, hétéroaryle substitué, hétérocyclyle et hétéro-
cyclyle substitué & condition que lorsque X! est-SO- ou -SO,-, alors R8 ne soit pas hydrogéne ;

RY et R13 sont indépendamment choisis dans le groupe consistant en hydrogéne, alkyle et aryle;

R10 est choisidans le groupe consistant en alkyle, alkyle substitué, aryle, aryle substitué, hétéroaryle, hétéroaryle
substitué, hétérocyclyle et hétérocyclyle substitué;

chaque R est indépendamment choisi parmi alkyle, benzyle et aryle, ou deux R1! conjointement avec 'atome
d’azote auquel ils sont attachés forment un hétérocyclyle a 4 a 8 chainons ou un hétéroaryle;

chaque R12 estindépendamment choisi dans le groupe consistant en alkyle, aryle, hétéroaryle et hétérocyclyle,
ou lorsque deux R'2 sont présents, deux R'2 conjointement avec 'atome de carbone auquel ils sont attachés
forment un hétérocyclyle a 4 a 8 chainons; et

X3 est halogéno.

Procédé selon la revendication 4 de préparation d’un composé de formule IVA ou d’un stéréoisomére ou d’un
mélange de stéréoisomeres de celui-ci :

RS CH O©
R?
=N
Ré 0

Re O)l\ R12

IVA

comprenant la mise en contact d’'un composé de formule |A :

RE OH O

=3 IA

avec un composé de formule V ;
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I

R12 @) R12 v

dans des conditions de réaction suffisantes pour produire un composé de formule IVA; dans lequel

R? est choisi dans le groupe consistant en hydrogéne et alkyle qui est non substitué ou substitué par un ou
plusieurs substituants indépendamment choisis dans le groupe consistant en cycloalkyle, hétérocyclyle, aryle
et hétéroaryle;

R3 et R4 sont indépendamment choisis dans le groupe consistant en hydrogéne, alkyle, alkyle substitué, cy-
cloalkyle, cycloalkyle substitué, hétérocyclyle, hétérocyclyle substitué, aryle, aryle substitué, hétéroaryle, hé-
téroaryle substitué, halogéno, hydroxy, cyano, -S(0),-N(R8)-R8 ou n vaut 0, 1 ou 2, -NR8C(O)NRERS, et -X1R8
ou X1 est oxygéne, -S(0),- ou -NR®- ol n vaut 0, 1 ou 2, ou R3, R* conjointement avec 'atome de carbone qui
leur est pendant, forment un cycloalkyle, cycloalkyle substitué, hétérocyclyle, hétérocyclyle substitué, aryle,
aryle substitué, hétéroaryle ou hétéroaryle substitué;

RS et R8 sont indépendamment choisis dans le groupe consistant en hydrogéne, halogéno, alkyle, alkyle subs-
titué, alcoxy, alcoxy substitué, aryle, aryle substitué, hétéroaryle, hétéroaryle substitué¢ et -X2R10 ou X2 est
oxygene, -S(0O),- ou -NR13- ot n vaut 0, 1 ou 2, ou lorsque X2 est -NR'3-, alors R13 et R10, conjointement avec
latome d’azote auquel ils sont liés, peuvent étre joints pour former un groupe hétérocyclyle ou hétérocyclyle
substitué;

chaque R8 est indépendamment choisi dans le groupe consistant en hydrogéne, alkyle, alkyle substitué, aryle,
aryle substitué, cycloalkyle, cycloalkyle substitué, hétéroaryle, hétéroaryle substitué, hétérocyclyle et hétéro-
cyclyle substitué a condition que lorsque X1 est-SO- ou -SO,-, alors R8 ne soit pas hydrogéne;

RY et R13 sont indépendamment choisis dans le groupe consistant en hydrogéne, alkyle et aryle;

R10est choisidans le groupe consistanten alkyle, alkyle substitué, aryle, aryle substitué, hétéroaryle, hétéroaryle
substitué, hétérocyclyle et hétérocyclyle substitué;

chaque R est indépendamment choisi parmi alkyle, benzyle et aryle, ou deux R!! conjointement avec I'atome
d’azote auquel ils sont attachés forment un hétérocyclyle a 4 a 8 chainons ou un hétéroaryle; et

chaque R12 est indépendamment choisi dans le groupe consistant en alkyle, aryle, hétéroaryle et hétérocyclyle,
ou deux R'2 conjointement avec 'atome de carbone auquel ils sont attachés forment un hétérocyclyle 84 & 8
chafnons.

Procédé selon la revendication 4 ou la revendication 5, dans lequel

(i) les conditions de réaction comprennent un composé de formule V; ou

(ii) la réaction est conduite sous une atmosphére inerte, par exemple sous une atmosphere d’azote; ou

(iii) les conditions de réaction sont des conditions de réaction anhydres; ou

(iv) laréaction est conduite a une température supérieure a environ 30 °C, telle qu’a une température d’environ
100 °C; ou

(v) R et R12 sont alkyle en C4 & Cy, tel que méthyle ; ou

(vi) les conditions de réaction comprennent un composé de formule V ot R12 est alkyle en C4 & C, ; et dans
lequel laréaction est conduite a une température d’environ 100 °C, facultativement sous une atmosphére d’azote.

Procédé selon la revendication 4 ou la revendication 5, dans lequel les conditions de réaction comprennent en outre
la conversion d’un composé de formule VIl en un composé de formule IV;

O
>R12
R g o RE OH O
RZ R
R N , P R N Z/
N N
R4 7 0 R i

R® o)k R

VII

Re OJJ\ R12

v
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ou la conversion d’'un composé de formule VIIA en un composé de formule IVA,

O

RE OH O
B2
=N
R 0

R® O)k R

IVA

et facultativement dans lequel

(i) les conditions de réaction comprennent une amine, telle que la morpholine; ou

(i) la réaction est conduite dans du dichlorométhane ; ou

(iii) laréaction est conduite a une température en dessous de 25 °C, telle que d’environ 0 °C a environ 10 °C ; ou
(iv) les conditions deréaction comprennentde lamorpholine; etla réaction est conduite dans dudichlorométhane
et a une température d’environ 0 °C a environ 10 °C.

Procédé de préparation d’'un composé de formule VI ou d’un stéréoisomeére ou d’'un mélange de stéréoisoméres

de celui-ci :
R OH O
. Rz
R3 s e
=N
R4
6
R VI
comprenant la conversion d’un composé de formule IV :
RE OH ©
R3 2 z/Rz
=N
R# @]

R® Ok Rz

v

dans des conditions de réaction suffisantes pour produire un composé de formule VI; dans lequel

ZestO,NR'ou S;

R1 est choisi dans le groupe consistant en hydrogéne et alkyle;

R? est choisi dans le groupe consistant en hydrogéne et alkyle qui est non substitué ou substitué par un ou
plusieurs substituants indépendamment choisis dans le groupe consistant en cycloalkyle, hétérocyclyle, aryle
et hétéroaryle;

R3 et R4 sont indépendamment choisis dans le groupe consistant en hydrogéne, alkyle, alkyle substitué, cy-
cloalkyle, cycloalkyle substitué, hétérocyclyle, hétérocyclyle substitué, aryle, aryle substitué, hétéroaryle, hé-
téroaryle substitué, halogéno, hydroxy, cyano, -S(0),-N(R8)-R8 ou n vaut 0, 1 ou 2, -NR8C(O)NRERS, et -X1R8
ou X1 est oxygéne, -S(0),- ou -NR®- ol n vaut 0, 1 ou 2, ou R3, R* conjointement avec 'atome de carbone qui
leur est pendant, forment un cycloalkyle, cycloalkyle substitué, hétérocyclyle, hétérocyclyle substitué, aryle,
aryle substitué, hétéroaryle ou hétéroaryle substitué;

RS et R8 sont indépendamment choisis dans le groupe consistant en hydrogéne, halogéno, alkyle, alkyle subs-
titué, alcoxy, alcoxy substitué, aryle, aryle substitué, hétéroaryle, hétéroaryle substitué¢ et -X2R10 ou X2 est
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oxygeéne, -S(0),- ou -NR13- ot n vaut 0, 1 ou 2, ou lorsque X2 est -NR13-, alors R'3 et R10, conjointement avec
latome d’azote auquel ils sont liés, peuvent étre joints pour former un groupe hétérocyclyle ou hétérocyclyle
substitué;

chaque R8 est indépendamment choisi dans le groupe consistant en hydrogéne, alkyle, alkyle substitué, aryle,
aryle substitué, cycloalkyle, cycloalkyle substitué, hétéroaryle, hétéroaryle substitué, hétérocyclyle et hétéro-
cyclyle substitué & condition que lorsque X! est-SO- ou -SO,-, alors R8 ne soit pas hydrogéne;

RY et R13 sont indépendamment choisis dans le groupe consistant en hydrogéne, alkyle et aryle; et

R10 est choisidans le groupe consistant en alkyle, alkyle substitué, aryle, aryle substitué, hétéroaryle, hétéroaryle
substitué, hétérocyclyle et hétérocyclyle substitué; et

chaque R12 est indépendamment choisi dans le groupe consistant en alkyle, aryle, hétéroaryle et hétérocyclyle.

Procédé selon la revendication 8 de préparation d’un composé de formule VIA ou d’un stéréoisomére ou d’un
mélange de stéréoisomeres de celui-ci :

RS OH O
R X o /R2
N
R4
R® VIA

comprenant la conversion d’un composé de formule IVA :

RE OH O
R?
N
R4 = 0

R® Ok R12

IVA

dans des conditions de réaction suffisantes pour produire un composé de formule VIA; dans lequel

R? est choisi dans le groupe consistant en hydrogéne et alkyle qui est non substitué ou substitué par un ou
plusieurs substituants indépendamment choisis dans le groupe consistant en cycloalkyle, hétérocyclyle, aryle
et hétéroaryle;

R3 et R4 sont indépendamment choisis dans le groupe consistant en hydrogéne, alkyle, alkyle substitué, cy-
cloalkyle, cycloalkyle substitué, hétérocyclyle, hétérocyclyle substitué, aryle, aryle substitué, hétéroaryle, hé-
téroaryle substitué, halogéno, hydroxy, cyano, -S(0),-N(R8)-R8 ou n vaut 0, 1 ou 2, -NRBC(O)NRERS, et -XTR8
ou X' est oxygeéne, -S(0),- ou -NR®- ol n vaut 0, 1 ou 2, ou R3, R* conjointement avec 'atome de carbone qui
leur est pendant, forment un cycloalkyle, cycloalkyle substitué, hétérocyclyle, hétérocyclyle substitué, aryle,
aryle substitué, hétéroaryle ou hétéroaryle substitué;

RS et R sont indépendamment choisis dans le groupe consistant en hydrogéne, halogéno, alkyle, alkyle subs-
titué, alcoxy, alcoxy substitué, aryle, aryle substitué, hétéroaryle, hétéroaryle substitué et -X2R10 ol X2 est
oxygeéne, -S(0),- ou -NR13- ot n vaut 0, 1 ou 2, ou lorsque X2 est -NR13-, alors R'3 et R10, conjointement avec
latome d’azote auquel ils sont liés, peuvent étre joints pour former un groupe hétérocyclyle ou hétérocyclyle
substitué;

chaque R8 est indépendamment choisi dans le groupe consistant en hydrogéne, alkyle, alkyle substitué, aryle,
aryle substitué, cycloalkyle, cycloalkyle substitué, hétéroaryle, hétéroaryle substitué, hétérocyclyle et hétéro-
cyclyle substitué & condition que lorsque X! est-SO- ou -SO,-, alors R8 ne soit pas hydrogéne;

RY et R13 sont indépendamment choisis dans le groupe consistant en hydrogéne, alkyle et aryle; et

R10 est choisidans le groupe consistant en alkyle, alkyle substitué, aryle, aryle substitué, hétéroaryle, hétéroaryle
substitué, hétérocyclyle et hétérocyclyle substitué; et

chaque R'12 estindépendamment choisi dans le groupe consistant en alkyle, aryle, hétéroaryle et hétérocyclyle.

10. Procédé selon la revendication 8 ou la revendication 9, dans lequel

109



10

15

20

25

30

35

40

45

50

55

EP 2 872 487 B1

(i) les conditions de réaction comprennent de I’hydrogéne; ou

(ii) les conditions de réaction comprennent une base, par exemple le carbonate de sodium;

(iii) les conditions de réaction comprennent de 'acétate d’éthyle;

(iv) les conditions de réaction comprennent un catalyseur, par exemple Pd/C; ou

(v) les conditions de réaction comprennent une condition sous pression, par exemple une condition sous pression
a environ 60 psi; ou

(vi) les conditions de réaction comprennent de I’hydrogéne, du carbonate de sodium, de I'acétate d’éthyle, du
Pd/C et une condition sous pression; ou

(vii) les conditions de réaction comprennent de ’hydrogéne, du carbonate de sodium, de l'acétate d’éthyle, du
Pd/C et une condition sous pression a environ 60 psi;

(viii) R12 est alkyle en C4 & C,, par exemple méthyle.

11. Procédé de préparation d’'un composé de formule VI ou d’un stéréoisomére ou d’'un mélange de stéréoisoméres

de celui-ci :
R3 H O
RE
R RN Z/
N
R4
RS Vi

le procédé comprenant les étapes de :

a) mise en contact d’'un composé de formule Il avec un composé de formule Ill

R OH O
R3 AN Z/R2
=N
R4
R 1 (R”)ZN/\N(R”)Z 111

dans des conditions de réaction suffisantes pour produire un composé de formule | :

RE OH O
3 R?
R RN Z/
=N
R4
Ro N/R'H
|
R'H I

b) mise en contact d’un composé de formule | avec un composé de formule

0

R12 )Lx3

suivi par un composé de formule
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O

A

R* OH

’
un composé de formule R12-X3 suivi par un composé de formule

O

PR

R OH
ou un composé de formule V :
O O
R12J\0)J\R12 v

dans des conditions de réaction suffisantes pour produire un composé de formule IV :

c) facultativement, conversion d’un composé de formule VII ;

0

VI1

dans des conditions de réaction suffisantes pour produire un composé de formule IV; et

d) conversion d’un composé de formule IV dans des conditions de réaction suffisantes pour produire un composé
de formule VI,

dans lequel

ZestO,NR'ou S;

R' est choisi dans le groupe consistant en hydrogéne et alkyle ;

R? est choisi dans le groupe consistant en hydrogéne et alkyle qui est non substitué ou substitué par un
ou plusieurs substituants indépendamment choisis dans le groupe consistant en cycloalkyle, hétérocyclyle,
aryle et hétéroaryle ;

R3 et R4 sont indépendamment choisis dans le groupe consistant en hydrogéne, alkyle, alkyle substitug,
cycloalkyle, cycloalkyle substitué, hétérocyclyle, hétérocyclyle substitué, aryle, aryle substitué, hétéroaryle,
hétéroaryle substitué, halogéno, hydroxy, cyano, -S(O),-N(R8)-R8 ol n vaut 0, 1 ou 2, -NR8C(O)NRERS,
et -XTR8 ou X' est oxygéne, -S(O),- ou -NR%- ol n vaut 0, 1 ou 2, ou R3, R4 conjointement avec I'atome
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de carbone qui leur est pendant, forment un cycloalkyle, cycloalkyle substitué, hétérocyclyle, hétérocyclyle
substitué, aryle, aryle substitué, hétéroaryle ou hétéroaryle substitué ;

RS5 et R® sont indépendamment choisis dans le groupe consistant en hydrogéne, halogéno, alkyle, alkyle
substitué, alcoxy, alcoxy substitué, aryle, aryle substitué, hétéroaryle, hétéroaryle substitué et -X2R10 oy
X2 est oxygene, -S(0),- ou -NR13- ol n vaut 0, 1 ou 2, ou lorsque X2 est -NR13-, alors R13 et R19, conjoin-
tement avec 'atome d’azote auquel ils sont liés, peuvent étre joints pour former un groupe hétérocyclyle
ou hétérocyclyle substitué;

chaque R8 est indépendamment choisi dans le groupe consistant en hydrogéne, alkyle, alkyle substitué,
aryle, aryle substitué, cycloalkyle, cycloalkyle substitué, hétéroaryle, hétéroaryle substitué, hétérocyclyle
et hétérocyclyle substitué a condition que lorsque X1 est -SO- ou -SO,-, alors R8 ne soit pas hydrogéne;
RY et R13 sont indépendamment choisis dans le groupe consistant en hydrogéne, alkyle et aryle; et

R10 est choisi dans le groupe consistant en alkyle, alkyle substitué, aryle, aryle substitugé, hétéroaryle,
hétéroaryle substitué, hétérocyclyle et hétérocyclyle substitué ;

chaque R'! est indépendamment choisi parmi alkyle, benzyle et aryle, ou deux R'! conjointement avec
l'atome d’azote auquel ils sont attachés forment un hétérocyclyle a 4 a 8 chainons ou un hétéroaryle;
chaque R12 est indépendamment choisi dans le groupe consistant en alkyle, aryle, hétéroaryle et hétéro-
cyclyle, ou lorsque deux R12 sont présents, deux R12 conjointement avec 'atome de carbone auquel ils
sont attachés forment un hétérocyclyle a 4 a 8 chalnons; et

X3 est halogéno.

12. Procédé selon la revendication 11 de préparation d’'un composé de formule VIA ou d’un stéréoisomére ou d’un
mélange de stéréoisomeres de celui-ci :

RS OH O
N
Rs’.
R VIA

le procédé comprenant les étapes de :

a) mise en contact d’'un composé de formule lIA avec un composé de formule Ill

R OH O
R2
~N
R¢ N
Ré 1A (R™),N NR'), m

dans des conditions de réaction suffisantes pour produire un composé de formule IA :

R® OH O
R \ OJ’RZ
N
R4
RG N”’/Rﬂ
|
R™ 1A
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b) mise en contact d’un composé de formule |A avec un composé de formule V

L i
R‘IE 8} R‘IZ V

dans des conditions de réaction suffisantes pour produire un composé de formule IVA :

c) facultativement, conversion d’un composé de formule VIIA :

0

R™ via

dans des conditions de réaction suffisantes pour produire un composé de formule IVA; et

d) conversion d’'un composé de formule IVA dans des conditions de réaction suffisantes pour produire un
composé de formule VIA;

dans lequel

R? est choisi dans le groupe consistant en hydrogéne et alkyle qui est non substitué ou substitué par un
ou plusieurs substituants indépendamment choisis dans le groupe consistant en cycloalkyle, hétérocyclyle,
aryle et hétéroaryle;

R3 et R4 sont indépendamment choisis dans le groupe consistant en hydrogéne, alkyle, alkyle substitug,
cycloalkyle, cycloalkyle substitué, hétérocyclyle, hétérocyclyle substitué, aryle, aryle substitué, hétéroaryle,
hétéroaryle substitué, halogéno, hydroxy, cyano, -S(O),-N(R8)-R8 ou n vaut 0, 1 ou 2, -NR8C(O)NRERS,
et -X1R8 ou X1 est oxygeéne, -S(O),- ou -NR9- ol n vaut 0, 1 ou 2, ou R3, R* conjointement avec I'atome
de carbone qui leur est pendant, forment un cycloalkyle, cycloalkyle substitué, hétérocyclyle, hétérocyclyle
substitué, aryle, aryle substitué, hétéroaryle ou hétéroaryle substitué;

RS et R6 sont indépendamment choisis dans le groupe consistant en hydrogéne, halogéno, alkyle, alkyle
substitué, alcoxy, alcoxy substitué, aryle, aryle substitué, hétéroaryle, hétéroaryle substitué et -X2R10 oy
X2 estoxygeéne,-S(0),-ou-NR%-olnvaut0, 1ou2,oulorsque X2 est-NR13-, alors R13 et R19, conjointement
avec I'atome d’azote auquel ils sont liés, peuvent étre joints pour former un groupe hétérocyclyle ou hété-
rocyclyle substitué;

chaque R8 est indépendamment choisi dans le groupe consistant en hydrogéne, alkyle, alkyle substitué,
aryle, aryle substitué, cycloalkyle, cycloalkyle substitué, hétéroaryle, hétéroaryle substitué, hétérocyclyle
et hétérocyclyle substitué & condition que lorsque X' est -SO- ou -SO,-, alors R8 ne soit pas hydrogéne;

RY et R13 sont indépendamment choisis dans le groupe consistant en hydrogéne, alkyle et aryle; et

R10 est choisi dans le groupe consistant en alkyle, alkyle substitué, aryle, aryle substitugé, hétéroaryle,
hétéroaryle substitué, hétérocyclyle et hétérocyclyle substitué;

chaque R'! est indépendamment choisi parmi alkyle, benzyle et aryle, ou deux R'! conjointement avec
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l'atome d’azote auquel ils sont attachés forment un hétérocyclyle a 4 a 8 chainons ou un hétéroaryle; et
chaque R'2 est indépendamment choisi dans le groupe consistant en alkyle, aryle, hétéroaryle et hétéro-
cyclyle, ou deux R12 conjointement avec 'atome de carbone auquel ils sont attachés forment un hétéro-
cyclyle a 4 a 8 chainons.

13. Procédé selon la revendication 11 ou la revendication 12, dans lequel

(i) les conditions de réaction des étapes a) et b) comprennent un acide; ou
(i) R et R12 sont alkyle en C4 & C,4 ; ou

(iiiy R et R12 sont alkyle en C4 & Cy4, et R3, R? et R6 sont hydrogéne; ou
(iv) R et R12 sont alkyle en C; & Cy4, et R4, R® et R8 sont hydrogéne; ou
(v) R et R12 sont méthyle.

14. Procédé selon la revendication 11 de préparation d’'un composé de formule VIC ou d’un stéréoisomére ou d’un
mélange de stéréoisomeres de celui-ci :

R4
VIC

comprenant les étapes de :

a) mise en contact d’'un composé de formule [IC avec un composé de formule IlIA

OH O
= D/R2 ™~ N AN
N .
R 1cC THA

dans des conditions de réaction suffisantes pour produire un composé de formule IC :

OH O

RZ
A o~

~N
R4

N/

| IC

b) mise en contact d’'un composé de formule IC avec un composé de formule VA

0] 0

A

dans des conditions de réaction suffisantes pour produire un composé de formule IVC :

VA
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IvC

R4
VIIC

dans des conditions de réaction suffisantes pour produire un composé de formule IVC; et

d) conversion d’'un composé de formule IVC dans des conditions de réaction suffisantes pour produire un
composé de formule VIC; et facultativement

e) mise en contact d’un composé de formule VIC avec de la glycine dans des conditions de réaction suffisantes
pour produire un composé de formule XC :

OH O
OH

I=

=N O
R4

XC

ou un stéréoisomére ou un mélange de stéréoisoméres de celui-ci;
dans lequel

R? est choisi dans le groupe consistant en hydrogéne et alkyle qui est non substitué ou substitué par un
ou plusieurs substituants indépendamment choisis dans le groupe consistant en cycloalkyle, hétérocyclyle,
aryle et hétéroaryle ;

R4 est choisi dans le groupe consistant en hydrogéne, alkyle, alkyle substitué, cycloalkyle, cycloalkyle
substitué, hétérocyclyle, hétérocyclyle substitué, aryle, aryle substitué, hétéroaryle, hétéroaryle substitué,
halogéno, hydroxy, cyano, -S(O),-N(R8)-R8 ol n vaut 0, 1 ou 2, -NR8C(O)NRERS, et -X1R8 ou X! est
oxygene, -S(0O),- ou -NR®- ot n vaut 0, 1 ou 2;

chaque R8 est indépendamment choisi dans le groupe consistant en hydrogéne, alkyle, alkyle substitué,
aryle, aryle substitué, cycloalkyle, cycloalkyle substitué, hétéroaryle, hétéroaryle substitué, hétérocyclyle
et hétérocyclyle substitué & condition que lorsque X! est-SO-ou -SO,-, alors R8 ne soit pas hydrogéne; et
chaque R est choisi dans le groupe consistant en hydrogéne, alkyle et aryle.

15. Procédé selon la revendication 11 de préparation d’'un composé de formule VID ou d’un stéréoisomére ou d’un
mélange de stéréoisomeres de celui-ci :
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OH O
3 AN O/R2

=N
ViD

comprenant les étapes de :

a) mise en contact d’'un composé de formule IID avec un composé de formule IlIIA

oH O

R
RS N o’ \N/\N/'

N ]

1D 1A

dans des conditions de réaction suffisantes pour produire un composé de formule ID :

oH O
Rz
R N o
N
N~

| 1D

b) mise en contact d’'un composé de formule ID avec un composé de formule VA

0 O

PEE

dans des conditions de réaction suffisantes pour produire un composé de formule IVD :

VA

oH O
=& Rz
= o~
N
2!

N

c) facultativement, conversion d’un composé de formule VIID :

WD

116



10

15

20

25

30

35

40

45

50

55

EP 2 872 487 B1

Q,
O Q
R2 N O/R?
=N o
Ok
VIID

dans des conditions de réaction suffisantes pour produire un composé de formule IVD ; et

d) conversion d’'un composé de formule IVD dans des conditions de réaction suffisantes pour produire un
composé de formule VID; et facultativement

e) mise en contact d’un composé de formule VID avec de la glycine dans des conditions de réaction suffisantes
pour produire un composé de formule XD :

OH O
X]
R x N/\(OH
H
~N O

XD

ou un stéréoisomére ou un mélange de stéréoisoméres de celui-ci; dans lequel

R? est choisi dans le groupe consistant en hydrogéne et alkyle qui est non substitué ou substitué par un
ou plusieurs substituants indépendamment choisis dans le groupe consistant en cycloalkyle, hétérocyclyle,
aryle et hétéroaryle;

R3 est choisi dans le groupe consistant en hydrogéne, alkyle, alkyle substitué, cycloalkyle, cycloalkyle
substitué, hétérocyclyle, hétérocyclyle substitué, aryle, aryle substitué, hétéroaryle, hétéroaryle substitué,
halogéno, hydroxy, cyano, -S(O),-N(R8)-R8 ol n vaut 0, 1 ou 2, -NR8C(O)NRERS, et -X'R8 ou X! est
oxygeéne, -S(O),- ou -NR%- ot n vaut 0, 1 ou 2, ou R3, R* conjointement avec I'atome de carbone qui leur
est pendant, forment un cycloalkyle, cycloalkyle substitué, hétérocyclyle, hétérocyclyle substitué, aryle,
aryle substitué, hétéroaryle ou hétéroaryle substitué;

chaque R8 est indépendamment choisi dans le groupe consistant en hydrogéne, alkyle, alkyle substitué,
aryle, aryle substitué, cycloalkyle, cycloalkyle substitué, hétéroaryle, hétéroaryle substitué, hétérocyclyle
et hétérocyclyle substitué & condition que lorsque X! est-SO- ou -SO,-, alors R® ne soit pas hydrogéne; et
chaque R est choisi dans le groupe consistant en hydrogéne, alkyle et aryle.

16. Procédé selon la revendication 14 ou 15, dans lequel

(i) R? est hydrogéne et R4 est phénoxy; ou
(i) R? est hydrogéne et R* est 4-méthoxyphénoxy ; ou
(iii) R? est hydrogéne et R4 est 3,5-difluorophénoxy.

17. Procédé selon 'une quelconque des revendications 11, 12, 14 et 15, dans lequel

(i) les conditions de réaction de I'étape a) comprennent un acide, par exemple l'acide acétique glacial ; ou

(ii) r'étape a) est conduite a une température supérieure a environ 30 °C, par exemple a une température
d’environ 50 °C a environ 60 °C; ou

(iii) 'étape b) est conduite a une température supérieure a environ 30 °C, par exemple a une température
d’environ 100 °C; ou

(iv) le procédé comprend I'étape c) ; ou

(v) le procédé comprend I'étape c) et les conditions de réaction de I'étape ¢) comprennent une amine, par
exemple la morpholine; ou

(vi) le procédé comprend I'étape c) et I'étape ¢) est conduite dans du dichlorométhane; ou

(vii) le procédé comprend I'étape c) et I'étape c) est conduite a une température en dessous d’environ 25 °C,
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par exemple a une température d’environ 0 °C a environ 10 °C ; ou

(viii) les conditions de réaction de I'étape d) comprennent de I’hydrogene; ou

(ix) les conditions de réaction de I'étape d) comprennent une base, par exemple le carbonate de sodium; ou
(x) les conditions de réaction de I'étape d) comprennent d’environ 0,5 a environ 1 équivalent molaire de carbonate
de sodium; ou

(xi) les conditions de réaction de I'étape d) comprennent de 'acétate d’éthyle; ou

(xii) les conditions de réaction de I'étape d) comprennent un catalyseur, par exemple Pd/C.

18. Procédé selon 'une quelconque des revendications 1,2, 11 et 12, dans lequel d’environ 1,1 a environ 1,5 équivalent
molaire du composé de formule Il est utilisé, ou procédé de la revendication 14 ou 15, dans lequel d’environ 1,1 a
environ 1,5 équivalent molaire du composé de formule IlIA est utilisé.

19. Procédé selon 'une quelconque des revendications 4, 5, 11 et 12, dans lequel d’environ 2 a environ 3 équivalents
molaires du composé de formule V sont utilisés, ou procédé de la revendication 14 ou 15, dans lequel d’environ 2

a environ 3 équivalents molaires du composé de formule VA sont utilisés.

20. Composé de formule VI :

VI

dans lequel :

ZestO,NRTouS;

R1 est choisi dans le groupe consistant en hydrogéne et alkyle ;

R? est choisi dans le groupe consistant en hydrogéne et alkyle qui est non substitué ou substitué par un ou
plusieurs substituants indépendamment choisis dans le groupe consistant en cycloalkyle, hétérocyclyle, aryle
et hétéroaryle;

R3 et R4 sont indépendamment choisis dans le groupe consistant en hydrogéne, alkyle, alkyle substitué, cy-
cloalkyle, cycloalkyle substitué, hétérocyclyle, hétérocyclyle substitué, aryle, aryle substitué, hétéroaryle, hé-
téroaryle substitué, halogéno, hydroxy, cyano, -S(0),-N(R8)-R8 ou n vaut 0, 1 ou 2, -NRBC(O)NRERS, et -XTR8
ou X' est oxygeéne, -S(0),- ou -NR®- ol n vaut 0, 1 ou 2, ou R3, R* conjointement avec 'atome de carbone qui
leur est pendant, forment un cycloalkyle, cycloalkyle substitué, hétérocyclyle, hétérocyclyle substitué, aryle,
aryle substitué, hétéroaryle ou hétéroaryle substitué;

RS et R sont indépendamment choisis dans le groupe consistant en hydrogéne, halogéno, alkyle, alkyle subs-
titué, alcoxy, alcoxy substitué, aryle, aryle substitué, hétéroaryle, hétéroaryle substitué et -X2R10 ol X2 est
oxygeéne, -S(0),- ou -NR13- ot n vaut 0, 1 ou 2, ou lorsque X2 est -NR13-, alors R'3 et R10, conjointement avec
latome d’azote auquel ils sont liés, peuvent étre joints pour former un groupe hétérocyclyle ou hétérocyclyle
substitué;

R7 est soit -N(R1")(R'") soit -OC(O)R12 ;

chaque R8 est indépendamment choisi dans le groupe consistant en hydrogéne, alkyle, alkyle substitué, aryle,
aryle substitué, cycloalkyle, cycloalkyle substitué, hétéroaryle, hétéroaryle substitué, hétérocyclyle et hétéro-
cyclyle substitué & condition que lorsque X! est-SO- ou -SO,-, alors R8 ne soit pas hydrogéne;

RY et R13 sont indépendamment choisis dans le groupe consistant en hydrogéne, alkyle et aryle;

R10 est choisidans le groupe consistant en alkyle, alkyle substitué, aryle, aryle substitué, hétéroaryle, hétéroaryle
substitué, hétérocyclyle et hétérocyclyle substitué;

chaque R est indépendamment choisi parmi alkyle, benzyle et aryle, ou deux R1! conjointement avec 'atome
d’azote auquel ils sont attachés forment un hétérocyclyle a 4 a 8 chainons ou un hétéroaryle ; et

chaque R'2 est indépendamment choisi dans le groupe consistant en alkyle, aryle, hétéroaryle et hétérocyclyle;
ou sel, ester, stéréoisomére ou mélange de stéréoisomeéres de celui-ci;
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a condition que le composé ne soit pas 'ester de butyle d’acide 1-diméthylaminométhyl-4-hydroxy-7-phényl-
sulfanyl-isoquinoléine-3-carboxylique.

21. Composé selon la revendication 20 de formule VIIIA :

RS OH O
R N O/"*‘?
_N
Rti
Re -
VIIIA

dans lequel :

R? est choisi dans le groupe consistant en hydrogéne et alkyle qui est non substitué ou substitué par un ou
plusieurs substituants indépendamment choisis dans le groupe consistant en cycloalkyle, hétérocyclyle, aryle
et hétéroaryle;

R3 et R4 sont indépendamment choisis dans le groupe consistant en hydrogéne, alkyle, alkyle substitué, cy-
cloalkyle, cycloalkyle substitué, hétérocyclyle, hétérocyclyle substitué, aryle, aryle substitué, hétéroaryle, hé-
téroaryle substitué, halogéno, hydroxy, cyano, -S(0),-N(R8)-R8 ou n vaut 0, 1 ou 2, -NR8C(O)NRERS, et -X1R8
ou X1 est oxygéne, -S(0),- ou -NR®- ol n vaut 0, 1 ou 2, ou R3, R* conjointement avec 'atome de carbone qui
leur est pendant, forment un cycloalkyle, cycloalkyle substitué, hétérocyclyle, hétérocyclyle substitué, aryle,
aryle substitué, hétéroaryle ou hétéroaryle substitué;

RS et R8 sont indépendamment choisis dans le groupe consistant en hydrogéne, halogéno, alkyle, alkyle subs-
titué, alcoxy, alcoxy substitué, aryle, aryle substitué, hétéroaryle, hétéroaryle substitué¢ et -X2R10 ou X2 est
oxygene, -S(0O),- ou -NR13- ot n vaut 0, 1 ou 2, ou lorsque X2 est -NR'3-, alors R13 et R10, conjointement avec
latome d’azote auquel ils sont liés, peuvent étre joints pour former un groupe hétérocyclyle ou hétérocyclyle
substitué;

R7 est soit -N(R1")(R'") soit -OC(O)R12 ;

chaque R8 est indépendamment choisi dans le groupe consistant en hydrogéne, alkyle, alkyle substitué, aryle,
aryle substitué, cycloalkyle, cycloalkyle substitué, hétéroaryle, hétéroaryle substitué, hétérocyclyle et hétéro-
cyclyle substitué a condition que lorsque X1 est -SO-ou -SO,-, alors R8 ne soit pas hydrogéne;

RY et R13 sont indépendamment choisis dans le groupe consistant en hydrogéne, alkyle et aryle;

R10est choisidans le groupe consistanten alkyle, alkyle substitué, aryle, aryle substitué, hétéroaryle, hétéroaryle
substitué, hétérocyclyle et hétérocyclyle substitué;

chaque R est indépendamment choisi parmi alkyle, benzyle et aryle, ou deux R!! conjointement avec I'atome
d’azote auquel ils sont attachés forment un hétérocyclyle a 4 a 8 chainons ou un hétéroaryle; et

chaque R'2 est indépendamment choisi dans le groupe consistant en alkyle, aryle, hétéroaryle et hétérocyclyle;
ou sel, ester, stéréoisomére ou mélange de stéréoisomeéres de celui-ci;

a condition que le composé ne soit pas 'ester de butyle d’acide 1-diméthylaminométhyl-4-hydroxy-7-phényl-
sulfanyl-isoquinoléine-3-carboxylique.

22. Composé selon la revendication 20 ou la revendication 21, dans lequel

(i) R? est alkyle non substitué; ou

(i) RS et R® sont hydrogéne; ou

(iii) R? est choisi dans le groupe consistant en alkyle qui est non substitué ou substitué par un ou plusieurs
substituants indépendamment choisis dans le groupe consistant en cycloalkyle, hétérocyclyle, aryle et hété-
roaryle; et

RS et R6 sont hydrogéne ;

(iv) R7 est -N(R")(R1") et R1! est alkyle en C; & C, ; ou

(v) R7 est -OC(O)R'2 et R12 est alkyle en C; 2 Cy ;

(vi) R2 est alkyle qui est non substitué ou substitué par un ou plusieurs substituants indépendamment choisis
dans le groupe consistant en cycloalkyle, hétérocyclyle, aryle et hétéroaryle;
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R3 et R4 sont indépendamment choisis dans le groupe consistant en hydrogéne, alkyle, alkyle substitug,
cycloalkyle, cycloalkyle substitué, hétérocyclyle, hétérocyclyle substitué, aryle, aryle substitué, hétéroaryle,
hétéroaryle substitué, halogéno, hydroxy, cyano, -S(O),-N(R8)-R8 ol n vaut 0, 1 ou 2, -NR8C(O)NRERS,
et -XTR8 ou X' est oxygéne, -S(O),- ou -NR%- ol n vaut 0, 1 ou 2, ou R3, R4 conjointement avec I'atome
de carbone qui leur est pendant, forment un cycloalkyle, cycloalkyle substitué, hétérocyclyle, hétérocyclyle
substitué, aryle, aryle substitué, hétéroaryle ou hétéroaryle substitué;

RS et R6 sont hydrogéne ;

R7 est -N(R")(R) ;

chaque R8 est indépendamment choisi dans le groupe consistant en hydrogéne, alkyle, alkyle substitué,
aryle, aryle substitué, cycloalkyle, cycloalkyle substitué, hétéroaryle, hétéroaryle substitué, hétérocyclyle
et hétérocyclyle substitué & condition que lorsque X' est -SO- ou -SO,-, alors R8 ne soit pas hydrogéne;
R est choisi dans le groupe consistant en hydrogéne, alkyle et aryle; et

chaque R est indépendamment choisi parmi alkyle en C,aCyetaryle; ou

(vii) R? est alkyle qui est hon substitué ou substitué par un ou plusieurs substituants indépendamment choisis
dans le groupe consistant en cycloalkyle, hétérocyclyle, aryle et hétéroaryle;

R3 et R4 sont indépendamment choisis dans le groupe consistant en hydrogéne, alkyle, alkyle substitug,
cycloalkyle, cycloalkyle substitué, hétérocyclyle, hétérocyclyle substitué, aryle, aryle substitué, hétéroaryle,
hétéroaryle substitué, halogéno, hydroxy, cyano, -S(O),-N(R8)-R8 ol n vaut 0, 1 ou 2, -NR8C(O)NRERS,
et -X'R8 ou X1 est oxygéne, -S(O),- ou -NR%- ol nvaut 0, 1 ou 2, ou R3, R* conjointement avec I'atome
de carbone qui leur est pendant, forment un cycloalkyle, cycloalkyle substitué, hétérocyclyle, hétérocyclyle
substitué, aryle, aryle substitué, hétéroaryle ou hétéroaryle substitué;

RS et R6 sont hydrogéne ;

R7 est -OC(O)R12;

chaque R8 est indépendamment choisi dans le groupe consistant en hydrogéne, alkyle, alkyle substitué,
aryle, aryle substitué, cycloalkyle, cycloalkyle substitué, hétéroaryle, hétéroaryle substitué, hétérocyclyle
et hétérocyclyle substitué a condition que lorsque X1 est -SO- ou -SO,-, alors R8 ne soit pas hydrogéne;
R est choisi dans le groupe consistant en hydrogéne, alkyle et aryle; et

chaque R12 est indépendamment choisi dans le groupe consistant en alkyle, aryle, hétéroaryle et hétéro-
cyclyle.

Composé qui est I'ester de méthyle d’acide 4-hydroxy-7-phénoxyisoquinoléine-3-carboxylique (3a) :

OH

- CO2Me

o =N 3a

Procédé selon I'une quelconque des revendications 1, 4 et 11, dans lequel R est hydrogéne.

Procédé selon 'une quelconque des revendications 1, 2, 4, 5, 8,9, 11, 12, 14 et 15, dans lequel R? est hydrogéne
ou alkyle.

Procédé selon 'une quelconque des revendications 1, 2, 4, 5, 8, 9, 11 et 12, dans lequel

(i) R3 et R4 sont indépendamment choisis dans le groupe consistant en hydrogéne, alkyle, alkyle substitug,
aryle, aryle substitué, hétéroaryle, hétéroaryle substitué, halogéno, hydroxy, cyano, -S(O)n-N(RS)-RS,
-NR8C(O)NR8R8 et -X'R8 ;

ou X1 est oxygéne, -S(O),- ou -NR?- ;

nvaut 0, 1 ou 2;

chaque R8 est indépendamment choisi dans le groupe consistant en hydrogéne, alkyle, alkyle substitué,
aryle, aryle substitué, cycloalkyle, cycloalkyle substitué, hétéroaryle, hétéroaryle substitué, hétérocyclyle
et hétérocyclyle substitué & condition que lorsque X' est -SO-ou -SO,-, alors R8 ne soit pas hydrogéne ; et
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RY est choisi dans le groupe consistant en hydrogéne, alkyle et aryle;

ou R3 et R# conjointement avec les atomes de carbone qui leur sont pendants, forment un cycloalkyle,
cycloalkyle substitué, hétérocyclyle, hétérocyclyle substitué, aryle, aryle substitué, hétéroaryle ou hétéroa-
ryle substitué; ou

(i) R3 et R4 sont indépendamment choisis dans le groupe consistant en hydrogéne, alkyle, aryle, hétéroaryle,
hydroxy, -S(0),-N(R8)-R8, -NR8C(O)NRERS8 et -X'R8 ; ou

X1 est oxygéne, -S(0O),- ou -NR®-;
nvaut0,1ou?2;

R8 est aryle ou aryle substitué; et

RY est hydrogéne, alkyle ou aryle;

ou R3 et R4 conjointement avec les atomes de carbone qui leur sont pendants, forment un cycloalkyle, hétéro-
cyclyle, aryle ou hétéroaryle; ou

(i) R3 et R4 sont indépendamment choisis dans le groupe consistant en hydrogéne et-X1R8 ; ou X! est oxygéne,
et R8 est aryle ou aryle substitué; ou

(iv) R® et R6 sont indépendamment choisis dans le groupe consistant en hydrogéne, halogéno, alkyle, alkyle
substitué, aryle, aryle substitué, hétéroaryle, hétéroaryle substitué et -X2R10 ;

ol X2 est oxygéne, -S(O),- ou -NR13-;

nvaut 0, 1 ou 2;
R10 est aryle ou aryle substitué ; et
R13 est choisi dans le groupe consistant en hydrogéne, alkyle et aryle; ou

(v) R® et R® sont indépendamment choisis dans le groupe consistant en hydrogéne et-X2R 10 : oli X2 estoxygéne,
et R10 est aryle ou aryle substitué; ou

(vi) RS et R6 sont hydrogéne; ou

(vii) R2? est hydrogéne ou alkyle ;

R3 et R4 sont indépendamment choisis dans le groupe consistant en hydrogéne, alkyle, alkyle substitug,
aryle, aryle substitué, hétéroaryle, hétéroaryle substitué, halogéno, hydroxy, cyano, -S(O)n-N(RS)-RS,
-NR8C(O)NR8RS, et -X1R8 ;

ou X' est oxygéne, -S(O),- ou -NRS- ;

nvaut 0, 1ou2;

chaque R8 estindépendamment choisi dans le groupe consistant en hydrogéne, alkyle, alkyle substitué,
aryle, aryle substitué, cycloalkyle, cycloalkyle substitué, hétéroaryle, hétéroaryle substitué, hétérocy-
clyle et hétérocyclyle substitué a condition que lorsque X' est -SO- ou -SO5-, alors R® ne soit pas
hydrogéne; et

RY est choisi dans le groupe consistant en hydrogéne, alkyle et aryle;

ou R3 et R# conjointement avec les atomes de carbone qui leur sont pendants, forment un cycloalkyle,
cycloalkyle substitué, hétérocyclyle, hétérocyclyle substitué, aryle, aryle substitué, hétéroaryle ou hétéroa-
ryle substitué; et

RS et R6 sont indépendamment choisis dans le groupe consistant en hydrogéne, halogéno, alkyle, alkyle
substitué, aryle, aryle substitué, hétéroaryle, hétéroaryle substitué et -X2R10 ;

ol X2 est oxygene, -S(0),- ou -NR13-;

nvaut 0, 1ou2;
R10 est aryle ou aryle substitué; et
R13 est choisi dans le groupe consistant en hydrogéne, alkyle et aryle; ou

(viii) R? est hydrogéne ou alkyle;

R3 et R4 sont indépendamment choisis dans le groupe consistant en hydrogéne, alkyle, aryle, hétéroaryle,
hydroxy, -S(0O),-N(R8)-R8, -NR8C(O)NRERS8 et -X1R8 ; ou
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X1 est oxygéne, -S(O),- ou -NR®- ;
nvaut 0, 1ou2;

R®8 est aryle ou aryle substitué ; et
RY est hydrogéne, alkyle ou aryle;

5
ou R3 et R4 conjointement avec les atomes de carbone qui leur sont pendants, forment un cycloalkyle,
hétérocyclyle, aryle ou hétéroaryle; et
R5 et R® sont indépendamment choisis dans le groupe consistant en hydrogéne et -X2R10; ol X2 est
oxygene, et R10 est aryle ou aryle substitué; ou
10
(ix) R2 est hydrogéne ou alkyle;
R3 et R4sontindépendamment choisis dans le groupe consistanten hydrogéne et-X1R8 ; ou X1 estoxygene,
et R® est aryle ou aryle substitué; et
15 RS et R® sont hydrogéne.
27. Procédé selon 'une quelconque des revendications 1, 2, 4, 5, 11 et 12, dans lequel
(i) R" estalkyleen C;a Cy ; ou
20 (i) R est méthyle.
28. Procédé selon 'une quelconque des revendications 4, 5, 8, 9, 11 et 12, dans lequel
(i) R'2estalkyleen C;a Cy ; ou
25 (i) R12 est méthyle.

29. Procédé selon la revendication 7, dans lequel

(i) R1 est hydrogéne ; ou

30 (i) R2? est hydrogéne ou alkyle ; ou
(i) R3 et R* sont indépendamment choisis dans le groupe consistant en hydrogéne, alkyle, alkyle substitué,
aryle, aryle substitué, hétéroaryle, hétéroaryle substitué, halogéno, hydroxy, cyano, -S(O)n-N(RS)-RS,
-NR8C(O)NR8R8 et -X'R8 ;
ou X! est oxygéne, -S(O),- ou -NRS- ;

35
nvaut0,1ou?2;
chaque R8 est indépendamment choisi dans le groupe consistant en hydrogéne, alkyle, alkyle substitué,
aryle, aryle substitué, cycloalkyle, cycloalkyle substitué, hétéroaryle, hétéroaryle substitué, hétérocyclyle
et hétérocyclyle substitué a condition que lorsque X! est-SO- ou -SO,-, alors R ne soit pas hydrogéne ; et
40 RY est choisi dans le groupe consistant en hydrogéne, alkyle et aryle ;
ouR3 etR4 conjointement avecles atomes de carbone quileur sont pendants, forment un cycloalkyle, cycloalkyle
substitué, hétérocyclyle, hétérocyclyle substitué, aryle, aryle substitué, hétéroaryle ou hétéroaryle substitué ; ou
(iv) R3 et R4 sont indépendamment choisis dans le groupe consistant en hydrogéne, alkyle, aryle, hétéroaryle,
45 hydroxy, -S(O),-N(R8)-R8, -NR8C(O)NRERS8 et -X'R8 ; ou
X1 est oxygéne, -S(O),- ou -NR®- ;
nvaut0,1ou?2;
R®8 est aryle ou aryle substitué ; et
50 R® est hydrogéne, alkyle ou aryle ;

ou R3 et R4 conjointement avec les atomes de carbone qui leur sont pendants, forment un cycloalkyle, hétéro-

cyclyle, aryle ou hétéroaryle ; ou

(v) R3 et R4 sontindépendamment choisis dans le groupe consistant en hydrogéne et-X'R8 ; ol X! est oxygéne,
55 et R® est aryle ou aryle substitué ; ou

(vi) RS et R® sont indépendamment choisis dans le groupe consistant en hydrogéne, halogéno, alkyle, alkyle

substitué, aryle, aryle substitué, hétéroaryle, hétéroaryle substitué et -X2R10 ;

ol X2 est oxygéne, -S(O),- ou -NR13-;
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nvaut0,1ou?2;
R10 est aryle ou aryle substitué ; et
R13 est choisi dans le groupe consistant en hydrogéne, alkyle et aryle ; ou

(vii) R® et R6 sont indépendamment choisis dans le groupe consistant en hydrogéne et -X2R10 : ou X2 est
oxygeéne, et R10 est aryle ou aryle substitué ; ou

(vii) RS et R® sont hydrogéne ; ou

(ix) R? est hydrogéne ou alkyle ;

R3 et R4 sont indépendamment choisis dans le groupe consistant en hydrogéne, alkyle, alkyle substitug,
aryle, aryle substitué, hétéroaryle, hétéroaryle substitué, halogéno, hydroxy, cyano, -S(O)n-N(RS)-RS,
-NRBC(O)NRERS et -X1R8 ; ou X! est oxygeéne, -S(O),- ou -NR®-;

nvaut0,1ou?2;

chaque R8 estindépendamment choisi dans le groupe consistant en hydrogéne, alkyle, alkyle substitué,
aryle, aryle substitué, cycloalkyle, cycloalkyle substitué, hétéroaryle, hétéroaryle substitué, hétérocy-
clyle et hétérocyclyle substitué & condition que lorsque X1 est -SO- ou -S0O,-, alors R8 ne soit pas
hydrogéne ; et

RY est choisi dans le groupe consistant en hydrogéne, alkyle et aryle ;

ou R3 et R# conjointement avec les atomes de carbone qui leur sont pendants, forment un cycloalkyle,
cycloalkyle substitué, hétérocyclyle, hétérocyclyle substitué, aryle, aryle substitué, hétéroaryle ou hétéroa-
ryle substitué ; et

RS et R6 sont indépendamment choisis dans le groupe consistant en hydrogéne, halogéno, alkyle, alkyle
substitué, aryle, aryle substitug, hétéroaryle, hétéroaryle substitué et -X2R10 ;

ol X2 est oxygéne, -S(0),- ou -NR13-;

nvaut0,1ou?2;
R10 est aryle ou aryle substitué ; et
R13 est choisi dans le groupe consistant en hydrogéne, alkyle et aryle ; ou

(x) R? est hydrogéne ou alkyle ;

R3 et R4 sont indépendamment choisis dans le groupe consistant en hydrogéne, alkyle, aryle, hétéroaryle,
hydroxy, -S(0),-N(R8)-R8, -NR8C(O)NRERS8 et -X1R8 ; ou

X1 est oxygéne, -S(O),- ou -NR®-;
nvaut0,1ou?2;

R®8 est aryle ou aryle substitué ; et
RY est hydrogéne, alkyle ou aryle ;

ou R3 et R4 conjointement avec les atomes de carbone qui leur sont pendants, forment un cycloalkyle,
hétérocyclyle, aryle ou hétéroaryle ; et

RS et R® sont indépendamment choisis dans le groupe consistant en hydrogéne et -X2R10 ;

ol X2 est oxygene, et R10 est aryle ou aryle substitué ; ou

(xi) R2 est hydrogéne ou alkyle ;
R3 et R4 sontindépendamment choisis dans le groupe consistant en hydrogéne et-X1R8 ; o X estoxygéne,
et R® est aryle ou aryle substitué ; et

RS et R® sont hydrogéne ; ou

(xii) R12 est alkyleen C; a2 C,; ou
(xiii) R12 est méthyle.
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a {iV) képletit vegyllet eloallitdsdbor meglvleld reakciokivithnényak k20t shad

o jelenidas O NR vaiy §

R jelentése bidrogda doallil conporgabol van kivilasatvay

B jslentdae hudropén & alkil exoportidbol van: kivilssetva, ahol gz alkil szabeatitudisthan vagy
cikloalkil, beterneikith, arll & hoterosri] csoportjabol exvmistal Riggetlontl kivalasztott ey vagy
whb srabsatituenssel v seabsaitadbag

R ¢ RY jelentése egymstd! Mlagetlondtl a kivetkesd copportsd! van kivalasztvar hidvogsn, atkil,
seabsatitualt allal aildealkll, szobeatinosl cikioalkil, heterontidil, szubsatitudht heterooilchil asl,
szabsziualt arfl, Beterownil, szubsatitudhl betenaril, halogén, i}.id,roxi!, clangs, ~ROL-NRFRS,
ahol o éreshe 0, © vagy 2, -NRIDCOMRIRY 85 2R, ahot X' jelentése oxjgén, SO~ vagy
MR, abol b értske 0, 1 vagy ¥, vagy

W RY azzal o swdostommal egvith, wnelvher kapesolidnak, cikloalil, saubsetitusit sikloatii,
heteronthlil, szabeetite8lt betorosiklll, anill saubetitodlt anll, beteroaril vagy soubssfitugh
heteroart coopanatkipeanek;

R s RY jedentén emymastol fgeetiont! hidrogen, halogdry, alkil, euubgtitaalt ik, athoxd, saubsatitadht
atkoxi, aril, seubsztitedlt anil, beisroaril, szubsetingit heteroartl ¢ X R csopontjabisl van kiva-
faaztva, ahiol X7 jelentsse csxiszén, --Sé(f{i}}”-v vagy MR-, ahiol n értélee O, 1 vagy 2, vagy arafiar X°
jelentése ~NRT akker BT & RY amal a ﬁits‘egénammmai ceviit. amebdice Kapesolodaak,
heterociklil vagy szubgetitudlt haterotikHl cabportot képeave desackapesolvdhatnak;

RS jeleotése mindegvik eldfordulist helvén egymastal fggethaiy hi‘{irogérz, atkil, szobestitasht alkik
arih, seubsetimdlt ardl, oiklendBll, ssubsaiiudh cikdopikil, heteroantl, scubastingll hereroardl,
heteronib Bl ds saubuadiiodlt heteraniblil escporgabol van kivalagetvs, aoal & teghvtduel, bopy
amikor X' felentdee SO« vagy -804, akkor BY jelentése nem idvogdng

R¥gx P 5z‘§entme epvmdstol fiigretend! hidrogdn, alkil & art] csoporgaba! van kivilasatvy

RY  jelenisse alkil, szobsetitualt kil aril, sadsztitedlt sell, heleromdl, szoheatitusle hetemaril,
feteroeiki 85 seubnstitnght heterocik i esaportjsbel van kivilasavay

R’ jelentse roinderyil eléfiedilist he closn epyrmaad! fpgedenal alkll, benall Sa aril kit van kivee

fasmtva, wagy két RY meaal @ nitropcuatommal cgyiit, emelvher kaposolodnak, 48 £

heterovtkil vagy heteeawrilcsopariot képornek;

RY O jcelentéss reftdeyilo eléforduldst helvdn cgpmastal Rigeetioniit alkil, seil, heteroaet] $s Beteroeikill
oanportiibal van Kivatusstve vagy waikor k&t BY van jelen, a kst R™ azeal » szduntcmmal sgyiit,
amelyhez kaposoiddnak, 4-8 tugd hoteroviRhl caoportat képeenek; és

ielentéen halogén,

S.A 4 decnypont ceerinth elfirds (IVA) kepletlh veopylilel wagy ennek szlerecizomery vagy

szereoizomeret keverske elGditigsdrg,



s

B OH @

;15\ }\«“ \{j SRS

B
M
o e,
e

g "\ =% .
QF R VA

amtiynek sorin {JA) képlati vegyiitetet

RS O D
R A J\-\Q A o
i

T, \{ ol

*"““ £

srintkertetink (V) képlotd vegvittenst
i

2

5
.J\ J.

RY o TRy

# (IVA] képletl vegyilet cldallitasshor megfeleld reakcioktrtiménysk kit shol

RY jelentése hidropén dv alhil csoportiebal van kivitlasziva, shol ae wikil ssubsetitudlatian vagy
eikiomikil, betoroeiklil, aril €s heteromril esoportiahol coymastal figgetiendt! kivilasatott gy vagy
bl saubsetituenssel can seabsztitndlva;

R ds R jelentdse egvmistd! Biggetlontil a kbvetkeed csoportbol van kivllasziva: hidrogss, alkil
sabszitudlt alkdl, cildealkil, seubsathush ofidoatill, bawrooiklll, szabsaituslt heteroctilil, seil,
szubsztiudlt arfl, beterourl], saubsztiall heteroaril, halogsn, hidrexil, clane, vS{{}}H--N(}{"}--i‘&
ahol v dvidke 0, 1 ovagy 2, NRUCIOINRR? & R, ahel X° jelontsse oxigdn, SO vagy

SNRY abolbn driske 8, Fvagy 2, vagy

el

Y g B ezl 3 szénmtommal egvil, amelvher kaposolidmak, cikloalkil szobsutituslt cikleatkdl,
hterpotkil, szubastitdl hetevostidil, wll, secbestitedlt aril, heteroaril vagy seobsstitust
eteroari] csopartod képeznek,

R8s R jelentsse sgpemdntol figgetlont! hidrogdn, halopsn, alkil, seubsatitudlt alkil, alkosd, seobsztitudle
alleosi, aril, szoabsrtitealt arll, beteroaril, arubsziitualt heteroardl ss <X'R™ csoporiahd! van kiva-
Iacetya, shol B jelontése oxigén, SO0, vagy -MR ", ahol n énidke 0, 1 vagy 2, vagy amikor X°
Jelentéss MR akker 87 s RY azzal a sitogdastommal cgyitt, amelvher Kaposelodnak,
beteresiilil vagy ssubsatitealt beteroeikil esoporiat képeave desackapesolddhatnak:

Y jelentdes mindegyik elofordalist helydy sgymastdl figgstient] hidvogen, alkil szubsatingdht slkil,
aril, senbsztitoalt wdly cidonil,  wubsrttusl ciklonilil, beteroarl, szubsaitealt hewroaril,
heteroctklil &8 vaubsrtitudlt heteroctkll ssoportishid van kivibiseten, azedd a moghstéssel, hogy
amikor X jelentsse -80- vayy -S0:-, akker R? felentéss nent hidrogsn

R” g RY jetentése eqymistil figretlenit hidrogdn, ki de il coopertiahdl van Bstiasetve

R jelontase alldl, soubsztitualt alal, aril, seabeatitoslt wil, heteroaril, sxubseiiglt beteroaril,

haterocikill & szubsatiuslt heternaik il csoportiabel van Rivilasatva,
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RY jelentése mindegyik eldfordulasi fielyén epymastol Riggatfentl] alkil, benzil e anitkiaibvan kiviae

taszbve, vagy ket R amzal o sitrogdatommud covht, wmelvhez Rapesolddnak, 4.8 tagt
heterocikhl vagy heteroarif csoporint kdpsenek; és
RY jelentese mindepyib eltfordulisi helvén ztszymz‘isi{ii figgetientt! alkll, axil, heteromeil ¢a heterociklit

croportiabad van kivalasstvs, vagy Wt R szabgstituens szzal o sedostonunal epytt, amelyher

)

Kapesalednak, 4-8 gt heterog ikl caopurtid képsenek.

gy Yo ipdnypantseering elidvis ahol

{13 a reakoiokiritdmények az (V) képlatl vogyitletet foglaliak magukban; vagy

(8o reakoldt Inert atmosefiraban, példdal niirogds aimosziéraban végeraitk; vagy

(i) areakeiokorithmények viamentes reakeiokartimények; vagy

vy e veakeidt kortfaltl 307°C-nd rsgnsabb hémdredkisten, pdtdd kindibelid 106°C hémenmdldeten
vegeazik; vagy

0 RYS R elentéae £e0 alkil, példiul metil; vagy

() s reskeidkiriimények magukban foglabuk eoy (V) képleth vepvitletet, shol RY jelemeéns Gy

alkil s abnl 2 reakeist kovitbeltl 10070 hémdrsskicton, adotl ssetben nitrogén atmosziBraban

vegaxaith

A4 vagy 3, lgénypont szerinti elfinds, ahol # resbeiokdribasnyek magukban foglalid tovibba (VID

keplatth vegyithar IV kiplet® vegyltleud thridnd Hulalitisgr,
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es&t?{zen, ahotl

w renkehskétlmények magubban fogladnak ey aming, példdal morfoling vagy

s
s
g

{'ii} s renkelstdklonmetanban vigezaiks vagy

(1) wreskeddt 25°C alatt bdmdredhioten; poldant koriibelt 0°C < borilselt! 10°C honmdraskloten vés
Levelk; vany

Gvy areakcinkdriingnyek magakban foglaloak morolon & & reabeidt dilkltemetanban végsraik ki

ridtbelil 000 « kastlbelil 100 haméesdhileton,
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8, Efjards (V1) kepletil vegytilot vagy srnek sziereobramers vagy sezreolzmmersi keverske ¢l08iHusars,
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amslyosk sordn IV képletd vegyiletit
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Stalakitunk @ V1) képlatd vegytet oléaiiidsahor msgRleld redkeiokbritimények kizotd; shol

7 Jelentése O, NR' vagy 8

8 jolentdse hidrogdn ds alkll csopotishobvankivikeatvay

Jelendése hidrogen s alkil espportjabal van kivdlasztva, abol ap alkil szubsmitudlatian vagy

gikloalill, hoterocikiil, arfl ds hereroant! esoporiféhol egymastol Mggetlent] Kivilusztott agy vagy

by syabartrasaisebvart szabsetitudivy;

R do R jelvoréss egyvodisto]l Bigpetlonti] & KovetkexS csoporthd! van kivdlseanivas hidrogén, wikil,
senbsatitudlt atkil, cildoalkil, seobsatitadlt diloatkil, heterociklil, srubsetngh heteroeikil, anil,
szubsziituall an, heteroset], seubsatftudlt heteromell, halopén, hidmxdl, elane, ~SICHNECRRE,

(ONRIRY ¢ -X'RY, wbol X' jelontdes axipgén, -85, vagy

R i S g
<NEs ahol nénieke €, 1 vagy 3, vagy

abiel oo éridgke 00 1 vagy 2, -Nb

R ds 1 oweonl 2 sedngtommal egviil, amelyhez kupesoldderak, ciklealkil, szubsziibudlt cikloalkil,
Beteroctklil, szubsatiodlt betcrociklil, aril, saubsetitodlt aell, heteroardl vagy sanbsaitsdht
heteroarib eroporiotképezask;

R es RS Jelentése spymdard! fiiggetiontt hidrogds, halogdn, olkil saubsetitudll es‘;kii, atkeh saubsatinal

alkosd, il szubsxtitss;-iit aril, horeroardl, srubeetitoslt heteroaril ée CRY m(xpm’i abal v kivde
Tasziva, shal X7 jelentdee oxigen, S0, vagy NRY., ahal n $rtéke 6, 1 vagy 2, vagy waikor X7

jedenices -NR' akbor RY 85 R™ nesal o nitvegénatommal egylity, ame}gzh{fa kapesotodoak,
beterosiblil vagy senbsztitedlt hatorooiklib oxaportoet képezve Bsseekeposiddhatna;

Y jelentdes mindegyik eléfordulist belydn epymasid faggetiondl hidrogén, alkil, seubaztitosd alkil,
aril, Seobsztitalr anil oildedlkdl caabsaitugl cilloallil, heterodril, saubsetngit Betevoasid,
betorostbll €5 saubsetinglt helsroctkil cooprriiabol van Kivalasztve, axzal & megksiaaed, hogy
armiker X' jelontéee HO- vagy <Rk, abkar 1 jelentése vom hidrogén;

B RY jelentise agymdstol fgretlentt] hidrogén, alkil éa wril caoportiahol van kivalasstvs; &

RY O jelentéce all, soubsstitealt alddl, anil, soubsetitudlt aril, heteroaril, saubsztitudlt beterosdl,
hetercoiili dygrabretitudd beterocik it caoporgiabst san kivatasston; és

B jslendee mindegyik eldfordulast felyén egymistol figgetiontit sikil, aell, heteromtl és heterncikiil

canportiahd! van kivalasztva,
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BT jelentdse hidrogen & @kl ceoportiabsl van Kivalasstva, ahol sz alkil seobsatituibation vagy
cilclealkil, hate.rm:.iitiiﬁ,_&ri? ¢s heteroaril esoportiabd! sgynedstol tiggstientl Kivalasztolt ey vagy
b seubsetituenssel van seubsstitnidvg;

18 RY jefentése covimistdl fligoetient! n kivetkezd oxoporthal van kiviilasatva: hidrogén, alkil,

axubsaibuall dbil oildondhil snubseiadlt oikioatkil hoteroctk L srubsoittadlt heterocikill, andl,

grubszilivdll ard, hewerowndl, saubsatitoalt heteroaril, halogén, hidroxil, ol “SEN-REERY,

ahol n suéhe B, 1 vapy 2, ~NIIGIOONRIRY 65 X'RY, ahol X' jelentsse oviosn, -S{0h wagy

SR, alust 6 dridke 6, vagy 2, vagy

).

3 Lo N : : y FEE S ox B
R7 8y R azezal a szgnatommal cgyitt, amelvher kapesoloduak, oildoallil, szubsztitudlt ciklontksl,

3

hatercoiklil sabeotdlt hetoroolkll el seebestiteslt artl, hoteroanil vagy sathsztifudl
Bistorsari csoporiat kepeeneks

RY 8¢ BY jelontése egyvmastal figgetdentt hidrogdn, halogén, alkily szubsztitdlt alkil alkond, senbsziitndht
stkoxd, aril szubsztinglt avil, boteroaril, senbsatitndit heteroari $v ~X'R™ csaportjgbel van kiva
lasztva, ahol X7 jolentése oxigdn, -S{ vagy R, abol w dricke 8, 1 vagy 2, vagy amiker L?-(z
Jelentdse “NB akkoe 1Y & R™ azesl a aitrogsnatomaal ceylitt, amelvbes kapesolodnak,
heterocikli] vagy szobsetiudh hnterocikitl csnporied képaave Geszekapesolndhatnak;

RS jelentdse mindegvik eldfordutast helven sgymasts! figgetient! Tidrogsn, alkil, szabszitanlt alkdl,
artl, saubsstitadk gl eikloalkll, seobsatitedlt oklonlkdl, hetersurl], wubsettudll heterogedl,
heterowikll &s seubsztituale hoterocikhl ssoportisbid var wivalaestvy, ant o nwpkStdessl, hogy
amikor X' jelentéas SO« vagy S0y, akkor R” jelentéas nem fodrogén:

)Y s RY jelontése egymasad figgetienti! bidvogen, alil 68 aril coporyjdhd] van kivilssae, &

RY jelentgse alkil, szubssineil alkil, sell, ssubsaitudlt aril hetéroaril, szubsatitoddt beterontdl,
heterociklit éo srubsetitalt hoterastklil csoportiabal van kivalusstvas éa

R™ jelontdse nundegyik dlbforduldsd helyén sgvmdstdl figgetent) alkil, anll, heterourll €5 heterncikill

csoportiabal van Kivdlasava,
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10, A K vagy 9. igdnypont szerintt elaras, ahol

H a reakeidkdnibudnyek magokban foglalnak hidvogsnt; vagy

{1} areskeikiribasnyek sagukban foglainak ey bazia, péiddnt namlom karbondtor

() a reskeidkorilmdnyek magokban foglalnak etil-aceiitot;

(v areakvickariimdnyek magukban fhglalnak cay katalizgton, peldanl B/l vany

(v} @ reakeiokbrdimények nyomsie ahittd kietiménvekey, peidant kdealbalinl 60 pel syumds alati ko-
ritlmdnyt foglalnak magukbanvagy

(vi} ureskoidkoribesnyek magikban foglainak hidvogsnt, ndichmn-Karbondtol, stil-acetdtor, PACH &
ayomds alatth krithadayekel; vagy

(v} wreskeidkoribndnyek magukhan foglatnak hidrogént, ndtrlune-Rarbonstot, eiil-acetdior, PACY &
Rrtifbellll 60 pei nyorois alait koomdnyekey;

(i) RY jelentdae €Oy alkil, péidant rmatit,

R i
smely elidras tanaimuzra s kovekerd Badseket:
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atedakiivnd o (V) héplatl vegytilet siddliitaathing msgfeleld seakciokoniményak kit &

3 V) keplatlt vepyiiatet dtalakitunk V1) képleth vepyiler slpdlitdsahee megfeleld reakoidkorithnd.

nyek kitas

ahwl
2 jelentdse O, NR vapy &

R olenitéee Bidrogén s alki esopurtitbél van kivilseatvg

5 .

RY jelentése bideogen s albil ssoportiahol van kivalasatv ahol s alkil saubsatiteilathe vany

cikloatkil, heteraciKl, sl ¢ betoroari] Csoporydbd] ernndstal Riggethentikivalasatol exy vagy
bk szabsztituenssed van szuhastitudba

RY ¢ )Y jelentdss egymdstsl RNpgetfenitl o kovethesd csoporthad van bivdlasetva: bifropdn, atkil,
srubawitudit alkil vildoalkil, saubsaiiuall silloadkil, heterooikdl, szobsstitadlt haterootkil, anil,
ssubaztitnalt aril. heteroantl, seubsztitodlt beterearil, hadopdn, hidnadl, ciang, ogi‘t}:}ni&(f{.s}«}ls,
ahol 0 drtske 0, 1 owagy 20 NRCEOWRIRY & R, ahol X jolontése oxigin, ~8(0)- vegy
SNR - abol wdridke 8, | vagy 2, vagy

B e B szl o seénatorornl epyt amelvhes kaposolddnak, oiidoatkil, szubsatinglt ofklosdki,
heterocikitl, szubsatituslt hotorocikll, ard, seubsaztitudlt avil, heteroanil vagy seuhsatitadlt
hetervosril ssaporict képuaaeky

R 65 R felontdze egymastdl igpetlontl kidrogsn, halodn, alkil, seubsztituglt alkil, alkod, saibsztitudlt
alboxd, aril, seubsziimalt weil, heterowil, seubszitadll heteronrt! 83 <X RY escportishal van Kivas
Tasotva, whot X7 Jelentdae oxigen ~8{O) vagy SNRM ahobn srtdke 0, 1 vagy 2. vagy amikor X7
jelermdae ~NR™., akkor ®™ & B awsal & nitrogénathmmal cgyit, aelvhez Rapesoloduak,
beteroctilil vagy seubsztitudht horroctklil ssoportot képerve Ssszckapeselodhatak;

Y elentdse mindegvik eléfordulast helydn appmistol Mggetient! Mdeagdn, kil srubsetiivaltalell,

aril, szbsziosdit arfl, eidosikll, ssubsetitudl ciklosikll, hetorowil, szulszitaddt helevonrdl,



i1

feterocikhil ¢y saibsatitoddt futoroctilil osoportjahdl van Kivilasetva, azead 2 moghdtéssel, hogy
amikor X jelentise <80 vagy R0, aldor R Jelentdse nem hidrogds

R s RY jelsntdas coyruisto! Riggetiontt hidrogen, kil 83 aril esoparabol van kivdlastva;

R jelentéss alldl, soubsaitual atiil, aril, spubctitudll aill heterowtl, ssubsetiuall betorcaril,
heteronihhil ¢o seabatitadh hoterocthll ceoportiabal van Kivalasziva;

RY O jelentéss mindepyik elofordulial belyen spymastol figgetiontl kil benzil és aril kaizil van kiv-
bwatva, vagy k& R awal a nivogsentommal egvintt, amelvher kaposolsdnak, 4-8 gt

heterocikhl vagy heterowri! csaportd kdpranek;

K¥ O jelentése mindegyik eldforduldsl helvd %ymm i flggetleniil alkil, avil; hetervaril §¢ heterociklil
csoportiabol van kledlaceiva, vagy soikor kst R van jelen, a két B seaal ¢ szénatormmat cavil,
amelvher kapesolidnak, 4-8 tagi heterouikil csoportot képemsk; &

XY jelensse hatogén,
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4} VA) ké'pie{ii vegy umu Selakibonk 3 {VIAY képlatl vegyiilet ol linicdhoz magtsle b reakeiokdedl
mdvevels kSt
ahol
RY jelentdse Hidrogdn $s alkil csc,spar{jébéi van kivalagaten shol a2 alkil szobsetitediatlan sagy
eilfoatkil, heterpeikill, arll & boterowrt] ssoportinbid egymastol figeetienid kivilusatont ey vagy

!iih{? szubsztitienssed van szobestibadlva;

*,
o
323

s BT jelentdse sgymasol fipgetiendl o kdvethent espportbad van kivaligtva: hideogdn, alkil,
seutsztitiait atkdl, cidoglkils Gabsaitualt cikloalkdl, heterociklil szubsztitglt heteracilbil ail,
seubsziitudlt andl, beterpatl, szobsatitadtt heterourtt, halogén, Wdroxil, vimo, -SEONRPRRY,

ahob o értéke B, 1 vagy 2, NRICHOONRIR? &5 X'RY, ahot ¥ Jelentdse oxigdn, SOk vagy

NI whofn ertée 0, VREY 2, VaRy

;3\3.
Lo
@&

R azzal 2 szdnuwtomual epviiy amelyber kaposolodosk, cikloatkil, szabsatitealt cildloaikil,
heteroctkitl, szabsatiudll herereotil, ardl, seobsatitudly andl, heteroaril vagy seubsetitudlt
heterosri] csopurtivt kdpezask;

15 e R jelentése seyvarastol Higpetlentliidronén, halogdn, alkil, seobsaitadlt alkil, alkod, seabsatitasly

alkoxt, aril, szabestieslt aril, hetgoantl, sxubsztima“;it hasteroaril &8 R cooportighd) van kiva

Iasetva, whol X jelentéee oxigen, ~S(0)e vagy -NEY., ghol v érteke 0, 1 vagy 2, vagy amikor X°

Jelsatges NRYS akhor RY & &Y aped o nisroptuatornal egyvlitt, amelyhes kupesolddnak,

hetsraoikhl vagy ceubsatBua betorooik il csoportot keperve dsszekaposalodbstnak;

Jelentése mindegyik eltforduldsi belyén egymastol filggetleniit hidrogén, alkil, szubsztinudle alkil,

artly seubsetioaly and cikioallil: szubsatitusdlt cildoallal, bereronrlly saubsaittoslt hotomsaril

hetsroeikhil &8 szubsatingdit heterooiklil vaoporiabdd van Kivilasatva, szaal o megkdtsssel, hogy
anikor X Jelentéie ~80 vagy <8, ahkir Rt delentise vem hidrogén;

R g5 RY jelentése spvmdieta] ftgactient) hidrogen, alkil & aril ssoportjshal van kivilasatva 8

R™  jelentsse aihill, saubsetiugh albil anl sibsatnght aril, heteroasit, szibsziitnalt hetetoned],

heterocikid & seabiantaalt helersetkld soportitbnl van kivalasstvy;



BM jelentese mindepyil elsordulast hebven epymaad! Migectionid alkil, benzil sganlt kel van kiva-
lasatva, vagy ket RY szeel g nitrogsnatonwnal epvit, smelvhez kapesslddnak, 4-8 tag
Beteroetklil vary beteroaril sxoporiot képeznek; és

®Y jelenidse mindegyvik eldforduldet helydn epyradatd! Mppetisnil alkil, anil, hateraurtl & heterociklil
casportialsl van Kivalaseiva, vagy k&t R azzal » sesnatommal cgyiiit, amelyher kaposolodnak,

A8 tang beterncikll canportat Képeanek.
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ielentdse dvogini-és alkit -croportiabal van Kivilasstvy, alol az

z 1

Htdsabor mepfeleld reakoldkirtdmények kSadiy
sthil szebestitadlatian vagy

vikloalkil, heteronthlil, arfl éx heteroarit gsoportiahol egymastd! Migpetiont] kivalasstott egy vagy

tobls spubastiesnssel van saubseliinalva:

thil,

szibszitiudll beterootkhil avll, szubeatitudlt addl,

jelentise o Kovetkeedket tinalmazd csoportbol van kivatasziva: fidvogdn, alkil, sabsaiitualt o
ikt @
heteroaril, saubsaitualt heteroantl, balogén, hidroxil, clano, -SOYLSNERNR?, abol » drigks 6, 1

vaagy 2, NELCOWRR 65 'R, ahol X' jolenidse oxigin, -S{CH,- vagy B, stof o ke 0,

siklmalkil, soubsstindll cikloslil, heterasd

vagy 2

ielentdse mindegyik efofordulist belvdn eovmdstd! fligeetloniit hidragdn, alkil, scabsztitoalr alkil,

eikloatidl

heterocth Bl &3 srabsaiitndlt beisrogikiil

artl, srubsetibgly anl saubsziinglt cildoalidl, heteroantl, soubsetindll hetorparil,

wt)pm{ fabol van kivilasztva, aczal @ megkttdssed, hogy

amikor X' felentéas ~R0- vagy “R-, abker 1 jnlentdse vem hidrogén; é

Jelentéae mindegyik shfordubist helydn .%1i<§rs>gés-zq allcil €5 artl esoportjdbal van kivalasztva.

P Bedopent seorintl elifndy (VIDD képleth vegyiilet vagy stnek  seleresizomers vagy

reoizomere keverdke eiGiliiagdrg,
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Jeleatdue Tidvogdn & alkil csoportiabd! van kivilaszive, shol ae alkil saubsatitudlatlon vagy

W

cikfontkil, beterocikfil, aril ¢ heweroaril csopontiabol egymdtn! fHggetiont! kivalagaiolt gy vagy
thbh szubsatitusossal van sezahsztiuglva;

Jelomtdse n klveakezd cxoportbol van kivalasziva: bidropdrg alkil, szabeotitosle alial, aldoatki
szubsptitualt cildealil, heterootidil, soubartinndle heterocikll, anil ‘crubserugh wil, heteroarit
szubsatitualt hoteroaril, halogén, hidroxil, clano, REOL-NOROMRY, ahol 1 doske 8, U vagy 3,
SR VINRIRY 5y R, alial X jelentése axindn, SO vigy MR, shed i anske G, 1 vagy
2wy

BY avanl o sednatommal egyiit, ametyher Rapesrladnak, cikloalkil, szabsatitudlt cildoatkil,
heterociki, srobsatitnalt heterocikBil arll, szubsstivedlt aril, hetevosrll vagy svobsstitedh
heterourtl ssoportot kpeanek;

jelentése mindpgyik eldfordulist helyén epymialt] Rigpetlsnitl hidrogdn, alkil, soubsrtingh akil,
et sovbetitedlt aril, oiltlosdkll, sxobspitodll oillondkil, beteromnl, swubsstitualt heterpun,
heterocikhl ds seubsativudlt heteroelklil csoporijahol van kivilasatva, azzal a meghotsssel, hogy
smikor X' jelentdse 80 vagy R akkor )" Jelides nom hdtogdng &

jelentése mindegyik didfordulds helven hidrogdn, atkil & aril kOl van Kivilwadv

16 & 14, vagy 13 igénypont szerinil slidrds; abol

i
(i}
(i}

FToA TG 12 Wovagy 18 ipdrpontak bdrmelvike seertngd slidrgs

{1
()

(i

(v}
)

{vi}
{vii}
(i)
{ix}

{x}

{(xi)

3 §oo N N
R jelentsse hidropén &5 R jelentése fonoxi; vagy

z

R jelentsse hidrogén 85 R jedentése dometoifonoxd; vagy

<

RY jelentése hidrogén & R jeloudse 3 5difluorfenoxi,

du, abol

ax a lepés reakaiokirtlményel magukban foghinak egy saval, peldaul jSecostet; vagy

ax ay lépést koritbeltt 3070l magasabb himérsdhloton, pslddul Rorilbelt] 36°C - kortithelitl
SO0 hdméraskieton vépesatifovagy

a by Epdst koiibeli! 30°C-adt magasabb hdmersdkleten, példial kiiilbeld] 100°C himdraskivien
végezxiik; VHQY

az e{iés‘z‘fs@. A ;zi 4t m;, ﬁi;a gy 3§pes§ é¢ a0 Kpds rakciohtriilmenyet magubban foghinak egy
arstint peldéul morfoling vagy

az shdeds magdban foglalia w o) Idpdst, g3 8 ¢) I6pdst dikidrmetinban végerzitk; vagy

az eljaras magaban fngladia o o) Yepast, ¢a n ¢y epdst kortlbeinl 25 °C alnet bimerseklelen, pelda-
uf kovidbatif 9 o0 < koritbelit! 10°C hdmérséhiloton vegeraiik; vagy

) Kpds renknickicthndnvstroppuklan foglalak }nd“nog‘-}t vHQY

o) Kpds raskeiskintimdnyet rngukban foglalosk egy bieisy, peliddud nitriuns-karbonitoy vagy
sty Topes reakeidhorilmsnyet magakhan foglainak kartibeltl 6,5 - kortilbalil | mdlckvivalens
matelun-karbonifol; wigy

sy Kpes reskeickivthndnyel magakban fogladnak etilacetitol; vagy
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(eily  wdilopes reakeidkdriitndmest magukban foglaloak egy katalizftari, példsud PACH

18 A&z 1, 2L Plovagy 120 dgdayvpratok birmelbvike szevinl elidngs, ahol a (1A képlewl vegyilet kintik
beld 1.3 - koristheltll 1.5 molekvivalensét hasendlink, vagy 8 1. vagy 13 ixénvpont sxerintl clige®s, uhol a

(1A képieiﬁi vegytler kornlbelt! 11 - kielibaltd £,5 moélekvivalensél hasenaljuk,

A4, 3, Hovagy 12 dgénypontak bannehvike srering elid

tis, abol se OV pdpletlveevitiot Koriibe i
2 kriibeltt 3 molekvivalenset hysendifuk, vagy a 14, vagy 15, igénypont crerint elidris, ahol 2 {VA) képletd

vegyiliey ktrittbelith 2 - koriilbeltl 3 molekvivalensét busanilink

20, (VI kepletli vegyitks,
BooH o

Y: : \\:’\ X = \;‘_{.
,»"‘\’\,\(}/-\" 7"\\ G N
5 f 7
YHE

ahol
7 jelentéss O NR vagy

RY jelentéss hidrondn ¢ alkl! csoportiabo! wab kivilasetvag

RY  jelentése bidrogén & alkll ssoperijabol van kivalasziva, ahol sz alkil szubszittudlatlan vagy
cikfoatkil, hoterocikI, aril € heterowet] ssoportjabal egymasts! figgetienil kivilaszion ey vagy
t3bh szobaztitusnasel van szobsatitudiva;

7

R ¢ B jelenidse sgymastol Sipgethentl a kovetkezd eso\pm‘tbéi van Kivalasztva: hidrogin, alkil,
seobsztinaltalkil, oidosikil srobsztitaall eikkoalkil, beteronikil, senbonztitnall Deterosiblil, asil,
szabsztitnalt anl, heteroant], seodbsztitudlt heteroaril, halogsn, Ndroll, ciano, SO LNERYS-RE
ahol 0 deteke 00 1 vagy 2, “NRPCIOINRIR® & <X'RC, ahol X' jelentése oxipen, -R(O),~ vagy
MR, abal v éettke 0, 1ngy 2, vaiy

108y RY wsal 4 sxéosdeivenal coyint, vl haposelidusk,. cikioalkdl, vaubsztitedll. sidoalisy,
hoterasticBl, soubgetitidlt hetereolk, il swobuztitualt el heteroaril wagy saubseiiugh
hedercarit ceoportot képesaek;

RY g RE Jelsntdon epymastal fggetenth hidrogds, halogdn, alkil, seubsartivalt alkil, alkend, saubsetitugi
alkot, arfl, szobeatitadit il betercanil, seubsztitealt heteroartt d8 XK' ssoportiabal van kv
fastva, ghol X7 jelentése oxipdn, -S(O) vagy MR-, abd o értdle €, T vagy 2, vagy amikor X7
felentése ~NRN wkkar BT ¢a R™ azeal 4 pitogdnatmal expit, amebder Kapesolddngl,

HE esopariot képeave Sanzckapesolodintngk;

fatevocikii vagy sxubsetinasht heterocd
)7 is gither SRR Vagy QTR

R jelentése mindegyik slbfardulidd helvén spymdard! gpetlonll hidvopes, alkil, spubsetitudh alkil

arfl, seubsabudlt sl cidlosikil soubsaitedlt oidloalkll, hoterowell, szobeatitoalt hetcosril,



]

heteroaikiil oo wrubsatitudlt heterociU csoportiabad van Kivdlasztva, axzal & megkidssel
sotikor X jelontdce -850~ vagy -80.-, akkor RY jelentése nem hidrogén:

R agrY jelentone epyimasial Hppetienit! hidrogsy, alkil de aril cooportdhal van kivalasster

RY  jelentsse alhil, szubsrtitush alkil, aril, szobsaitualy anl, hewroaril, szubsstinilt beteroardl,
heterociklil €5 seubsatitadlt hetoroeikI esopartjabo! van kivilaszvag

B jelemsse mindepyik elotorduldst hedydn sgymastol figpethentil alkil, benzil & aril kil van kv
lasztva, vagy kot B szaal o niteegdnatommal ogyiitt, smelvher kapesslodnak, 48 taw
Beterocikhil vagy betsrnaril esoportot képesiek; &

RY O jelenidae mindegyik cldfordeldst helvén spyadato! Nigpetloniyl alkil, avll, hetoroanil & heterogikli

canporiahol van kivalagetvy

vagy ennek sdia, daterg, seldreoizomere vagysaterenizametet kovneske;
azeal @ megkdidasel; hogy & vepyilel now T-dimetilamisamsthidrogiyT-fenficnifmilizekinolings
~karboansav-butil-gsater;

<

ZHOACD: jpdnypont werkmt {VHIAY képleltt vogvitlet

RN W
R‘f‘ N ’\T.
N
\R-F
VA
ahgl
RY jelentése hidrogén o5 alkil esoportiabol van kivilasetea, abol az alkil szabsztitealattan vagy

cikloalkl, heterocikll arfl &g hoteromel] nsoportidbid epymastd! Riggetionitl kividasalolt egy vagy
bb sxubsetiiuonssel van saubsatitugiva;

R8s RY jelertéce epymistel figgetiontil 8 kovetkezd croporthol wan kiv@lasstva: hidvopdr, alk#l,
saubgettadlt alkil, oiblogiol, scobsrtitudlt viklualkdl hetoreo i, soubsatinngll Betorocik ], adl
gaubgetitadit aiil, beteroantl, suabsatineit heteroarit, halogsn, hidvexil, ¢lang, ~8(0) %;{“"; EAN
shol 1 éndhe O, 1 vagy 2, -NRICIOUINICRY & )RS, ghol K jelenténe oxigen, ~SI00),~ vagy
SNRs ahol s Seidke 0, 1 vagy 2, vagy

R & BY seedd n sednatonial Seit, ameplvlivr Rapesolddnak oilloallill, wonbsziiongl sidlosikit
heterocikBl, Gubsettnall heleraaikil, wrtl, sanbwtitodlt arll, hetossartl vagy  saubsetitudlt
Feteroari! ssoportot képezaek;

15 ¢ R jelentése egynuistol figpetlenitl hidrogsn, halogen, alkil, scubsatingdit alicih, sikoxi, szubsstitugh
atkost, atl, szubsstitgtl sell, heteroanil, seubsatiuglt heteroaril & <R capportjabal van kivie

X
H
H

Insztva, shol X7 jelentése okigsn, ~ ‘s{G}; Yagy ~3\5R”v, sihol 1 &téke 0, 1 wigy 2, vagy amikor X°

ielentdse MRS akkor RY ¢ sednatommal egydtl, amelyber kupesolddrak,

heterosth il vagy spubsatitudlt hetsrostklil csaportot i{é;}ezvs Sssrekapesoicdhatnakg
RY jelentése SNOU R vagy OGRS



R?

}V{ 12

£8

felentsse mindegyik eldforduidst helvén spymdstd! fiiggetlentl hidrogdn, wikil, saubsziitualt aikil,
aril, swubsatitedlt anll, oikloalhl, saubsatitedlt oikloalkil, heterourll, szubsztitudll beteroaril,
heterocikiil 8s szabstituslt heteronikll csoportiabol vin Kvalasztva, sexal 3 megkitdssel, hogy
amikor X! jelentise -SO- vagy -S05-, akkor R jelentése nem Tidrogén:
s RY felentdes cgymbstol fguetlonti! hidrogen, aikil &s aril cxoportisha] van kivilueiva;

Jokeotése atkil, sonbuztitualt Sl sl szobsziliaalt ol hetovonrtl, srobeaiingll betersartt

hererocikhi s szubeetiugh heterocikiil <ese;3s3r§§g'h’ W Rivalasziva;

fefentdse mindepyik eldiondulds? helyén sgymistd! figgetionil alkil, beozil $s aril kazil van kiva-
fmeatvn, vagy k& B azesl » nitreg mmmnmix} spyiitt, amelviier kapesolddnak, 48 tags
heterociklbvagy belomaril ssopottot kdpesnek; &

elentdse mindepyik eltdordol@st helvén sgymdsndd figeetional alkil, asil betsroarit &8 heiarosiiiil

esuportishisl van kivdlasarvy

1

vagy snnekoadia, astere, seterepizomirs vsgy sEereoizmite k‘weré-ke;

axzal @ megkéides

fakinotired

rbonsavabutibdszier

Y

AL S

{vid

20 vagy L. igduypont szerint vegyillet, shel

RY jelentése szabsztitsdiatlan alkil vagy

R 65 K jefentése hidrogdn; vapy

R felotdee alkilosaporich koall van Mivalastys, ehol oz skl subseritudiatian vagy sikloatkil,
heterocikil, aeil és heteroart! csoporabdl egymastol figgetentil kiviissaialt epy vagy 1bb
srabastitocossel varn szobeastituabve, &

Bt Jelentése hidrogen;

B jelontése «N{Ri'}{R”} s RY Jelentéce O atkil, vagy

B jnlentéoe SQCEOIR™ 83 R™ jelentése T Ty alkil;

w7 jelontdse kil amely saubhsstitndlatien vagy oikfoatkil, hetermoik B, sedl s hatsroani! CROpITH
bl egymastd] fipgetient! kivalasatoit sgy vagy (@b seubsztituenssel van szobsatitodbve

] da R Jolentsse cgymdstol flggetionitl a kdvetkezd ssoportbal van kivilaszivar hidrosén, alkil,

Absatingdivatial, cilinalkll, szubsegtdlt ciklosikil, heteraoikitl, szubsatitual heterociklil

[}

artly ossubeetiiudle adl hetwosrdl, waibsatglt  heteroaril, izaiasén fidranil, ciang,
SIOLANRMRE, ahiol n driske 6, 1 vagy 2, NESOOMRRY ¢ X'RY, abol X' jelontése
oxigsn, S{O)e vagy NI ahol v ériche 6, 1 vagy 3, vagy

R ¢o RY wazal o codnatommat ey, amelvher kapesolodnak, ciklostkil, srubsziitmalt eiklostkil,
Bederooildih saubscingdlt hoteroath B, arfl, soubsstitsdlt aril heteronnit vagy seihsotitught
heterowrt] esoprwid kdpewnek;

R8s R® jelentéss hidrogdn,

BT jelentése MR Ry

RY jelentése mindegyik olfwdubii belydn  epymistél  fopgetlent! hidrogén, atkil,
szoabeatituste skl artl, ceobsztitudl anil, siklonlkil, szabsatitaalt cikloalldl, heteraril,

szobastitutll belorcaril, hawrocik il S sabstitodlt heterocikbl ssoportidhol var kivelaaets



o
<

va, wazal 3 megkdtdssel, bogy amior X' jelentéee <80« vagy SO akkor RY jelentése
nem hideogdn,
R»
RY - jelentése mindsg gy ik oldtordutast helvén egpmiaad! Rgestent! C-Cy alkil és ardl kazil van

selenidoe hidrogdn, alkil Sz wvll ssoporjabol van kivdlasava és

kivdlaseton; vagy
fvit) R jelentése alkil amely szubsetimdintian vagy eildoalhil, Beterocikil, arfl és Teterosrt] asopariabol
cayvmastol faggetientl kivitlasziodt exy vagy 0bh szobsatitusnssel van seabsziitudiva;

R g R Jelentdse agymdat! Nigpctlontl 3 Kovethezd csoporibd! van kivilasatva hidrogen, alkil
szubsstitodlt alkil, clkloalkil, seubsasisualt cikloalkil, heterooiklil seubsztitudlt heterociki,
swil, seubsztinddt arll, hetercandl, suohestiioalt heteroaril, halogén, hidroxil, clang,
SSHEOY-NERTARY, sl 1 ditdke D, U vagy 3 NRPCIOMRRY 85 CR?, ahol X' jelentéss
axiizén, S0, vagy NR, ahol n ériske 0, 1 vagy 2, vagy

27 65 R qesal o seénatonmal egviitt, amelyher Kapesolddnsk, cilivalial, szubestitoads cikioaliil,
heterociklil, szabsatitudlt hoterociklil, wil, soubsziludlt s, belerdanl vagy szobsetitught
heteroarit croportetképemnek;

K 86 R jelontése fidrogsn;

RY jeleatése - R MY

R jelenidee windegyih  cléforduldsl helyén egvmgatdl  fipgetionil fidrogén, alkil,
szubsztitudl alkil artl, saubsetituale @il ciklogdkil srubsaiudl oikloalidl, heterowil,
szabsztitudlt heteroaet], heterociklil €3 szobsuttuall heterocikil csopartjabol van Kivilasae

v, azeal @ meghdtdssel, hogy sotkor X7 jelentése SO vapy -850y, akhor B jelentéss

nern hidrsedn;

RY jelentdse hidropon, alkil Saarfl caopartfabol van kivalasetve ¢
RY jelentdss rafndegyik eldtordulist helyén sgyméstol Rigestientt! alial, anil, heterorll ds

heteropiklib esoportidbolivan Rivdlasstva,

I3 Vegytilet, amsly 8 LhidroniT-fenosiizokinolin-3-krbonssv-metildsater (33)

B
Ol
{lf%"\ :,.f Ry . i\\\\v«e &
k\v‘:f \Q""w \’\(f";)\'\ S N a

28 Aw 4 vagy T indnypontok barmelyike szerintl eljdrds, ahol R felentése Widrogén,

A8 AT L2 40 8 RL 2, 11, 12, 1 vagy 18 fgdoypontok Barmelvike szerintl sljdrds, ahol R jolentisse

Kidrogsn cagy alkil

6.AT 1L 20 40 508,00 T vary 120 dovpontuk bdrmelyike szerintl eljards, shol
(s R s RY jelontdee covmaatel figetient! hidrogén, alkil, szubsztitaalt sikil sell, seubsztitoalt seil,
heteronttl, seubsztitudlt heteroardl, badogdn, hidroxil, clane, ~SIO-NEDRY, NRPCIOMRR ¢

SXR” ssaportisbid van kivilasatva,



U

ahol X3 Jetentdse oy toda, ~SUO vy NRY

f Srigke 8.1 vagy 2,

RY ptentsse pundegyik  slforduldsi belyén  epymdsiol  flipeatlentt  hidrogdn,  aikil,
ssubsatitualt alkll, anll, seabsstitodlt anil, cikloallil, saubestitadlt cildoalkil, heteroaril,
seubsztitualt beteroarils heterocikl e seubsaitudh Teterocikit caopariabat van Kividlasst-
vir, gzeal 2 oegkddssel, hogy amihor X jelentsse SO~ vagy KO, akiior 1B jelentdos
nem hidrogén;

5

w’ felentése hidrogdn, alkil $xanil Ssoportjdbal van kivilasstvn;
vagy B de R arokkal 2 sedmatomokial sevittt, amshyekbar Raposolddnsk, cikloalkil, szabsstitagh
cibdoalkdl,  beterocibill, ssubsztinlt heterooikll, bril, seubsazritedlt wil, botorsaril vagy
szubsatitealt heterowril osopartot képeznsk; vagy
(0 R s 1 Jelentése epymdatd] figgetlenttt hidrogsn, alkil, avll, heteroaril, hidvoxil, ~S{0-N(R-R"
NRACIONRRS ¢
® jelentére oxigsn, S(Q5,- vigy MR

SURY pseportiaba! van kivalasstva; abol

n és‘&é}»z{e G, Fvagv X
S felentése aril vagy seubsztituilt anil; ¢
T jeies}i‘ése hidrogdy, alkil vagy wik
agy B 85 RY arokkal a sxéontomokial sgvittt, amelvekhes Raposodadaak, cikleatkil, helercotklil, wid
vagy heterpanil psoportol képeandk;) vagy
tlenti] hidrogén 83 <X 'R cooporighs! van kivilaszivas ahol

(HD R s R jelentése cgymastol g
X jefentase oxigdn ds R feloatdee anll vagy saubseiudit aeil; vagy
{ivy R® dx RY jelenidee egvragstdl ﬁiggeﬂém’;i hidrogén, halogén, alkil, wubsetiuglt kil il
Geubsztingl aril, beterdaril, vonhsztitual heteroaril seX0RN csopaﬁ;nbm vy Rivilasziva;
ahol X* Jolentése uvigdn, SN vapy KB L‘«;
rdrtdhe & basey 2;
R‘ slontese aril vagy soubsatitudlt avily &s
mes« Hidvogén, alkil és aril csoporabol van kivilaszivay vagy
(VIR g I{"}g‘fiﬂ-tiim caymastol Mggetioni! kidroxdreds RN ¢ csnportdhs! van Kvilasave shol X7 js
lentdscnnigénés R RY jeimtése acil vagy szubszitudit arfl; vagy
vy RY de R jedentéss hidvogsng vagy
vy R jeit}mc e hidrogsn vapvalkil:
getlentl hidvogsn, ikl Gubsainght gl arfly ssabeaiivaly anil,

1o 1Y jelenidan spvidatd! Rig
heteroaril, sxubsztitaalt heteroatll, halopén, hideaxi, ¢igng, ~SIOLRNRM-RY, NRICHKONRES 85
XUBE caoportiahal van Kivatasatva
shol X' jelontdue cxigén, SN vagy MRy
ft artdke 8, Fvagy 2
RY  jelonidse refndepyik  olbfordufiel helydn  enymastsl  Miggetiond hidrogsn,  wikil
szubsatigalt alkdl «fll, ceobsamudll artl, ‘oikloalkd], soubsothndlt ofkiontkil, bstersanii,

szubsatitodlt heteraant], hoterooikl S soubesting it hetorpeikdd csoponishdd win kivilases
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PAT

v, azzal a megkotéssed, hogy aratkor X jelentise <8O vagy 80y, akkor RY jelentsse
nem hidrogdng €
R* ielentdse Hidrogsn, sdhil $s arll osoporgdbsl van Kivilaszva
vagy R ég RY asokkal ¢ szdratomokikal cgvitt, amelyvekher kaposolddngk, cikloalkil, szishsatitualt
ciklvalkll, heterociklll,  canbsztituddt  heterocikiil, anil seobsetitealt arile beteroarst vagy
szubsatitualt heteroaddl ceoportot képeansk;
R dg RY jelentése egumastol figgetlent! hidrogdn, halogsn, skil, sxabsztitealt wikil, anl, szubsstivndlt

aril, heteronell, spubsatiivak fusteronri] 65 <XR™ caoportishol van kivalasstva

ahod X7 felontése oxigdn, B3 vagy - MNRY

1 geidhe @, Tyvagy 3

R jelentése aril vagy saubseiinsdt aly ¢

g jelentdse hidvogds, sl 8a sell casprrtiabal van kivikerniva vagy

{vit) 17 infentése hidrousn vagy wikit;

R s Y jelontéee epyvrostd fingetiont! Ridvopsn, alkil, sril, heteroaril, hidraxil, -S(O3,-MRY%,
&

MRPOEOMNRIRY g -XTRY croportabdl van kivilaszivay ahio]

RS Jelentéae oxigdn, S0, vagy NRC-

B éricke B, 1 vage 3

v S g L
R Jekentdee anil vagy seabantitudlt anil &

R? jelentdse hidrogsn alkil vagy il

vagy 1 ss RY azokkad o seéuatomokkal egeiitt, wnelyekher kapesolodnnk, cikioalkil, heterockl, ardl
vagy heteroaril csoporiot Répemuek; &5

R8s R® jelentése epypaad! figeetiond hidrogen 8y <X R wopm‘tmix\i van kivalasstva; ahol
X jelentése oxigén s R jefentsse aril vagy szubsziitudlt wril vagy

{ix) B jelonidas hidmpdn vagy alkil;

RY ¢ RY felentsse sgymisto] Rigpetiont! bidvopén 85 -X'RY esnportiabel van Kvalasziva: skl X jekass

B axigén & g Jeleridse aril vagy seoabsetitedlt wril &

R e R jelensése hidrogén,

AT Ak, B4 5 Vovagy 13 igdnypontok baraslyike szerinit oHérds, ghol

By R felentdse Oy kil vagy

3
Gy KM jelemése matil

28 A4, SR8 T vagy 1 indeyponick blrmelyike szeringl eljinis, ghol

£ K& jelenden © o0 alkil; vagy

s i & iy
i) Riﬂ;ﬁlﬁil‘ieﬁ&itwﬁii,

29, A7, igdnivpont szetindi eljing ahal
(i3 R'jelentdss bidragén; vapy

() R jelentéss hideagdn vagy alkil; vagy
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Gy R és B jelontése noym@sto! fipoetiontt fidropen, alkil, sanbeativodlt afkil, anil, seubszdmalt i,
heteronrt], seohatitudll heleroaril, halosn, hishroxil, ciane, SO }wR* NRICOMIRRY 8¢
-X'R¥ esnportiahol van kivilasztva
alol X jelantéss oxigsn, S0, vagy N
odricke B 1ovagy
RS felentore minde casik sltforduiist helydn spymdtol Mgeetlonil kidrogsn, skl seobsatitosht

alkil, aril, sxobsztiteale and, ofklonlkil, snbsetineglt oiivloallil, heterosell, szubsstitglt
heterount], haterociklil &5 cenbsztiaht heterociklil cooportiabel van kivalasstva, azeal 3

megkvtdssel, hogy amikor X' jelentéan -S0- vagy <80y, akkor R jelentdss nem hidrogsn;

s

%

%

R jelentdae bidrogdn, alkil ¢ aril cxoportisbal van kivalasatva:
vagy R éx RY aeokkal 2 szénatomokhal sttt amelyekber kaposoiddnak, cikiealkdl, szubsatinagll
cikloalkil, boeterestklil swobsotitedit beterosiill, sl sodbsstitgdit anil heternaril VAZY

seabuatinght heteroaril csoportot képesnek; vagy

() R ¢a RY jelontdee epvmaaat Rigretent hidrogén, alkll, anil, hersrcanl, hidrowil, SUENENEORRY,

Fa(
P

MRMCOMRRY g xR csaporiiabol van Kivalasatva; ahol
N jelentése oxigtn, ~S{0), vagy NE
2 Srigke 0, 1 vagy 2
R Jelentése aril vagy axubsziitndit avil; 8
RY jelontése hidvopdn, slkil vagy aril;
vagy R &5 RY wrokkal a széostomokhal spyiitt, amelyekher kaposolddnak, sikloalkll, heterociklil, el
sagy heteroaril csoportot képeanek; vagy
Qe RS s RY jelentese egymiasto! figpetlonil hidrogéa & -X'RY csuportiabsl van kivalsstva: ahol X je
lentise oxigén & RY jolontése arll vagy sxubsatitadlt aril; vBEy
Gy R ds B jelontése sgymastdl figpetlonitl hidrogdn, talogsn, alkil. seebsziiteslt allil arii
szubszritealt s, heteroadl, coubsztituilt betoroarit ¢o <X R™ esoporiabst van Kivalaszva;
aliol X7 jelentéss oxigsn, <SED), vary NRS,
n éridke O, 1 vagy 33
R Ielordse sl eagy sauhsstinadlt antl &5
RY jelontdee hidvogdu, slkil 85 wril vsoportjdbol van Kivalasatva; vagy
ity RO sep® felenigse spymbatd] figgetiontd dropdn $8-X° R¥ asa portidtud! van kivilaseva shol X
jelentdse oxigén e R jelentdse aril vapy smbsaiinglt aril; YREY
(Vi) R s R jelontéas Mdrogdn, vagy
sy R isieﬂ%‘ése hidrogsn vagy atkily
RY s 1 jelentsse ppymdsto} fipsetionii Mdrogsn, alkil, ssubsrtinodlt sdkif, ant, spubsatitudlt adl,
heteroardl,  seubsetitudlt  beteroaril,  balogén,  hdroxil,  slanme,  ~SUHLNENHRY
MRMCIOMWRIRY s ~XR? csnporijahsl van Kvalasztvas
st X' felensdae oxigen, ~S(0),- vagy -NR;

ndvieke 0, | ovagy 2;



RY jelentdse mindegyik cltfordulési helyén egyrasstd fggetieni! Bidrogsn, aliit,
szubstitudlt alkil, anil, ssubsetitudlt aril, cikloalkll, sxubsstituslt wikloalkil,
heteroaril, seubsatitudh beteroardl, heterocikhl 85 szubsatitualt heterovik i} csuport-
Jabot van kivilasetva, axzid & megkotessel, hogy sntikor b Jelenidee S0 vagy
SOy, akker 1 jelentése nem Mdropsn: és

R jelentéas hidrogen, alkil o8 ari} csoportiabel van kivilasztvay

vagy R8s R axobkal s cosnstomokkal egyiitt, amelyekher kapesolddnak, cikloatkll, ssubsztitual

sikhaatkil, heterccihl, seubsaritualt immmciklii, aril, szabsaitualy acil, heterosrll wagy
LG R‘ j@}e dse syl ii&ggetimiii hidrogdn, halogdn, wllil, soubsstitudlt allell, anil,
srubartituslt aril, heteroaril, seubsstitadlt heterond] ¢ <CRY ceoporyjabol van Kivalasstea:
ahiod X7 jelentése oxign, -0, vagy N2
néridke 0, 1 vagy 2;
K™ felentdae wil vagy saubseiiudh aril: &
RY jelentéas hidvogsn, alkil 65 arit sxoportisbad van kivalastva; vagy
) R jelentése bidrogen vagy stk
R sa 1 jelentése epymadsté! Mggeteniil hidrogén, alkil, well, heteroaril, hidvoxil, “SO-RRY-
B CNRPCOWRMR 85 - X'RY proportiabol van Rivalasziva; ahol
X' jelentdse oxigdn, SO) vagy “NRY;
ke € yagy 2;
1Y jelontése anl vagy seubsztitsdlt anl; s
%7 jelentsse fidrogen, sl vagy axil;
vagy R & 8 azokkal & seénntomoklad epyiltt arnstvelbey kapesoldnak, akloaikil hererosilelil
avtl vagy heteroaril exoporid kepeanek; ¢s
R s B jelonidee cqymastol Biggetiontit hidragsn s -X'R™ csoportiahal van kivilasetvay ahot X2
inlonitése oxigénds R® " infontése ardl vagy srabsaritagh aril; vagy
{xiy R jelentése hitropén vagy alkil;
R s8¢ RY jelenmtéos cgymastal Mggetlanitl hidrogtn 85 -X 'R csoportabol van kivilesiva ahol X
felentese oxigdn v B jelontsse arll vagy seubsatituilt aril; &
R 88 R? jelentése bidrogsn; vagy
(xiy B ¥ telentése OO, alikil ¥agy

(i} RY jelentdse metil
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