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(57) Abstract: A compound having the structure set forth in Formula (I) and Formula (IT) wherein the substituents Y, Z, A, B, R1,
R2, R3, R4 and RS are as defined herein. Provided herein are inhibitors of poly(ADP-ribose)polymerase activity. Also described
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DIBYDROPYRIDOPHTHALAZINONE INHIBITORS OF POLY{(ADP-
RIBOSEIPOLYMERASE (PARP)
CROSS-REFERENCE
foen1}  This application claims the benefit of U.S. provisional application Ser. Nos. 61/173,0188,
filed April 27, 2009; 61/151,036, filed February 9, 2009, and 61/086,687, filed August 6, 2008, all

of which are incorporated by reference in their entirety

FIELD OF THE INVENTION
{0002] Described herein are compounds, methods of making such compounds, pharmaceutical
compositions and medicaments containing such compounds, and methods of using such compounds
to treat or prevent diseases or conditions associated with the enzyme poly( ADP-ribose)polymerase

{PARP).

BACKGROUND OF THE INVENTION
{0003} The family of poly(ADP-rihose)polymerases (PARP) includes approximately 18 proteins,
which all display a certain level of homology in their catalytic domain but differ in their cellular
tunctions {(Ame et al., BioEssays., 26(8), 882-893 (2004)). PARP-1 and PARP-2 are unique
mermbers of the family, in that their catalytic activities are stimulated by the occurrence of DNA
strand breaks.
{0004} PARP has been implicated in the signaling of DNA damage through its ability to recognize
and rapidly bind to DNA single or double strand breaks (D'Amours, ef o, Biochem. J., 342, 249-
268 (1999)). It participates in a variety of DNA-related functions including gene amplification, cell
division, differentiation, apoptosis, DNA base excision repair as well as effects on telomere Jength

and chromosome stability (d'Adda di Fagagna, et ol, Nature Gen., 23(1), 76-R0 (1999)).

SUMMARY OF THE INVENTION
18065)  Frovided herein are compounds, compuositions and methods for modulating the activity of
PARP, Among the compounds that are provided herein, are compounds that are inhibitors of PARP.
Also described herein is the use of such compounds, compositions and methods for the treatment of
diseases, disorders or conditions associated with the activity of PARP.
[0006] In some embodiments, compounds provided berein have the stracture of Formula (1) and
Formula(ll) and pharmaceutically acceptable salts, solvates, esters, acids and prodrugs thereof. In
certain embodiments, provided herein are compounds having the structure of Formula (F) and
Fornuula (1) that are inhibitors of the enzyme poly(ADP-ribose)polymerase {(PARP).
{6087}  Described herein are 8-B,7-2-R~4-R;-5-Ry-6R3-TR5-9-A, Y -8,9-dibydro-2H-pyrido[4,3,2-
delphthalazin-3(7H)-ones, 8-B,2-5-R,-9-A,Y -8, 9-dihydro-2H-pyrido(4,3,2-de¢ |phthalazin-3( 7H)-

ones, in which A, B, Z, Y, Ry, K., Ry, Ry and R are further deseribed herein. In certain
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embodiments, isomers including enantiomers and diastereoisomers, and chemically protected forms

of compounds having a structure represented by Forroula (Y and Formuda (11 are also provided.

[0DO8]

Formula (1) is as follows:

Formula (D

wherein:

Y and Z are each independently selected from the group consisting of:

2)

b)
c)

an aryl group optionally substituted with 1, 2, or 3 Ry ; wherein each Ry is selected from
OH, NO,, ON, Br, CL F, L. C-Cialkyl, Ci-Cyeycloalkyl, Co-Ceheterocycloalkyl; Co-
Csalkenyl, alkoxy, alkoxyalkyl, alkoxycarbonyl, atkoxycarbonylalkyl, Cp-Cialkynyl, aryl,
arylalkyl, Ci-Ceeycloatkylalkyl, haleoalkoxy, haloalkyl, hyvdroxyalkyviene, oxo, heteroaryl,
heteroarvlatkoxy, heteroaryloxy, heteroarylthio, hetercarylalkyithio, heterocycloatkoxy, Co-
Ciheterocycloalkyithio, heterocyclooxy, heteroeyclothio, NRaRy, (NRARpIC-Cealkylene,
{(NRRg)carbonyl, (NR Ry)earbonylalkylene, (NRRy)sulfonyl, and
{(NRaRg)sulfonylalkylens;

a heteroaryl group optionally substituted with 1, 2, or 3 Ry

a substituent independently selected from the group counsisting of hydrogen. alkenyl, alkoxy,
alkoxyalkyl, alkoxycarbonyd, alkoxycarbonylalkyl, atkyl, alkynyl, arylalkyl, cycloalkyl,
cycloalkylalkyl, haloallyl, hydroxyalkylene, oxo, heterocycloallevl, heterocyeloalkylalkyl,
alkylcarbonyl, arylearbonyl, heteroarylearbonyl alkylsulfonyl, arvisulfonyl,
beteroarylsulfonyl, (NR Rplalkylene, (NR4Ry)carbonyl, (NR Rg)carbonyfalkylene,
{(NRRy)sulfouyl, and (NR Rp)sulfonylaliylene;

Ry, Ry and Ryare each independently selected from the group consisting of hydroges, halogen,

alkenyl, alkoxy. alkoxyearbonyl, alkyl, eycloalkyl, atkynyl, cyano, haloalkoxy, haloalkyl, hydroxy!

%

hydroxyalkylene, nitro, NRaRy, NRRealkylene, and (NR\Rg)earbony!;

A and B are each independently selected from hyvdrogen, Br, CL F, 1, OH, C,-Calkyl, Ca-

Cyoyeloalkyl, alkoxy, alkoxyalkyl wherein C-Caalkyl, Ca-Cyeveloalkyl, atkoxy, alkoxyalkyl are

optionally substituted with at least one substituent selected from OH, NO,. ON, Br, CL F, 1, C;-

Cealkyl, and Ci-Creycloalkyl, wherein B is not OH;

R and Ryare independently selected from the group consisting of hydrogen, alkyl, eyeloalkyl; and

alkylearbonyl or R and Ry taken together with the atom to which they are attached form a 3-10

[a)
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membered heterocyele ring optionally baving one to three heteroatoms or hetero functionalities
selected From the group consisting of -0-, -NH, -N{C;-Cg-alkyl)-, -NCO(C-Co-alkyl)s, “N{aryl)-, -
N{ary-C~Cg-alkyle)-, N{substituted-aryl-C,-Cg-alkyl-)~, -N{heteroaryl)-, -Nheteroaryl-Cy-Ce-
atkyl-)-, -N(substituted-heteroary-C~Cy-alkyl-)-, and —S- o (O, , wherein g 15 1 or 2 and the 3-
16 membered heterooyele ring is optionally substituted with one or more substituents;

Ry and R; are each independently selected from the group consisting of hvdrogen, alkyl, eveloalkyl,
alkoxyalkyl, haloalkyl, hydroxvalkylene, and (NR Ry)alkviene:

and isomers, salts, solvates, chemically protected forms, and prodrugs thereof.

[00091  Formmula (11) is as follows:

Formala (11);

wherein:

Y is-an ary} or heteroary! group optionally sebstituted with at least one Ry;

4. is an aryl group optionally substituted with at least one Rg;

A and B are each independently selected from hydrogen, Br, CL F I, OH, C;-Cgalkyl, Cs-
Ceeveloalkyl, atkoxy, alkoxyalkyl wherein C-Cialkyl, Ci-Cieyeloalkyl, alkoxy, alkoxyalkyl are
optionally substituted with at least one substituent selected from OH, NO,, ON, Br, CL F, L, C)-
Cealkyl, and Co-Cyeveloalkyl, wherein B is not OH;

R¢ is selected fromOH, NOs, ON, Br, Cl, F. I, Ci-Cialkyl, C-Creveloalkyl, C.-Ciheteroeyveloalkyl;
Co-Cealkenyl, alkoxy, alkoxyalkyl, alkoxycarbonyl, alkoxycarbonylalkyl, Co-Ciatkynyl, arvi,
arvialkyl, Cy-Creyeloalkylalkyl, haloalkoxy, haloalkyl, hvdroxyatkylene, oxo, hetevoaryl,
heteroarvlalkoxy, hetevoaryloxy, heteroarylthio, heteroarylalkylthio, heterocycloalkoxy, Os-
Ciheterocycloalkylthio, heterocyelooxy, heterocyclothio, NRARy, (NRaRg)C-Cealkyiene,
{(NRaRg)earbonyl, (NR Rg)earbonylalikylene, INR Ry)sulfonyl, and (NR Rpsulfonylalkylene;

R, is selected from hydrogen, Br, CL L or F}

Ry and Ry are independently selected from the group consisting of hydrogen, C-Cealkyl, Ci~
Cseycloalkyl, and alkylearbonyl; or R and Ry taken together with the atom to which they are
attached form a 3-10 membered heterocycle ring optionally having one to three heteroatorns or
hetero functionalities selected from the group consisting of —O-, -NH, “N(C;-Ceatky -, -NCO((;-
Cealkyl)-, -NCO(C5-Cyeyeloalkyh- ~N(avyD-, -N{aryl-C-Cgalkyl-)-, -N(substituted-aryl-C-Cyalkyi-

-, ~Nheteroaryl)-, -N(heteroarvi-Cy-Cealkyl-)-, -N(substituted-heteroaryb-C-Cealkyl-)-, and -S- or

Lol
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S5(Q),- . wherein ¢ is 1 or 2 and the 3-10 membered heterocycle ring is optionally substituted with
one of more substituents; or & pharmaceutically acceptable salt. solvate or prodrug thereof.

{6010} In certain embodiments are provided compounds of Formula (I} or a therapeutically
acceptable salt thereof wherein Ry, Ry, Ry are independently selected from a group consisting of
hydrogen, alkvi, and halogen; Ra is hvdrogen and Ry is selected from the group cousisting hydrogesn,
alkyl, cycloalkyl, alkoxyalkyl, haloalkyl, hydroxyalkylene, and (NRRg)alkylene: R, and Ryare
independently selected from the group consisting of hyvdrogen, alkyl, cyeloalkyl, and alkylcarbonyi;
or Ry and Ry taken together with the atom to which they are attached form a 3-10 membered
heterocyele ring optionally having one to three heteroatoms or hetero functionalities selected from
the group consisting of ~O-, -NH, -N{C,-Cg-alkyl)-, -NCO(C-Co-alkyly-, -N{aryl)-, -N(aryt- C-Cy-
alkyl-}-, -N{substituted-aryl- C-Cg-alkyl-)-. -N{heteroaryl}-, -Ntheteroaryl- Cy-Ce-alkyl-)-, -
Nisubstituted-heteroaryl C-Ce-alkyls)-, and ~S- or §{O)y- , wherein g is | or 2 and the 3-10
membered heterocycle ring is optionally substituted with one or more substituents.

{0011} In ove embodiment is a compound of Formula (1) wherein Y is an arvl group. In another
embodiment the aryl group is a phenyl group. In yet another embodiment the phenyl group is
substitated with at least one Ry selected from By, C1L ¥, or 1. In one embodiment R, is F. In one
embodiment the phenyl group is substituted with at least one R selected from (NR Ry )Cy-
Canlkylene, (NRaRg)carbonyl, (NRyRp)carbonylalkylene, (NR\Rg)sulfonyl, and
{(NRsRp)sulfonylalkylene. In one embodiment Rg is (NRyRy)Cy-Cralkylene. Tn another
embodiment C;-Caalkyl is selected from methylene, ethylene, nepropyvlens, iso-propylene, n-
butylene, iso-butylene, and tert-butylene, In yet another embodiment C1-Cpalkyl is methylene. In
yet a further embodiment R, and Ry are each independently hydrogen, C,-Csalkyl, or Cy-
Cseycloalkyl. In one embodiment C-Cialkyl is selected from methyd, ethyl, nepropyl, iso-propyl, n-
butyl, iso-butyl, and tert-butyl. In one embodiment Ci~Cralkyl is methyl. In another embodiment
Cy-Cialkyl is ethyl. In yet another embodiment C;-Cyeyeloalkyl is eyclopropyl, cyclobutyl,
cyclopentyl, and cyclohexyl. In a further embodiment Ci-Cyeyeloalkyl is cyelopropyl. In yeta
further embodiment Ry is hydroxyalkylene. In one embodiment hydroxyalkyiene is selected from
CH0H, CH;CHOH, CHCHCH,OH, CHIOH)CH;, CHOHICH,CH:, CH.CH{OHCH;, and
CHCHCH,CHOH. In another embodiment R, and Ry taken together with the nitrogen to which
they are attached form a 6 membered heteroeyele ring having 1 heterocatom or hetero functionality
selected from the group consisting of ~O-, “NH, or -N(Cy-Cralkyl). In yet another embodiment the
hetere functionality is -N(C,-Cgalkyl). In a further emabodiment C-Cealkyl is selected from methyl,
ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, and tert-butyl. in vet a further embodinment Cy~
Cealkyl is methyl. In one emsbodiment Y is a heteroaryl group optionally substituted with at least
one R, In another embodiment the heteroary] group is selected from furan, pyridine, pyrimidine,

pyrazine, imidazole, thiazole, isothiazole, pvrazole, triazole, pyrrole, thiophene, oxazole, isoxazole,
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1.2 4-oxadiazole, 1.3, 4-oxadiazole, 1,2.4-triazing, indole, benzothiophene, benzomidazole,
benzofuran, pyridazine, 1.3,5-triazing, thienothiophene, quinoxaline, quinoline, and isoquinoline. In
vet another embodiment the heteroaryl group is imidazole. In a further embodiment imidazole is
substituted with C;-Cgalkyl selected from methyl, ethvl, n-propyl, iso~propyl, n-butyl, iso-butyl, and
tert-butyl. In vet a further embodiment C;-Ceatkyl is methyl. In one embodiment the heteroaryl
group is furan. In another embodiment the heteroaryl group is thiazole. In vet another embodiment
the heteroaryl group is 1.3 4-oxadiazole. In a further embodiment heteroaryl group is substituted
with C-Cgalkyl selected from methyl, ethyl, n-propyl, 1so-propyl. n-butyl, iso-butyl, and tert-butyl.
In yet a forther embodiment C-Cgalky] 13 methyl. In one embodiment Z is an arvl group. In
another embodiment the aryl group is a phenyl group. In vet another embodiment the pheny! group
15 substituted with at least one Rg selected from Br, CLF, or 1. In a further embodiment Re is F. In
vet a further embodiment Ry is Cl. In one embaodiment the phenyl group is substituted with at least
one Ry selected from (NRAR)C-Cealkylene, (NR Ry)earbonyd, (NR Ryycarbonylalkviene,
(NRRylsulfonyl, and INRRy)suifonylalkylene. In another emboediment Rg is (NRARg} -
Caalkylene. In yet another embodiment C-Cealky] is selected from methylene, ethyviene, n-
propylene, tso-propylene, n-butylene, iso-butviene, and tert-butylene. In vet a further ernbodiment
C-Cealkyl is methylene. In a further embodiment Rx and Ry are each independently hydrogen, Cy-
Cealkyl, or Cyi-Cyeveloalkyl, In one embodiment Ci-Cqalkyl is selected from methyl, ethyl, n-
propyl, iso-propyl, n-butyl, iso-butyl, and tert-butyl. In another embodiment C;-Cealkyl is methyl.
It yet another embodiment R, and Ry, taken together with the nitrogen to which they are attached
form a 6 membered heterocyele ring having 1 hetercatom or hetero functionality selected from the
group consisting of -0-, -NH, or -N{C,-Cealky]). In a further embodiment the hetero functionality
1§ ~N{Cj-Cealkyl). In one embodiment C-Caalkyl is selected from methyl, ethyl, n-propvl, iso-
propyl, n-butyl, iso-butyl, and tert-butyl. In yet a further embodiment C-Cealkyl is methyvl. In one
embodiment 7 is a heteroary! group optionally substituted with at least one Rq. In another
embodiment the heteroaryl group is selected from furan, pyridine, pyrimidine, pyrazine, imidazole,
thiazole. isothiazole, pyrazole, triazole, pyrrole, thiophene, oxazole, isoxazole, 1,2,4-oxadiazole,

1,3 4-oxadiazole, 1,2 4-triazine, indole, benzothiophens, benzoimidazole, benzofuran, pyridazine,
1,3,5-triazine, thienothiophene, quinoxaline, quinoling, and isoquineline. In yet another
embodispent the heteroaryl group is imidazole. In a further embodiment imidazole is substituted
with Cy-Cialkyl selected from methyl, ethyl, n-propyl. ise-propyl, n-butyl, iso-butyl, and tert-butyl,
In yet a further embodiment C-Cgalkyl is methyl, In one embodiment the heteroarvl group is furan.
In another embodiment the heteroaryl group is thiazole. In vet another embodiment the heteroaryl
group is 1,3, 4-oxadiazole. In a further embodiment heteroaryl group is substituted with C,-Clalkyl

selected from methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-buiy}, and tert-butyl. In yet a further

47
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embodiment C-Cgalkyl is methyl, In another embodiment R, is hydrogen. In vet another
embodiment R; is selected from F, €1, Br, and ¥ In a further embodiment R; is F.

[0012] Tn one embodiment is a compound of Formuda (I wherein A is hydrogen. In another
embodiment A is Cy-Csalkyl. In a further embodiment, A is selected from methyl, ethyl, n-propyl,
iso-propyl, n-butyl, iso-butyl, tert-butyl, n-pentyl, and n-hexyl. I yet another embodiment, methyl,
ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, tert-butyl, n-pentyl, and n-hexyl are optionally
substituted with OH, NO», CN, Br, CL F, and 1. In a further embodiment A s methyl. In yat
another embodiment, A is selected from F, Cl, Br, and 1. In another embodiment, A i3 Cs-
Ceeyeloalkvl. In another embodiment, A is cyclopropyl, cyclobutyl, eyclopentyl, or cyelobexyl. In
one eribodiment, A is substituted with OH, NG, or CN. In a further emtbodiment, B is C-Cealkyl,
In a further embodiment, B is selected from methyl, ethyl, n-propvl, iso-propyl, n-butyl, iso-butyl,
tert-butyl, n-pentyl, and n-hexyl. In yet another embodiment, methyl, ethyl, a-propyl, iso-propyl, n-
butyl, iso-butyl, tert-butyl, n-pentyl, and rebexyl are optionally substituted with OH, NG, CN, Br,
CL F, and 1. In one embodiment is.a compound of Fornula (I} wherein B is hydrogen, 1n a further
embodiment B is methvlh In vet another embodiment, B is selected from F, CL, Br, and 1. In another
emhodiment, B is Us-Ceoveloalkyl. In another embodiment, B is cyclopropyl, cyelobutyl,
evelopentyl, or cyclohexyl. In one embodunent, A is substituted with OH, NO,, or CN. In a further
embodiment, 1s a compound of Formula (1) wherein A is hvdrogen and B is selected from Br, CL, F,
L Ci-Cealkyl, Ts-Cyeycloatkyl, alkoxy, alkoxyalkyl wherein Cy-Cialkyl, Ci-Cyeyeloalkyl, atkoxy,
altkoxyalky! are optionally substituted with at least one substituent selected from OH, NO,, CN, Br,
CL F, || C-Cealkyl, and C.-Cseycloalkyl. In another embodiment, is a compound of Formala (1)
wherein B is hydrogen and A is selected from Br, CL, F, [, €-Cyalkyl, Ci-Cseycloalkyl, alkoxy,
alkoxyalkyl wherein C-Cgalkyl, C~Cieveloatkyl, alkoxy, alkoxvalkyl are optionally substituted
with at least one substituent selected from OH, NO,, CN, Br, CL F, 1, C-Cgalkyl, and Cs-
Cseveloalkyl In yet another embodiment, both A and B are hydrogen. In a further embodiment,
both A and B are selected from By, CL F, |, C)-Caalkyl, Ci-Creyeloalkyl, alkoxy, atkogyalkyl
wherein C;-Cealkyl, Cy-Cseyeloalkyl, alkoxy, alkoxyalky! are optionally substituted with at least one
substituent selected front OH, NQy, ON, Br, CL, F, L C-Cgalkyl, and Ci-Cyevcloalkyl.

{0013} o one embodiment is a compound of Formula (1) wherein Y is an aryl group. In another
embodiment the aryl group is a pheny! group. In yet another embodiment the phenyl group is
substituted with at least one' B, selected from Br, CLF, or I In one embodiment Rq s F. In one
ersbodiment the phenyl group is substituted with at least one Rq selected from (NR RyIC;-
Cealkylene, (NR \Ryjcarbonyl, (NRsRp)earbonyvlalkyleng, (NR \Ry)sulfonyl, and

(NRsRg)sulfonylatkylene. In one embodiment Ry is (NRARp)C;-Coalkylene. In another

embodiment C-Cralkyl is selected from methylene, ethylene, n-propylene, iso-propylene, n-

butylene, iso-butylene, and tert-butylene. In yet another embodiment C-Cgalkylene is methylene.
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In vet a further embodiment R,y and Ry are each independently hydrogen, C-Cyalkyl, or Cs-
Cyeyeloalkyl. In one embodiment C-Cgalkyl s selected from methyd, ethyl, n-propyl, iso-propyl, n-
butyl, iso-butyl, and tert-butyvl. In one embodiment C;-Cealkyl is methyl. In another embodiment
C-Cgalkyl is ethyl. In vet another embodiment Cy-Cyeveloalkyl is cyclopropyl, evelobutyl,
cyclopentyl, and cyclohexyl. In a further embodiment Cs-Cyeyeloalkyl is eyclopropyl. Inyveta
further embodiment Ry is hvdroxyatkyiene. In one embodiment hydroxyalkylene s selected from
CH;OH, CH.CH,OH, CH,CHCH.OH, CHIOHYCH,, CH{OHYCH,CH,, CHyCH{OHYCH;, and
CH,CHCHCHOH, In another embodiment R and Ry taken together with the nitrogen to which
they are attached form a 6 membered heterocycle ring having | heteroatom or hetero functionality
selected from the group consisting of —O-, -NH, or -N{C;-Cealkyl). In yet another embodiment the
hetero functionality is ~N{C-Cgalky]). In a further embodiment C,-Cgatkyl is selected from methyl,
ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, and tert-butyl. In yet a further embodiment C;-
Cealkyl s methyl. In one embodiment Y is a heteroaryl group optionally substituted with at least
one Re. In another embodinient the hetercary! group is selected from furan, pyridine, pyrimidine,
pyrazine, imidazole, thiazole, isothiazols, pyrazole, triazole, pyrrole, thiophene, oxazole. isoxazole,
i.2.4-oxadiazole, 1.3, 4-oxadiazole, 1,2 4-triazine, indole, benzothiophene, benzoimidazole,
benzofuran, pyridazine, 1,3,5-triazine, thienothiophene, quinoxaline, quinoline, and isoquinoline. In
vet another embodiment the heteromryt group is imidazole. In a further embodiment tmidazole is
substituted with C;-Cgalkyl selected from methyl, ethyl, n-propyl, iso-propyl. n-butyl, iso-butyl, and
tert-butyl. In yvet a further embodiment Ci-Csalkyl is methyl. In one embodiment the heteroaryl
zroup is furan. In another embodiment the heteroary! group is thiazole. In yet another embodiment
the beteroaryl group is 1,3,4-oxadiazole. In a further embodiment heteroaryl group is substituted
with C;-Cgalkyl selected from methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, and teri-butyl.
In yet a further embodiment Cy-Cgalkyl is methyl. In one embodiment Z is an aryl group. In
another embodiment the aryl group is a phenyl group. In yet another embodiment the phenyl group
is substituted with at least one R selected from Br, CL For L I a further embodiment Ry 8 F. In
vet a further embodiment R 1s CL. In one embodiment the phenyl group is substituted with at least
one Ry selected from (NRaRg)Ci-Coalkylene, (NRaRy)carbonyl, (NRRp)carbonylalkylene,
{(NRaRgsulfonyl, and (NRRy)sulfonylatkviene. In another embodiment Ry is (INRARIC, -
Cealkylene. In vet another embodiment C-Cyalkylene is selected from methylene, ethylene, n-
propylene, iso-propylene, n-butylene, iso-butylene, and tert-butylene. In vet a further embodiment
Cy-Cialkyl is methylene, In a further embodiment Ry and Ry are each independently hvdrogen, C-
Cealkyl, or Co-Cieycloalkyl, In one embodiment C,-Cialkyt is selected from methyd, ethyl, n-
propyl, iso-propyl, n-botyl, iso-butyl, and tert-butyl. In another embodiment C;-Cyalkyl is methyl.
In yet another embodiment R, and Ry taken together with the nitrogen to which they are attached

form a 6 membered heterocycle ring having | heteroatom or hetero functionality selected from the
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group consisting of —O- -NH, or -N{{}-Cealkyl}. In a further embodiment the hetero functionality
is ~N(U-Cralkyl), In one embediment C-Cealkyl is selected from methyl, ethyl, n-propyl, iso-
propyl. n-butyl, iso-butyl, and tert-butyl. In vet a further embodiment C~Cgalkyl is methyd. n
another embodiment R; is hydrogen, In vet another embodiment Ry is selected from ¥, Cl, Br, and L
Ina further embodiment Ky s F.

{0014} In one embodiment is a compound of Formula (F1) wherein A is hydrogen. In another
embodiment A is C-Cealkyl. In a further embodiment, A is selected from methyl, ethyl, n-propyl,
iso-propyl, u-butyl, iso-butyl, tert-butyl, n-pentyl, and n-hexyl. In vet another embodiment, methyl,
ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, tert-butyl, n-pentyl, and n-hexyl are optionally
substituted with OH, NO,, CN, Br, CL F, and L. In a further embodiment A is methyl. in yot
another embodiment, A is selected from F, Cl, Br, and I. In another embodiment, A s Cs-
Cyeycloalkyl. In another embodiment, A is cyclopropyl, cyelobuiyl, cyclopentyl, or cyclohexyl. In
one embodiment, A s substituted with OB, NO;, or CN. In one embodiment is a compound of
Formula (1) wherein B is hydrogen. In a further embodiment, B is C-Cealkyl. In a further
embodiment, B is selected from methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, tert-butyl, n-
pentyl, and n-hexyl. Inn yet another embodiment, methyl, ethyl, n-propyl, iso-propvl, n-buty!, iso-
butyl, tert-butyl, n-pentyl, and n-hexy! are optionally substitated with OH, NO», CN, Br, CLLF. and 1.
{n a further embodiment B is methyl. In vet another embodiment, B is selected from F, CL, Br, and
L Inanother embodiment, B is Ci-Coeyeloalkyl. In another embodiment, B is cyclopropyl,
cyclobutyl, eyelopentyl, or cyclohexyl. In one embodiment, A is substituted with QH, NO,, or ON.
In a further embodiment, is a compound of Formula () wherein A is hydrogen and B is selected
from Br, CL F, I, C-Caatkyl, Co-Creveloalkyl, alkoxy, altkoxyalkyl wherein Ci-Cialkyl, Cs-
Cyeyeloalkyl, alkoxy, alkoxyalkyl are optionally substituted with at least one substituent selected
from QH, NO,, CN, Br, CL, ¥, 1, C-Cgalkyl, and C;-Ceoycloalkyl. In another embodiment, is a
compound of Formula (1) wherein B is hydrogen and A is selected from Br, CL, F, [, C,-Cgalkyl, Cs-
Cyeycloalkyl, alkoxy, atkoxyalkyl wherein C-Cyalkyl, Ci-Cseycloalkyl, alkoxy, alkoxyalkyl are
optionally substituted with at least one substituent selected from OH, NO,, ON, Br, CL F. 1, C;-
Cealkyl, and Cy-Cseveloalkyl In vet another embodiment, both A and B are hydrogen. In a further
erbodiment, hoth A and B are selected from By, Cl, F, 1, C-Cealkyl, Cs-Cieycloalkyl, alkoxy,
alkoxyalkyl wherein C,-Cgalkyl, Co-Cieveloalkyl, alkoxy, alkoxyalkyl are optionally substituted
with at least one substituent selected from OH, NOs, ON, Br, CL F, [, C;-Cialkyl, and C;-
Cyeyeloalkyl,

{0015} Inyet a further aspect is a compound selected from:
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or a pharmaceutically acceptable salt, solvate or prodrug thereof.

[0816] In yet another aspect is a compound selected trom:
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or a pharmaceutically acceptable salt, solvate or prodrug thergof.

{0017]  In vet another aspect is a.compound selected from:
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or a pbarmaceutically acceptable salt, solvate or prodrug thereof

[0018] In vet a further embodiment is a compound selecied from:

i
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or 4 pharmaceutically acceptable salf, solvate or prodrug thereot.
(0019}
{85.9R)-5-fluore-9-(-methyl-1 H-imidazol-2-yl} -8-phenyl-8,9-dihydro-2 H-pyridof4,3,2~
de]phthalazin-3{7H)-one.
{8R,95)-5-fluore-9-( {-methyl-1 H-imidazol-2-y]) -8-phenyl-8,9-dihydro-2 H-pyrido}4,3,2-
e |phthalazin-3{7 H)-one,

in yet a further embodiment is a compound selected from:

{85.9R)-5-fluoro-8-(4-fluorophenyl}-9-( 1 -methyl-1 H-imidazol-2-v1) -8,9-dihydro-2H-pyridof4,3,2-

de|phthalazin-3(7H)-one,

{8R 95)-5-Nluoro-8-(4-flucropheny}-9-( [~methyl- 1 Heimidazol-2-y1) -8, 9-dihydro-2 H-pyridof4.3,2-

e phthalazin-3{7H)-one,

{85.9R}- 8-(4-fluorophenyl}-9-(1-methyl-1 Himidazol-2-v1) -8,9-dihydro-2H-pyridof4,3.2
deiphthalarin-3(7H)-one,

(B8R 98)- 8-(4-fluoropheny)-9-( L-methyl-1 H-imidazol-2-v]) -8.9-dibvdro-2 H-pyridoe{4,3,2
delphthalazin-3(7H)-one,

(88,9R)-5-fluoro-9-{ L -methyl-1H-1.2 4-triazol-5-v1) -8-phenyl-8,9-dihydro-2 H-pyridof4,3,2-
dejphthalazin-3(7H)-one,

{8R,98)-5-fluoro-9-( f-methyl-15-1.2 d-triazad-S-yl) -8-phenyl-8,9-dihydro-2H-pyrido]d,3,2
delphthalazin-3(7H)-one,

{85,9K)-5-fluoro-8-(4-fluorophenyD-9-( L -methyi-1 H-1,2 4-triazol-5-y1) -8,9-dihydro-24-
pyridof4,3.2-de phthalazin-3(7H)-one,

(8K, 93)-5-1lyoro-8-{4-fluorophenyD-9-( L-methyl- 1 H-1.2 d-triazol-5-y1) -8,9-dihvdro-2 H-

pyridof4,3 2-deiphthalazin-3(7H)-one,
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{85,98)- 8-(4-fluoropheny}-9-(1-methyl-17-1.2 A-triazol-5-¥1) -8 9-dihydro-2[f-pyridof4,3,2-
dephthalazin-3{7H)-one,
(8R.958)- 8-{4-fluoropheny)-9-( [ -methyl-11-1,2 4-trigzol-5-y1) -8, 9-dihydro-2 H-pyrido{4,3.2-
de)phthalazin-3(7 H)-ouve,

(85.9R)-8-(4-¢{ dimethylamino)methylpheny i} 5-flooro-9-( T-methyl- 1 7-1,2 4-triazol-5-y1)-8.9-
dihydro-2 fH-pyridof4,3.2 -de fphthalazin-3{ 7 F}-one, and
{8R,95)-8-(4-((dimethyvlamino)methylphenyl)-5-fluore-9-(1 -methyl- 1 #5-1,2 4-triazol-5-y1)-8,9-
dihydro-2H-pyrido[4,3,.2-delphthalazin-3(7f}-one,
or a pharmaceutically acceptable salt, solvate or prodrug thereotf.

{0020] In another aspeet is a pharmaceutical composition comprising a compound of Formula (1)
and Formula (11} or a pharmaceutically acceptable salt, pharmaceutically acceptable solvate, or
pharmaceutically acceptable prodrug and a pharmaceutically acceptable carrier, excipient, binder or
diluent thereof,

{0021] In one aspect is a method of inhibiting polv(ADP-ribose)pelymerase (PARP) in a subject in
need of PARP fnhibition comprising administering to the subject a therapeutically effective amount
of a compound of Formula (1) and Formula (11}

{0022] In another aspect is a method of treating a disease ameliorated by the inhibition of PARP
comprising administering to a subject in need of treatroent a therapeutically effective amount of a
compound of Formula (1) and Formala (11).

[0023] In one embodiment the disease is selected from the group consisting of vascular disease;
septic shock; ischaemic injury; veperfusion injury; neurotoxieity; hemorrhagic shock; inflammatory
diseases; multiple sclerosis; secondary effects of diabetes; and acute treatment of cytoxicity
fellowing cardiovascular surgery.

{0024} In another aspect is a method of treating cancer, comprising administering to a subject in
need of treatment a therapeutically effective amount of a compound of Formula (I) and Formula (11)
in combination with ionizing radiation, one or more chemotherapeutic agents, or a combination
thereof, ‘

[6625]  In one embodiment the compound of Formula (1) and Formula (1§ is administered
stmultancously with tonizing radiation, one or more chemotherapeutic agents, or a cornbination
thereof. In another embodiment the compound of Formaula (I} and Formula (11) is admuinistered
sequentially with ionizing radiation, one or more chemotherapeutic agents, or 4 combination thereof,
{0026} In yet another aspect is a method of treating a cancer deficient in Homologous
Recombination (HR) dependent DNA double strand break (DSB) repair pathway, comprising
administering to a subject in need of treatment a therapeutically effective amount of a compound of

Formula (1) and Formula (11).
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[0027}  In one embodiment the cancer comprises one or more cancer cells having a reduced or
abrogated ability to repair DNA DSB by HR relative to sormal cells. In another embodiment the
cancer cells have a BRCAL or BRCA?Z deficient phenotype. Invet another embodiment the cancer
cells are deficient in BRCAIL or BRCAZ. In a further embodiment the subject is heterozygous for a
mutation ip a gene encoding a component of the HR dependent DNA DSB repair pathway. In yet a
further embodiment the subject is heterozygous for 2 mutation in BRCA| and/or BRCAZ. In ove
embodiment the cancer is breast, ovarian, pancreatic orprostate cancer, In another embodiment the
treatment further comprises administration of ionizing radiation or-a chemotherapeutic agent.

[6628} In one aspect is the use of a compound of Formula (I) and Formula (IT) in the formulation of
a medicament for the treatment of a poly(ADP-ribose)polymerase mediated disease or condition.
[p029] in another aspect is an article of manufacture, comprising packaging material, a compound
of Foronda (1) and Formula (11, and a label, wherein the compound is effective for modulating the
activity of the enzyvme poly(ADP-ribose)polymerase, or for treatment, prevention or amelioration of
one or more symptoms of a poly{ADP-riboselpolymerase-dependent or poly(ADP-
ribose)polymerase-mediated disease or condition, whercin the compound is packaged within the
packaging material, and wherein the label indicates that the compound, or pharmaceutically
acceptable salt, pharmaceutically acceptable N-oxide, pharmaceutically active metabolite,
pharmaceutically acceptable prodrug, or pharmaceutically acceptable solvate thereof, or a
pharmaceutical composition comprising such a compound is used for modulating the activity of
poly{ ADP-ribose)polymerase, or for treatment, prevention or amelioration of one or more symptoms
of a poly(ADP-ribose )polymerase-dependent or poly(ADP-ribose)polvmerase-mediated disease or

condition.

DETAILED DESCRIPTION OF THE INVENTION
0030 PARFP has an essential rofe in facilitating DNA repair, controlling RNA transcription,
mediating cell death, and regulating immune response. PARP inhibitors demonsirate efficacy in
numerous models of disease particularly in models of ischernia reperfusion injury, inflammatory
disease, degenerative diseases, protection from above adverse effects of cvtotoxic compounds, and
potentiation of cytotoxic cancer therapy. They are efficacious in the prevention of ischemia
reperfusion injury in models of myocardial infarction, stoke, other neural trauma, organ
transplantation, as well as reperfusion of the eye, kidney. gut and skeletal muscle. lobibitors are
efficacious in inflammatory diseases such as arthritis, gout, inflammatory bowel disease, CNS
inflammation such as MS and allergic encephalitis, sepsis. septic shock, hemorrhagic shock,
pulmonary fibrosis, and uveitis. PARP inhibitors also show benefit in several models of
degenerative disease including diabetes and Parkinson’s disease. PARP inhibitors ameliorate the
hver toxicity following acetaminophen overdose, cardiac and kidney toxicities from doxorubicin and

platinum based antineoplastic agents, as well as skin damage secondary to sulfur mustards. In

14
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various cancer models, PARP inhibitors are shows to potentiate radiation and chemotherapy by
increasing apoptosis of cancer cells, limiting tumor growth, decreasing metastasis, and prolonging

the survival of tumor-bhearing animals,

[6031] In certain embodiments are provided compounds of Formula (1)
B

Ry Rg

Formula (1)
or a therapeutically acceptable salt thereof wherein Ry, Ry, and R; are cach independently selected
from the group consisting of hydrogen, halogen. alkenyl, alkoxy, alkoxyvearbonyl, alkyl, cycloalkyl,
alkynyl, cyano, haloalkoxy, haloalkyl, hydroxyl, hydroxyalkvlene, nitro, NRaRp, NRARpatkylene,
and {(NRsRgjearbonyl;
R4 and Ry are independently selected from the group consisting of hvdrogen, atkyl, cveloalkyl, and
alkylcarbonyl: or R and Ry taken together with the atom to which they are attached form a 3-10
membered heterocycle ring optionally having one to three hetercatoms or hetero functionalities
selected from the group consisting of —O-, -NH, -N(C,-Ci-alkyl)~, ~-NCO{C~-Cs-alkyh)-, -Naryl)-, -
N{aryi-Cy-Ce-alkyl-)-, ~N(substituted-aryi-C-Cg-alkyl-)-, -Neheteroaryl)-, -N(heteroarvl-Cy-Cg-
alkyl-)-, ~N(substituted-heteroaryl-Cy-Ce-alkyl-)-, and —5- or S{O),- , wherein g is | or 2 and the 3-
10 membered heterocycle ring is optionally substituted with one or more substituents; Ry and R; are
each independently selected from the group consisting of hydrogen, alkyl, cyveloalkyl, alkoxvalkyl,
haloalkyl, hydroxyalkylene, and (NR Rglalkylene;
A and B are each independently selected from hvdrogen, Br, CL ¥, I, OH, C~Cialkyl, Cs-
Cyeveloalkyl, atkoxy, alkoxyalkyl wherein Cy-Cealkyl, Ci-Cyeyeloalkyl, alkoxy, alkoxyatkyl are
optionally substituted with at least one sabstituent selected from QOHL NO,, CN, Br, CL F, L O}
Cealkyl, and C;-Creveloalkyl, wherein B s not OH;
Y and £ are each independently selected from the group consisting of:

a) an aryl group optionally substitated with 1, 2, or 3 substituents Rg; Rq is selected from OH,
NO;, ON, Br, CL, F, 1, C-Cgalkyl, Ci-Caeyeloalkyl, Cy-Ceheterooycloalkyl; Cy-Coalkenyl,
alkoxy, atkoxyalkyl, atkoxyecarbonyl, alkoxycarbonylalkyl, Co-Cealkynyl, aryl, arvialkyl,
C-Cyeyeloatkylalkyl, baloatkoxy, haloalkyl, hydeoxyalkviene, oxo, heternaryl,
heteroarylalkoxy, heteroaryloxy, heteroarvithio, hetercarvialkylthio, heteroeycloalkoxy,
C-Ciheterocyeloalkylthio, heterocyclooxy, heterocyclothio, NR Ry, (NRRuCy~
Cgalkylene, (NRyRy)earbonyl, (NR Rpemrbonylalkylene, (NR Rysulfonyl, and
(NRRy)sulfonylatkylene;
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b} a heteroarvi group optionally substituted with 1, 2, or 3 substituents Rq; Ry is previously as
defined;
¢) a substituent independently selected from the group consisting of hydrogen, alkenvl, alkoxy.
alkoxyalkyl, alkoxvearbonyl, atkoxyvearbonylatkyl, alkyl, alkynyl, arvlalkyl cycloalkyl,
cveloalkylalkyl, haloalkyl, hyvdroxyatkylene, oxo, heterogycloalkyl, heterocycloalkylatkyl,
alkyicarbonyl, arvlcarbonyl, heteroarvicarbony! alkylsulfonyl, aryisulfony,
heteroaryisulfonyl, (NR Rplalkyvlene, (NR Ry )carbonyl, {NRaRg)earbonylaikyiene,
{NR,Ryjsulfonyl, and (NR,Rp)sulfonylaliviene; or a pharmaceutically acceptable salt,
sejvate or prodrug thereof.
[6632] In certain embodiments are provided compounds of Formula () or a therapeutically
acceptable salt thereof wherein Ry, R., Ry are independently selected from a group consisting of
hydrogen, alkyl, and halogen; R, is hydrogen and R; is selected from the group consisting hydrogen,
alkyl, cycloalkyl, alkoxyalkyvl, haloalkyl, hydroxyalkylene, and (NR Rg)alkylene: R and R are
mdependently selected from the group coasisting of hydrogen, alkyl, evcloalkyl, and alkylcarbonyl;
or Ry and Ry taken together with the atom to which they are attached form a 3-10 membered
heterocvele ring optionally having one to three heteroatoms or hetero functionalities selected from
the group consisting of ~Q-, -NH, -N(C;-Cy-atkyl)-, -NCO(C-Cy-alkyl)-, ~N{aryl}-, -N(aryl- C;-Ce-
alkyl-}-, -N{substitutediaryl- C;-Ce-alkyl-}, -Niheteroaryl)-, -N{hetervaryl- Cy-Co-alkyl-)-, -
Nsubstituted-heteroaryl- Ci-Cg-alkyl-)-, and -5- or ${0),- , wherein q is 1 or 2 and the 3-10
membered heterocyele ring is optionally substitoted with one or more substituents; A and B are cach
independently selected from hvdrogen, Br, CL F, {, O, C;-Cyalkyl, Ci-Cgeveloalkyl, atkoxy,
atkoxyalkyl wherein C-Cealkyl, Ci-Cyoveloalkyl, alkoxy, alkoxyalky! are optionally substituted
with at least one substituent selected from OH, NO,, CN, Br, CL F, L C-Cealkyl, and Cs-
Cyeycloalkyl, wherein B is not OH: Y and Z are each ndependently selected from the group
consisting oft
a) avn aryl group optionally substituted with 1, 2, or 3 R, wherein each Ry is selected from OH,
NO., CN, Br, CL F, I, C~Cgalkyl, Cs-Cacveloalkyl, Co-Cihieterocveloalkyl; C-Chatkenyl,
alkoxy, atkoxyalkyl, atkoxycarbonyl, atkoxyearbonyvialkyl, Co-Coalkynyl, arvl, arvlalkyl, Cs-
Cgeyeloalkylalkyl, haloalkoxy, haloalkyl, hydroxyalkylene, oxo, heteroaryl,
heteroarylalkoxy, heteroaryloxy, heteroarylthio, beteroarylalkyhthio, heterocycloatkoxy, Cs-
Cgheteroeycloalkylthio, heterocyelooxy, heterocyelothio, NRxRy, (NRARIC-Coalkylene,
(NRaRg)carbonyl, (NR \Ry)earbonylalkviene, (NRRp)sutfony, and
{NR Rpysulfonylalkylene;
1) a heteroaryl groap optionally substituted with 1, 2, or 3 Ry
¢} asubstituent independently selected from the group counsisting of hydrogen, alkenyl, alkoxy,

alkoxyalkyl, alkoxyearbonyl, alkoxycarbonylalkyl, atkyl, alkynyl, arvialkyl, cveloalkyl,
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cycloalkylalkyvl, haloalkyl, hvdroxyalkylene, oxo, heterocveloalkyl, heterocycloalkylalkyl,
alkylearbonyl, arvlcarbonyl, heteroarylearbonyl alkylsulfonyl, arylsulfonyl,
heteroarylsulfonvl, (NR.Rgalkylene, INR Rp)carbonyl, (NR Rg)carbonvialkyviene,
(NRaRgsulfonyl, and (NR Ry)sulfonylalkylene; or a pharmaceutically acceptable salt,
solvate or prodrug thereof.
{0033] In certain embodiments are provided compounds of Formula (1) or a therapeutically
acceptable salt thereof wherein R;, R, and Ry are independently selected from a group consisting of
hydrogen, atkyl, and halogen; Ry and R; are hvdrogen; Ry and Ry are independently selected from
the group consisting of hydrogen, atkyl, cyeloalkyl, and allvlearbonyl; or R and Ry taken together
with the atom to which they are attached form a 3-10 membered heterocycle ring optionally having
one to three heteroatoms or hetero functionalities sclected i the group congisting of ~-O-, -NH, -
N{Cy-Ceralkyly~, -NCO{Cy~Ciialky -, -N{arylp ~Narvl-C-Cy-alkyl)-, -N{substituted-aryi-C-Cg-
alkyl-)-, -N(heteroaryly-, -N(heteroaryl-Ci-Cg-alkyl-)-, -N(substituted-heteroaryl-C;-Cy-alkyl-)-, and
~5-or ${0),- , wherein g is { or 2 and the 3-10 membered heterooyele ving is optionally substitoted
with one or more substituents; A and B are cach independently selected from hydrogen, Br, CL F, 1,
C-Cialtkyl, Ca-Cseveloalkyl, atkoxy, atkoxvalkyl wherein C-Cralkyl, Ci-Cyeycloalkyl, alkoxy,
atkoxyalkyl are optionally substituted with at least one substituent selected from OH, NO., CN, Br,
CL F, I, Cy-Cealkyl, and Cs-Cieyeloalkyl, Y and 7 are each tndependently selected from the group
consisting of:

a) anaryl group optionally substituted with 1,2, or 3 Ry ; whercein each R, ix selected from
OH, NQ3, ON, Br, CL F, I, Ci-Cealkyl, C5-Ceeyeloalkyl, Cy-Ciheterocycloalkyl; Co-
Coalkenyl, allkoxy, alkoxyalkyl, alkoxyearbonyl, alkoxycarbonylatkyl, Co-Cralkynyl, arvl,
arylatkyl, Ci-Ceeyeloalkylatkyl, haloalkoxy, haloalkyl, bydroxyalkylene, oxo, heteroaryl,
heternarylalkoxy, heteroaryloxy, heteroarylthio, heteroarylalkylthio, heterocyeloalkoxy, Co-
Csheterocyeloalkyithio, heterocyclooxy, heterocyclothio, NR4Rg, (NRARIC;-Cealkylene,
(NRsRyjcarbonyl, (NRiRp)earbonylalkylene, (NR\Ry)sulfonyl, and
{NR Rpisulfonylalkviene;

b} aheteroaryl group optionally substituted with 1, 2, or 3 R,

¢} a substituent independently selected from the group consisting of hydrogen, alkenyl, alkoxy,
alkoxvalkyl, alkoxycarbonyl, alkoxyearbonylalkyl, alkyl, atkynyl, arylalkyl, eycloalkyl,
cycloalkylalkyl, haloalkyl, hydroxyalkylene, oxo, heterocyeloalkyl, heterocyeloaliviatkyl,
alkylearbonyl, arylearbonyl, heteroaryicarbonyl alkylsulfonyl, arylsulfonyl,
hetercarylsulfonyl, (NRaRgalkylene, (NR Ry jearbonyl, (NR Ry )carbonvlalkylene,
{NRRyjsutfonyl, and (NR Ry)sulfonylalkylene: or a pharmaceutically acceptable salt,

solvate or prodrug thereof.
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[0034] In certain embodiments are provided compounids of Formula (1) or a therapeutically
acceptable salt thereof wherein Ry, Ry, Ry, Ri and Ry are hyvdrogen; R,y and Ry are independently
selected from the group consisting of hydrogen, alkyl, cycloalkyl, and alkylcarbonyl; or Ry and Ry
taken together with the aton: to which they are attached torm a 3-10 membered heterocycle ring
optionatly having one to three heteroatoms or hetero functionalities selected from the group
consisting of ~O-, NH, -N(Ci-C-alkyl)-, -NCO{Cs-Cg-alkyl)-. -N(aryh)-, -N{aryl- C,-Cy-alkyl-}-, -
Nisubstituted-aryl- C,-Cg-alkyl-)-, -Niheteraaryl}-, -N(heteroarvl- C-Cy-alkyl-)~, ~N{substituted-
heteroaryl- Ci-Co-alkyl-)-, and 8- or S{O)~ . wherein q is 1 or 2 and the 3-10 membered
heteroeyele ring is optionally substituted with one or more substituents: A and B are each
independently selected from hydrogen, Br, CL F, I, OH, C-Cgalkyl, C5-Cseycloalkyl, atkoxy,
alkoxyalkyl wherein C;-Cialkyl, Ci-Cyeyeloalkyl, atkoxy, alkoxyalkyt are optionally substituted
with at least one substituent selected from OH, NG, CN, Br, CL F, 1, C-Cealkyl, and Cs-
Cyeyeloalkyl, wherein B is not OH; Y and Z are each independently selected from the group
consisting of:

a) anary] group optionally sabstitated with 1, 2, or 3 Ry wherein each By is selected from
OH, NO,, ON, Br, CL F, 1, C-Cealkyl, Ci-Cievcloalkyl, Co-Céheterocycloalkyl; ;-
Cralkenyl. alkoxy, alkoxyalkyl, alkoxycarbouyl, alkoxyearbonylalkyl, Co-Cialkynyl, arvi,
arylalkyl, Ci-Cyeyeloalkylatkyl, baloalkoxy, haloalkyl, hydroxyalkylene, oxo, heteroaryl,
heteroarylalkoxy, heteroaryloxy, heteroarylthio, hetercarvialkylthio, heterocycloatkoxy, Co-
Csheterocyeloalkylthio, heterocyelooxy, heterocyclothio, NR Ry, (NR 4Rp)C-Ceatkylene,
(NRsRyearbonyl, (NRRg)carbonylalkylene, {(NRsRgp)sulfonyl, and
{(NR Ry )sultonyvialkylene;

b) a heteroaryl group optionally substituted with 1, 2, or 3 Ry

¢} asubsutuent independently selected from the group consisting of hvdrogen, alkenyl, alkoxy,
alkoxyalkyl, atkoxyearbonyl, alkoxycarbonylatkyl, alkyl, atkynyl, arvlalkyl, cycloalkyl,
cycloalkylatkyl, haloalkyl, hydroxyaikylese, oxo, heterocyveloalkyl, heterocycloatkylalkyl,
alkylearbouyl, arylcarbonyl, hetervarylecarbony! alkylsulfonyl, arylsulfonyl,
heteroarylsulfonyl, (NRaRpjatkylene, (NR Rg)carbonyl, (NR Rp)earbonylalkylene,
(NRRgjsulfonyl, and (NR Ry jsulfonylalkyiene; or a pharmaceutically acceptable salt,
solvate or prodrug thereof.

{0035} In one embadiment is a compound of Formala (1) wherein Ry, R;, Rs are cach independently
selected from a group consisting of hydrogen, alkyl, and halogen: R, is hydrogen and R; is selected
from the group consisting hydrogen, alkyl, cveloalkyl, alkoxyalkyl, haloalkyl, bydroxvalkylene, and

{(NRaRgjalkylene; and isomers, salts, solvates, chemigally protected forms, and prodrugs thereof.
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(0036} In another embodiment is a compound of Formula (1) wherein Ry, Rz, R are each
indepeadently selected from a group consisting of hydrogen, alkyl, and halogen; Ry and R are
hydrogen; and isomers, salts, solvates, chenically protected forms, and prodrugs thereof.
[6037]  In a further embodiment is-a compound of Fornnila (Iy whereinn Ry, R, Ry, Ry are cach
hydrogen and R is alkyl.
[0038] Tn vet another embodiment is a compound of Formula (1) wherein Ry, Ry, Ry, Ry are each
hydrogen; and R is methyl.
[0639] In one embodiment is a compound of Formula (1) wherein Ry, R;. and Ry are each hydrogen.
{0040} in another embodiment is a compound of Formula (I) wherein Y and 7 are each
independently selected from the group consisting of;
a) a-phenyl group optionally substituted with 1, 2, or3 Ry ;
b} a pyridyvl group optionally substituted with 1, 2, or 3 Ry and
¢) a substituent independently selected from the groep consisting of hydrogen,
alkoxvalkyl, atkoxyearbonylalkyl, alkyl. arvialkyl. cyeloalkyl, eyveloalkytaliv,
hatoalkyl, oxo, heterocyeloalkyl, heterocycloalkylalkyl, alkvicarbonyl, arvicarbonyl,
heterosarylcarbonyl, (NR Raalkylene, (NRaRplearbonyl, and
(NRsRp)carbonylatkylene.
j0041] In a further embodiment isa compound of Formula (1) wherein Y amd Z are each
mdependently selected from the group consisting of
a) a phenyl group opticually substiuted with 1, 2, or 3 Ry;
by aimidazole group optionally substituted with 1, 2, or 3 Ry and
¢} a substituent independently selected from the group consisting of hydrogen,
atkoxyalkyl, alkoxvearbonylalkyl, atkyl, arvlatkyl, cyeloalkod, cycloalkylalkyl,
haloalkyl, oxo, heterocycloalkyl, heteroeycloatkylaikyl, alkylearbonyl,
arvlcarbonyl, heteroarvicarbonyl, (NR Rplalkylene (NR Ry carbonyl, and
{(NRRg)carbonylalkylene.
[0842] In a turther embodiment is a compound of Formula (1) wherein Y and Z are each
independently selected from the group consisting of
d) aphenyl group optionally substituted with 1, 2, or3 Ry
e) a triazole group optionally substituted with 1, 2, or 3 R; and
f} a substituent independently selected from the group consisting of hydrogen,
alkoxyalkyl, alkoxycarbonylalkyl, alkyl, arylalkyl. eycloalkyl, eycloaliylatkyl,
haloatkyl, oxo, heterocycloatkyl, heteroeycloalkylatkyl, alkyicarbonyl,
arylcarbonyl, heteroarylcarbonyl, (NR Rylatkylene (NR Ry)carbonyl, and

(NRRy)ecarbonvlalkyviene.
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[0043] In one embodiment 18 a compound of Formala (1) wherein R; is hydrogen or an alkyl group.
In another embodiment, Rs is hydrogen. In a further embodiment, Rs is C-Cy alkyl, Tn vet a further
embodiment, R is CHs. I another embodiment, R is CH.CH.

[6044] In ancther embodiment 4s a compound of Formula (1) wherein Ry is hydrogen or an alkyl
growp. In yet another essbadiment, Ry is hydrogern.

j0045] In one embodiment, R; is selected from the group consisting of hydrogen, halogen, alkenyl,
alkoxy, alkoxyearbonyvl, alkyl, cycloalkyl, alkvoyl, cyano, haloalkoxy, haloalkyi, hydroxyl,
hydroxyalkylene, nitro, NRaRg, NRyRyalkylene, and (NR Rg)carbonyl. In a further embodiment
R, s a halogen selected from F, CL, Br, and I In vet a further embodiment, R; is fluorine. In one
embodiment, R; is hydrogen.

{00461 In another embodiment, Ry is selected from the group consisting of hydrogen, halogen,
alkenyl, alkoxy, alkoxycarbonyl, alkyl, eycloalkyl, alkynvl, cyano, haloalkoxy, haloalkyl, hydroxyl,
hydroxyalkylene, nitro, NR Ry, NR (Rpadkylene, and (NRaiRg)carbonyl. In a further embodiument,
Rs is hydrogen. In some embodiments, R, s selected from the group consisting of hydrogen,
halogen, atkenyl, alkoxy, alkoxyearbonyl, alkyl, evcloalkyl, alkynvl, cvano, haloallkoxy, haloalkyvh
hydroxyl, hydroxyalkylene, nitrg, NR Ry, NRRypalkviene, and (NRyRy)carbonyl, In a further
embodiment, R; is hydrogen.

j0047] Also disclosed herein are compounds of Formula (1) wherein Z 1s an aryl group optionally
sabstituted with 1, 2, or 3 Ry ; wherein each Rg s selected from OH, NO,. CN, Br, CL ¥, 1, G-
Cgalkyl, Ci-Cyeyeloalkyl, Ci-Ciheterocyeloalkyl; C-Cealkenyl, alkoxy, atkoxvalkyl,
alkoxyearbonyl, alkoxyearbonylatkyl, Co-Cealkynyl, arvl, arvlatkyl, Ci-Ceeveloalkylalkyl,
haloalkoxy, haloalkyl, hydroxyalkylene, oxo, heteroarvl. heteroarvlalkoxy, heteroaryloxy,
heterparvithio, heteroarvialkylthio, heterocycloalkoxy, Cy-CUgheterocycloalkylthio, heteraeyelooxy,
heterocyclothio, NRaRp. (NR Rp)C-Cealkylene, (NR Rp)carbonyl, (NR Rylearbonylalkylene,
(NRsRp)sulfonyl, and {NR Rp)solfonylalkyvilene. In one embodiment is a compound of Fornuila (B
wherein Z is an optionally substituted phenyl group. In orie embodiment, Z is a phenyl group. In
another embodiment, the phenyl group is optionally substituted with at least one B, selected from
OH, NO,, CN, Br, CL F, L, C-Gaalkyl, Co-Cieyeloalkyl, Ci-Ciheterocyeloalkyl Co-Calkenyl,
alkoxy, alkoxyalkyl, alkoxycarbonyl, atkoxycarbonylalkyl, Co-Caalkynyl, arvl, arvlalkyl, Cs-
Cieveloalkylatkyl, haloalkoxy, haloalkyl, hydroxvalkylene, oxo, heteroaryl, heteroarvialkoxy,
heteroaryloxy, heteroarylthio, heteroarylalkylihio, heterocycloatkoxy, Cr-Cheterocyeloalkylthio,
heterocyclooxy, heterocyclothio, NR 4Ry, (NRAR)C-Cealkylene, (NR Rp)carbonyl,
(NRRg)carbonylalkylene, {NR«Ry)sulfonyl, and (NR Ry)sulfonylatkylene. 1n another
embodiment, Rq is (NR Ry)alkylene. In a further embodiment, R, s CH{NRRy). In a further
embodiment, Rg is CHy(NR Ry} wherein NR R is azetidine, pyrrolidine, piperidine or morpholine.

In yet a further embodiment, Ra 1s H or alkyl. In another embodiment, R, is C-Cgalkyl. In yet
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another embodiment, Ry is CHi. In another embodiment, Ry is H or alkyl. In one embodiment, Ry
is Cy-Cgalkyl, In vet another embodiment, Ry is CHs. In a further embodiment, Rg is CH,NHCH:.
In yet a further embodiment, Ry is CH:NCH;CH;. In one embodiment; Ry is
{C=0)heterocycloalky KC=Dlalkyl. In one embodiment Ry is (C=0hheterocyveloalkyi{C=0nalkyl
wheretn the heterocyeloalkyl group has at least one heteroatom selected from O, N, and 8. In
another embodiment, the heterocyeloalkyl group has two N atoms. In a further embodiment, R, is
(C=QOhheterocycloalkyl( C=halkyl wherein alkyl is selected from methyl, ethyl, n-propyvl, iso-
propyl, eyclopropyl, n-butyl, iso-butyl, and t-butyl. In one embodiment, the alkyl group s

cyclopropyl. in another embodiment, the alky! group is iso-propyl. In one embodiment, R, is

1 1
K Yy
L\VNWJ/}\ L\/NWOT/A_L

0 . In another embodiment, Ry is
[0048] Presented herein are compounds of Formula (1) wherein 2 is an optionally substituted
heteroaryl group. In one embodiment, the heteroaryl group is selected from pyridine, pyrimidine,
pyrazine, pyrazole, oxazole, thiazole, isoxazele, isothiazole, 1,3,4 ~oxadiazole, pyridazine, 1,3.53-
trazine, 1,2 4-triazine, quinoxaline, benzimidazole, benzotriazole, purine, TH-[1,2.3 Jtriazolo[4.5-
dipyrimidine, triazole, imidazole, thiophene, furan, isobenzofuran, pyrrole, indolizine, isoindole,
indole, indazole, isoquinoline, quinofine, phthalazine, naphthyridine, quinazoline, cinnoline, and
pteridine. In on¢ embodiment, Z is pyridine. In another embodiment, 7. is optionally substituted
pyridine,
[00491  Also disclosed herein are compounds of Formula (1) wherein Y is an aryl group optionally
substituted with 1, 2, or 3 Re; wherein each Re is selected from OH, NO., ON, Br, CL ¥, 1. (-
Cealkyl, Cs-Cyeycloalkyl, Cr-Cyheterocycloatkyl; Cr-Cgalkenyl, alkoxy, alkoxyalkyl,
alkoxycarbonyl, alkoxycarbonylalkyl, Co-Cealkynyl, aryl, arylalkyl, C-Cyeyeloalkylalkyl,
baloalkoxy, haloalkyl, hydroxyalkylene, oxe, heteroaryl, heteroarylalkoxy, heteroaryloxy,
heteroarylthio, heteroarylalkylthio, heterocycloatkoxy, Co-Csheterocycloalkylthio, heterocyclooxy,
heterocyclothio, NRaRy, (NRARp)Ci-Cratkylene, (NR s Ry)carbonyl, (NRsRy)earbonylalkylene,
{(NRaRpjsalfonyl, and (NRaRg)sulfonylalkylene. In one embodiment is a compound of Formula {h
wherein Y is an optionally substituted pheny! group. In one embodiment, Y is a phenyl group. In
another embodiment, the phenyl group is optionally substituted with at Jeast one R, selected from
OH, NO,, CN, Br, CL F, 1, C-Cgalkyl, Ci-Ceeyeloalkyl, Co-Csheterocycloaltkyl; Co-Coalkenyl,
alkoxy. alkoxyalkyl, atkoxyearbonyl, alkoxycarbonylatkyl, C,-Cyalkynyl, arvi, arvlatkyl, Cs-
Cseycloalkylalkyl, haloalkoxy, haloalkyl, hydroxyalkylene, oxo, heteroaryl, heteroarylalkoxy,
heteroaryloxy, heteroarylthio, heteroarylalkylthio, heteroeyeloalkoxy, C-Csheteroeyeloalkylthis,

heterocyclooxy, heteroeyelothio, NR Ry, (NRARp)C-Cealkviene, ( NR s Rgearbonyd
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{NRsRy)carbonylalkyiene. (NR Ry)sulfonyl, and (NRRy)sulfonylalkylene. In a further
embodiment, R is CH;(NR Rg). In vet a further embodinent, Ry is H or alkyl, In another
embodiment, Ry is C-Caalleyl, In vet another embodiment, R, is CH;. In another embodiment, Ry
is Horalkyl. In one embodiment, Rg is C-Cealkyl. In yet another embodiment, Ry is CH;, Ina
farther embodiment, Ry is CH;NHCH;. In vet a further embodiment, Rq is CHoNCHCH,. In one
embodiment, R¢ is (C=Oheterocyeloalkyl{C=0)alkyl. In one embodiment Ry is
(C=Mheterocycloalkyl{C=0)alky! wherein the heterocyeloalkyl group has at least one heteroatom
selected from O, N, and S. v another embodiment, the heterocyeloalkyl group has two N atoms. In
a further embodiment, Ry is (C=0}heterocycloalkyl(C=0alkyl wherein alkyl is selected from
methyl, ethyl, n-propyl. iso-propyl, cyelopropyl, n-butyl, iso-butyl, and t-butyl. In one embodiment,
the alkyl group is cyclopropyl. In another embodiment, the alkyl group is iso-propyl. In one

s 3
j_a?ﬁi/\ N N

N ] | N /\\;’ A
t\\/ N. ,)\\ }V N %A\
b j
ermbodiment, Ry is 6] . In another embodiment, R; is o
{0050} Presented herein are compounds of Fornvula (I) wherein Y is an optionally substituted
heteroaryl group. In one embodiment, the heteroaryl group is selected fronn pyridine, pyrimidine,
pyrazine, pyrazole, oxazole, thiazole, isoxazole, isothiazole, 1,34 ~oxadiazole, pyridazine, 1,3,5-
trazine, 1,2,4-triazine, quinoxaline, benzimidazole, benzotriazole, purine, TH-{1 2 3 riazolofd,5-
d]pyrimidine, triazole, imidazole, thiophene, furan, isobenzofuran, pyrrole, indolizine, isoindole,
tndole. indazole, isoquinoline, quinoline, phthalazine, naphthyridine, quinazofine, cinnoline, and
pteridine. In one embodiment, Y is pyridine. In another embodiment, Y is optionally substitated
pyridine. In one embodiment, Y is imidazole. In another embodiment, Y is aptionally substituted
imidazole. In one embodiment, Y is triazole. In another embodiment, Y is optionally substituted
triazole,
[0651]  In one embodiment, Y is a substituent independently selected from the group consisting of
hydrogen, alkenyl, atkoxy, alkoxyalkyl, atkoxycarbonyl, alkoxycarbonylalkyl, alkyl, alkyayl,
arylalkyl, cycloalkyl, cycloalkylalkyl, haloalkyl, hydroxyalkylene, oxo, heterocycloalkyl,
heterocyeloatkylalkyl. alkylearbonyl, arylearbonyl, heteroarylearbonyl alkylsulfonyl, arylsulfonyl,
hetercarylsulfonyl, (NR Rydalkylene, (NRyRy)carbonyl, (N RaRg)earbonylatkylene,
(NRaRyjsulfonyl, and (NR«Rydsulfonylalkylene. In one embodiment, Y is alkvl. In another
embodiment, Y is Ci-Cs alkyl. In a further embodiment, Y is selected from methyl, ethyl, nepropyi.
iso-propyl, n-butyl, iso-butyl or tert-butyl. In another embodiment, Y is iso-propyl.
[8052] Also disclosed herein are compounds of Formmda (1) wherein Y is an optionally substituted
heterocycloalkyl group. In one embodiment, the heterocycloalkyl group is selected from

pyrrolidinyl, tetrabydrofuranyl, dibydrofuranyl, tetrahydrothienyl, tetrahydropyranyl,
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dihvdropyranyl, tetrabydrothiopyranyl, piperidino, morpholino, thiomorpholino, thioxanyl,
piperazinyl, azetidinyl, oxetanyl, thietanyl, homopiperidinyl, oxepanyl, thiepanyl, oxazepinyl,
diazepinyl, thiazepinyl, 1,23 6-tetrahydropyridinyl, 2-pyrrolinyl, 3-pyrrolinyl, indolinyl, 2H-
pyranyl, $H-pyranyl, dioxanyl, 1 3-dioxolanyl, pyrazeliny], dithianyl, dithiolanyl, dihydropyranyl.
dihydrothienyl, dihydrofuranyl, pyrazolidinyl, imidazolinyl, imidazolidinyi, 3-

azabicyclo]3. 1L.0thexanyl, 3-azabicyclo[4. 1 .Otheptanyl, 3H-indolyl and quinolizinyl. In another
embodiment the heterocycloalky! group is selected from pyrrolidinyl, imidazolidingd, piperidinyl,
piperazinyl, pyrazolidinyl, tetrahydrofuranyl, tetralvdrothiophenyl, 1.3-oxathiolanyl, indolinyi,
isoindolinyl, morpholinyl, and pyrazolinyl. In another embodiment, the heteracycloalkyl group is
piperidinyl.

{0053]  In another aspect i1s a compound of Formula (A

E!{‘-,

] v
B .
N C::}/(Ra}n
s Ry \ N

i}
Formula (IA)

or a therapeutically acceptable salt, solvate or prodrug thereof wherein Ry, Ry, and R; are each
independently selected from the group consisting of hydrogen, halogen, alkenyl, alkoxy,
alkoxycarbonyl, alkyl, cycloalkyl, alkynyl, cyano, haloalkoxy, halvalkyl, hydroxyl,
hydroxyalkylene, nitro, NR Rs, NRaRgatkylene, and (NR Rg)carbonyl;
R, and Rpare independently selected from the group consisting of hydrogen, alkyl, cycloalkyl, and
alkylearbonyl; or Ry and Ry taken together with the atom to which they are attached form a 3-10
membered heterocycle ring optionally having one to three heteroatoms or hetero functionalities
selected from the group consisting of ~O-, -NH, -N{C-Cy-alkyD)-, -NCO(Cy-Cy-atkyl)-, ~Naryl)-, -
Niaryl-C-Cyalkyl-)-, -N(substituted-aryl-Ci-Ce-alkyl-}-, -N(heteroaryl)-, ~Niheteroarvi-Cy-Ce-
alkyl-)-, -N{substituted-heteroary-C)-Cy-alkyl-)-, and ~8- or $(0),- , wherein q is | or 2 and the 3-
10 membered heterocyele ring is optionally substituted with one or more substituents; Ry and R are
each independently selected from the group consisting of hydrogen, atkyl, cycloalkyl, alkoxyalkyl,
haloalkyl, hydroxyalkylene, and (NRsRp)alkylene;
A and B are each independently selected from hydroges, Br, CL F, I, O, Cy-Cealkvl, Cy-
Cyeycloalkyl, alkoxy, alkoxyatkyl wherein C-Cgalkyl, C3-Cyeycloalkyl, alkoxy, alkoxyalkyi are
optionally substituted with at least one substituent selected from OH, NOQ,, ON, Br. CLL F, L Cs-
Cealkyl, and Cs-Cyeycloalkyl, wherein B is not OH;

Y is selected from the group consisting oft
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(%]



v

WO 2010/017055 PCT/US2009/051879

a) an arvl group optionally substituted wath 1, 2, or 3 substitoents Ry R is selected from OH,
NO;, ON, Br, CL F, 1, C-Caalkyl, C-Creyeloalkyl, C~Csheterocyeloalkyl; Cp-Ciralkenyl,
alkoxy, alkoxyaltkyl, alkoxycarbonyl, alkoxycarbonvialkyl, C-Cyatkynyd, aryl, arvialkyl, Cy-
Cseyeloalkylatkyl, haloalkoxy, haloalkyl, hydroxyalkylene, oxo, heteroaryl,
heteroarylalkoxy, heteroaryloxy, heteroarylthio, hetercarvialkylihio, heterocycloalkoxy, Cy-
Ceheterocyeloalkyithio, heterocyclooxy, heteroevelothio. NRaRg, (NRyRp)C-Cgalkylene,
{NRaRp)carbonyl, (NR Ry)earbonylalkylene, (NR (Ry)sulfonyl, and
(NRyRg)sulfonylatylene;

b) a heteroaryl group optionaily substituted with 1, 2, or 3 substituents Ry Ry is selected
ndependently from the group consisting of alkenyl, alkoxy, alkoxyalkyl, atkoxycarbonyl,
alkoxycarbonylalkyl, alkyl, alkynyl, arvl, arylalkyl, cycloalkyl, cycloalkylalkyl, cyano,
haloalkoxy, baloalkyl, halogen, hydroxyl, hydroxyalkylene, nitro, oxo, heteroarvi,
heteroarylalkoxy, heteroarvioxy, heteroarylthio, heteroarylalkyithie, heterocycloalkyl,
heterocycloalkoxy, heterocycloalkylthio, heteroeyclooxy, heteroevelothio, NRayRyg,
{(NRuRg)alkylene, (NRsRy)carbonyl, (NRaRplcarbonylalkylene, (NR \Ry)sulfonyl, and
(NRaRg)sulfonyialkylene;

¢) a substituent independently selected from the group consisting of hydrogen, alkenyl, alkoxy,
alkoxyalkyl, alkoxyearbonyl, atkoxycarbonylalkyl, alkyl, alkynvl, arvialkyl, eycloalkyl,
cyeloaltkylalkyl, haloalkyl, hydroxyalkylene, oxo, heterocycloalkyl, heterocyeloalkylatkyd,
atkylcarbonyl, arylcarbonyl, heteroarylearbonyl alkylsulfonyl, arvisulfonyl,
heteroarylsulfonyl, (NRaRg)alkylene, (NR Ry jearbonyl, (NR 4Ry )carbonylalkylene,
{(NR4Rp)sulfonyl, and (NR\Ry)jsulfonylalkylene; and

u is an integer from 0-4: or a pharmaceutically acceptable salt, solvate or prodrug thereof.

{0054}  1n another embodiment is a compowund of Formala {(IA) having the structure;

or a pharmaceutically acceptable salt, solvate, or prodrug thereof,

[0055] In one embodiment is a compound of Formala (TA) wherein Y is an aryl group. In another
embediment, Y is a heteroaryl group. In a further embodiment, the aryl group is a phenyl group. In
yvet a further embodiment is a compound of Formula {IA} wherein the phenyl group is substituted
with at least one Rg. In yet another embodiment the phenyl group is substituted with at Jeast one K,
selected from Br, CL, F. or L. In one embodiment R, is F, In one embodiment is a compound of

Formula (1A} wherein the pheayl group is substituted with at least one R selected from (N RaRp)Ti-
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Coalkyvlene, (NRaRp)earbonyl, (NRRp)carbonylalkylene, INR Ry sulfonyl, and
(NR,Rajsulfonylatkylene. In one embodiment Ry is (NRyRy)Cy-Csatkylene. In another
embodiment C,-Cialkyvlene is selected from methylene, ethylene, n-propylene, iso-propylene. o-
butylene, iso-butylene, and tert-butylene. In vet another embodiment C-Cialkylene is methylene.
In yet a further emvbodiment R, and Ry are each independently hydrogen, C;-Cialkyl, or Cy-
Cseycloalkyl. In one embodiment C-Cgalkyl is selected from methyl, ethyl, n-propyl, iso-propyl, n-
butyl, iso-butyl, and teri-buty]l. In one embodiment C,-Cgalkyl is methyl. ln-another emibodiment
C-Coalkyl is ethyl. In one embodiment is a compound of Formula (IA) wherein Cy-Cyeveloalkyl is
cyclopropyl, eyclobutyl, cyclopentyl, and cyclohexyl. Ia a further embodiment Ca-Cyeycloalky! is
cyclopropyl. In one embodiment is a compound of Formula (1A) wherein R, is hydroxyalkylene, In
one embodiment hydroxyalkylene is selected from CHLOH, CHy)CHLOH, CHOH,CHLOR,
CH{OHYCH:, CH(OMCH;CH;, CH,CH(OH)YCH;, and CH,CHCHCH.OH. In another
embhodiment Ry and Ry taken together with the nitrogen to which they are attached form a 6
membered heterocycle ring having 1 heteroatom or hetero functionality selected from the group
consisting of -O-, -NH, or -N{C;-Cralkyl}. In vet another embodiment the hetern fanctionality is —
NC-Coalkyl) Ina further embodiment Cy-Clalkyl is selected from methyl, ethyl, npropyl, iso-
propyl, n-butyl, iso-butyl, and tert-butyl. In yet a further embodiment C)-Csalky! is methyl.

{0056} In one embodiment is a compound of Formula (IA) wherein Y is a heteroarvl group
optionally substitated with at least one Re. In another embodiment the heteroary! group is selected
from furan, pyridine, pyrimidine, pyrazine, imidazole, thiazole, isothiazole, pyrazole, triazofe,
pyrrole, thiophene, oxarole, isoxazole, 1,2 4-oxadiazole, 1,3,4-oxadiazole, 1,2, 4-triazine, indole,
benzothiophene, benzoimidazole, benzofuran, pyridazine, 1.3, 3-triazine, thienothiophene,
quinoxaline, quinoline, and isoquinoline. In yet another embodiment the heteroaryl group is
imidarole. In a further embodiment imidazole is substituted with C-Cealkyl selected from methyl,
ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, and tert-butyl, In vet a further embodiment C;-
Cqalkyl is methyl. In one embodiment the heteroarvl group is furan. In another embodiment the
heteroaryl group is thiazole. In yet another embodiment the heteroaryl group is 1.3 4-oxadiazole, In
a further embodiment heteroaryl group is substituted with C;-Caatkyl selected from methyl, ethyl, n-
propyl, iso-propyl, n-butyl, iso-butyl, and tert-butyl. In yet a further embodiment C,-Cgalkyl is
methyl.

{0057]  In one embodiment is a compound of Formula (JA) wherein A and B are each independently
selected from hyvdrogen, Br, CL F, I, OH, C;-Cgalkyl, Cs-Ceoyeloalkyl, alkoxy. alkoxyalkyl wherein
Ci-Cealkyl, C-Cyeyeloalkyl, alkoxy, alkoxyalkyl are optionally substituted with at least one
substituent selected from OH, NO,, ON, Br, CLF, I, C-Cealkyl, and Cy-Cyeyeloalkyl and B is not
OH.

{0088} In yet another embodiment is a compound selected from:

[
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H
or a pharmaceutically acceptable salt. solvate or prodrug thereof.

[0059}  in one embodiment is a compound of Formaula (1) wherein Y is a heteroary! group selected

from furan, pyridine, pyrimidine, pyrazine, imidazole, thiazole, isothiazole, pyrazole, triazole,
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pyrrole, thiophene, uxazole, isoxazole, 1,2, 4-oxadiazole, 1.3, 4-oxadiazole, 1,2 4-triazine, indole,
benzothiophene, benzoimidazole, benzofiran, pyridazine, 1,3,5-triazine, thienothiophene,
guinoxaline, quinohine, and isoquinoline. In another ambodiment, Y is an imidazole group. In yet
another embodiment, the timidazole group is substituted with a C-Cgallovl group. In another
embodiment, the C,-Csalkyl group is methyl, ethyl, a-propyl, iso-propyl, n-butyl, iso-butyl, and tert-
butyl. In a further embodiment C-Cealkyl is methyl. In another embodiment is a compound of
Formulda (1) wherein Y is a substituted imidazole group and Z is selected from an arvyl group or a
hetervaryl group. In a further embodiment. Z is an arvl group. In yet a further embodiment, the aryl
group is a phenyi group. In vet a finther embodiment, the arv! group is a phenvl group substituted by
a halogen. In vet a further embodiment Z is a heteroaryl group. In another embodiment, the
heteroaryl group is furan, pyridine, pyrimidive, pyrazine, imidazole, thiazole, isothiazole, pyrazole,
iriazole, pyrrole, thiophene, oxazole, isoxarzole, 1,2, 4-oxadiazole, 1,3.4-oxadiazole, 1,2 4-triazine,
indole, benzothiopbene. benzoimidazole, benzofuran, pyridazine, 1.3,5-triazine, thienothiophene,
quinoxaline, quinoline, and isoquinoline. In a further embodiment, the heteroaryl group is
imidazole. In another embodiment, the imidazole group is substituted with a C;-Cyalky] group. In
another embodiment, the C;-Cgalkyl group is methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl,
and tert-butyl. In a further embodiment C-Cgalkyl is methyl.

[0068] In another embodiment is a compound of Formula (1) wherein Y is a triazole group. In vet
another embodiment, the triazole group is substituted with a C;-Cyalkyl group. In another
embodiment, the Ci-Csalkyl group is methyl, ethyl, n-propyl, iso-propyl, n-butvl, isc-butyl, and tert-
butyl. In a further embodiment C;-Cialky! is methyl. In another embodiment is a compound of
Formula (1) wherein Y is a substituted triazole group and Z is selected from an arvl group or a
heteroaryl group. In a further embodiment, Z is an aryl group. In yet a further embodiment, the aryl
group is a phenyl group. In yet a further embodiment, the aryl group is a pheny! group substituted by
a halogen. in yet a further embodiment ¥ is a heteroaryl group. In another embodiment, the
heteroaryl group is furan, pyridine, pyrimidine, pyrazine, imidazole. thiazole. isothiazole, pyrazole,
trinzole, pyrrole, thiophene, oxazole, isoxazole, 1.2 4-oxadiazole, 1,3 4-oxadiazole, 1,2.4-triazine.
indole, benzothiophene, benzoimidazote, benzofuran, pyridazine, 1.3,5-triazine, thienothiophene,
quinexaline, quinoline, and isoquinoline. In a further embodiment, the heteroary! group is triazole.
In another embodiment, the triazole group is substituted with a C;-Cealkyl group. In another
embodiment, the Cy-Cgalkyl group is methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, and tert-

butyl. In a further embodiment C~Cralkyl is methyl.
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{0061} In another embodiment ts a compound selected

¢ T

NEN\ N

N
- H " ; aperrtiea v
from or & pharmaceutically
acceptable salt, solvate or prodrug thereof.

{0062} In one aspect is a compound of Formula (1)

N

LA Ly
B

N ~Z

Rz
Formula (1)

wherein:
Y isan aryl or heteroaryl group optionally substituted with at least one Ry;
Z is an aryl group optionally substituted with at least one Ry;
Re is selected from OH, NO,, ON, Br, Cl, F, 1, C-Cealkyl, Ci-Cgoyeloalkyl, Cy-Csheterocyeloalkyl;
Co-Coalkenyl, alkoxy, alkoxyalkyl, alkoxyearbonyl, alkoxyearbonylalkyi, Co-Cealkynyl, aryi,
arylalkyl, Cs-Cyoycloalkylalkyl, baloalkoxy, halealkyl, hydroxyalkylene, oxo, heteroaryl,
heteroarylalkoxy, heteroaryloxy, hetercaryithio, heteroarylalkylthio, heterocycloalkoxy, Cs-
Csheterocycloalkylthio, heterocyclooxry, beterocyelothio, NRARy, (NRARgIC;~Cratkylene,
{(NRRy)carbonyl, (NR Rg)carbonylalkylene, (NR4Ryjselfonyl, and (NR,Rg)sulfonyialkylene;
R; 15 selected from hydrogen, Br, CLL 1, or F;
A and B are each independently selected from bydrogen, Br, CL F, L OH, C;-Cgalkyl, Cs-
Cseycloalkyl, alkoxy, atkoxyalkyl wherein C;-Cialkyl, Ci-Cyeyeloalkyl, alkoxy, alkoxyalkyl are
optionally substituted with at least one substituent selected from OF, NO,, CN, Br, CL ¥, L, ()~
Csatkyvl, and Ci-Coeveloalkyl, whersin B is ot OH;
R, and Rgare independently selected from the group consisting of hydrogen, C,-Cyalkyl, Cs-
Ceeyeloalkyl, and alkylearbonyl; or R4 and Ry taken together with the aton: to which they are
attached form a 3-10 membered heterocyele ring optionally having one to three heteroatoms or
hetero functionalities selected from the group consisting of ~O-, -NH, -N(C;~Cyalkyl)-, -NCO(C,-
Cralkyl)-, -NCO(Cy-Cyeycloalky)- -Niaryl}-, -N(aryl-C-Caalkyl-)-, ~N{substituted-aryl-C-Cialkyl-
- ~Nheteroaryl)-, -Niheteroaryl-C-Cgalkyl-)-, -N{substituted-heteroaryl-C-Cealkyl-)-, and -S- or
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S~ . wherein g s 1 or 2 and the 3-10 membered heterocycle ring is optionally substituted with
one of more substituents; or 2 pharmaceutically acceptable salt, solvate or prodrug thereof,

{0063] Iu one embodiment is a compound of Formula (1) wherein Y is an arvl group. In another
embodiment the aryl group is a phenyl group. In yet another embodiment the phenyl group is
substituted with at least one R, selected from Br, CL F, or L In one embodiment Rs is F. In one
embodiment the phenyl group is substituted with at least one R selected from (NR(Rp)Cs-
Cealkylene, (NRaRp)jcarbonyl, (NR (Rplearbonylalkylene, (NR Ry)sulfonyl, and
{(NRaRpsultonviatkylene. In one embodiment Rg is (NRARpJC-Cealkylene. In another
embodiment Ci-Caalkylene is selected from methylene, ethylene, n-propylene, iso-propylene, n-
butylene, iso-butylene, and tert-butylene. Tn yet another embodiment C-Cyalkylene is methylene.
In yet a further embodiment R, and Ry are each independently hydrogen, C;-Caalkyl, or Cs-
Cyeycloalkyl. In one embodiment C;-Cialkyl 1§ selected from methyl, ethyl, n-propyl. iso-propyl, n-
butyl, iso-butyl, and tert-butyl. In one embodiment Cy-Cialky! is methyl. In another embodiment
Cy-Cralkyl is ethyl, In yet another embodiment Ci-Cyoyeloalkyl is cyelopropyl, cvelobutyl,
cyclopentyl, and cyclohexyl. In a further embodiment Ci-Cyeveloalky! is eyvelopropyl. In vet a
further embodiment Ry is hydroxyaltkylene. In one embodiment hydroxyalkylene is selected from
CH;OH, CH,CHOH, CHCHCH,OH, CH{OH)CH;, CHIOMCH,CH,, CHLCH(OR)CH,, and
CHCHCH,CHOH.L In another embodiment R, and Ry taken together with the nitrogen to which
they are attached form a 6 membered heterocycle ring having 1 heteroatom or hetero fanctionality
selected from the group consisting of ~Q-, -NH, or -N(C;-Cealkyl). In vet another embodiment the
hetero functionality s -N(C~Csalkyl). In a further embodiment Ci-Cealkyl is selected from methyl,
ethyl, n-propyl, iso-propyl, a-butyl, iso-butyl, and tert-butyl. In yet a further embodiment Cy~
Cgalkyl is methyl.

[p064} In one embodiment is a compound of Formula (II) wherein Y is a heteroaryl group
optionally substituted with at least one Rq. In another emubodiment the heteroaryl group is selected
from furan, pyridine, pyrimidine, pyrazine, imidazole, thiazole, isothiazole, pyrazole, triazole,
pyrrole, thiophene, oxazole, isoxazole, 1,2,4-oxadiazole, 1,3, 4-oxadiazole, 1,2,4-friazine. indole,
benzothiophene, benzoimidazole, benzofuran, pyridazine. 1,3,5-triazine, thienothiophene,
quinoxaline, quinoline, and isoguinoline. In yet another embodiment the heteroaryl group is
imidazole. In a further embodiment imidazole is substituted with C-Cgalkyl selected from methyl,
ethyl, n-propyl, iso-propyl, n-butyl, iso-buiyl, and tert-butyl. In yet a further embodiment C;-
Csalkyl is methyl. T one embodiment the heteroaryl group is furan. In another embodiment the
heteroaryl group is thiazole. fo yet another embodiment the heteroaryt group is 1,3 4-oxadiazole. In
4 further embodiment heteroaryl group is substituted with C,-Ciatkyl selected from methyl, ethyl, o-
propyl, iso-propyl, n-butyl, iso-butyl, and tert-butyl. In vet a further embodiment C-Calkyl is

methyl,
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{0065] In one embodiment is a compound of Formula (11) wherein Z is an aryl group. In another
embodiment the aryl group is a pheny! group. In vet another embodiment the phenyl group is
substituted with at least one Rg selected from Br, CL K, or I In a firther embodiment Rg is F. In vet
a further embodiment Rq is CL In one embodiment the phenyl group is substituted with at least one
Ry selected from (NR,Rp)Cy-Cralkylene, (NR Rg)carbonyl, (NR \Rgearhonylalkyviene,
{NRaRg)sulfonyl, and (NR Rp)sulfonvialkylene. In another embodiment Ry is (NRAR)C;-
Cealkylene. In yet another embodiment C-Cealkylene is selected from methylene, ethylene, n-
propylene, 1so-propylene, n-butylene, iso-butylene, and tert-butylene. In vet a further ernbodiment
C-Cealkylene is methylene. In a further emabodiment Ry and Ry are cach independently hydrogen,
Ci-Ceatkyl, or Ci-Ceeyeloalkyl In one embodiment C-Cialky! is selected from methyl, ethyvl, n-
propyl, iso-propyl, n-butyl, iso-butyl, and tert-butyl. In another embodiment C-Cialkyl is methyl.
in yet another embodiment R, and Rp taken together with the nitrogen to which they are attached
form a 6 membered heterovyele ring having 1 hetercatom or hetero funciionality selected from the
group consisting of ~O~, -NH, or -N{C-Cgalkyl). In a fiwrther embodiment the hetero functionality
15 ~N{C-Calkyl). In one embodiment C,-Cialkyl is selected from methyl, ethyl, n-propyl, iso-
propyl, n-butyl, iso-butyl, and tert-butyl. In vet a further embodiment C;-Cyalkyvl is methyl. Ina
further embodiment, Rq is CHy(NR «Ry) wherein NR Ry, is azetidine, pyrrolidine, piperidine or
morpholine.  In another embodiment R, s hydrogen. In yel another embodiment R, is selected
from F, CI, Br, and 1. In a fucther embodiment R,y is F.
{0066} In one embodiment is a compound of Formula {II} wherein A and B are hydrogen. In
another embodiment A and B are independently selected from hydrogen and C~Calkyl.
[8067] In a further embodiment is a compound of Formula {I1) wherein Z is arvl and Y is
mdependently selected from the group counsisting of
4)  phenyl group optionally substituted with 1, 2, or 3 Ry ;
b} aimidazole group optionally substitited with 1, 2, or 3 Rg;
¢} a triazole group optionally substituted with 1, 2, or 3 R; and
d} a substituent independently selected from the group consisting of hydrogen,
alkoxyalkyl, atkoxycarbonylalkyl, alkyl, arylalkyl, cycloalkyl, cycloalkylalkyl,
hatoalkyl, oxo, beterocycloalkyl, heterocyeloalkylalkyl, alkylcarbonyl,
arylcarbonyl, heteroarylcarbonyl, (NRsRypdalkylene (NRsRy)carbonyl,
{0068} In a further embodiment is a compound of Formula (1) wherein Z is phenyl and Y is
independently selected from the group consisting of
¢} phenyl group optionally substituted with 1, 2, or 3 Re;
) aimidazole group optionally substituted with 1, 2, or 3 R

g} atriazole group optionally substituted with 1, 2. or 3 Ry and
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k) a substituent independently selected from the group consisting of hydrogen,
alkoxvalkyl, alkoxycarbonylalkyl, atkyl, arylalkyl, cycloaliovl, eyeloalkylalkyl,
haloatkyl, oxo, heterocyeloalkyl, heterocveloalkvialkyl, alkvlcarbonyi,

arylcarbonyl, heteroarylcarbonyl, (NR Rylalkviene (NR Ry arbounyl.

{006%]  In a further embodingent is a compisund of Formula (1) wherein Z is phenyl substituted with
I, 2,003 Reand Y is independently selected from the group consisting of
i) phenyl group optionally substituted with 1, 2, or 3 Ry
i} aimidazole group optionally substituted with 1, 2, or 3 Rg;
Ky atriazole group optionally substituted with 1, 2, or 3 Rg: and
) asubstituent independently selected from the group consisting of hydrogen,
atkoxyalkyl, alkoxyearbonylalkyl, alkyl, arylalkyl, eyeloalkyl, cycloalkylalkyl,
haloalkyl, oxo, heterocyeloalkyl, heterocyeloalkylalkyl, atkylcarbonyl,
arylcarbonyl, heteroarylcarbonyt, (NRaRg)alkyvlene (NR \Rg)earbonyl.
160670} In a further embodiment, A is selected from methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-
butyl, tert-butyl, n-pentyl, and n-hexyl. In yet another embodiment, methyl, ethyl, n-propyl, ise-
prapyl, n-butvl, iso-butyl, feri-butyl, n-pentyl, and n-hexyl are optionally substituted with GH, NO,,
CN, Br, CLF, and L In a further embodiment A is methyl. I yvet another embodiment, A is
selected from F, C1, Br, and . In another embodiment, A is Co-Cyeveloalkyl, In a further
embodiment, A is OH. In another embodiment, A is cyclopropyl, eyclobutyl, cyclopentyl, or
cyclobexyl. In one embodiment, A is substituted with OH, NO,, or ON. In a turther embodiment, A
is hydrogen. In a further embodiment, B is hydrogen. In a further embodiment, B is C-Cgalkyl. In
a further embodiment, B is selected from methyl, ethyl, n-propyl, iso-propyi, n-butyl, iso-butyl, tert-
butyl, n-pentyl, and n-hexyl. In yet another embodiment, methyl, ethyl, n-propyl, iso-propyl, n-
butyl, iso-butyl, tert-butyl, n-pentyl, and n-hexyl are optionally substituted with OH, NO,, CN, Br,
CL F.and L. In a further embodiment B is methyl. In yet another embodiment, B is selected from F,
ClL, Br, and 1. In another embodiment, B is Ca-Ceeycloalkyl, In another embodiment, B is
eyclopropyl, cyclobutyl, eyclopentyl, or cyclohexyl. In one embodiment, A is substituted with OH,
Ny, or CN. I a further embodiment, is a compound of Formula (11) wherein A is hydrogen and B
is selected from Br, CL, F, 1, C-Cealkyl, C3-Cyeycloalkyl, alkoxy, alkoxyalkyl wherein C;-Cyalkyi,
Us-Cyeycloalkyl, alkoxy, alkoxyalky! are optionally substituted with at least one substituent selected
from OH, NO,, CN, Br, CL F, L, C-Cealkyl, and C -Cyeycloalkyl, In another embodiment, is a
compound of Fornnila (1) wherein B is hydrogen and A is selected from Br, CL F, I, C;-Caalkyl, Cy-
Ceeyeloalkyl, alkoxy, alkoxyatkyl whergin C,-Cealkyl, C;-Cyoyeloalkyl, alkoxy, alkoxyalkyl are
optionally substituted with at least one substituent sefected from OH, NO;, ON, Br, CLF, L, C;-

Cealkyl, and Ci-Cyeyeloalkyvl. In vet another embodiment, both A and B are bydrogen. In a further
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embodiment, both A and B are selected from Br, CL F, I, OH, C-Cealkyl, Ci-Cyoyeloalkyl, alkoxy,
atkoxyalkyl wherein Cy-Cralkyl, Ci-Cgeyeloalkyl, alkoxy, alkoxyalkyl are optionally substituted
with at least one substituent selected from OH, NO,, CN, Br, CLL F. I, C-Cgalkyl, and Cs-
Cieyeloalkyl wherein B is not OH.

(0871}  Also deseribed herein are stereoisomers of compounds of Formula (1), {TA), or {11}, such as
enantiomers, diastereomers, and mixtures of enantiomers or diastereamers. In ong embodiment is a

stereotsomer of a compound of Formula (11} having the structures:

S < N Qg Nx ~ N.
gy Ny 2y Y 1.a LY
O e At L A
1 l ,i):tz ? i‘ tee ! l\ \\ /{.”Z of { l O
Ay SATE s Bt
Ra H B Ry HZ Ry H B R, H Z
wherein:

Y is an avyl or heteroary group optionally substituted with at least one Rg;

Z.is an aryl group optionally substituted with at least one Rg;

A and B are each independently selected from hydrogen, Br, CL ¥, I, OH, C;-Cealkyl, Cs-
Cseycloalkyl, alkoxy, alkoxyalkyl wherein C)~Cealkyl, Cs-Cieycloalkyl, alkoxy, alkoxyalkyl are
optionally substituted with at least one substituent selected from OH, NO-, ON, Br, CL F, 1, ¢~
Cealkyl, and Cs-Cgeveloalkyl, wherein B is not OH;

R is selected from OH, NO,, ON, Br, CL F, 1, C;-Cealkyl, Cs-Cyeyeloalkyl, Co-Csheteroeyeloalkyl:
Cr-Coalkenyl, alkoxy, atkoxyalkyl, alkoxycarbonyl, alkoxycarbonylalkyl, Cs-Ciatkyuyl, aryl,
arylalkyl, Ci-Creycloalkylalkyl, haloalkoxy, haloalkyl, hydroxvalkylene, oxo, heteroaryl,
heteroarylatkoxy, heteroaryloxy, heteroarylthio, heteroarylatkylthio, heterocyeloalkoxy, Co-
Ciheterocycloalkylthio, heterocyclooxy, heterocyclothio, NR Ry, (NRARyIC;-Cralkylene,
{NRaRp)carbonyl, (NRaRg)earbonylalkylene, (NRsRp)solfonyl, and (NR . Rg)sulfonylalkylene:

R, is selected from bydrogen, Br, CL, |, or I

Ry, and Ry are independently selected from the group consisting of hydrogen, C;-Cealkyl, Cs-
Cseyeloalkyl, and atkylearbonyl; or R, and Ry taken together with the atom to which they are
attached form a 3-10 membered heterocycle ring optionally having one to three heteroatoms or
hetero functionalities selected from the group consisting of ~O-, -NH, ~N(C-Cralkyl)-, -NCO{C,y-
Cgalkyl)-, -NCO{Cs-Cyeyeloalkyly -N{aryl)-, -N{ary-Cy-Coalkyl-)-, ~N{substituted-aryl-C,-Coalkyl-
), -Ntheteroaryl}-, -Niheteroaryl-Cy-Cealkyl-)-, -N{substituted-heteroaryl-Cy~Cealkyl-}-, and -S- or
S{Q)y- . wherein q is 1 or 2 and the 3-10 membered heterocycle ring is optionally substituted with
one or more substituents: or a pharmaceutically acceptable salt. solvate or prodrug thereof.

{0072} In one embodiment is the stereoisomer of the compound of Formula (11} shown above,
having the substituents shown above, wherein R, is fluorine. Tn another embodiment is the

compound of Formula (IT) shown above, having the substituents shown above, wherein Y is an
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imidazole group. In another embodiment is the compoand of Formuda (1) shown above, having the
substituents shown above, wherein the imidazole group of Y is substituted with a C;-Cgalky! group.
In a forther embodiment, the C-Cally! 1s methyl. In vet another embodiment is a compound of
Formula (1), shown above, having the substituents shown above, wherein Y is a triazole group. In
another embodiment is the compound of Fornwula (If) shown above, having the substituents shown
above, wherein the triazole group of Y is substituted with a C;-Csalkyl group. In a further
embodiment, the C-Cialkyl is methyl. In vet a farther embodiment is the compound of Formula (11)
shirwn above, having the substituents above, wherein the Y group i an arvl group. In a farther
embodiment is the compound of Formula (1) shown above, having the substituents shown above,
wherein the aryl group of Y 13 a phenyl group. Inn a further embodiment, the phenyl group is
substituted with a halogen. In yet a further embodiment, the halogen is F. In vet another
embodiment the halogen is selected from Be, CL and L In yet another embodiment, is the compound
of Formula (11} shown above, having the substituents shown above, wherein Z is an aryl group. In
yet another embodiment is the compound of Formula (1) shown above, having the substituents
shown above, wherein the aryl group of Z is a phenyl group. In a further embodiment, the phenyl
group of Z 15 substituted with a halogen, selected from F, Br, CL, and L In vet another embuodinient,
the phenyl group of Z is substituted with F. In vet a further embodiment the phenyl group of Z is
substituted with C-Cralkylene(NR4Ry). In yet a further embodiment, the C;-Cealkylene group is
methylene. In vet another embodiment NRARB is azetidine,

{6073} In one embediment is a compound selected from:

(85,9R)-5-fluoro-8-(d-fluorophenyl}-9-( t-methyl-1H-1,2 d-triazol-5-vi) -8,9-dihvdro-2 -
pyridofd.3, 2-delphthalazin-3(7H)-one,

{BR.95)-5-fluoro-8-{4-flucropheny!}-9-( L-methyl-1 H-1,2,4-triazol-5~y1) -8,9-dihydro-2 4-
pyridof4,3 2-deiphthalazin-3(7H)-one,

(85,9R)- B-(4-fluoropheny )-9-(1-methyl- | imidazol-2-y1) -8,9-dibydro-2 Hpyridof4, 3,2~
dejphthalazin-3(7H}-one,

(8R 95)- 8-(4-fluorophenyl}-9-(1-methyl-1 Flimidazol-2-y1) -8,9-dihydro-2 H-pyrido[4,3.2-
delphthalazin-3(7 H-oue,

(88.9R)- 8-(4-fluorophenyl)-9-(1-methyl-1H-1.2 4-triazol-5-y1) -8 9-dibydro-2 H-pyrido[4,3,2-
delphthalazin-3(7H)-one,

(8R,95)- 8-(4-fluorophenyl)-9-(1-methyl- 1H-1,2 4-triazol-5-y1} -8.9-dilivdro-2 H-pyrido[4.3,2-
de|phthalazin-3(7H)-one,

{85.9K)-5-fluoro-8-{4-fluorophenyl)-9-{ 1 -methyl-1 H-imidazol-2-y1) -8.9-dihydro-2H-pyrido[4,3.2-
dephthalazin-3(7H)-one,

(8R.95)-5-fluoro-B-(4-fluorophenyl)-9-(1 -methyl-1 H-imidazol-2-y1) -8,9-dihydro-2H-pyridof4.3.2-
de|phthalazin-3{7H)-one,
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{85.9R}-S-fluoro-9-(L-methyl-1 Hamidazol-2-y1) -8-phenyi-8.9-dihvdro-2H-pyrido[4,3 2~
dephthalazin-3(7H)-one,

(8R.,95)-5-fluoro-9-{ L-methyi-1 H-umidazol-2-vl} -8-phenyl-8 %-dihydro-2 Hl-pyridof4,3,2-
delphthalazin-3(7H}-one,

(85.9R)- 8-(4-(azetidin-1-yhuethyDphenyl}-9-(4-fluorophenyl)-§,9-dihydro-2H-pyrido[4,3.2-
de]phthalazin-3(7H)-one, and

(B8R 98)- B-{4-(azetidin- l-vimethylipheny!)-8-(d-fluorophenyi}-8,O-dihydro-2H-pyridof{4,.3,2-
de|phthalazin-3{7H)-one, or a pharmaceutically acceptable salt, solvate or prodrug thereof.
{0874] In one aspect is a compound selected from:

9-diphenyl-8,9~dihydro-2 H-pyrido{4,3 2~dephthalazin-3(7H)}-one:

&.9-bis(4-({methylaminoymethylphenyl-8 9-dihydro-2fl-pyrido{ 4.3, 2-de phthalazin-3( 7 #}-one;
8,9-di{pyridin-4-y1)-8,9-dihydro-2 H-pyrido[4,3.2-dephthalazin-3{7 H)-one;
8.9-di(pynidin-3-y)-8.9-dthydro-2 H-pyride[4,3,2-de]phthalazin-3(7H)-one;
8.9-dipyridin-2-v1)1-8,8-dihydro-2H-pyrido[4,3,2-de]phthalazin-3(7 H-one;
9-isopropyl-8-phenyl-8,9-dihydro-2 H-pyridof4,3.2-de phthalazin-3(7H)-one;
S-{4-{(methylamino)methyphenyl)-8-phenyl-8 9-dihydro-2 H-pyrido{4,3.2-de]phthalazin-3(7T )«

one;
9-{4-{(dimethylamino)ymethyDphenyl)-8-pheoyl-8,9-dihydro-2 H-pyrido[4,3.2-dephthalazin-3(7 H)-
one;

(3 (ivethylamino)methyl)pheny}-8-phenyi-8.9-dihydro-2 H-pyrido{4,3,2-de [phihalazin-3( T H}-
one;

8-(4-{{methyvianuno)methylphenyl}-9-phenyl-8.9-dihydro-2 H-pyrido{4,3,2-deiphthalazin-3{ 7 H)~
one;

8.9-bis(3~((methylamino)methyDphenyl)-8.9-dihydro-2 H-pyrido{4,3,2-de |phthalazin-3(7 H)-one;
S-(4-(hydroxymethyl)phenyi)-8-phenyl-8,9-dikydro-2 H-pyrido{4,3,2-dephthalazin-3(7 H)-one;
9-(3-{4~subutyrylpiperazine- 1 -carbonyhpheuyl)-8-phenyl-8.9-dihydro-2 H-pyrido[4,3.2-
de|phthalazin-3(7 H}-one;

8,9-bis(3-{4-isobutyrvlpiperazine--carbonylphenyl) -8,9-dihydro-2 H-pyrido]4,3,2-de]phihalazin-
3(7H)-one;

S-{piperidin-3-y1)-8-(pyridin-3-y[)-8.9-dihydro-2 H-pyridn[4,3,2-dephthalazin-3(7H)-one;
S-(piperidin-d-y1)-8-(pyridin-4-y1)-8.9-dthydro-2 H-pyrido[4,3,2-defphthalazin-3({ 7H)-ong;

8,9-bis{ 4-({dimethylamino)methy Dphenyl)-8.9-dihydro-2 H-pyrido[4,3,2-dephthalazin-3(7 Hi-one;
9-(4-(4-(cyclopropanecarbonyhpiperazine- L -carbonyDphenyt-8-{4{(meth yiaminojmethylphenyl}-
8,9-dihydro-2 H-pyridol4,3,2-dephthalazin-3(7 H)-one;

9~{4-(4-(cyclopropanecarbonylpiperazine- [ ~carbonyl)phenyl)-8-

{(4{{dimethylamivoimethylphenyt)-8.9-dihydro-2 Hepyridol4,3.2-dephthalazin-3(7 H-one;
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8-(4-(hydroxymethylphenyl)-9-(4-(4-isobutyrylpiperazine- 1 -carbonyDphenyl)-8,9-dihydro-2 H-
pyrido{4,3,2-de]phthalazin-3(7H~one;
8-{4-((dimethylamino)methypheny)-9-(4-(4-isobutyrylpiperazine- F-carbonylypheny)-8,9-dihydro-
2H-pyrido[4.3,2-dephthalazin-3{ 7 #H)-ong;
9-(4-{4-(cyclopropanecarbonyl)piperazine-1-carbonyhphenyl)-8-phenyi-8,9-dihvdro-2 K-
pyrido[4.3.2-dephthalazin-3(7H-one;

9-(3-{4-{eyclopropancearbonyl )piperazine- 1 -carbonylpheny)-8-phenyi-8,9-dibydro-2H-
pyridol4,3,2-dephthalazin-3(7#)-one;
9-(3-((dimethylaminoymethyDphenyl)-8-phenyl-8,9-dihydro-2 H-pyrido[4.3,2-de Jphthalazin-3{7H)-
one;

8-(3~-{(methylamino)methypheny!)-9-phenyi-8,9-dibydro-2 H-pyridoi4,3, 2-deJphthalazin-3( 7 H)-
one;

8-(4-{{dimethylamino)methy Dphenyl}-9-phenyl-8,9-dihvdro-2H-pyrido[4,3,2-dephthalazin-3(7H)-
one;

8-(4-(morpholivsomethyDphenyl)-9-phenyl-8,9-dihydro-2 H-pyvrido4,3,2-de [phthalazin-3 7fD-one;
8-{4-(hvdroxymethyhphenyl-9-phenyl-8 9-dibydro-2 H-pyrido{4,3.2-de]phthalazin-3(7 H)-one;
S(3-(4-{cyclopropanecarbony)piperazine- 1 -carbonyDphenyl)-8-(4-
{{dimethylamino)methyDpheny!)-8,9-dibydro-2 H-pyrido[4.3,2-de]phthalazin-3( 7 H-one;
9-(3~(4-{cyclopropanccarbonylipiperazine- 1 -carbonyDphenyl}-8-(4-(hydroxymethylpheny[}-8,9-
dihydro-2H-pyridof4,3,2-de|phthalazin-3{7H)-one;
9-{4-(4-isobutyrylpiperazine-1-carbonyDphenyl}-8-(4-((methylaminoymethylphenyl)-8,9-dihvdro-
2H-pyridofd 3 2~delphthalazin-3(7 H}-one;
9-(3-(4~-isobutyrylpiperazine-1-carbonyl)pbenyl}-8-(pyridin-4-y1)-8 9-dihydro-2 H-pyrido{4,3,2-
delphthalazin-3(7H)-one;

9-(3-((dimethylamino}methyDpheny)-8-(pyridin-4-y1)-8,9-dihydro-2 8-pyrido[4,3 .2 -de jphthalazin-
3(7H)y-one;

9-(3-((methylaminoymethylphenyl)-8-(pyridin-4-y1)-8,9-dihydro-2 H-pyrido| 4,3, 2~ ]phthalazin-

3T Hone;

9-(4-{{dimethylamino)methylphenyl)-8-(pyridin-4-y1}-8.9-dihvdro-2 H-pyrido{4.3,2-de|phthalazin-
MTHyone;

9-(3-(hydroxymethylphenyl)-8-(pyridin-4-y1)-8,9-dihydro-2 H-pyrido[4,3,2-de [phthalazin-3( 7HD-
OReE;

9-(4-{(methylaminojmethylphenyl)-8-(pyridin-4-y13-8 9-dihydro-2 H-pyrido[4,3,2~deJphthalazin-
3(TH)-one;

9-(3-{{dimethylamino)methylipheny!)-8-(pyridin-3-y1)-8,9-dihydro-2 H-pyridof4 3 2 -dephthalazin-
3(THy-one;

g
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9-(3~{{methylaminomethylyphenyl 3-8-(pyridin-3-y1}-8,9-dihydro-2 H-pyrido| 4,3 2-de }phthalazin-
3(7THy-one;

9-{4-{{dimethylaminoimethyDphenyvii-8-(pyridin-3-v)-8,9-dihydro-2 H-pyridof4,3,2«de phthalazin-
H7Hrone;

9-(4-{{methylanmino)ymethyDphenyl)-8-(pyridin-3-y1)-8 9-dihvdro-2 H-pyrido[ 4,3 2-deiphthalarin-
(T Hy-one;

9-(3-(hyvdroxymethyl)phenyi)-8-(pyridin-3-y1}-8,9-dihvdro-2 H-pyrido[4,3.2 -dephthalazin-3(7 &)~
one;

9-(3-{{ dimethylaminoymethyDphenyl)-8-(pyridin-2-y1)-8,9-dihvdro-2 H-pyridof 4,3, 2-dephthalaziv-
37 Hy-one;

9-(3-{{methylamino)methyvliphenyl)-8-(pyridin-2-¢1)-8.9-dihvdro-2 Fpyvrido{4,3,2-de|phthatazin-
3(7H)-ome;

S 3-(hydroxymethyhphenyl)-8-(pyridin-2-y1)-8.9-dihydro-2 H-pyrido[4,3.2-de | phthalawin-3( TH}-
one;

I(d-({dimethylamino)methyDpheoyl)-8-(pyridin-2-y1)-8,9-dihvdro-2 H-pyridof 4,3, 2-de |phthalazin-
3(7THy-one;

9-(4-({methylamino)methyl)phenyl)-8-{pyridin-2-yD)-8,9~-dibydro-2 H-pyridof4.3 2-deJphthalazin-
3(7H)-one;

9-phenyl-8-{pyridin-2-y1)-8,9-dihydro-2 H-pyrido{4,3,2-dephthalazin-3(7/)-one;
O-phenyl-8-{pyridin-3-y1)-8 9-dihydro-2 Fl-pyridofd 3, 2-de jphthalazin-3(7 H)-one;

S-phenyl-8-(pyridin-4-y1)-8 9-dihydro-2 F-pyride]4,3, 2-de jphthalazin-3(7 H)-one;
S-Huoro-9-phenyl-8-(pyridin-4-y1)-8,9-dibydro-2 H-pyridof 4,3, 2-de|phthalazin-3( 7 H)-one;
9-(3-{(dimethylaminomethyDpheoyl)-5-fluoro-8-(pyridin-4-y1}-8,9-dihydro-2 H-pyridof4,3,2-
detphthalazin-3(7H)-one;
S-fluoro-9-(3-((methylaminoimethyDphenyl)-8-(pyridin-4-y1)-8,9-dihydro-2 H-pyridof4,3,2-

dde lphthalazin-3(7H)-one;

9-{4-({dimethylamino methyhphenyl-5-fluoro-8~(pyridin-4-y1)-8,9-dihydro-2 F-pyrido[4,3,2-
delphthalazin-3(7 Hy-one;

S-fluoro-8,9-diphenyl-8,9-dibydro-2 H-pyrido[4,3 2 -de]pbthalazin-3(7H)-one;
9-{4-((dimethylamino)methypheny!)-5-fluoro-8-phenyl-8,9-dihydre-2 H-pyridof4,3,2-
defphthalazin-one:

S-fluoro-9-(4-((methylaminoymethyl)phenyl)-8-phenyl-8,9-dihydro-2 H-pyridof4,3,2-deiphthalazin-
one;

9-(3-{(dimethylaninoymethyliphenyi)-5-fluoro-8-phenyl-8,9-dihydro-2 H-pyridof 4,3 2-

delphthalazin-one;
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B-{4-({dimethylaminoymethyDpheny)-5-fluoro-9-phenyl-8,9-dilyydro-2 H-pyrido[4,3,2~
delphthalazin-one;

S-fluoro-9-(3-{(methylamino)methyiphenyl)-8-phenyi-8,9-dihydro-2 H-pyrido{4,3.2-dephthalazin-
ong;

S-thioro-8-{4-((methylamino)nethyDpheay-9-phenyl-8.9-dihydro-2 H-pyrido]4,3,2-de|phthalazin-
one;

7-miethyl-8.9-diphenyl-8,9-dihvdro-2 H-pyrido{4,3,2-de phthalazin-3(7 F)-ong;

7-ethyl-8 9-diphenyi-8 9-dihydro-2 H-pyrido[4.3.2-de Jphthalazin-3(TH)-one;

S-flaoro-9-( 1 -methyi- H-imidazol-2-y1)-8-phenyl-8,9-dihydro-2 H-pyrido[4.3,2-dejphthalazin-
3(7Hy-one;

S-fluoro-8-{4-fluorophenyl)-9-( 1 -methyl-1 H-imidazol-2-y 1) -8,9-dihydro-2 H-pyride]4,3,2-
delphthalazin-3(7 H)-one;

B-{4-({dimethyvlaminomethyDphenyD-9<( 1 wnethyl- 1 H-imidazol-2-y1)- 8,9-dihydro-2 K-
pyridof4.3,2-dephthalazin-3(7H)-one;

9-( t-isopropyl-1 H-imidazol-5-yv1)- 8-phenyl-8,9-dihydro-2 H-pyrido[4,3,2-de lphthalazin-3( 7 F)-one;
O-(d-methyl-1 H-imidazol-2-y1)- 8-phenyl-8,9-dihydro-2 H-pyrido[4.3,2-de|phthalazin-3{ 7H)-one;
8-phenyl-9-(thiazol-5-y1)-8.9-dihydro-2 H-pyrido[4.3.2-de]phthalazin-3( 7 H}-one;
9-{furan-3-v[}-8-pheny-8,9-dihydro-2 H-pyrido{4,3,2-delphthatazin-3{7 H)-one;
8-{4-({4-ethylpiperazin- 1 -y1 puethyDpheny))-9-phenyt-8,9-dihydro-2 H-pyrido[4.3 .2 -de] phthalazin-
3{THyone;

9-phenyl-8-(4-(piperazin-1-ylmethyhphenyl)-8.9-dihyvdro-2 H-pyrido[4,3,2-de |phthalazin-3{ 7 H)-
one;

8- l-methy 1 Heimidazol-2-y)-9-phenyl-8,9-dibydio-2 H-pyrido]4.3,2-delphthalazin-3( 7 H)-one;
9-( 1-methyl-1 H-imidazol-2-y1)-8-phenyl-8,9-dihydro-2 H-pyridof4,3.2-de]phthalazin-3( 7 H)-one;
8,9-bis( I-methyl-1 H-imidazol-2-y1) -8.9-dihydro-2 H-pyridof4,3,2-de phthalazin-3( 7H}-one;

9-{ 1 H-imidazol-2-y1) -8-phenyl-8.9-dihydro-2 H-pyrido[4,3,2-de]phthalazin-3( 7H)-one;

9 L-ethyl-1 H-imudazol2-y1) -8-phenyb-8,9-dihydro-2 H-pyrido[4,3,2-de |phthalazin-3(7 F-one;
8-phenyl-9-(1-propyl-1 H-imidazol-2-yl} -8, 9-dihydro-2H-pyrido[4,3, 2 e Jphthalazin-3( TH)-one:
9-{ 1-methyl-1 H-imidazol-5-v1) -8-phenyl-8,9-dihydro-2 H-pyrido{4,3,2-de phthaltazin-3(74)-one;
9-(3-((dicthylamino)methyl jpheny!)-8-(4-((diethylamivomethylypheny!)-8,9-dihydro-2F-
pyridof4,3,2-delphthalazin-3(7H)-one;

9-(3-((4-methylpiperazin-1-yl) methyphenyl)-8-phenyl-8,9-dihydro-2 H-pyrido[4,3,2-
delphthalazin-3(7H)-one;

8-{4-(d-(cyclopropanecarbonyl) piperazine- -carbonylphenyl)-9-phenyh-§,9-dihydro-2 H-
pyridof4,3 2-de lphthalazin-3(7H)-one,;

9-phenyl-8-(pyridin-4-y -8 9-dihydro-2 H-pyrido| 4,3, 2-de]phthalazin-3( 7 E)-one;
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S-phenyl-8-(piperidin-d-y1-8,9-dihvdro-2H-pyridof4,3, 2-deiphthalazin-3(7T H)}-one;

S-phenyl-8-(pyvridin-2-y1)-8,9-dihydro-2H-pyrido{4,3 2-dephthalazin-3( 7F-ong;

8-(4-{(4-methylpiperazin-1-ymethy! jpheny[)-9-phenyi-8,9-dihydro-2 H-pyridof4,3,2-de jphthalazin-

37 Hy-one;

8.9-bis(4-fleorophenyl)- 8.9-dihvdro-2H-pyrido[4,3,2-de|phthalazin-3(7 F-one;

8-(d-((dimethylaminoymethyliphenyD}-9-(4-fluorophenyl)- 8,9-dihvdro-2H-pyridof4,3,2-

delphthalazin-3(7 H)-one;

8-(4-fluorophenyD-9-(1-methyl-1H- imidazol-2-yl)- 8.9-dihydro-2 H-pyrido[4,3.2-de Jphthalazin-

3{(7H)-one;

8,9-bis(3-((dimethylaminoymethylipbenyl)-8.9-dihydro-2 f-pyrido| 4,3, 2-de | phthalazin-3(7TH)-one;

9-(3-{{cyclopropylamino jmethyhphenyl}-8-phenyl-8,9-dihydro-2 H-pyridof4,3 .2 ~de Jphthalazin-

37 H)y-one;

8-(3-{(dimethylamino}methy pheny!-9-pheny!-8 9-dihydro-2 H-pyrida] 4,3, 2-de jphthalazin-3(7 &)~

one;

8-( 3-(morpholinomethyDphenyvl)-9-phenyl-8 9-dihydro-2 H-pyridof4,3,2-deiphthalazin-3(7 H)-one;
8-(4-{azetidin-1-yImethyipheny])-9-(4-fluorophenyl)-8.9-dihydro-2H-pyridof4,3,2-de]phthalazin-

H{7Hyone;
S-fluoro-8-(4-flucrophenyl)-O-( L-methyl- 1H-1,2 4-triazol-5-¥1)-8 9-dihydro-2H-pyrido]4.3,2-
delphthalazin-3(7H}-one ;

9-(1-methyl-1H-1,2 d-triazol-3-y1)-8-phenyi-8,9-dihydro-2H-pyrido[4.3 2-de Jphthalazin-3( TH -one:

8-(4-({dimethylamino)methyl)phenyD-9-(1-methyl-1H-1 .2 4-triazol-5-v1)-8.9-dihydro-2H-
pyrido[4,3,2-delphthalazin-3(7H)-one;

8-(4-{(dimethylamino)methy Dphenyl)-5-fluoro-9-( -methyl- 1 H-1,2 4-trtazol-3-y1)-8.9-dilvdro-2H-
pyridef4.3.2-de|phthalazin-3( 7H)-one;

8-(4-llvorophenyl)-9-methyl-9-(1-methyl-1H- 1,2 4-triazol-5-y1)-8,9-dihydro-2H-pyrido[4,3,2-
dejphthalazin-3{7H)-one;

§~(4-fluoropheny)-9-(1,4.5-trimethyl- 1 H-imidazol-2-yD-8.9-dibydro-2 H-pyridof4,3.2-
delphthalazin-3(7D-one;
3(7H)-one;

9-(4.5-dimethyl-4H-1,2.4-triazol-3-y1)-8-phenyl-8.9-dihydro-2 H-pyridof 4,3, 2-de phthalazin-3( 7TH)-
ong;

9-{4,5-dimethyl-44-1,2 4-triazol-3-yD)-8-(4-fluoropheny])-8,9-dihydro-2 F-pyridof4,3,2-
dephthalazin-3(7 H)-one;

8-(4-chioropheny!}-9-( | -methyl-| Heimidazol-2-y1)-8,9-dihvdro-2 H-pyrido[4.3,2-deJphthalazin-
3{7TH)-one;
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9-(I-methyl-1 H-imidazol-2-y1}-8-(4-{triflyoromethyliphenyl -8 9-dihydro-2 H-pyrido{4,3,2-
de iphthalazin-3(7 Hi-one;

B-(4-fluorophenyl)}-9-(thiazol-2-v1)-8,9-dihydro-2 H-pyrido[4.3,2-deiphthalazin-3{ 7 H)-one;

9-{ 1-ethyl- 1 H-imidazol-2-y1}-8-(4-fluorophenyi}-8.9-dihydro-2 H-pyrido[4,3,2-de | phthalazin-3(7 H)-
one;

8-{4-((4-ethyl-3-methylpiperazin- 1 -yDmethyhphenyi-9-phenyl-8,9-dihydro-2 H-pyrido[4,3,2-
delphthalazin-3{7H)-one;

8-(4-((4-ethylpiperazin-1-yDmethvhphenyl}-9-(4-fluorapheny!)-8 9-dibydro-20-pyridof4,3,2-
dejphthalazin-3(TH)-one;

S«(4-fluorophenyl}-B-{4-((4-methylpiperazin- 1 -vDmethyphenyl)-8 9-dihydro-2 H-pyrido[4,3 2-
delphthalazin-3(7Hj-one;
9-{4-flaorophenyl)-8-(4-(piperazin-1-yImethyl)pheny)-8,9-dibydro-2H-pyrida[4.3,2-de iphthalazin-
(7 Hy-one;

9-(4-fluorophenyl)-8~(4-({3-methylpiperazin- 1 -ymethyDphenyl)-8,9-dihydro-2 H-pyrido{4.3,2-
delphthalazin-3(7 H}-one;

9-(4-fluorophenyl)-8-(4-(pyrrolidin- 1 -yimethyDphenyl)-8.9-dihydro-2 H-pyrido[ 4,3, 2-de phthalazin-
3{(7H-one;

S-pheny -8, 9-dihydro-2H-pyrido{4.3,2-dephthalazin-3( 7 H)-one;
8-(4-Fluoropheny!)-9-{4-methyl-4H-1,2 4-triazol-3-y1)-8,9-dihydro-2 H-pyrido[4,3,2-de jphthalazin-
3{7Hy-one;

8-(4-fluorophenyl}-9-( L-methyl-1H-1,2,4-triazol-5-y1)-8.9-dibydro-2 H-pyrido|[4.3,2-dephthalazin-
3(7H)-one;

8-(4-fluorophenyl)-9-(1-methyl-1 H-imidazof4.5-c Jpyridin-2-y{)-8,9-dihydro-2 H-pyrido[4,3,2~
decphthalazin-3(7H)-one;

S-chloro-9-( I-methyl-1 H-imidazol-2-y1)-8-phenyi-8 9-dihydro-2 H-pyrido[4,3 2-de|phthalazin-
3(7TH)one;

8~(4-((dimethylaminojmethyphenyl)-5-fluoro-9-(4-flucrophenyl)-8,9-dihydro-2 H-pyrido(4,3,2-

de]phthalazin-3(7H)-one;

8,9-bis{4~{(dimethylamino}methylphenyl)-5-fluoro-8,9-dikydro-2H-pyridof 4,3 2~de]phthalazin-
3{THy-one;

8-(4-{(dimethylamino ymethyl)phenyl)-5-fluoro-9-phenyl-8,9-dibydro-2 H-pyridof4,3,2-
delpbthalazin-3(7#)-one;
8-{4-((3,4-dimethylpiperazin-1-ylimethylpbeny1)-9-(4-fluoropheny )-8,9-dihydro-2 Flpyridof4.3.2-

de|phthalazin-3{7H)-one;

8-(4-{{3.5-dimethylpiperazin-1-ymethyl)phenyl)-9-(4-fluorophenyl)-8,9-dihydro-2 H-pyrido{4.3,2-
de jphthalazin-3(7H)-one;
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S-phenyl-8-(4-(pyrrolidin-1-ylmethy)phenyl}-8,9-dihvdro-2 Fl-pyrido[4,3,2~de ] phthalazin-3{TH)-
one;

9-phenyl-8-(4-(pyrrolidin-1-yImethyphenyl)-8,9-dihydro-2 H-pyrido[4.3,2-de [phthalazin-3( TH)-
one;

9-{ {-methyh- 1 H-imidazol-2-v1)-8-(4-(pyrrofidin- 1 -vimethypheny D-8,9-dibvdro-2 H-pyrido[4,3,2-
delphthalazin-3{7H)-one;

9-(4-flucropheny)-8-( l-methyl-1 H-imidazol-2-y1)-8 9-dihydro-2 H-pyrido|4,3.2-de Jphthalazin-

(T H-one;

9-(4-{luorophenyl)-8-(quinolin-6-y1)-8,9-dihydro-2 H-pyridof4,3.2-de phthalazin-3(7H)-one;
B-{4-({dimethylaminoimethy Dphenyl}-9-p-tolyl-8,9-dihydro-2 H-pyrida[4.3,2-de [phthalazin-3( 7 H)-
one;

9-(4-chloropheny)-8-(4-({dimethylamino)methyhphenyl)-8,9-dihydro-2 H-pyrido[4,3.2-

de jphthalazin-3(7H-one;
&-(4-({dimethylaminoymethyhphenyl)-9-(4-methoxyphenyl)-8,9-dihvdro-2 H-pyrido{4,3.2-
defphthalazin-3(7H)-one;

8-(4-((diethylamino)methyl)pheny!)-9-pheny!-8.9-dihydro-2 H-pyrido]4,3,2-de |phthalazin-3( 7H)-
ong;

8-(4-{(diethylarminomethyl)phenyD-9-(4-floorophenyl)-8,9-dihydro-2 H-pyrido{4,3,2-dephthalazin-

{7 Hyone;

9-(4-chloropheny-8-(4-((diethylamino ymethyDpbenyl)-8 9-dihydro-2 H-pyridof4,3,2-de jphthalazin-
3{7H~one;

{E)-6-fluoro-4-((1-methyl- 1 H-imidazol-2-vl)methyleneamineYisobenzofuran- 1 (3 H-one:

S-fluoro-9-(4-fluorophenyl}-8-( L-methyl- 1 H-imidazol-2~y1)-8, 9-dihydro-2 H-pyrido[4,3 2
delphthalazin-3(7H)-one;
8-(4-{(dimethylaminc)methy)phenyl)-9-{4-ethylphenyl)-8.9-dihvdro-2 F-pyrido[4,3,2-
delphthalazin-3(7H)-one;

8-{4-({dimethylamino)methylypheny!}-9-(4-isopropylphenyl)-8,9-dihydro-2 H-pyrido[4,3.2-
de|phthalazin-3(7H)-one;

&-(4-{(dimethylaminoymethyphenyH-9-(4-(rittuoromethyDphenyl})-§,9-d thvdro-2H-pyrido[4,3,2-
delphthalazin-3(7 H-one;

8-(4-({diethylamino)methyDpheny!)-9-p-toly{-8,9-dih ydro-2H-pyrido{4,3.2-de|phthalazin-3( 7H)-
one;

9-(4-fluorophenyl)-8-(4-(1 -methyipyrrolidin-2-vl ipheny)-8.9-dihydro-2 H-pyrido}4,3.2-
delphthalazin-3(7 H)-one;

O-(4-fluorophenyl)-8-(4-(pyrrolidin-2-yDphenyl)-8,9-dihydro-2 H-pyrido[4,3 L-dejphthalazin-3(7H)-

onve;
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8-{4-fluorophenyl}-O-methyi-9-( L-methyl-t H-imidazol-2-yi-8.9-dihydro-2H-pyridef4.3,2-
delphthalazin-3(7 Hy-oue;

9-(4-fluorophenyl}-8-(1 H-bmidazol-2-y )-8 9-dihydro-2H-pyrido[4,3.2~de | phthalazin-3(7H)-one;
S-fluore-9-( T-methyvi-1H- 1.2, 4-tniazol-5-v)-8-phenyl-8,.9-dihydro-2H-pyrido[4,3,2-de |phthalazin-
3{7H)-one;

9-(4-fluoraphenyl}-9-hydroxy-8-( 1 -methyl-1 H-imidazol-2-y1)-8,9-dihydro-2 H-pyrido(4.3.2-
delphthalazin-3(7H)-one;

L¥

(8S5,98)-5-1luoro-8-(1-methyl-14-tmidazol-2-y1) -8-phenyl-8.9-dihydro-2 H-pyridof4.3,2-
de)phthalazin-3(7H)-one:
i (8R95)-5-flacro-9-( | -methyl-1 H-imidazol-2-y1) -8-phenyl-8 9-dihydro-2 Hepyridof4,3,2-
deiphthalazin-3(7 H)-one;
(88,98)-5-fluoro-8-{4-fluorophenyD-9-( 1 -methyl- 1 H-imidazol-2-y1) -8,9-dthydro-2H-pyridof4,3,2-
defphthalazin-3(7 Hy-one;
{8R.98)-3-fluoro-8-(4-fiuoropheny}-9-( | -methyl-1 Arimidazol-2-yl) -8,9-dihydro-2H-pyrido[4,3,2-
15 dejphthalazin-3(7H)-one;
{88,98)- 8-(4-fluoropbeny!)-9- L-methyl-1 F-imidazol-2-y1} ~8,9-dihvdro-2 H-pyrido[4,3,2-
deiphthalazin-3(7H)-ong;
(8R,95)- 8-(4-fluoropheny!}-9-(1-methyl-1H-imidazol-2-v1} -8 9-dihydro-2 H-pyridof4,3,2-
delphthalazin-3(7H)-one;
20 (RS9K)-5-tluoro-9-( L-methyl-1 F1-1,2 A-triazol-5-v1) -8-phenyi-8 9-dihvdro-2 H-pyridof4,3,2-
delphthalazin-3(7 H)-one;
{8R,95)-5-fluoro-9-( L-methyl-1H-1.2, d-triazol-5-y1) -8-phenyl-8,9-dihydro-2 H-pyridof4,3.2-
dejphthalazin-3(7H)-one:
{88,913 -MTuoro-B-(4-fluoropheny}-9-( 1 -methyl- 1 F-1,2 4-triazol-5-v1) -8,9-dihvdro-2 -
25 pyrido{d,3,2-de|phthalazin-3(7 H)-one;
(8R,95)-5-fluoro-8-{d-fluoropheny}-9-(1-methyl-14-1,2 4-triazol-5-v1) -8 9-dihydro-2H-
pyridof4,3.2-de]phthalazin-3(7 H)-one;
{(85.9R)- B-(4-Ttuorophenyly-9-( 1 -methyl-1H-1,2 4-triazol-5-y1) -8.9-dihydro-2 Hepyrido{4.3.2-
delphthalazin-3(7H)-one;
30 (BR9S)- 8-(d-fluorophenyl)-9-( 1-methyl-1H-1,2,4-triazol-5-y1} -8,9-dihydro-2 H-pyrido[4,3,2-
delphihalazin-3{7&)-one;
(RS, 9R}-8-(4-{(dimethylaminoymethyDphenyl)-5-fluoro-9-( I-methyl- L H-1,2 4-triazol-5-y1)-8,9-
dihydro-2 H-pyridof4,3,2-delphthalazin-3(7H}-one; and
{8£,95)-8-(4-({dimethylamino)methylpheny)-5-fluoro-9-(1-methyl- 14-1.2,4-triazol-5-v1)-8,9-
dihydro-2 H-pyrido{4,3,2-de jphthalazin-3(7 H)-one;

(X5
“h

ov a pharmaceutical acceptable salt, solvate or prodrug therefore.
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[0075] In some embodiments, provided herein is a pharmaceutical composition comprising of a
compound of Formula (1), {1A} or {IT) or steresisomers, or a pharmaceutically acceptable salt, a
pharmaceutically acceptable solvate, pharmaceutically acceptable prodrug thereof and a
pharmaceutically acceptable carrier, excipient, binder or diluent.

19076} Certain embodiments provide a method of inhibiting PARP in a subject in recognized need
of such treatment comprising administering to the subject a therapeutically acceptable amount of a
compound of Formula {1}, (1A) or (1) or a therapeutically acceptable salt thereof.

[8677] In one embodiment, provided herein is a method of treating a disease ameliorated by the
inhibition of PARP comprising administering to a subject in need of treatment a therapeutically-
etfective amount of a compound of Formula (1), (IA) or (11). In some embodiments, the disease 1s
selected from the group consisting oft vascular disease; septic shock: tschemic injary; reperfusion
injury; neurotoxicity; hemorrhagic shock; inflammatory diseases; multiple sclerosis; secondary
effects of diabetes; and acute treatment of cytotoxicity following cardiovascular surgery.

[0078] In certain embodiments, provided herein is a method for the treatment of cancer, comprising
administering to a subject in need of treatment a thegapeutically-effective amount of & compound of
Formula (1), {IA) or (11).

{0079} Certain embodiments provide a method of potentiation of vytotoxic cancer therapy in a
subject in recognized need of such treatment comprising administering to the subject a
therapeutically acceptable amount of a compound of Formula (T), (IA) or (I1) or a therapeutically
acceptable salt thereof,

[0080f In some embodiments, provided herein is a methed for the treatment of cancer, comprising
administering 1o a subject in need of treatment a therapeutically-effective amount of a compound of
Formula (1), (JA) or (11} in combination with ionizing radiation or one or more chemotherapeutic
agents. In some embodiments, the compound described herein is administered simultaneously with
jonizing radiation or one or more chemotherapeutic agents. In other embodiments, the corapound
described herein is administered sequentially with ionizing radiation or one or more
chemotherapeutic agents.

[0081] In certain embodiments, provided herein is a method for the treatment of cancer, which
includes administering to a subject in need of treatment a therapeutically-effective amount of a
compeund of Formala (1), (1A) or (II) in combination with ionizing radiation and one or more
chemotherapeutic agents. In some embodiments, the compound described herein is administered
sinutltaneously with ionizing radiation and one or more chemotherapeutic agents. In other
embodiments, the compound described herein is administered sequentially with jonizing radiation
and one or more chemotherapeutic agents.

{8082} Certain embodiments provide a methed of treating leukemia, colon cancer, glioblastomas,

Ivmphomas, melanomas, carcinomas of breast, or cervical carcinomas in a subject in recognized
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need of such treatiment comprising administering to the subject a therapeutically acceptable amount
of a compound of Formala (1), (IA} or (I} or therapeutically acceptable sait thereof.

0083}  In some embodiments, provided herein is a method of treatiment of a cancer deficient in
Homologous Recombination (HR) dependent DNA double strand break (DSB) repair pathway,
which includes administering to a subject in need of treatment a therapeutically-effective amount of
a compound of Formula (I}, (IA) or (1). Ty certain embodiments, the cancer includes one or more
cancer cells having a reduced or abrogated ability to repatr DNA DSB by HR relative to normal
cells. In some embodiments, the cancer cells have a BRCAT or BRCA2 deficient phenotype. In
some embodunents, the cancer cells are deficient in BRCA{ or BRCAZ. In some embodiments, the
methods provided herein involve treatment of an individoal who is heterozygous for a mutation in a
gene encoding a component of the HR dependent DNA DSB repair pathway. In certain embodiment,
the individual is heterozygous for a mutation in BRCA1 and/or BRCA2. In some embodiments, the
method of treatment of a cancer includes treatment of breast, ovary, pancreas andfor prostate cancer.
In some embodiments, the method of treatment of a cancer further includes administration of
ionizing radiation or a chemotherapeutic agent.

[0084] The primary function of the DNA mismatch repair (MMR) systen is to eliminate single-
base mismatches and insertion-deletion foops that may arise during DNA replication. Insertion-
deletion foops result from gains or losses of short repeat anits within microsatellite sequences, also
known as microsatellite instability (MS1). Atleast six different MMR proteins ave required. For
mismatch recognition, the MSH2 protein forms a heterodimer with either MSHS or MSH3
depending on the type of lesion to be repaired (MSHS is required for the correction of single-base
mispairs, whereas both MSH3 and MSHG may contribute to the correction of insertion-deletion
loops). A heterodimer of MEHI and PMS2 coordinates the interplay between the mismatch
recognition complex and other profeias necessary for MMR. These additional proteins may include
at least exonuclease 1 (EXO1}, possibly helicase(s), proliferating cell nuclear antigen (PONA),
single-stranded DNA-binding protein (RPA), and DNA polymerases & and ¢, In addition to PMS2,
MLHT may heterodimerize with two additional proteins, MLH3 and PMS1. Recent observations
indicate that PMS2 is required for the correction of single-base mismatches, and PMS?2 and MLH3
both contribute to the correction of insertion-deletion loops. Additional homologs of the human
MMR proteins are known that are required for functions other than MMR. These proteins include
MSH4 and MSHS that are necessary for meiotic (and passibly mitotic) recombination but are not
presumed to participate in MMR.

{0085} Grermbine mutations of human MMR genes cause susceptibility to hereditary nonpolyposis
colon cancer (HNPCC), one of the most conmon cancer syndromes in humans, An excess of colon
cancer and a defined spectrum of extracolonic cancers, diagnosed at an early age and transmitted as

an autosomal dominant trait, constitute the clinical definition of the svndrome. MSH, the hallmark of
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HNPCC, oceurs in approximately 15% to 25% of sporadic tumors of the colorectum and other
organs as well, According to international criteria, a high degree of MSL{MSEH) 15 defined as
instability at two or move of five loei or 230% to 40% of all microsatellite loci studied, whereas
instability at fewer loct is referred to as MST-low (MSI-L). MSI occurs in a substantial proportion
{2% to 50% of tumors) among non-HNPCC cancers (sg. cancers of the breast, prostate, and lung).
On the basis of the proportion of unstable markers, categories MSS, MSI-L, and MSI-H can be
distinguished in these cancers in analogy to HNPCC cancers. In one embodiment is a method for
treating a cancer deficient in mismatch DNA repan pathway, In another embodiment is a method
for treating a cancer demonsirating microsatelite instability due to reduced or impaired DNA repair
pathways. In another embodiment is a method for treating a cancer demonstrating genomic
instability due to reduced or impaired DNA repair pathways,

{8086} Certain emboediments provide a method of treating ischemia reperfusion injury associated
with, but not limited to, myocardial infarction, stroke, other neural trauma, and organ
transplantation, in a subject in recognized need of such treatiment comprising administering to the
subject a therapeutically acceptlable amount of a compound of Formuda (D), (IAYor (IiDora
therapeutically acceptable salt thereof.

j0087] Certain embodiments provide a method of treating reperfusion including, but not lmited to,
reperfusion of the cye, kidney, gut, and skeletal muscle, in a subject in recognized need of such
treatment comprising administering to the subject a therapeutically acceptable amoont of a
compound of Farmula (T), (1A} or (T} or a therapeutically acceptable salt thereof.

{0088} Certain embodiments provide a method of treating inflammatory diseases including, but not
limited to, arthritis, gout, inflammatory bowel disease, CNB inflammation, multiple sclerosis,
allergic encephalitis, sepsis, septic shock, hemorrhagic shock, pulmonary fibrosis, and uveitis in a
subject 1 recognized veed of such treatment comprising administering to the subject a
therapeutically acceptable amount of a compound of Formula (1), (1A) or (11} or a therapeutically
acceptable salt thereof.

{0089] Certain embodiments provide a method of treating immumological diseases or disorders
such a rheamatoid arthritis and septic shock in a subject in recognized need of such treatment
comprising administering to the subject a therapeutically accepiable amount of a compound of
Forounda (I}, (1A or (1 or a therapeutically acceptable salt thereof,

j00%0)  Certain embodiments provide a method of treating degenerative diseases mcluding, but not
limited to, diabetes and Parkinson’s disease in a subject in recognized need of such treatment
comprising administering to the subject a therapeutically acceptable amownt of a compound of

Formula (I}, (1A} or (11 or a therapeutically acceptable salt thereof,
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j0091} Certain embodiments provide a method of treating hypoglycemia in a subject in recognized
need of such treatment comprising administering to the subject a therapeutically acceptable amount
of a compound of Formula (1), (1A) or (1T} or a therapeutically acceptable salt thereof.

{00921 Certain embodiments provide a method of treating retroviral infection in a subject in
recognized need of such treatment comprising adounistering to the subject a therapeutically
acceptable amount of a compound of Formuda (1), (IA) or (ID) or a therapeutically acceptable salt
thereot.

{00931  Certain embodiments provide a method of treating liver toxicity following acetaminophen
overdose in a subject in recognized need of such treatment comprising administering to the sabject a
therapeutically acceptable amount of & compound of Formula-(1), (1A) or (11} or a therapeutically
acceptable salt thereof,

(0094} Certain embodiments provide a method of treating cardiac and kidoey toxicities from
doxorubicin and platinum based antineoplastic agents in a subject 1n recognized need of such
treatment comprising administering to the subject a therapeutically acceptable amount of a
compound of Fornula (1), (14) or (11} or a therapeutically acceptable salt thereof.

[0095) Certain embodiments provide a method of treating skin damage secondary to sulfur
mustards it 3 subject in recognized need of such treatment comprising administering to the subject a
therapeutically acceptable amount of a compound of Formula (1), {$A} or (11} or a therapeutically
acceptable salt thercof.

{0098] Certain embodiments provide a use of a compound of Formula (), (IAYer (D or a
therapeutically acceptable salt thereof, to prepare a medicament for inhibiting the PARP enzyme in a
subject in recogrized need of such treatment.

{0097] Certain embodiments provide a use of a compound of Formula (1), #&Yor (D ora
therapeutically acceptable salt thereof, to prepare a medicament for inhibiting tumor growth in a
sithject in recognized need of such treatment.

{0098] Ceriain embodiments provide a use of a compound of Formola (), (IAYor{IDora
therapeustically acceptable salt thereofl to prepare a medicament for treating cancer in a subject in
recognized need of such treatment.

[6099] Certain embodiments provide a use of a compound of Formula (I), (1A ar (I or a
therapeutically acceptable salt thereot, to prepare a medicament for treating leukemia, cofon cancer,
glioblastomas, lymphomas in a subject in recognized need of such treatment,

{00100] Certain embodinients provide a method of treating degenerative diseases including, bot not
limited to, diabetes and Parkinson’s disease in a subject in recognized need of such treatment
comprising administering to the subject a therapeutically acceptable amount of a compound of

Formula (T). (1A) or (1) or a therapeutically acceptable salt thereof.
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{00101} Certain embodiments provide a use of a compound of Formela (1), (JAyor (Iyor a
therapeutically acceptable sal{ thereot, to prepare a medicament for potentiation of cytotoxic cancer
therapy in a subject in recognized need of such treatment comprising administering to the subject a
therapeutically acceptable amount of a compound of Formuala (1), (1A} or (31) or a therapeutically
acceptable salt thereof

100102} Certain embodiments provide a use of a compound of Fornula (I}, (IA) or {ID or a
therapeutically acceptable salt thereof. to prepare a medicament for treating ischemia reperfusion
injury associated with, but not Himited to, myocardial infarction, stroke, other neural travma, and
organ transplantation, in 4 subject in recognized need of such treatment comprising admiistering {0
the subject a therapeutically acceptable amount of a compound of Formila (1), (IA) or (T or a
therapeutically acceptable salt thereof.

{60103} Certain embodiments provide a use of a compound of Formuda (), IAYor (D or a
therapeutically acceptable salt thercof, to prepare a medicament for treating reperfusion including,
but not limited to, reperfusion of the eye, kidney, gut and skeletal muscle, in a subject in recognized
need of such treatment comprising administering {o the subject a therapeutically acceptable amount
of a.compound of Formala (1), {1A) or (11} or 4 therapeutically acceptable salt thereof.

{09104} Certain embodiments provide a ase of a compound of Formala (1), ((Ayor (I or a
therapeutically acceptable salt thereof] to prepare a medicament for treating inflammatory diseases
including, but not hmited to, arthritis, gout, inflammatory bowel disease, UNS inflammiation,
multiple sclerosis, allergic encephalitis, sepsis, septic shoek, hemorrhagic shock, pulmonary Bbrosis,
and uveitis in a subject in recognized need of such treatment comprising administering to the subject
a therapeutically acceptable amount of a compound of Formuda (1), (IA) or (11} or a therapeutically
acceptable salt thereof,

{00105] Certain embodinients provide a use of a compound of Formula (I), (IA) or () or a
therapeutically acceptable salt thereof, to prepare a medicament for treating immunclogical diseases
or disorders such as rheumatoid arthritis and septic shock in a mammal in recognized need of such
treatment comprising adninistering to the subject a therapeutically acceptable amount of a
compound of Forpwala (1), (1A) or (1) or a therapeutically acceptable salt thereof,

{00106] Certain embodiments provide a use of a compound of Formula (I), (IAyer (ID ora
thetapeutically acceptable salt thereof, to prepare a medicament for treating bypoglycemia in a
subject in recognized need of such treatment comprising administering to the subject a
therapeutically acceptable amount of a compound of Formula (1), (1A) or (I} or a therapeutically
acceptable salt thereof.

{00167} Certain embodiments provide a use of a compound of Formula (1), (1A) or {I) or a
therapeutically acceptable salt thereof, to prepare a medicament for treating retroviral infection in 4

subject in recognized need of such treatment comprising administering 1o the subject a
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therapeutically acceptable amount of a compound of Fornuda (), (1A) or (1) or a therapeutically
acceptable salt thereof.

[00108] Certain embodiments provide a use of a compound of Formula (1), (1Ayor (IHora
therapeutically acceptable salt thereof, 1o prepare a medicament for treating liver toxicity following
acetaminophen overdose in a subject in recognized need of such freatment comprising administering
to the subject a therapeutically acceptable amount of a compound of Formula (I}, {IA) or (1D or a
therapeutically acceptable sall thereof.

{00109] Certain embodiments provide a use of a compound of Formula (1), (IA) or (I} or a
therapeutically acceptable salt theveof] to prepare a medicament for treating cardiac and kidney
toxicities from doxorubicin and platinum based antineoplastic agents in a subject in recognized need
of such treatment comprising administering to the mammal a therapeutically acceptable amount of a
compound of Formula (1), (1A} or (11} or a therapeutically acceptable salt thereof.

{001107 Certain embodiments provide a use of a compound of Formula (1), ({Ayor (I or a
therapeutically acceptable salt thereot, to prepare a medicament for treating skin damage secondary
to sulfur mustards in a subject in recognized need of such treatment comprising administering to the
mammal a therapeutically acceptable amount of a2 compound of Fornaula (1), (IAY or (N or a
therapeutically acceptable salt thereof.

001117 Articles of manufacture, comprising packaging material, & compound provided herein that is
effective for modulating the activity of the enzyme poly(ADP-ribose)polymerase, or for treatment,
prevention or amelioration of one or more svmptoms of a poly{ADP-ribose)polvmerase-dependent
or poly{ ADP-ribose)polymerase-mediated disease or condition, within the packaging material, and a
label that indicates that the compound or composition, or pharmaceutically acceptable salt,
pharmaceutically acceptable N-oxide, pharmaceutically active metabolite, pharmaceutically
acceptable prodrug, or pharmaceutically acceptable solvate thereof, is ssed for modulating the
activity of poly(ADP-ribose)polymerase, or for treatment, prevention or amelioration of one or more
symptoms of a poly{ ADP-ribose)polymerase-dependent or polyl ADP-ribose)polymerase-mediated
disease or condition, are provided.

{08112] Any combination of the groups described above for the various variables is contemplated
herein.

[00113} In one embodiment, disclosed herein is a pharmaceutical composition comprising a
compound, pharmaceutically acceptable salt, pharmaceutically acceptable N-oxide,
pharmaceutically active metabolite, pharmaceutically acceptable prodrug, or pharmaceutically
acceptable solvate of any of the compounds disclosed berein. In some embodiments, the
pharmaceutical compasitions further comprises a pharmaceutically acceptable diluent, excipient or
binder. In certain embodiments, the pharmaceutical composition further comprises a second

pharmaceutically active ingredient.
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[30114] In one embodiment, the PARP mediated disease or condition in & patient, or the PARP
dependent disease or condition in a patient is cancer or a non-cancerous disorder. In some
embodiments, the disease or condition is iatrogenic.
[00115] In some embodiments are methods for reducing/inhibiting the activity of PARP in a subject
that inclade administering to the subject at least once an effective amount of a compound described
herein.
[06116] Certain embodiments provided herein are methods for modulating, inchuding reducing
and/or inhibiting the activity of PARP, directly or indirectly, in a subject comprising administering
to the subject at least once an effective amount of at least one compound described herein,
[80117] In further embodiments are methods for treating PARP mediated conditions or diseases,
comprising administering to the subject at least once an effective amount of at keast one compound
deseribed herein.
[00118] Some embodiments include the use of a compound described hérein in the manufacture of a
medicament for treating a disease ot condition i a subject in which the activity of at least one PARP
protein contributes to the pathology and/or sympions of the disease or condition.
[86119] In any of the aforementioned embadiments are further embodiments in which administration
is enteral, parenteral, or both, and wherein:

() the effective amount of the compound is systemically administered to the subject;

(b} the effective amount of the compound is administered orally to the subject:

(¢} the effective anount of the compound is intravenously administered to the subject;

{d} the effective amount of the compound administered by inhalation;

(e) the effective amount of the compound is administered by vasal administration;

(1) the effective amount of the compound is admunistered by injection to the subject;

(g) the effective amount of the corvpound is administered topically (dermal) to the subject;

(h) the effective amount of the compound is administered by ophthalmic administration;
and/or '

{1} the effective amount of the compound is administered rectally to the subject.
{00120} In any of the aforementioned embodiments are further embodiments that inchude single
administrations of the effective amount of the compound, including further embodiments in which
the compound is administered to the subject (i) once; (i) multiple times over the span of one day;
{00121] In any of the aforementioned embodiments are further erubodiments that include muktiple
administrations of the effective amount of the corapound, including further embodiments wherein:

(1) the compound is administered in a single dose:

{i1) the time between multiple administrations is every 6 hours;

{iii} the compound is administered {0 the subject every § hours.
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[00122] In further or alternative embodiments, the method includes a dreg holiday, wheren the
adaunistration of the compound is temporarily suspended or the dose of the compound being
administered is temporarily reduced; at the end of the drug boliday, dosing of the compound is
resumed. In some embodiments, the length of the drug holiday varies from 2 days to | year,
{00123} In any of the aforementioned embodiments mvolving the treatment of prohiferative
disorders, including cancer, are further embodiments that include ﬁdministering at least one
additional agent selected from among alemtuzumab, arsenic trioxide, asparaginase (pegylated or
non-~}, bevacizumab, cetuximab, platinum-based compounds such as cisplatin, cladribine,
daunorubicin/doxorabicinAdarubicin, irinotecan, tladarbing, 3-flyorouractl, gemtuzumab,
methotrexate, paclitaxel, Taxol®, temozolomide, thioguanine, and classes of drugs including
hormones {an-antiestrogen, an aptiandrogen, or gonadotropin releasing hormone analogues,
interferons such as, for example, alpha interferon, nitrogen mustards such as, for example, busulfan,
melphalan or mechlorethanune, retinoids such as, for example, tretinoin, topoisomerase inhibitors
such as, for example, irinotecan or fopotecan, tyrosine kinase inhibitors such as, for example,
gefinitinib or imatinib, and agents to treat signs or symptoms induced by such therapy inclading
allopurinol, filgrastim, granisetron/ondansetron/palonosetron, and dronabinol.

100124] Other objects, features and advantages of the compounds, methods and compositions
described herein will become apparent from the following description. It should be understood,
however, that the description and the specific examples, while indicating specific embodiments, are
given by way of iltustration only, since various changes and modifications within the spirit and
scope of the present description will become apparent from this detailed description.

00125} Described herein are compounds, methods of making such compounds, pharmaceutical
compositions and medicaments that include such compounds, and methods of using such
compounds to treat or prevent diseases or conditions associated with PARP activity.

{00126} Deseribed herein are compounds having activity in inhibiting the enzyme poly(ADP-
ribose)polymerase (PARP ). In some embodinments, the compounds have the structure set forth in
Formula (1), (1A)Y or (11},

[00127] The mammalian enzyme PARP-~1 is a multidomain protein. PARP-1 is implicated in the
signaling of DNA damage through its ability to recognize and rapidly bind to DNA single or double
strand breaks. D'Amours, er of, Biochem. J., 342, 249-268 (1999); and Virag ¢f ol
Pharmacelogical Reviews, vol. 34, no. 3, 375-429 (2002) are hereby incorporated by reference for
such disclosure.

{60128} The family of poly(ADP-ribose jpolymerases includes approximately 18 proteins, which all
display a certain level of homology in their catalytic domain but differ in their cellular functions.

PARP-1 and PARP-2 are unigue members of the family, in that their catalytic activities are
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stimulated by the occurrence of DNA strand breaks. Ame ef al., BioEssays., 26(8), 882-893 (2004)
is hereby incorporated by reference for such disclosure.

[00129] PARP-] participates in a variety of DNA-related functions including gene amplification,
ceH division, differentiation, apoptosis, DNA base excision repair as well as effects on telomere
length and chromosome stability. d'Adda di Fagagna, ef ol Natwre Gen., 23(1), 76-80 (1999) is
hereby incorporated by reference for such disclosure,

[00130] Studies on the mechanism by which PARP-1 modulates DNA repair and other processes
identifies its importance in the formation of poly(ADP-ribose) chains within the cellular nuclens.
The DNA-bound, activated PARP-1 utilizes NAD+ to synthesize poly(ADP-ribose) on a variety of
nuclear target proteins, including topoisomerases, histones and PARP iself. Althaus, FL R, and
Richter, C., ADP-Ribosylation of Proteins: Enzymology and Biological Siguificance, Springer-
Verlag, Berlin (1987); and Rbun, er al, Biochem. Biophys. Res, Commmun., 245, 1-10 (1998 are
hereby incorporated by reference for such disclosure,

{80131} Poly(ADP-ribosylation is also associated with malignant transformation. For example,
PARP-1 activity is higher in the isolated nuclet of §V40-transformed fibroblasts, while both
leukemic cells and colon cancer cells show higher enzyme activity than the equivalent normal
feukocytes and colon mucosa. Furthermore, malignant prostate tumors have increased levels of
active PARP as compared to benign prostate cells, which is associated with higher levels of genetic
instability. Miwa, et o, Avch. Biochem, Biophys., 181, 313321 {1977}, Buwrzio, ef al., Proc. Soc.
Exp. Biol Med., 149, 933-938 (1975); Hirai, et of., Cancer Res., 43, 3441-3446 {1983); and
Mcnenly, ef af., Anticancer Res., 23, 1473-1478 (2003 ) are hereby incorporated by reference for
such disclosure.

{00132] In cells treated with alkylating ageuots. the inhibition of FARP leads to a marked increase in
DNA-strand breakage and cell killing. PARP-1 inhibitors also enhance the effects of radiation
response by suppressing the repair of potentially lethal damage. PARP inhibitors are also effective
in radio-sensitizing hypoxic tumor cells. In certain tumor cell lines, chemical inhibition of PARP
activity is also associated with marked sensitization to very low doses of radiation.

{00133] Furthermore, PARP-1 knockout (PARP -/-} anmimals exhibit genomic instability in response
to alkylating agents and y-rradiation. Data indicates that PARP-1 and PARP-2 possess both
overlapping and non~redundant functions in the maintenance of genomic stability, making them both
interesting targets. Wang, ef &l Genes Dev,, 9, 509-520 (1995); Menissier de Murcia, ef af,, Proc.
Natl Acad Sei. US4, 94, T303-7307 (1997); and Menissier de Murcia, ef al., EMBO. 1., 22{9),
22352263 (2003) are hereby corporated by reference for such disclosure.

[D0134} There is also a role for PARP-1 in certain vascular diseases, such as, for example, septic
shock, ischaemie injury and neurotoxicity. Oxygen radical DNA damage that leads to strand breaks

m DNA, which are subsequently recognized by PARP-1, is a major contributing factor to such
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disease states as shown by PARP-1 inhibitor studies. PARP also plays a role in the pathogenesis of
hemorrhagic shock. Cantoni, ef ol Biochim. Biophys. Acta, 1014, 1-7 (1989); Szabo, et af., J. Clin,
Invest., 160, 723-735 (1997, Cosi, ef of, L Newrosci Res., 39, 3846 (1994); Said, ef al., Proc. Natl.
Acad Sci. U84, 93, 4688-4692 (1996); and Liaudet, er o, Proc, Nat. Acad. Sci. 17.85.4..97(3).
1020310208 (2000) are hereby incorporated by reference for such disclosure.

[p0138] Furthermore, efficient retroviral infection of manumalian cells is blocked by the inhibition of
PARP-1 activity. Such inhibition of recombinant retroviral vector infections occurs in various
different cell types. In some embodiments, inhibitors of PARP-1 are used in anti-viral therapies and
in cancer treatment. Gaken, ef ol J Firology, T0(5). 3992-4000 (1996) is herehy incorporated by
reference for such disclosure.

[60136} Moreover, in certain embodiments, PARP-1 inhibition delays the onset of aging
characteristics in human tibroblasts. While not intending to bound by any theory, this may be related
to the role that PARP plays in controlling telomere function. Rattan and Clark, Biochem, Biophys.
Res. Comme, 201(2), 665-672 (1994); and d'Adda di Fagagna, ef al., Nature Gen., 23(1), 76-80
{1999} are hereby incorporated by reference for such disclosure.

j00137] In some embodiments, PARP inhibitors are relevant to the treatment of inflammatory bowel
disease, uleerative colitis and Crohu's disease. Szabo C., Role of Poly(ADP-Ribose) Polymerase
Activation in the Pathogenesis of Shock and Inflammation, In PARP as a Therapeutic Target; Ed L.
Zhang, 2002 by CRC Press; 169-204; Zingarelli, B, et o, fmmamology, 113(4). 509-517 (2004},
and Jijon, H. B, et af, Am. J Physiol Gastrointest, Liver Physiol., 279, G641-G651 (2000) are
hereby incorporated by reference for such disclosure.

{00138} In certain embodiments, PARP inhibitors, such as those of Formula (1), (IA) or (11}, have
utility in: (2} preventing or inhibiting poly(ADP-ribose) chain formation by, e.g., inhibiting the
activity of cellular PARP (PARP-1 and/or PARP-2Y; (b) treating vascular disease; septic shock:
ischaemic injury, both cerebral and cardiovascular; reperfusion injury, both cerebral and
cardiovascular; peurotoxicity, including acute and chronic treatments for stroke and Parkinson’s
disease; hemorrhagic shock; inflammatory diseases, such as arthritis, inflammatory bowel disease,
ulcerative colitis and Crobn's discase; multiple sclerosis; secondary effects of diabetes: as well as the
acute treatment of eytotoxicity following cardiovascular surgery or diseases ameliorated by the
inhibition of the activity of PARP; (¢} use as an adjunct in cancer therapy or for potentiating tumor
cells for treatment with ionizing radiation and/or chemotherapeutic agents.

[06139] In specific embodiments, compounds provided herein, such as. for example, Formula (1),
(IA) or (1), arc used iny anti-cancer combination therapies (or as adjuncis) along with alkylating
agents, such as methy! methanesulfonate (MMS), temorolomide and dacarbazine (DTIC), also with
topoisomerase-1 inhibitors like Topotecan, Irinotecan, Rubitecan, Exatecan, Lurtotecan, Gimetecan,

Diflomotecan (homocamptothecins); as well as 7-sabstituted non-silatecans; the 7-silyl
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camptothecins, BNP 1350; and non-camptothecin topoisomerase- inhibitors such as
indolocarbazoles also dual topoisorserase-T and H intubitors like the benzophenazines, XR
TIST6/MLN 576 and benzopyridoindoles. In certain embodiments, such combinations are given, for
example, as intravenous prepatations ot by oral administration as dependent on the method of
administration for the particular agent.

[00140} In some embodiments, PARP inhibitors, such as, for example, compounds of Formula (1),
{IA) or (11}, are vsed in the treatment of disease ameliorated by the inhubition of PARP, which
tncludes administering to a subject in need of treatment a therapeutically-effective amount of a
compound provided herein, and in one embodiment in the form of a pharmaceutical composition. In
certain embodiments. PARP inhibitors, such as, for example, compounds of Formula (1), (1A) or (I1),
are used in the treatment of cancer, which nclindes adnsinistering 1o a subject in need of treatiment a
therapeutically-effective amount of a compound provided herein in combination, and in one
embodiment in the form of a pbarmaceutical composition, simultaneously or sequentially with
radiotherapy (ionizing radiation) or chemotherapeutic agents.

{00141} In certain embodiments, PARP inhibitors. such as, for example, compounds of Formula (1),
(1A} er (11}, ave used in the preparation of a medicament for the treatinent of cancer which is
deticient in Homologous Recombination {(HR) dependent DNA double strand break (DSB) repair
activity, or in the treatmient of a patient with a cancer which is deficient in HR dependent DNA DSB
repair activity, which includes administering to said patient a therapeutically-effective amount of the
compound.

[00142] The HR dependent DNA DSB repair pathway repairs double-strand breaks (DSBs) im DNA
via homologous mechanisms to reform a continuous DNA helix. The components of the HR
dependent DNA DSB repair pathway inelude, but are not imited to. ATM (NM_000051), RADS!
(NM_002Z875), RADSIL] (NM_002877), RADSIC (NM_002876), RADSIL3 {(NM_002878),
DMCT (NM_007068), XRCC2Z (NM_005431), XRCC3 (NM_005432), RADS2 (NM_002879),
RADSAL (NM_003579), RADS4B (NM_0112415), BRCAT (NM_007295), BRCA2 (NM_000059),
RADSO (NM_005732), MRETIA {(NM_005590) and NBST (NM_002483). Other proteins involved
in the HR dependent DNA DSB repair pathway include regulatory factors such as EMSY. HR
components are also described in Wood, ef al., Science, 291, 1284-1289 (2001}, which is hereby
incorporated by reference for such disclosure. K. K, Khanna and S. P. Jackson, Nar. Gemer. 27(3):
247-234 (2001, and Hughes-Davies, ef o, Cell, 115, pp 523-535 are alse incorporated herein by
reference for such disclosure,

{00143} In some embodiments, a cancer which is deficient in HR dependent DNA DSB repair
includes one or more cancer cells which bave a reduced or abrogated ability to repair DNA DSBs
through that pathway. relative to normal cells, Le. the activity of the HR dependent DNA DSB repair

pathway are reduced or abolished in the one or more cancer cells,
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{00144} In certain embodiments, the activity of one or more components of the HR dependent DNA
13SB repair pathway is abolished in the one or more cancer cells of an individual having a cancer
which 15 deficient in HR dependent DNA DSB repair. Components of the HR dependent DNA DSB
repair pathway inclode the components listed above.
100145} In some embodiments, the cancer cells have s BRCAT andfor 2 BRUCA2 deficient
phenotype, ie, BRCAL and/or BRCA2 activity is reduced or abolished in the cancer cells. In certain
embodiments, cancer cells with this phenotype are deficient in BRCAT and/or BRCA2 e,
expression and/or activity of BRCA L and/or BRCAZ2 is reduced or abolished in the cancer cells, for
example by means of mutation or polymorphisme in the encoding nucleie acid, or by means of
amplification, nwtation or polymorphism in a gene enceding a regudatory factor, for example the
EMSY gene which encodes a BRUAZ regulatory factor or by an epigenetic mechanism such as gene
promoter methylation.
{00146} BRCAL and BRCAZ are tumor suppressors whose wild-type alleles are frequently lost in
tamors of heterozygous carriers. BRCAT and/or BRCA2 mutations are associated with breast
cancer. Amplification of the EMSY gene, which encodes a BRCA2 bindiog factor, is associated
with breast and ovarian cancer. Jasin M., Uncogene, 21(58), 8981-93 {2002); Tutt, of ol Trends
Mol Med., 8(12), 571-6. (2002); and Radiee, P. L, Exp Clin Cancer Res., 213 Suppl), 9-12 {2002)
are hereby incorporated by reference for such disclosure.
100147§ Carriers of mutations in BRCAT and/or BRCA2 are also at elevated risk of cancer of the
ovary, prostate and pancreas.
{00148} In some embodiments, the individual is heteroryvyous for one or maore variations, such as
mutations and polymorphisms, in BRCA1 and/or BRCAZ or a regulator thereof. The detection of
variation in BRCA1 and BRCAZ2 is described, for example in EP 699 754, EP 705 903, Neuhausen,
S. L. and Ostrander, I, A, Genet. Tesr, 1, 75-83 (1992); Janatova M., et al., Neoplasma, S0(4), 246~
S0 (2003), which is herebyy incorporated by reference for such disclosure. Determination of
amuplification of the BRCA2 binding factor EMSY is described in Hughes-Davies, er al, Cell, 115,
523-335).
[00149] Tn certain instances, mutations and polymorphisms associated with cancer are detecied at the
nucleic acid Jevel by detecting the presence of a variant nucleie acid sequence or at the protein level
by detecting the presence of a variant (i.e. a mutant or allelic variant) polypeptide.

DEFINITIONS
{68850 Unless defined otherwise, all technical and seientific terms used herein have the standard
meaning pertaining to the claimed subject matter belongs. In the event that there are a plarality of
definitions for terms hersin, those in this section prevail. Where reference is made to a URL or other

such identifier or address, it understood that such identifiers can change and particular information
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on the internet can come and go, but equivalent information can be found by searching the internet.
Reference thereto evidences the availability and public dissemination of such imformation,

[80151] It is to be understood that the foregoing general description and the following detailed
description are exemplary and explanatory only and are not restrictive of any subject matter claimed.
In this application. the use of the singular includes the plural unless specifically stated otherwise. It
must be poted that, as used in the specification and the appended claims, the singular forms *a,”
“an” and “the™ include phural referents unless the context clearly dictates otherwise. In this
apphivation, the use of “or” means “and/or™ unless stated otherwise. Furthermore, use of the term
“inchuding™ as well as other forms, such as “include”, “includes,” and “included,” is not limiting.
{00152] Unless otherwise indicated, conventional methods of mass spectroscopy, NMR, HPLC,
protein chemistry, biochemisiry, recombinant DNA techniques and pharmacology are employed.
Unless specifie definitions are provided, the standard nomenclature employed in connection with,
and the standard laboratory procedures and techniques of, analytical chemistry, synthetic organic
chemistry, and medicinal and pharmaceatical chernistry are employed. In certain instances, standard
techoiques are used for chemical syntheses, chemical analyses. pharmaceutical preparation,
formulation, and delivery, and treatment of patients. In certain embodiments. standard techaigues
are used for recombinant DNA, oligonucleotide synthesis, and tissue culture and transformation
{e.g., electroporation, lipofection). In some embodiments, reactions and purification techniques are
performed e.g.. using Kits of manufacturer's specifications or as commonly accomplished or as
described herein,

{0U153] As used throughout this application and the appended claims, the following terms have the
following meanings:

{00134} The term “alkenyl™ as used herein, means a straight, branched chain, or cyelic (in which
case, it would also be known as a “cycloatkeny!™) hydrocarbon containing from 2-10 carbons and
containing at {cast one carbon-carbon double bond formed by the removal of two hydrogens. In
sotne embodiments, depending on the stracture, an alkeny! group is a monoradica! or a diradical
{1.e., an alkenylene group). In some embodiments, alkenyl groups are optionally substituted.
Hiustrative examples of alkenyl include, but are not Timited to, ethenyl, 2-propenyl, 2-methyl-2-
propenyl, 3-butenyl, 4-pentenyl, S-hexenyl, 2-heptenyl, 2-methvi-1-heptenyl, and 3-cecenyl.
{00155] The term “alkoxy” as used herein, means an alkyl group, as defived herein, appended to the
parent molecular moiety through an oxygen atom. Hlustrative examples of alkoxy include, but are
not limited to, methoxy, ethoxy, propoxy, 2-propoxy, butoxy, tert-butoxy, pentyloxy. and hexyloxy,
[00156] The term “alkyl” as used herein, means a straight, branched ¢hain, or cyelic (in this case, it
would also be known as “cycloalkyl”) hydrocarbon containing from 1-10 carbon atoms. Hlustrative

examples of alkyl include. but are not limited to, methyl, ethyl, n-propyi, iso-propyl, n-butyl, sec-~
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butyl, tert-butyl, n-pentyl, isopentyl, neopentyl, n-hexyl, 3-methythexyl, 2.2-dimethylpentyd, 2,3+
dimethylhexyl, n-heptyl, n-octyl, n-nonyl, and n-decyl.

j00157) The term “C-Cy-alkyl” as used herein, means a straight, branched chain, or eyclic (in this
case, it would also be known as “cycloalky!™) hydrocarbon containing from 1-6 carbon atoms.
Representative examples of alkyl include, but are not imited to, methyl, ethyl, n-propyl, iso-propyl,
cyclopyl, n-butyl, sec-butyl, tert-butyl, cyclobutyl, n-pentyl, isopentyl, neopentyl, cyclopentyl, and
n-hexyl.

[00158] The term “cycloalicyl”™ as used herein, means a monocyclic or polyevelic radical that
contains only carbon and hydrogen, and includes those that are saturated, partially unsaturated, or
fully unsaturated. Cyeloalkyl groups include groups having from 3 to 10 ring atoms. Representative

examples of cyclic include but are not limited to, the following moieties:

. In some embodiments, depending
on the structure, a eycloalkyl group is a monoradical or a divadical (e.g., a eycloalkylene group).
[86159] The term “cycloalkyl groups™ as used herein refers to groups which are optionally
substituted with 1, 2, 3, or 4 substituents sclected from alkenyl, alkoxy, alkoxyalkyl,
alkoxycarbonyl, alkyl, alkylearbonyl, alkvicarbonyloxy, alkylthio, alkylthivalkyl, alkynyl, carboxy,
cvano, formyl, haloalkexy, haloalkyl, halogen, hydroxyl, hydroxyalkylene, mercapto, oxo, -NR Ry,
and (NRaRy)carbonyl.
{00166] The term “cycloalkylalkyl” as used herein, means a eycloalky! group, as defined herein.
appended to the parent molecular moiety through an alkyl group, as defined herein. Representative
examples of cycloalkylalky! include, but are not limited to, evelopropyimethyl, 2-cyclobutylethyl,
cyclopentytmethyl, cyclohexylmethyl, and 4-cycloheptyibutyl,
{00161} The term “carbocyelic™ as used herein, refers to a compound which contains one or more
covalently closed ring structures, and that the atoms forming the backbone of the ring are all carbon

atoms
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[00162} The term “carbocycle™ as used herein, refers to a ring, wherein each of the atoms forming
the ring is a carbon atom. Carboeylic rings include those formed by three, four, five, six, seven,
eight, nine, or more than nine carbon atoms. Carboeycles are optionally substituted.

{00163 The term “alkoxyalkyl” as used herein, means at feast one alkoxy group, as defined herein,
appended to the parent molecular moiety through an alkyl group, as defined hereln. Hustrative
examples of alkoxyalky! inchude, but are not linited to, 2-methoxyethyl, 2-ethoxyethyl, tert-
butoxyethyl and methoxymethyl.

[00164] The term “alkoxyecarbonyl™ as used herein, means an alkoxy group, as defined herein,
appended to the parent molecelar moiety through a carbonyl group, as defined berein, Hiustrative
examples of alkoxyearbonyt inclade, bt are not linited to, methoxycarbonvl, ethoxyearbonyl, and
tert-butoxycarbonyl.

[00163] The term “alkoxyearbonyvlalkyl™ as used herein, means an alkoxycarbonyl group, as defined
herein, appended to the parent molecular moiety through an alkyl group, as defined herein.

{00166] The term “alkylearbonyl” as used herein, means an alkyl group, as defined herein, appended
to the pavent molecular motety through a carbonyl group, as defined herein. Hustrative examples of
alkylcarbonyl include, but are not limited to, acetyl, 1-oxopropvl, 2,2-dimethyl-l-oxopropyl, 1-
oxobutyl, and 1-oxopentyl,

{00167} The term “alkylcarbonyloxy™ as used herein, means an alkylcarbonyl group, as defined
herein, appended ti the parent molecular motety through an oxygen atom. Hhustrative examples of
alkylearbonyloxy include, bui are not Himited to, acetvioxy, ethylcarbonyloxy, and tert-
butylcarbonyloxy.

{00168] The term “alkylthio™ or “thivalkoxy™ as used herein, means an alkvl group, as defined
herein, appended to the parent molecular motety through a sulfur atom. Hlustrative examples of
alkylthio include, but are not limited to, methylthio, ethylthio. butylthio, tert-butylthio, and
hexylthio,

{00169} The term “alkylthicalky!” as used herein, means an alkylthio group, as defined herein,
appended to the parent molecular moiety through an alkyl group, as defined herein. Hlustrative
examples of allyvlithioalkyl include, but are not limited to, methyithiomethyl, 2-{ethyvithio)ethyl,
butylthicmethyl, and hexylthioethyl.

{00170} The term “alkynyl” as used herein, means a straight, branched chain hvdrocarbon containing
from 2- 10 carbons and containing at least one carbon-carbon triple bond. In some embodiments,
alkynyl groups are optionally substituted. Hlustrative examples of alkynyl include, but are not
limited to, acetylenyl, I-propynyl, 2-propynyl, 3-butynvl, Z-pentynyl, and 1-butynyl.

{00171} The ters “aromatic” as used herein, refers to a planar ring having a delocalized w-electron
system containing 49+2 n electrons, where n is an integer. In some embodiments, aromatic rings are

formed by five, six, seven, eight, nine, or more than nine atoms. In other embodiments, aromatics
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are optionally substituted. The term includes monoeyclic or fused-ring polyeyclic (i.e., rings which
share adjacent pairs of carbon atoms) groups.

{00172] The term “aryl” as used herein. refers to an aromatic ring wherein cach of the atoms forming
the ring is a carbon atom. In some embodiments, aryl rings are formed by five, six, seven, eight,
nine, or more than nive carbon atoms. Examples of aryl groups mchude, but are not limited to
phenyl, naphthalenyl, phenanthreny!, anthracenyl, fluorenyl, and indenyl.

[00173] In some embodiments, the term “aryl” as used herein means an arvl group that is optionally
substituted with one, two, three, four or five substituents independently selected from the group
consisting of alkenyl, atkoxy, atkoxyalkyl, alkoxyearbonyl, alkyl, alkylcarbonyl, alkylcarbonyloxy,
alkylthio, alkyithioalkyl, allkynyl, carbonyl, evano, fornwvl, haloalkoxy, haloalkyl, balogen,
hydroxyl, hydroxyalkylene, mercapto, nitro, -NRRa, and (NRaRg)carbonyl.

[06174] The term “arvialkyl™ as used herein, means an aryl group, as defined herein, appended to the
parent molecular moiety through an atkyl group, ax detined herein. Ilustrative examples of arvialkyl
include, but are not limited to benzyl, 2-phenylethyl, -phenylpropyl. t-methyl-3-pheaylpropyl, and
2-naphth-2-ylethyl.

{00175] The term “carbonyl” as used herein, means a -C{O})- group,

j00176] The term “carboxy™ as used herein, means a ~-COUOH group.

[00177] The term “cyano™ a5 used herein, means a -CN group.

{00178] The term “formy!” as used herein, means a -C(OH group.

{00179] The term “halo” or “halogen™ as used herein, means a -Cl, -Br, - or -F.

{00186] The term “mercapto”™ as used herein, means a -SH group.

{00181] The term “nitro™ as used herein, means a -NO, group.

{00182} The term “hydroxy™ as used herein, means a -OH group,

{00183] The term “oxo” as used herein, means a=0 group.

[00184] The term “bond” or “single bond™ as used hercin, refers to a chemical bond between two
atoms, or two moieties when the atoms joived by the bood are considered to be past of larger
substructure.

{00185} The terms “haloalkyl,” “haloatkenyl,” “haloalkynyi™ and “haloalkoxy™ as used herein,
inchude alkyl, alkenyl, alkynyl and alkoxy structures in which at least one hydrogen is replaced with
a halogen atom. In certain embodiments in which two or more hvdrogen atoms are replaced with
halogen atoms, the halogen atoms are all the same as one another. In other embodiments in which
two or more hydrogen atoras are replaced with halogen atoms, the halogen atoms are not afl the
same as one another, The terms “fluoreatkyl” and “fluorcatkoay™ include haloalky! and baloatkoxy
groups, respectively, in which the halo is fluorine. In certain embodiments, haloalkyls are optionally

substituted.
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[00186] The term “alkyiamine” refers to the —N(alkyl) H, group, where x and y are selected from
among x=1, y=1 and x=2, y=0. In some embodiments, when x=2, the atkyl groups, taken together
with the N atom fo which they are attached, optionally form a cyelic ring system.

[00187] The term “amide” as used herein, s a chemical moiety with the formula -C{ONHR or
NHC(O)R, where R is selected from among hydrogen, alkyl. cyeloalkyl, aryl, heteroaryl (bonded
through a ring carbon) and heterocycloalky! (bonded through a ring carbon). In some embodiments,
an amide moiety forms a lnkage between an aminoe acid or a peptide molecule and a compouad
described herein, thereby forming a prodrug. In some embodiments, any amine, or carboxyl side
chain on the compounds deseribed herein is amidified.

j00188] The term “ester™ refers to a chemical moiety with formula -COOR, where R is selected
from among alkyl, eycloalkyl, arvi, heteroarvl (bonded through a ring carbon) and heterocveloalkyl
{honded through a ring carbon). In some embodiments, any hvdroxy, or carboxyl side chain on the
compounds deseribed herein is esterified.

[0018%] The terros “hetervalkyl”™ “heteroalkeny!l™ and “heteroalkynyl” as used herein, include
optionally substituted alkyl, alkenyl and alkyny! radicals in which one or more skeletal chain atoms
are selected from an atom otber than carbon, e.g., oxygen, nitrogen, sulfur, silicon, phosphorus or
combinations thereof.

f00186] The term “hetervatom™ as used herein refers to an atom other than carbon or hydrogen.
Hetercatoms are typically independently selected from among oxygen, sulfur, nitrogen, silicon and
phosphorus, bot are not limited to these atoms. In embodiments in which two or more heteroatoms
are present, the two or more heteroatoms are all the same as one another, or some or alf of the two or
more heteroatoms are each different from the others,

[86191] The term “ring” as used herein, refers to any covalently closed structure. Rings inclade, for
example, carboeycles (e.g., aryls and cycloalkyls), heterocvcles (e.g., heteroaryls and
heterocycloalkyls), aromatics {e.g. aryls and heteroarvls), and non-aromatics {¢.g., cycloatkyis and
heterocyeloalkyls). b some embodiments, rings are optionally substitited. In some embodiments,
rings form part of a ring system.

{00192{ As used hervin, the term “ring system™ refers to fwo or more rings, wherein two or more of
the rings are fused. The term “fused™ refers 1o structures in which two or more rings share one or
more bonds.

J00193] The terms “heteroaryl” or, alternatively, “heteroaromatic” refers to an aryl group that
snchrdes one or more ring heteroatoms selected from nitrogen, oxygen and sulfor. An N-containing
“heteroaromatic™ or “heteroaryl”™ meiety refers to an aromatic group in which at least one of the
skeletal atoms of the ring is a nitrogen atom. In some embodiments, the polyeyelic heteroary! group
is fused or non-fused. Hlustrative of hetervary! groups include, but are not limited to, the following

moveties:
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. I some embodiments, depending on the structure, a

heteroaryl group is a mosoradical or a divadical {i.e., a heteroarylene group).
[00194] The term “heteroaryl™ means heteroary! groups that are substitited with 0, 1, 2, 3, or 4
substituents independently selected from alkenyl, alkoxy, atkoxyalkyl, alkoxycarbonyl, alkyt,
alkylcarbonyl, alkylearbonyloxy, atkylthio, alkylthioatkyl, alynyl, carboxy, eyano, formyl,

10 haloalkoxy, haloatkyl, halogen, hydroxyl, bydroxyatkylene, mercapto, nitro, -NR Ry, and ~
(NRARg)carbonyl.

[00195] The term “heteroarylalkyl” as used herein, means a heteroaryl, as defined herein, appended
to the parent minlecular motety through an alkyl group, as defined herein. Hiustrative examples of
heteroarylalkyl include, but are not limited to, pyridinylmethyl.

15 {00196} The term “heterocycloalkyl” ar “non-aromatic heterocyele™ as used herein, refers to a non-
aromatic ring wherein one or more atoms forming the ring is a heteroatom. A “heterocycloatky!l” or
“non-aromatic heterocyele™ group refers to a eyeloalkyl group that inclodes at least one hetsroatom
selected from nitrogen, oxygen and sulfur. In some embodiments, the radicals are fused with an aryl
or heteroaryl. In some embodiments, heterocycloalkyl rings are formed by three, four, five, six,

20 seven, eight, nine, or more than nine atoms. In some embodiments, heterocycloalky! Tings are
optionally substituted. In certain embodiments, heterocycloalkyls contain one or more carbonyl or
thiccarbonyl groups such as, for example, oxo- and thio-containing groups. Examples of
heterocycloatkyls include, but are not limited to, lactams, lactones, cyclic imides, eyclic thioimides,
cyclic carbamates, tetrahydrothiopyran, 4H-pyran, tetrabydropyran, piperidine, 1,3-dioxin, 1,3-

25 dioxane, 1.4-dioxin, 1,4-dioxane, piperazine, 1,3-oxatliane, 1 4-oxathiin, 1 d-oxathiane, tetrahydro-
1,4-thiazine, 2H-1,2-oxazine , maleimide, suceinimide, barbituric acid, thiobarbituric acid,
dioxopiperazine, hydantoin, dihydrouracil, morpholine, trioxane, hexahydro-1,3,5-triazine,

tetrahydrothiophene, tetrahydrofuran, pyrroline, pyrrolidine, pyrrolidone, pyrrolidione, pyrazoling,

59
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pyrazolidine, imidaroline, imidazolhidine, 1,3-dioxole, 1,3-dioxelane, 1,3-dithiole, 1,3-dithiclane,
isoxazoline, isoxazolidine, oxazoline, oxazolidine, oxazolidinone, thiazoline, thiazolidine, and 1,3-
oxathiolane. THustrative examples of heterocycloalkyl groups, also referred to as non-aromatic

heterocyeles, include, but are pot limited to
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also includes all ring forms of the carbohydrates, inclading but not limited to the monosaccharides,

. The term heterocycloalkyl

10 the disaccharides and the oligosaccharides.
{00197} The term "heterocyels” refers to heteroary! and bheterocyeloalky! used herein, refers to
groups containing one to four heteroatoms each selected from O, § and N, wherein each heterocvele
group has from 4 to 10 atoms in 13 ving system, ‘and with the proviso that the ring of said group does

not contain two adjacent O or § atoms. Herein, whenever the number of carbon atoms in a

N

beterocycle is indicated (e.g., C;-Cq heterocycle), at least one other atom (the heteroatom) must be
present in the ring. Designations such as “Cy~Cs heteroeyele™ refer only to the number of carbon
atoms in the ring and do not refer to the total number of atoms in the ring. In some embodiments, i
is understond that the heterocycle ring has additional heteroatoms in the ring. Designations such as
*4-6 membered heterocyele™ refer to the total number of atoms that are contained in the ring (i.e., a
20 four, five, or six membered ring, in which at least one atom is a carbon atom, at least one atom is a
beternatom and the remaining two to four atoms are either carbon atoms or heteroatoms). In some
embodiments, in heterocyeles that have two or more hetercatoms, those two or more heteroatoms
are the same or different from one another. In some embodiments, heterocyeles are optionally

substituted. In some embodiments, binding to a heterocycele is at a hetercatom or via a carbon atom.

S
L

Heterocyeloalkyl groups include groaps having only 4 atoms in their ring system, but heteroaryl

groups must bave at least S atoms in their ring svstem. The heterocycle groups include benzo-fused

H



)
LA

36

L
A

WO 2010/017055 PCT/US2009/051879

ring systems, An example of a 4-membered heterocyele group is azetidiny! (derived from azetidine).
An example of a S-membered heterocyele group is thiazolyl. An example of a 6-membered
heterceyele group is pyridyl, and an example of a 10-membered heterocycle group is quinolinyl.
Fxamples of heterocyeloalkyl groups are pyrrolidinyd, tetrahydrofuranyl, dihydrofuranyl,
tetrahydrothienyl, tetrahydropyranyl, dihydropyranyl, tetrahydrothiopyranyl, piperidino,
morpholing, thiomorpholing, thioxanyl, piperazinyl, azetidinyl, oxetanyl, thietanyl,
homopiperidinyl, oxepanyl, thiepanyl, osazepinyl, drazepinyl. thiazepinyl, 1.2.3,6-
tetrahydropyridinyl, 2-pyrrolinyl, 3-pyrrolinyl, indolinyl, 2H-pyranyl, 4H-pyranyl, dioxanyl, 1.3-
dioxolanyl, pyrazolinyl, dithianyl, dithiolanyl, dihydvopyranvl, dihydrothienyl, dibvdrofuranyl,
pyrazolidingl, imidazolinyl, imidazolidinyl, 3-azabicyclof3.1.0hexanyl, 3~
azabicyclof4.1.0heptanyl, 3H-indolvl and quinolizinyl. Examples of heteroaryl groups are
pyridinyl, imidazolyl, pyrimidinyl, pyrazolyl, triazolyl, pyrazinyl, tetrazolyl, furyl, thienyl,
isoxazolyl, thiazolvl, oxazolyl, isothiazolyl, pyrrolyl, quinolinyl, isoquinolinyl, indolyl,
benzimidazolyl, benzofuranyl, cinnolinyl, indazolyl, indolizinyl, phthalazinyl, pyridazinyl, triazinyl,
isomdolyl, pteridinyl, purinyl, oxadiazolyl, thiadiazolyl, furazany!, benzofurazanyl,
benzothiophenyl, benzothiazolyl, benzoxazolyl, quinazolinyl, quinoxalinyl, naphthyridinyl, and
furopyridinyl. In some embodiments, the foregoing groups, as dertved from the groups listed above,
are C-attached or N-attached where such is possible. For instance. in some embodiments, a group
derived from pyrrole is pyrrol-1-yl (N-attached) or pyrrol-3-yl (C-attached). Further, n somse
embodinents, a group derived from imidazole is imidazol-1-y1 or imidazol-3-v! (both N-attached) or
imidazol-2-yl, imidazol-4-y1 or imidazol-5-v1 (all C-attached). The heterocyele groups include
benzo-fused ring systems and ring systems substituted with one or two oxo (=0) moieties such ag
pyrrofidin-2-one. In some embodiments, depending on the structure, a heterocyele group is a
monoradical or a diradical (L., a heterocyelene group).

[p6198] The heterocycles described herein are sabstitiied with 0, 1, 2, 3, or 4 substiuents
independently selected from alkenyl, alkoxy, alkoxyatkyl, alkoxycarbonyl, alkyl, alkylcarbonyl,
alkylcarbonyloxy, alkylthio, alkylthioalkyl, alvnyl, carboxy, eyano, formyl, haloalkoxy, haloalkyl,
halogen, hydroxyl, hyvdroxyatkylene, mercapto, nitro, -NR s Ry, 8od ~{NR Rpcarbonyl.

[06199] The term “heterocycloatkoxy™ refers to a heterocycloalkyl group, as defined herein,
appended to the parent melecular motety through an alkoxy group.

[66260] The term “heterocycloalkylthio™ refers to a heteroeycloalkyl group, as defined herein,
appended to the pareot molecolar moiety through an atkylthio group.

1062011 The term “heterocyclooxy™ refers to a heterocyeloalkyl group, as defined herein, appended
to the parent molecalar moiety through an oxygen atom.

{08202} The term “heterocyclothio™ refers to a heterocycloalkyl group, as defined herein, appended

to the parent molecular moiety through a sulfur atom,
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{00203} The term “heteroarylalkoxy” refers 1o a heteroaryl group, as defined herein, appended to the
parent molecular moiety through an alkoxy group.

{00204} The term “hetervarylalkylthio” refers to a heteroaryl group, as defined herein, appended to
the parent molecular motety through an alkylthio group.

{00265} The term “heteroaryloxy™ refers to a heteroary! group, as defined herein, appended to the
parent molecular moiety through an oxygen atom.

[00206] The term “heteroarylthio” refers to a heteroaryl group, as defined herem, appended to the
parent molecular moiety through a sutfur atom.

{00267} In some embodimeants, the term “membered ring” embraces any cvelic structure. The term
“membered” is meant to denote the number of skeletal atoms that constitute the ring. Thus, for
example, cyclohexyl, pyridine, pyran and thiopyran are 6-membered rings and cvelopentyl, pyrrole,
furan, and thiophene are S-membered rings.

{00208} The term “non-aromatic 5, 6, 7, 8, 9, 10, 11 or 12~ bicyehic heterocyele™ as used hergin,
means a heterocyeloalkyl, as defined herein, consisting of two carbooyelie rings, fused together at
the same carbon atom (forming a spiro structure) or different carbon atoms (in which two rings share
one or more bonds), having 5 to 12 atoms in its overall ring system, wherein one or more atoms
forming the ring is 2 heteroatom, 1Huostrative examples of non-aromatic 5,6, 7, 8,9, 10, 11, ar 12-
bicyclic heterocycle ring include, but are not limited to, 2- azabicyclo[2.2. 1 Theptanyl, 7-
azabicyclo][2.2. Ubeptanyl, 2- azabicyclof3.2.0lheptanyl, 3- azabicyelo{3.2 OTheptanyl, 4-
azaspiro[ 2.4 theptanyl, 5- azaspiro[2.41beptanyl, 2-oxa-5- azabicyclo[2.2.1 Jheptanvl, 4~
azaspiro]2.5Joctanyl, 5- azaspiro{2.SJoctanyl, 5~ azaspire{3.4]octanyl, 6~ azaspiro[3.4Joctanyl, 4-
oxa-7- azaspire[2.5 Joctanyl, 2- azabicyelo[2.2 2joctanyl, 1,3~ diazabicyclo[2.2.2 |octanyl, 3-
azaspiro[3.5|nonanyl, 6~ azaspira[3.5nonanyl, S-oxo-8- azaspiro|3.5nonanyl,
octahydrocyclopenta[c]pyrrolyl, octahydro-1 H-quinolizinyl, 2.3,4,6,7 9a-hexahyvdro- 1 H-
quinolizinyl, decabydropyride{1,2-aJazepinyl, decabydro-1 H-pyrido{1,2-alazocinyl, 1-
azabicyclof2.2. Hheptanyl, 1-azabicyclo[3.3.1jnonanyl, quinuclidinyd, and 1-
azabicyclof4.4.0]decanyl.

[00209] The term hydroxyalkylene™ as used berein, means at least one hydroxyl group, as defined
herein, is appended to the parent molecular moiety through an alkylene group, as defined herein.
Hlustrative examples of hydroxyalkylene include, but not limited to hydroxyvmethylene, 2-hydroxy-
cthylene, 3-hydroxypropylene and 4-hydroxyheptylene,

{80210} The term “NRANRy™ a5 used herein, means two group, R, and Ry, which are appended to
the parent molecular moiety through a nitrogen atom. R, and Ry are each independently hydrogen,
alkyl, and alkylcarbonyl. HMustrative examples of NRR;, include. but are not limited to, amino,

methylamino, acetylamino, and acetylmethylamino.
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{00211] The term “{NR, NRp)carbonyl™ as used hevein, nieans a R Rg, group, as defined herein,
appended to the parent molecular moiety through a carbonyl group, as defined herein. Wustrative
examples of (NRsRp)carbony! include, but are not limited to, aminocarbonyl,
{methylamino)carbonyl, (diraethylaminojcarbonyl, and (ethylmethylaminojearbonyl.

[00212] The term “NReNRy” as used herein, means two group, R and Ry, which are appended to
the parent molecular moiety through a nitrogen atom. Re and Ry are each mdependently hydrogen,
alkyl, and alkylcarbonyl. THustrative examples of NReRy include, but are not limited to, amino,
methylamino, acetylamine, and acetylmethylamino.

[00213] The term “{NRcNRp)carbony!l™ as used herein, means a RoRp, group, as defined herein,
appended to the parent molecular moiety through a carbony!l group. as defined hevein. Wustrative
examples of (NRcRp)carbonyl include, but are not limited to, aminocarbonyl,
{methylaminojcarbonvl, (dimethylaminelcarbonyl, and {ethylmethylaminolcarbonyl.

[00214] As used herein, the term “mercaptyl” refers to a (alky}S- group.

j00215}] As used herein, the term “moiety” refers to 8 specific segment or functional group of a
molecule. Chemical moieties are often recognized chemical entities embedded inor appended to a
molecule.

j00216} As used herein, the term “sulfinyl” refers to a -S(=0)-R, where R is selected from the group
consisting-of alkyl, eveloalkyd, aryl, heteroaryl (bonded through a ring carbon)yand heterocycloatkyl
{bonded through a ring carbon).

{00217} As used herein, the term “sulfonyl” refers to a -S5(=0)-R, where R is selected from the
group consisting of atkyl, eveloalkyvl, aryl, heteroarvl (bonded through a ring carbon) and
heterocycleallyl (bonded through a ring carbon).

{00218} As used herein, the term “0 carboxy™ refers to a group of formula RC(=00-,

100219} As used herein, the term “C carboxy” refers to a group of formula -C{=OXDR.

{00220} As used herein, the term “acetyl” refers to a group of formula -C(=0)CH.

{002211 As used herein, the term “trihalomethanesulfonyl” refers to a group of formula X;CS(=0%-~
where X 15 a halogen.

{00222} As psed herein, the term “isocyanato” refers to a group of formula -NCO.,

{00223} As used herein, the term “thiocyanato™ refers to-a group of formula -CNS,

{80224} As wsed herein, the term “isothiccyanato™ refers to a group of formula -NCS.

[00225] As used herein, the term S sulfonamido™ refers to a group of formula -S(=0)NR;.
{00226} As used herein, the term “N sulfonamide™ refers to a group of formula RS(=0),NH-.
{00227} As used herein, the term “trihalomethanesulfonamido™ refers to a group of formula
XOSE=0)NR~ |

{00228} As used herein, the term O carbamy!” refers to a group of formula -OC(=0)NR,.

[00229} As gsed herein, the term N carbamy!” refers to a group of formula ROC(=O)NH-.

)
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{00230} As used herein, the term ~O thiocarbamyl” refers to a group of formula ~-QGC(=5NR;.
{00231} As used herein, the term “N thiocarbamy!”™ refers to a group of formula ROC(=S)NH-.
(09232} As used herein, the term “C amido™ refers to a group of formula ~C(=0O)NK..

[008233] As psed herein, the term “N amido™ refers (o a group of formula RC{=0OINH-,

[00234] As used herein, the substituent “R” appearing by itself and without a number designation
refers to a substituent selected from among from alkyl, cycloalkyl, arvl, heteroaryl (bonded through
a ring carbon) and non-aromatic heterocyele (bonded through a ring carbon).

{00235] The term “substituted™ means that the referenced group is optionatly sabstituted (substituted
or unsubstituted} with one or more additional group(s) individually and independently selected from
alkyl, cyeloatkyl, arvl, heteroaryl, heteroalicyelic, hvdroxy, alkoxy, arvloxy, mercapto, alkylthio,
aryithio, alkylsulfoxide, anvisulfoxide, atkyisulfone, aryisolfone, cyano, halo, carbonyl,
thiocarbonyl, isocyanato, thiocyanato, isothiocyanato, nitro, perhaloalkyl, perfluoroatkyl, sitvl, and
amino, including mono- and di-substituted amino groups, and the protected derivatives thereof. By
way of example an optional substiteents is LR, wherein each L, is independently selected from a
bond, -O-, «L(=0}-, -5-, -5(=0)-, -5(=0)-, -NH-, -NHCO)-, -C(OINH-, 5{=0),NH-, -NHS{=0),, -
OCONH-, NHC{O)YO-, ~(substituted or unsubstituted C-C; alkyl}, or ~(substituted or
unsubstituted C,-Cy alkenyl); and each R, is independently selected from H, (substituted or
unsubstituted Tower atkyl), (substituted or unsubstituted tower cyeloalkyl), heteroaryl, or
heteroalkyl.

[p0236] The term “protecting group™ refers to a removable group which modifies the reactivity of a
functional group, for example, a hydroxyl, ketone or amine, against undesirable reaction during
svuthetic procedurss and to be later removed. Examples of hvdroxy-protecting groups include, but
not limited to, methylthiomethyl, tert-dimethylsily(, tert-butyldiphenyisilyl, ethers such as
methoxymethyl, and esters including acetyl, benzoyl, and the like. Examples of ketone protecting
groups include. but not limited to, ketals, oximes, O-substitwted oximes for example O-benzy!
oxime, O-phenylthiomethyl oxime, T-isopropoxyeyelohexyl oxime, and the like. Examples of amine
protecting groups include, but are not limited to, tert-butoxyearbony! (Boc) and carbobenzyloxy
{Chyz).

{00237] The term “optionally substituted” as defined herein, means the refevenced group is
substituted with zero, one or more substituents as defined herein.

[00238] The term “protected-hydroxy™ refers to a hvdroxy group protected with a hydroxy
protecting group, as defined above.

{p0239] In some embodiments, compounds of the described herein exist as stereoisomers, wherein
asymmelric or chiral centers are present. Sterecisomers are designated (R) or {S) depending on the
contiguration of substituents around the chiral carbon atorn. The term (R) and (S} used herein are

configurations as defined in {UPAC 1974 Recommendations for Section E, Fundamental
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Stereochemistry, Pure Appl. Chiem., (1976}, 45:13-30. hereby incorporated by reference. The
embodiments deseribed herein specifically includes the various sterecisomers and mixtures thergof.
Stereoisomers include enantiomers, diastercomers, and mixtures of enantiomers or diastercomers. In
some embodiments, individual stereoisomers of compounds are prepared synthetically from
commercially available starting materials which contain asymmetric or chiral centers or by
preparation of racemic mixtures followed by resolution. These methods of resolution are
exemplified by (1} attachment of a mixture of enantiomers to a chiral axillary, separation of the
resulting mixture of diastereomers by recrystallization or chromatography and liberation of the
optically pure product from the auxitiary or (2) direct separation of the mixture of optical
enantiomers on chiral chromatographic column.

(86240} The methods and formulations deseribed herein include the use of N-oxides; erystallive
forms (also known as polymorphs), or pharmaceutically acceptable salts of compounds deseribed
herein, as well as active metabolites of these compounds having the same type of activity. In some
sitisations, compounds exist as tautomers. All tautomers are included within the scope of the
compounds presented herein. In some embodiraents, the corpounds described herein exist in
ursolvated as well as sobvated forms with pharmaceutically acceptable solvents such as water;
ethanol, and the like. The solvated forros of the compounds presented herein are also considered to
be disclosed herein.

{00241 Throughout the specification, groups and substituents thereof are chosen, in certain
embodiments, to provide stable moieties and compounds.

Preparation of Compounds described herein

j00242] In certain embodiments, the compounds described herein are synthesized using any
synthetic techniques including standard synthetic techniques and the synthetic processes described
herein. In spectfic embodiments, the following synthetic processes are uttlized.

Formation of Covalent Linkages by Reaction of an Electrophile with a Nucleophile

{00243} Selected examples of covalent linkages and precursor functional groups which vield them
are given in the Table entitled “Examples of Covalent Linkages and Precursors Thereof.” Precursor
functional groups are shown as electrophilic groups and nucleophilic groups. In certain
embodiments, a functional group on an ovganic substavee is attached directly, or attached via any
useful spacer or linker as defined below,

Table 1: Examples of Covalent Linkages and Precuzsors Thereof

Covalent Linkage Product Electrophile Nucleophile
Carboxamides Activated esters anunes/anilines
Carboxamides 7 acyl azides anines/anitines
Carboxamides acyl halides amines/anilines

Esters & acyl halides alcohols/phenols
Esters acyl nitriles alcohols/phenols
Carboxamides acyl nitriles annines/anilines




Ly

WO 2010/017055

PCT/US2009/051879

Covalent Linkage Product Electrophile Nucleophile
Tmines Aldehvdes amines/anilines
Hydrarones aldehydes or ketones Hvdrazines
Oximies aldehydes or ketones Hydroxylanunes
Alkyl amines alkyl halides aminesfanilines
Esters alkyl halides carboxylic acids
Thioethers alkyl halides Thiols
Ethers alkyl halides alcohols/phenols
Thioethers alky! sulfonates Thiols
Esters alkyl sulfonates carboxvlic acids
Ethers alkvl sulfonates alcohols/phenols
A Esters Anhydrides alcohols/phenols
Carboxamides Anhvdrides amines/anilines
Thiophenols aryl halides Thiols
Aryl amines aryl halides Amines
Thioethers Azindines Thiols
Boronate csters Boronates Glyeols
Carboxamides carboxviic acids amines/anilines
Esters carboxylic acids Alcohols
hydrazines Hydrazides carboxylic acids
N-acylureas or Anhydrides carbodiimides carboxylic acids
~ Esters diazoalkanes carboxylic acids
Thioethers Epoxides Thiols
Thioethers haloacetamides Thiols
Ammotriazines halotriazines amines/anilines
Triazginyl ethers halotriazines alcohols/phenols
Amidines imido esters amines/anilines
Lreas Isocyanates amines/anilings
Urethanes Isocyanates alcohols/phenols
Thioureas isothiocyanates amines/anilines
Thivethers Maleimides Thiols
Phosphite esters phosphoramidites Alcohols
Silvl ethers silyl halides Alcohols
Alkyl amines sulfonate esters amines/anilines
Thioethers sulfonate esters Thiols
Esters sulfonate esters carboxylic acids
Ethers sulfonate esters Alcohols

Sulfonamides

sulfonyl halides

arines/anilines

Sulfonate esters

sulfonyl halides

phenols/alcohols

[80244] In general, carbon electrophiles are susceptible to attack by complementary nucleophiles,

including carbon mucleophiles, wherein an altacking nucleophile brings an electron pair to the

carbon electrophile in order to form a new bond between the sucleophile and the carbon

electrophile.

{80245] Suitable carbon nucleophiles include, but are not limited to alkyl, alkenyvl, aryl and alkynyi

Grignard, organolithium, organozine, alkyl-, alkenyl . aryl- and alkynyl-tin reagents

(organostannanes), alkyl- alkenvi~, aryl- and alkynyl-borane reagents (organoboranes and

argancboronates ), these carbon nucleophiles have the advantage of being kinetically stable in water
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or polar erganic solvents. Other carbon nucleophiles include phosphorus ylids, enol and enolate
reagents; these carbon nucleophiles have the advaitage of being relatively easy to generate from
precursors, Carbon nucleophiles, when used in conjunction with carbon electrophiles, engender new
carbon-carbon bouds between the carbon nucleophile and carbon electrophile.

[00246] Non-carbon nucleophiles suitable for coupling to carbon electrophiles include but are not
limited to primary and secondary anijnes, thiols, thiolates, and thiozthers, alcohols, alkoxides,
azides, semicarbazides, and the like. These non-carbon nucleophiles, when used in conjunction with
carbon electrophiles, typically generate heteroatom Jinkages (C-X-C), whergin X is a heteroatony, e.
£, OXygen or nitrogen.

Use of Protecting Groups

{60247 The term “protecting group” refers to chemical mojeties that block some or all reactive
moieties and prevent such groups from participating in chemical reactions until the protective group
is removed. o specific embodiments, more than one protecting group is utilized, In more specific
embodiments, each protective group is removable by a different process. Protective groups that are
cleaved under totally disparate reaction conditions fulfill the requirement of differential removal, In
vartous embodiments, protective groups are removed by acid. base, or hydrogenolysis. Groups such
as trityl, dirnethoxytrityl, acetal and t-butyldimethylsilyl are acid labile and are, in some
embodiments, used to protect carboxy and hydroxy reactive moieties in the presence of amino
groups proteeted with Cbz groups, which are removable by bydrogenolysis, and Fmoc groups,
which are base labile. In some embodiments, carboxylic acid and hydroxy reactive moieties are
blocked with base labile groups such as, without limitation, methyl, ethyl, and acety! in the presence
of amines blocked with acid labile groups such as t-butyl carbamate or with carbamates that are both
acid and base stable but hydrolytically removable.

[00248] In certain embodiments, carboxylic acid and hydroxy reactive moicties are blocked with
hydrolytically removable protective groups such as the benzyl group, while, in some embodiments,
amine groups capable of hydrogen bonding with acids are blocked with base labile groups such as
Fmoc. In various embodiments, carboxylic acid reactive moieties are protected by conversion to
simple ester derivatives as excmplified herein, or they are blocked with oxidatively-removable
protective groups such as 2,4-dimethoxybenzyl, while, in some embodiments, co-existing amino
groups are blocked with fluoride Tabile sily! carbamates.

[86249] Io certain instances, allyl blocking groups are useful in the presence of acid- and base-
protecting groups since the former are stable. In some embodiments, such groups are subsequently
removed by metal or pi-acid catalysts. For example, in some embodiments, an allyl-blocked
carboxylic acid is deprotected with a Pd'-catalyzed reaction in the presence of acid labile t~butvl
carbamate or base-labile acetate amine protecting groups. In some embodiments, a protecting group

is a resin to which a compound or intermediate is attached. As long as the residoe is attached to the
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resin, that functional group is blocked and cannot react. Onee released from the resin, the functional
group is available to react.

[00256] In some embodiments, blocking/protecting groups are selected from, by way of non-limiting

examyple:
Hs q, 9
2
g P / | G - C\O,J\ /E\C,o ; P
e
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./C\ O
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(CHS):’:C/ H/ Q {CyHg)yC— HSC«JK4
© H,CO
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{00251 Other protecting groups are described in Greene and Wats, Protective Groups in Organic
Syathesis, 3rsd Ed., John Wiley & Sons, New York, NY, 1999,

Compounds of Formula (I}

[60252] In certain embodiments, compounds of Formula (1), composing of Ia to If, are prepared in

various ways, as outlined in Synthetic Schemes { and 2. In each scheme, the variables (e.g., Ry, Ra,

Ra, Ry, Re, Y, and Z) correspond to the same definitions as those recited above while R s alky] and
Y’ is the same or different group defined by Y and 27 is the same or different group defined by 7. In
some embodiments, compounds are synthesized using methodelogies analogous to those described
below by the use of appropriate alternative starting materials.

{00253} In certain embodiments, compeunds of Formula (a, and Ib) wherein Y is identical to Z are

synthesized according to Synthetic Scheme 1. Thus, the preparation of the intermediate 3 wherein R

is hydrogen s achieved by condensation of 4-aminoisobenzofuran-1(3H}-one 1 with an aldebyde 2
in the presence of a base preferably alkaline alkoxides in appropriate solvents such as ethyl acetate
or ethy! propionate at either ambient or elevated temperature. Compounds of Formula Ia wherein
R; is hydrogen is prepared by treating the intermediate 3 with hydrazine hydrate at assbient or
elevated temperature. Compounds of Formula Ta wherein R; is alkyl or substituted alkvl is prepared
from compound of Formula Ia wherein Rsis hydrogen by reductive antination reaction with Ro-
CHO wherein Ry is alkyl, substituted alkyl. In some embodiments, the preparation of the

compounds in Formula b is accomplished by further modification of Ta. Through appropriate
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functional group transformations on the moiety of Y and Z, ove affords the compounds of Formula
Ib with different entities of Y™ and Z7 at 2- or 3-positions.

Synthetic Scheme 1

Rz ’91
Ry SN
Pog Ry, 4—COOR ‘
Ra i A RORa, ROH N, N,
| 4 OHGer TR N e
|24 gt TN/
& § /
N, z
1 2 3

j00234] In certain embodiments, compounds of Formula {Ie, and Id) are synthesized according to

Synthetic Scheme 2. For example, the intermediate 3 is prepared by condensation of the reagent 1

with an aldehyde 4 in the presence of water absorbent such sodium sulfate or magnesium sulfate at
elevated temiperature. A subsequent condensation reaction of this intermediate with another
aldehyde in the presence of a base preferably alkaline alkoxides in appropriate solvents such as ethyl
acetate or cthyl propionate at either ambient or elevated temperature gives the intermediate 6
wherein Rs is hydrogen. Compounds of Formula Te wherein R; is hydrogen is prepared by treating
the intermediate 6 with hydrazine hydrate at ambient or elevated temperature. Compounds of
Formula ke wherein R; is atkyl, substituted alky] ave prepared from compounds of Formula Te
wherein Rq is hvdrogen by reductive amination reaction with Ro-CHO wherein R» is alkyl, or
substituted alkyl. In some embodiments, the preparation of compounds of Formula Id are
accomplished by further modification of Ie. Through appropriate functional group transformations
on the moiety of Y and Z, one could afford the compounds of Formula Te with different entities of
Y7 and Z7 at 2- or 3-positions.

Svathetic Scheme 2
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Certain Pharmaceuntical Terminology

[00255} The term “acceptable” with respect to a formulation, composition or ingredient. as used
herein, means having no persistent detrimental effect on the general health of the subject being
treated.

{00256] As used herein, the term “selective binding compound” refers to a compound that
selectively binds to any portion of one or more target proteins.

[00257) As used herein, the term “selectively binds™ refers to the ability of a selective binding
compound to bind to a target protein, such as, for example, PARP, with greater affinity than it binds

10 a nop-target protein, In certain embodiments, specific binding refers to binding to a target with an
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affinity that is at least about 10, about 530, about 100, about 250, about 500, about 1000 or more
times greater than the affinity for a non-target.

{00238] As used herein, the term “target protein™ vefers to-a molecule or a portion of a protein
capable of being bound by a selective binding compound. In certain embodiments, a target protein is
the enzvime poly(ADP-ribose)polvimerase (PARP).

j00259]  As used herein, the terms “treating” or "treatment” encompass either or both responsive and
prophylagis measures, e.g., designed to inhibit, slow or delay the onset of a symptom of a disease or
disorder, achieve a fall or partial reduction of a symptom or disease state, and/or to alleviate,
ameliorate, lessen, or cure a disease or disorder and/or its symptoms,

00260} As used herein, amelioration of the symptoms of a particular disorder by administration of a
particular compound or pharmaceutical composition refers to any lessening of severity, delay in
onset, slowing of progression, or shartening of duration, whether permanent or temporary, lasting or
transient that can be atiributed to or associated with adwindstration of the compound or composition.
[00261] Asused herein, the term “modulator” refers to a compound that alters an activity of a
molecule, For example, a moduolator includes & compound that causes an increase or a decrease in
the magnitude of a certain activity of a molecule compared to the magnitude of the activity in the
absence of the modulator. In certain embodiments, a modulator is an inhibitor, which decreases the
magnitude of one or more activities of a molecule. In certain embodiments, an inhibitor completely
prevents one or more activities of a molecule. In certain embodiments, a modulator is an activator,
which increases the magnitude of at least one activity of a molecule. In certain embodiments the
presence of a modulator results in an activity that does not occur in the absence of the modulator,
{00262] AS used herein, the térm “selective modulator” refers to a compound that selectively
modulates a target activity,

{00263] As used herein, the term “PARP ™ refers (o the family of the enzyme poly(ADP-
ribose)polymerase which includes approximately 18 proteins, particularly pohy(ADP-
ribose}polymerase-1 (PARP-1} and poly{ ADP-ribose)polymerase-2 (PARP-2).

[00264] As used herein, the term “selective PARP modulator”™ refers to a compound that selectively
madulates at least one activity associated with the enzyme poly( ADP-ribose)polymerase (PARP). In
various embodiments, the selective modulator selectively modulates the activity of PARP -1, PARP-
2, both PARP~1 and PARP-2 or several members of the family of the enzyme poly(ADP-

ribose jpolymerase (PARP).

[00265] As used herein, the term “method of inhibiting PARP” refers to a method of inhibiting the
activity of either one or more of the family of enzyme poly{ ADF-ribose)polymerase (PARP). As
used herein, the term “inhibition of PARP” refers to inhibition of the activity of either one or more

of the family of enzyme poly(ADP-ribose)polymerase (PARP),
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[#0266] As used herein, the term “modulating the activity of the enzyme poly(ADP-
ribosepolymerase™ refers to a modulating the activity of either one or more of the family of enzyme
poly(ADP-ribose)polymerase (PARP).

j00267] Asused heretn, the term “selectively modulates” refers to the ability of a selective
modulator to modulate a target activity to a greater extent than #t moedulates a non-target activity. In
certain embodiments the target activity is selectively modulated by, for example about 2 fold up to
more that about 500 fold, in some embodiments, about 2, 5, 10, 50, 100, 150, 200, 250, 300, 350,
400, 450 or more than 500 fold.

{00268] As used herein, the term “target activity™ vefers to a bioogical activity capable of being
modulated by a selective modulator. Certain exemplary target activities include, but are not limited
to, binding affinity, signal transduction, enzymatic activity, tumor growth, inflanumation or
inflammation-related processes, and amelioration of one or more symptoms associated with a
disease or condition.

[06269] As used herein, the term “agonist” refers to a compound, the presence of which results in a
biological activity of a protein that is the same as the biological activity resulting from the presence
of a naturally occurring ligand for the protein, such as, for example, PARP.

{00270] As used herein, the term "partial agonist” refers to & compound the presence of which
results in a biological activity of a protein that is of the same type as that resulting from the presence
of a naturally occurring ligand for the protein, but of a lower magnitude.

[00271] As used berein, the term “antagonist™ or “inhibitor” refers to a compound, the presence of
which resulls in a decrease in the magnitude of a biological activity of a protein. T certain
embodiments, the presence of an antagonist results in complete inhibition of a biological activity of
a protein, such as, for example, the enzyme poly{ ADP-ribose)polymerase (PARP).

[002721 As used herein, the ICs, refers to an amount, concentration of dosage of a particular test
compound that achieves a 50% inhibition of a maximal response, such as modulation of PARP, in an
assay that measures such response.

{80273} As used herein, ECyy refers to a dosage, conceniration or amount of a particalar test
compound that elicits a dose-dependent response at 50% of maximal expression of a particular
response that is induced, provoked or potentiated by the particular test compound.

{00274} The term “cancer”, as used berein refers to an abnormal growth of cells which tend to
profiferate in an uncontrolled way and, in some cases, to metastasize (spread). The types of cancer
tnchude, but are not limited to, solid tumors (such as those of the bladder, bowel, brain, breast,
endometrium, beart, kidney, lung, lymphatic tissue (ymphoma), ovary, pancreas or other endocrine
organ (thyroid). prostate, skin (melanoma) or hematological tumors (such as the leukemias).

{60278} The term “carrier,” as used herein, refers to relatively nontoxic chemical compougds or

agents that facilitate the incorporation of a compound into cells or tissues.
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{00276] The terms “co-administration” or the like, as used herein, are meant to encompass
administration of the selected therapeutic agenis to a single patient, and are intended to include
treatment regimens in which the agents are admunistered by the same or different route of
administration or at the same or different time.

(00277} The term “diluent™ refers to chemical compounds that arve used to difute the compound of
interest prior to delivery. Diluents include chemicals used to stabilize compounds because they
provide a more stable environment. Salts dissolved in buffered solutions (which also can provide pil
control or maintenance) are utilized as diluents in certain embodiments, including, but not limited to
a phosphate buffered saline solution.

{00278} The terms “effective amount™ or “therapeutically effective amount,” as used herein, refer 1o
a sufficient aruount of an agent or a compound being administered which will relieve to some extent
one or more of the symptoras of the disease or condition being treated. The result includes reduction
and/or alleviation of the sigos, symptoms, or causes of a disease, or any other desived alteration of a
hiological system. For example, an “effective amount”™ for therapeutic uses is the amount of the
composition comprising a compound as disclosed herein required to provide a clinically significant
decrease in disease symptoms, An appropriate “effective™ amount in any individual case is
determined using any suitable technique, such as a dose escalation study,

{00279] The terms “enhance™ or “enhancing,” as used herein, means to increase or proloug either in
polency or duration a desired effect. Thus, in regard to enhancing the effect of therapeutic agents,
the term “enhancing” refers 1o the ability to increase or prolong, either in potency or duration, the
effect of other therapeuatic agents on a svstem. An “enhancing-effective amount,” as used herein,
refers (o an amount adequate to enhance the effect of another therapeutic agent in a desired system.
{00280] The term “enzymatically cleavable Hnker.” as used herein refers to unstable or degradable
linkages which are degraded by one or more enzymes.

[00281] The term “inflammatory disorders” refers to those diseases or conditions that are
characterized by one or more of the signs of pain (dolor, from the generation of noxious substances
and the stimulation of nerves), heat (calor, from vasodilatation), redness (rubor, from vasodilatatiog
and increased blood flow), swelling {(rumor, from excessive inflow or restricted outflow of fluid),
and loss of fusction {functio laesa, which may be partial or complete, temporary or permanent).
Inflammation takes many forms and includes, but is not limited to, inflammation that is cne or more
of the following: acute, adhesive, atrophic, catarrhal., chronic, cirthotic, diffuse, disseminated,
exudative, {thrinous, fibrosing, focal., granulomatous, hyperplastic, hypertrophic, interstitial.,
metastatic. necrotic, obliterative, parenchymatous, plastic, productive, proliferous,
pseadomembranous, purulent, sclerosing, seroplastic, serous, simple, specific, subacute,
suppurative, toxic, traumatic, and/or ulcerative. Inflammatory disorders farther jnclude, without

being limited to those affecting the blood vessels (polyarteritis. temporal arteritis); Joints {arthritis:
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crystalline, osteo-, psoriatic, reactive, theumatoid, Retter’s); gastrointestinal tract (Chrohn’s Disease,
uleerative colitis), skin {dermatitisy; or multiple organs and tissues {systemic lupus erythematosus).
[00282] The term “PARP-mediated”, as used herein, refers to conditions or disorders that are
amehorated by the one or more of the family of enzyme poly{ ADP-ribose)polvmerase (PARP).
{00283] The terms “kit™ and “article of manufacture” are used as synonvms,

[00284] A “metabolite™ of a compound disclosed herein is a derivative of that conipound that is
formed when the compound is metabolized. The term “active metabolite™ refers to a biologically
active derivative of a compound that is formed when the compound is metabolized. The term
“metabolized,™ as used herein, refers to the sum of the processes (including, but not limited to,
hydrolysis reactions and reactions catalyzed by enzymes) by which a particular substance is changed
by an organism. Thus, in certain instances, enzymes produce specific structural alterations to a
compound. In some embodiments, metabolites of the compounds disclosed herein are identified
either by administration of compounds to a host and analysis of tissue samples from the host, or by
incabation of compounds with hepatic cells é vitre and analysis of the resulting compounds.

100285f The term “modulate,” as used herein, means to interact with a target githey directly or
indivectly so as to alter the activity of the target, including, by way of example only, to enhance the
activity of the target, to inhibit the activity of the target, to limit the activity of the target, or to
extend the activity of the target.

{00286] By “pharmaceutically acceptable™ or “thevapeutically acceptable”, as used herein, refers a
material, such as a carrier or diluent, which does not abrogate the biclogical activity or properties of
the compound, and is relatively nontoxic. In certain instances, nontoxic and non-abrogative
materials includes materials that when administered to an individual do not cause substantial,
undesirable biological effects and/or do not interact in a deleterious manner with any of the
components of the composition in which it is contained.

J00287] The term “pharmaceutically acceptable salt” or “therapeutically acceptable salt™, refers to a
formulation of a compound that does not cause significant irritation to an organism to which it is
administered and does not abrogate the biological activity and properties of the compound. In

certain instances, pharmaceutically acceptable salts are obtained by reacting a compound described
herein, with acids such as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric
acid, methanesulfonic acid, ethanesalfonic acid, p-toluenesulfonic acid, salicvlic acid and the Hke. In
some instances, pharmaceutically acceptable salts are obtained by reacting a compound having
acidic group described herein with a base to form a salt such as an ammonium salt, an alkali metal
salt, such as a sodium or a potassium salt, an alkaline earth metal salt. such as a caleivm or a
magnesium salt, a salt of organic bases such as dicyelohexylamine, N-methyl-D-glucamine,
tris(hydroxymethylimethylamine, and salts with amino acids such as arginine, lysine, and the like,

or by other methods previously determined.
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[00288] The term “pharmaceutical combination™ as used herein, means a product that results from
the mixing or combining of more than one active ingredient and includes both fixed and non-fixed
combinations of the active ingredients. The term “fixed combination™ means that the active
ingredients, e.g. a compound described herein and a co-agent, are both administered to a patient
simultancously fo the form of a single entity or dosage. The term “non-fixed combination” means
that the active ingredients, e.g. a compound described herein and a co-agent, are administered to a
patient as separate entities either simultaneously, concurrently or sequentially with no specific
intervening time limits, wherein such administration provides effective levels of the two compounds
in the body of the patient. The latter also applies to cocktail therapy, ¢.g. the administration of three
or more active ingredients.

[00289] The term “pharmaceutical composition” refers to a mixture of a compound described herein
with other chemical components, such as carriers, stabilizers, dituents, dispersing agents, suspending
agents, thickening agents, and/or excipients. The pharmaceutical composition facilitates
administration of the compound to an organism. Multiple technigues of administering a compound
exist in the art including, but not limited to: intravenous, oral, aerosol, parenteral, opbthalmic,
pulmonary and topical administration,

[66290F A “prodrug” refers to an agent that is converted into the pavent drug 2 vive, Prodrugs are
often useful because, in some situations, they are easier to administer than the parent drug. In certain
instances, a prodrug is bicavailable by oral administration whereas the parent is not. In some
instances, a prodrug has improved solubility in pharmaceutical compaositions over the parent drug,
An example, without lmitation, of a prodriyg is a compound described herein, which is achninistéred
as an ester (the “prodrug”) to facilitate transmittal across a cell merbrane where water solubility is
detrimental to mobility but which then is metabolically hydrotyzed to the carboxylic acid, the active
entity, once inside the cell where water-solubility is beneficial. A further example of a prodrug
might be a short peptide (polyaminoacid) bonded to an acid or amino group where the peptide is
metabolized to reveal the active moiety. In certain embodiments, upon f# vivo administration, a
prodrug is chemically converted to the biologically, pbarmaceutically or therapeutically more active
form of the compound. In certain embodiments, a prodrug is enzymatically metabolized by one or
more steps or processes (o the biologically, pharmaceuticatly or therapeutically active form of the
compound. To produce a prodrug, a pharmaceutically active compound is modified such that the
active compound will be regenerated upon i vivo administration. In some embodiments, the
prodrug is designed to alter the metabolic stability or the transport characteristics of a drug, to mask
side effects or toxicity, to improve the flavor of a drug or to alter other characteristics or properties
of a drug.

[00291} The term “subject” or “patient” encompasses mammals and non-mammals. Examples of

mammals include, but are not limited to, any member of the Mammalian class: humans, non-human
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primates such as chitnpanzees, and other apes and monkey species; farm animals such as cattle,
horses, sheep, goats, swine; domestic animals such as rabbits, dogs, and cats; laboratory animals
including rodents, such as rats, mice and guinea pigs, and the like. Examples of non-mammals
include, but are not mited to, birds, fish and the like. In ooe embodiment of the methods and
compositions provided herets, the mammal 15 a human.

[00292} The terms “treat,” “treating™ or “treatment,” as used herein, include alleviating, abating or
ameliorating a disease or condition symptoms, preventing additional symptoms, ameliorating or
preventing the underlying metabolic causes of symptoms, inhibiting the disease or condition, e.g.,
arvesting the development of the disease or condition, relieving the disease or condition, cansing
regression of the disease or condition, relieving a condition caused by the disease or condition, or
stopping the symptoms of the disease or condition either prophylactically and/or therapeuticallv.
Pharmaceutical Composition/Formulation

{80293} In certain embodiments, pharmaceutical compositions are formulated in any manner,
including using one or more physiologically acceptable carriers comprising excipients and/or
auxiliaries which facilitate processing of the active compounds into pharmaceutical preparations. In
some embodiments, proper formulation is dependent upon the route of administration chosen. In
various embodiments, any techniques, carriers, and excipients are used as suitable.

{00294} Provided herein are pharmaceutical compositions that include a compound described herein
and a pharmaceutically acceptable diluent(s), excipient(s), and/or carrier(s). In addition, in some
embodiments, the compounds described herein are administered as pharmaceutical compositions in
which compounds described herein are mixed with other active ingredients. as in combination
therapy.

[00295) A pharmaceutical compisition, as used herein, refers to a mixture of a compound deseribed
herein with other chemical components, such as carriers, stabilizers, diluents, dispersing agents,
suspending agents, thickening agents, and/or excipients. In certain embodiments, a pharmacetutical
composition facilitates administration of the compound to an organisnt. In some embodiments.
practicing the methods of treatment or use provided herein, includes administering or using a
pharmaceutical composition comprising a therapeutically effective amouni of a compeund provided
herein. In specific embodiments, the methods of treatment provided for herein include
administering such a pharmaceutical composition to 2 mammal having a disease or condition to be
treated. In one embodiment, the mamumnal is 2 human, In some embodiments, the therapeutically
effective amount varies widely depending on the severity of the disease, the age and relative health
of the subject, the potency of the compound used and other factors. Tn various embodiments, the
compounds described herein are used singly or in combination with one or niore therapeutic agents

as components of mixtures,
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{00296} 1o certain embodiments, the pharmaceatical compositions provided herein are formulated
for intravenous injections. In certain aspects, the intravenoas injection formalations provided herein
are formulated as aqueous solutions, and, in some embodiments, in physiologically compatible
buffers such as Hank’s solution, Ringer’s solution, or physiological saline buffer. In certain
embodiments, the pharmaceutical compositions provided herein are formulated for transmucosal
administration. In some aspects, transmucosal formulations include penetrants appropriate to the
barrier to be permeated. {o certain embodiments, the pharmaceutical compositions provided herein
are formulated for other parenteral injections, appropriate formulations include aqueous or
nonagueous solutions, and in one embodiment, with physiologically compatible buffers or
excipients.

{86297} In certain embodiments, the phatmaceutical compositions provided herein are formulated
for oral administration. In certain aspects, the oral formulations provided herein comprise
compournds described herein that ave formulated with pharmaceutically acceptable carriers or
excipients. Such carviers enable the compounds described herein to be formulated as tablets,
powders, pills, dragees, capsules, liquids, gels, syrups, elixirs, shurries, suspensions and the like, for
oral ingestion by a patient to be treated.

[00298] in some embodiments, pharmaceutical preparations for oral use are obtained by mixing one
or more solid excipient with one or more of the compounds described herein, optionally grinding the
resulting mixture, and processiag the mixture of granules, after adding soitable auxiliaries, if
desired, to obtain tablets or dragee cores. Suitable excipients include, in particular, fillers such as
sugars; including lactose, sucrose, mannitol, or sorbited; cellulose preparations such as: for example,
maize starch, wheat starch, rice starch, potato starch, gelatin, gum tragacanth, methyleelulose.
sicrocrystalline celtulose, hydroxypropylmethylceliulose, sodium carboxymethylceliulose: or others
such as: polyvinylpyrrolidone (PVP or povidone) or calcium phosphate. If desired, disintegrating
agents are optionally added, such as the cross-linked croscarmellose sodium, polyvinylpyrrolidone,
agar, or alginic acid or a salt thereof such as sodiom alginate.

{00299] In certain embodiments, provided herein is a pharmaceutical composition formulated as
dragee cores with suitable coatings. In certain embodiments, concentrated sugar solutions are used
in forming the suitable coating, and optionally contain gum arabic, tale, polyvinylpyrrofidone,
carbopol gel, polyethylene glycol, and/or titanium dioxide, lacquer solutions, and suitable organic
solvents or solvent mixtures, In some embodiments, dyestuffs and/or pigmients are added to tablets,
dragees and/or the coatings thereof for, e.g., identification or to characterize different combinations
of active compound doses.

{00300] In certain embodiments, pharmaceutical preparations which are used include orally include
push-tit capsules made of gelatin, as well as soft, sealed capsules made of gelatin and a plasticizer,

such as glycerol or sorbitol. In some embodiments, the push-fit capsules contain the active
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ingredients in admixture with filler such as lactose, binders such as starches, and/or ubricants such
as talc or magnesium stearate and, optionaily, stabilizers. Tn certain embodiments, in soft capsules,
the active compounds are dissolved or suspended in suitable liquids, such as fatty oils, liquid
paraffin, ot liquid polyethylene glyeols. In addition, stabilizers are optionally added. Ji certain
embodiments, the fornudations for oral administration are in dosages suitable for such
administration.

{00301] In certain emabodiments, the pharmaceutical compositions provided herein are formulated
for buccal or sublingual adminstration. In certain embodiments, buccal or sublingual compositions
take the form of tablets, lozenges, or gels formulated in a conventional manner. In certain
embodiments, parenteral injections involve bolus injection or continuous infusion. In some
embodiments, formulations for injection are presented in unit dosage form, e.g., in amposles or in
multi-dose containers, with an added preservative. In some embodiments, the pharmaceutical
composition described herein is in a form suitable for parenteral injection as a sterile suspensions,
solutions or emulsions in oily or aqueous vehicles, and optionally contains formulatory agents sach
as suspending, stahilizing and/or dispersing agents. Pharmaceutical formulations for parenteral
administration inclade agueous sofutions of the active compounds in water-soluble form. In some
embodiments, suspensions of the active compounds are prepared as appropriate oily injection
suspensions. Suitable lipophilic solvents or vehicles include fatty oils such as sesame oil, or
synthetic fatty acid esters, such as ethyl oleate or triglycerides, or liposomes. In certain
embodiments, aqueous injection suspensions contain substances which increase the viscosity of the
suspension, such as sodium carboxymethyl cellulose, sorbitol, or dextran. Optionally, the
suspensions also contain suitable stabilizers or agents which increase the solubility of the
conmpounds to allow for the preparation of highly concenirated solutions, In alternative
embodiments, the active ingredient is in powder form for constitution with a suitable vehicle, e, 2,
sterile pyrogen-free water, before use.

{00302} in some embodiments, the compounds deseribed hergin are administered topically, In
specific embodiments, the compounds described herein are fornulated into a variety of topically
administrable compositions, such as solutions, suspensions, lotions, gels, pastes, medicated sticks,
balms, creams or ointments. Such pharmaceutical compounds optionally contain solubilizers,
stabilizers, tonicily enhancing agents, buffers and/or preservatives.

j00303] In certain embodiments, the phatmaceutical compositions provided herein are formulated
for transdermal administration of compounds described herein. In some embodiments,
administration of such compositions erploys transdermal delivery devices and transdermal delivery
patches. In certain embodiments, the compositions are lipophilic emulsions or buffered, aqueous
solutions, dissolved and/or dispersed in a polymer or an adhesive. Such patches inclade those

constructed for continuous, pulsatife, or on demand delivery of pharmacestical agents. In some
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embodiments, transdermal delivery of the compounds described herein is accomplished by use of
iontophoretic patches and the like. In certain embodiments, transdermal patches provide controlled
delivery of the compounds provided herein, such as, for example, compounds of Formuta (1), (1A) or
(11). In certain embodiments, the rate of absorption is slowed by using rate-controlling membranes or
by trapping the compound within a polvmer matrix or gel. Conversely, absorption enhancers are
optionally used to increase absorption. Absorption enhancer and carrier include absorbable
pharmaceutically acceptable solvents that assist in passage of the compound throough the skin. For
example, transdermal devices are in the form of a bandage comprising a backing member, a
reservoir containing the compound optionally with carriers, optionally a rate controlling barrier to
deliver the compound to the skin of the host at a controlled and predetermined rate over a prolonged
period of time, and means 10 secure the device to the skin,

{60304} In certain embodiments, the pharmaceutical compositions provided hervein are formulated
for administration by inhalation. In certain embodiments, in such pharmaceutical compositions
formulated for inhalation, the compounds described herein arve in a form as an aerosol, a mistora
powder. In some embodiments, pharmaceutical compositions described herein are convenijently
delivered in the form of an aerosol spray presentation from pressurized packs or a nebulizer, with the
use of a suitable propellant, e g, dichlorodifluoromethane, trichlorotluoromethane,
dichlorotetrafluorocthane, carbon dioxide or other suttable gas. In certain aspects of a pressurized
aerosol, the dosage unit 1s determined by providing a valve to deliver a metered amount. In certain
embodiments, capsules and cartridges of, such as, by way of example only, gelatin for use in an
inhaler or insufflator is formulated containing a powder mix of the compound described herein and a
saitable powder base such as lactose or starch.

{00305] In some embodiments, the compounds described herein are formulated in rectal
compositions such as enemas, rectal gels, rectal foams, rectal acrosols, suppositories, jelly
suppositories, or retention enemas. Jo certain embodiments, rectal compositions optionally contain
conventional suppository bases such as cocon butter ot other glveerides, as well as synthetic
polymers such as polyvinylpyrrolidone, PEG, and the like. Tn certain suppository forms of the
conipositions, a low-melting wax such as, but not limited to, a mixture of fatty acid glycerides,
optionally in combination with cocoa butter is first melted.

{06306] In various embodiments provided herein, the pharmaceutical compaositions are formoulated in
a conventional manner using one or more physiologically acceptable carriers comprising excipients
and auxiliaries which facilitate processing of the active compounds into pharmaceutically acceptable
preparations. In certain emnbodiments, proper formulation is dependent upon the route of
administration chosen. In various embodiments, any of the techniques, carriers, and excipients is
used as suitable. In some embodiments, pharmaceutical compositions comprising a compound

described herein are manufactured in a conventional manner, such as, by way of example only, by
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means of conventional mixing, dissolving, granulating, dragee-making, levigating, emulsifying,
encapsulating, entrapping of compression processes.

160307] In certain embodiments, the pharmaceutical compositions include at least one
pharmaceutically acceptable carrier, diluent or excipient and a compound described herein described
herein as an active ingredient in free~-acid or free-base form, or in a pharmaceutically acceptable salt
form. In addition, the methods and pharmaceutical compositions described herein include the use of
N-oxides, crystatline forms (also known as polymorphs), as well as active metabolites of these
compounds having the same type of activity. In some siteations, compounds described herein exist
as tautomers. All tautomers are included within the scope of the compounds presented herein.
Additionally, included herein are the solvated and unsolvated forms of the compounds described
herein. Solvated compounds include those that are solvated with pharmaceutically acceptable
solvents such as water, ethanol, and the like. The solvated forms of the compounds presented herein
are also considered to be disclosed herein. In some embodiments, the pharmaceutical compositions
described herein mchude other medicinal or pharmaceutical agents, carrters, adjuvants, such as
preserving, stabilizing, wetting or emulsifying agents. solution promoters, salts for regulating the
osmotic pressure, and/or buffers. In additional embodiments, the pharmaceutical compositions
deseribed herein also contain other therapeutically valuable substances.

(66308} Methods for the preparation of compositions containing the compounds described herein
include formulating the compounds with ove or more inevt, pharmacentically acceptable excipients
or carriers to form a solid, semi-solid or Hiquid, Sohid compositions inchide, but are not limited to,
powders, tablets, dispersible granules, capsules, cachets, and suppositories. Liguid compositions
include solutions in which a compound is dissolved, emulsions comprising a compound, ora
solution containing liposomes, micelles, or nanoparticles comprising a compound as disclosed
herein. Semi-solid compositions include, but are not limited to, gels, suspensions and creams. In
vartous embodiments, the compositions are in liquid solutions or suspensions, solid forms suitable
for solution or suspension in a liquid prior to use, or as emulsions. These compositions optionally
contain minor amounts of nontoxic, auxibiary substances, such as wetting or emulsitying agents. pH
buffering agents, and so forth.

{00309] In some embodiments, a composition comprising a compound described herein takes the
form of & Hquid where the agents are present in solution, in suspension or both. In some
embodiments, when the composition is administered as a solution or suspension a first portion of the
agent is present in solution and a second portion of the agent is present in particulate form, in
suspension in a liquid matrix. In sorme embodiments, a liquid composition includes a gel
formulation. In other embodiments, the liquid composition is aqueous.

{00316} Uselul aqueous suspension optionally contain one or more polymers as suspending agents.
Jseful polymers include water-soluble polymers sach as cellalosic polymers, e.g.. hydroxypropyl

P
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methylcelhilose, and water-insoluble polymers such as cross-linked carboxyl-containing polvmers.
Useful compositions optionally comprise an mucoadhesive polviner, selecied for example from
carboxyvmethylcellulose, carbomer (acrylic acid polymer), polv(methybmethacrylate),
polvacrylamide, polycarbophil, acrylic acid/butyl acrylate copolymer, sodium alginate and dextran.
{0031 1] Useful compositions optionally include sofabilizing agents to aid in the solubility of a
compound described herein. The term “solubilizing agent” generally includes agents that result in
formation of a micellar solution or a true solution of the agent. Solubilizing agents include certain
acceptable nonionic surfactants, for example polysorbate 80, and ophthalmically acceptable glycols,
polyvelyveols, eg., polyethylene glycol 400, and glycol ethers.

{00312} Useful compositions optionally include one or move pH adjusting sgents or buffering
agents, including acids such as acetic, boric, citrie, lactic, phosphoric and hydrochloric actds; bases
such as sodiem hydroxide. sodium phosphate, sodium borate, sodium citrate. sodium acetate,
sodium lactate and tris-hydroxymethylaminomethane; and buffers such as citrate/dextrose, sodium
bicarbonate and ammonium ehloride. Such acids, bases and buffers are incloded in an amount
regquired to maintain pH of the composition in an acceptable range.

{00313} Usetul compositions optionally include one or more salts in an amount required to bring
osmolality of the composition inito an aceeptable range. Such salts include those baving sodinm,
polassium or ammonium cations and chloride, citrate, ascorbate, borate, phosphate, bicarbonate,
suifate, thiosulfate or bisulfite anions; suitable salts nclude sodium chloride, potassivm chioride,
sodium thiosulate, sodium bisulfite and ammonium sulfate.

{00314} Certain useful compositions optionally include one or more preservatives to inhibit
microbial activity, Suitable preservatives include mercury-containing substances such as merfen and
thiomersal; stabilized chlorine dioxide; and quaternary ammoniom compoeunds such as
benzalkonium chioride, cetyltrimethyvlammonium bromide and cetylpyridiniam chlonde.

{80315} Some useful compositions optionally include one or more surfactants to enhance physical
stability or for other purposes. Suitable nonionic surfactants include polyvoxyethylene fatty acid
glyeerides and vegetable oils, e.g., polyoxyethylene (60) hydrogenated castor oil; and
polyoxyethylene alkylethers and alkylphenyl ethers, e.g., octoxynel 10, octoxynol 40,

{00316} Certain useful compositions optionally one or more antioxidants to enhance chemical
stability where required. Suitable antioxidants include, by way of example only, ascorbic acid and
sodivm metabisulfite.

{00317} In some embodiments, aqueous suspenston compositions are packaged in single-dose non-

reclosable containers. In alternative embodiments, multiple-dose reclosable containers ave used, in

which case 1t is typical to include a preservative in the composition,

{00318} In various embodiments, any delivery system for hydrophobic pharmaceutical compounds is

emploved. Liposomes and emulsions are examples of delivery vehicles or carriers for hydrophobic
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drugs. In certain embodiments, certain organic solvents such as N-methylpyrrolidone are employed.
In some embodiments, the compounds are delivered using a sustained-release system, such as
semipermeable matrices of solid hydrophobic polymers containing the therapeutic agent. Various
sustained-release matertals are utilized in the embodiments herein. In certain embodiments,
sustained-release capsules release the compounds for a few weeks up to aver 100 days. In some
embodiments, depending on the chemical nature and the biological stability of the therapeutic
reagent, adiditional strategies for protein stabilization are employed.

[06319] In certain embodiments, the formulations or compositions described herein benefit from
and/or optionally comprise antioxidants, metal chelating agents, thiol containing compounds and
other general stabilizing agents. Examples of such stabilizing agents, include, but are not limited to:
(a) about 0.5% to about 2% wiv glyeerol, (b} about 0.1%5 o about 1% w/v methionine, {c) about
{1.1% to about 2% w/v monothioglycerol, (d) about 1 mM to about 10 mM EDTA, (e) about 0.01%
to about 2% w/v ascorbic acid, () 0.003% to about 0.02% w/v polysarbate 80, (g) 0.001% to about
0.05% wiv. polysorbate 20, ¢h) arginine, (i) heparin, (J) dextran sulfate, (k) cyclodextrins, ()
pentosan polysulfate and other heparinoids, {m) divalent cations such as magnesium and zine; or {n)
gombinations thereof.

Methods of Dosing and Treatment Regimens

{00320] In certain embaodiments, the compounds described herein are used in the preparation or
manufacture of medicaments for the treatment of diseases or conditions that are mediated by the
enzyme poly(ADP-ribose)polymerase (PARP) or in which inhibition of the enzyme poly(ADP-
ribose)polymerase (PARP) ameliorates the disease or condition. In some embodiments, a method for
treating any of the diseases or conditions described herein in a suhject in need of such treatment,
involves administration of pharmaceutical compuositions containing at least one compound deseribed
herein, or a pharmaceutically acceptable salt, pharmacestically acceptable N-oxide,
pharmaceutically active metabolite, pharmaceutically acceptable prodrug, or pharmaceutically
acceplable solvate thereof, in therapeutically effective amounts to said subject,

{00321] In certain embodiments, the compositions containing the compound(s) described herein are
administered for prophylactic and/or therapeutic treatments. In certain therapeutic apphcations, the
compositions are administered to a patient already suffering from a disease or condition, in an
amount sufficient to cure or at least partially arrest the symptoms of the disease or condition. In
some embodiments, amounts effective for this use will depend on the severity and course of the
disease or condition, previous therapy, the patient's health status, weight, and response to the drugs.
and the judgment of the treating physician. In certain instances, it is considered appropriate for the
caregiver to determine such therapeutically effective amounts by routine experimentation (inchuding,

but not lisited to, a dose escalation clinical trial).
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{00322} In certain prophylactic applications, compositions containing the compounds described
herein are administered to a patient susceptible to or otherwise at risk of a particular disease,
disorder orcondition. In some embodiments, the amount adiiistere 1s defined to be a
"prophylactically effective amount or dose.” In certain embodiments of this use, the precise amounts
of compound administered depend on the patient’s state of ealth, weight, and the like. In some
embodiments, it is considered appropriate for the caregiver to determine such prophyiactically
effective amounts by routine experimentation {e. g, a dose gscalation climical trial). In certain
embodiments, when used in a patient, effective amounts for this use will depend on the severity and
course of the disease, disorder or condition, previous therapy, the patient’s bealth status and response
tor the drugs, and the judgment of the treating physician.

[083231 In certain instances, a patient’s condition does not improve or does not significantly improve
tollowing administration of a compound or composition described herein and, upon the doctor’s
discretion the adnunistration of the compounds is optionally administered chronically, that is, for an
extended perind of time, including throughout the duration of the patient’s life in order to ameliorate
or otherwise control or limit the symptoms of the patient’s disease or condition,

[00324) In certain cases wherein the patient’s status does improve or does not substantially improve,
upon the doctor’s discretion the administration of the compounds are optionally given continuously:
alternatively, the dose of drug being administered is optionally temporarily reduced or temporarily
suspended for a certain length of time (Z.e., a “drug holiday™). In certain embodiments, the length of
the drug holiday varies between 2 days and 1 year, including by way of example only, 2 days, 3
days, 4 days, 5 days, 6 days, 7 days, 10 days, 2 days, 15 days, 20 days, 28 days, 35 days, 50 days,
74 days, 100 days, 120 days, 150 days. 180 days, 200 days, 250 days, 280 days, 300 days, 320 days,
350 days, or 365 days. The dose reduction during a drug holiday inchudes a reduction from about
10% to about 100%, including, by way of example only, about 10%, about 15%, ahout 20%, about
25%, about 30%, about 35%, about 40%, about 45%, about 50%, about 55%, about 60%, about
65%, about 70%, about 75%, about 80%, about 85%. about 90%, about 95%, or about 100%,
{00325) In certain embodiments, once improvement of the patient's conditions has occurred, a
maintenance dose is administered if necessary. In some embodiments, the dosage, e.g., of the
maintenance dose, or the frequency of administration, or both, are reduced, as a function of the
symptoms, to a level at which the improved disease, disorder or condition is retained. In certain
embodiments, however, patients are optionally given intermitient treatment on a long-term basis
upon any recurrence of symptoms.

{00326] In certain embodiments, the amount of a given agent that corresponds to an effective
amount varies depending upon factors such as the particular compound. disease or condition and its
severity, the identity (e.g., weight) of the subject or host in need of treatment. In some

embodiments, the effective amount is, nevertheless, determined according to the particular
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circumastances surrounding the case, including, e.g., the specific agent that is administered, the route
of administration, the condition being freated, and the subject or host being treated. In certain
embodiments, however, doses employed for adult human treatment is in the range of about 0.02 to
about 5000 mg per day, in a specific embodiment about 1 to about 1500 mg per day. In various
embodiments, the desired dose is conveniently presented in a single dose or as divided doses
administered simultancously {or over a short perind of time) or at appropriate intervals, for example
as two, three, four or more sub-doses per day.

[003271 In some embodiments, the pharmaceutical compositions described herein are in a unit
dosage form suitable for single administration of precise dosages. In some instances, in unit dosage
form, the formulation is divided into unit doses containing appropriate quantities of one or more
compound. In certain embodiments, the unit dosage is i the form of a package containing discrete
quantities of the formulation. Non-limiting examples are packaged tablets or capsules, and powders
i vials or ampoules. In some embodiments, aqueous suspension compositions are packaged in
single-dose non-reclosable containers. In alternative embodiments, multiple-dose reclosable
containers are used, in which case #t is typical to include a preservative in the composition. By way
of example only, formulations for parenteral injection are, in some embodiments, presented in unit
dosage form, which inclade, but are not limited to ampoules, or in multi-dose containers, with an
added preservative.,

{66328} In certain embodiments, the daily dosages appropriate for the compounds described herein
described herein are from about 0.01 to about 2.5 my/kg per body weight. In some embodiments, an
indicated daily dosage in the larger subject, including, but not Himited to, humans, is in the range
from about 0.5 mg to about 100 mg, conveniently administered in divided doses, including, but not
limited to, up to four times a day or in extended release form. In certain embodiments, suitable unit
dosage forms for oral administration comprise from about 1 to about 50 mg active ingredient. The
foregoing ranges are merely suggestive, as the number of variables in regard to an individual
treatment regime is large, and considerable excursions from these recommended values are not
uncommon. In certain embodiments, the dosages are altered depending on a number of variables,
not limited 1o the activily of the compound used, the disease or condition to be treated, the mode of
administration, the requirements of the individual subject, the severity of the disease or condition
betng treated, and the judgment of the practilioner.

[80329] In certain embodiments, toxicity and therapeutic efficacy of such therapeutic regimens are
determined by standard pharmaceutical procedures in cell cultures or experimental animals,
including, but not fimited to, the determination of the LD, (the dose lethal to 50% of the population)
and the EDs; (the dose therapeutically effective in 50% of the population). The dose ratio between
the toxic and therapeutic effects is the therapeutic index and it can be expressed as the ratio between

LDy and EDso. In certain embodiments, compounds exhibiting high therapeutic indices are
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preferred. In some embodiments, the data obtained from cell culture assays and animal studies 18
used in formulating a range of dosage for use in human. In specific embodiments, the dosage of such
compounds Hes within a range of circulating concentrations that inchude the EDy with niinimal
toxicity. In certain embadiments, the dosage varies within this range depending upon the dosage
form employed and the route of administration utilized.

Combination Treatments

{00330] In certain instances, it is appropriate to administer at least one compound deseribed herein in
combination with another therapeutic agent. By way of example only, it one of the side effects
experienced by a patient upon receiving one of the compounds herein is inflammation, then, in some
embodiments, it is appropriate to admipister an anti-inflammatory agent in combination with the
initial therapeutic agent. In some embodiments, the therapeutic effectiveness of one of' the
compounds described herein is enhanced by adnunistration of an adjuvant (ie., in some
embodiments, by itsel{ the adjuvant has minimal therapeatic benefit, but in combination with
another therapeutic agent; the overall therapeutic benefit to the patient is enhanced). In certain
embadiments, the benefit experienced by a patient is increased by administering one of the
compounds described herein with another therapeutic agent {(which also includes a therapeutic
regimen) that also has therapeutic benefit. In some embodiments, regardless of the disease, disorder
or condition being treated, the overall benefit experienced by the patient as a result of a combination
treatment s additive or synergistic.

[DO331} In certain embodiments, therapeutically-effective dosages vary when the drugs are used in
treatment combinations. In some embodiments, therapeutically-effective dosages of drugs and other
agents for use in combination treatment regimens is determined in any suitable manner, e.g., through
the use of metronomic dosing, i.e, providing more frequent, lower doses in order to minimize toxic
side effects. In some embodiments, combination treatment regimen described herein encompass
treatment regimens in which administration of a PARP inhibitor described herein is initiated prior
to, during, or after treatoent with a second agent described above, and continues until any time
during treatment with the second agent or after termination of treatment with the second agent. It
also meludes treatments in which a PARP inhibitor described herein and the second agent being
used in combination are administered simultaneously or at different times and/or ut decreasing or
increasing intervals during the treatrent period. Combination treatment further includes periodic
treatments that start and stop at various times to assist with the clinical management of the patient.
For example, in some embodiments, a PARP inhibitor described herein in the combination treatment
is administered weekly at the onset of treatment, decreasing to biweekly, and decreasing further as
appropriate.

{00332} In certain embodiments, compositions and methods for combination therapy are provided

herein. In accordance with one aspect, the pharmaceutical compositions disclosed herein are used to
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in a method of treating a PARP mediated disease or condition or a disease or condition that is
ameliorated by inhibition of PARP. In accordance with certain aspects, the pharmaceutical
compositions disclosed herein are used to treat vaseular disease; septic shock; ischaemic injury;
reperfusion injury; nearotoxicity; hemorrhagic shock: inflanimatory diseases; multiple sclerosis;
secondary effeets of diabetes: and acute treatment of evtotoxicity following cardiovascular surgery.
In a certain aspect, the pharmaceutical compositions disclosed herein are used in combination, either
simultaneously or sequentially, with tonizing radiation or one or more chemotherapeutic agents.
{00333} In certain embodiments, combination therapies described herein are used as partof a
specific treatment regimen intended to provide a beneficial effect from the co-action of a PARP
inhibitor described herein and a concurrent treatment. It is understood that the dosage regimen to
treat, prevent, or ameliorate the condition(s) for which relief is sought, is optionally modified in
accordance with a variety of factors.

{08334] In certain combination therapies desceribed herein, dosages of the co-administered
compounds vary depending on the type of co-drug employed, on the specific drug emploved, on the
disease or condition being treated and so forth. In some embodiments, when co-administered with
one or more biologically active agents, the compound provided herein is administered either
simuitanecusly with the biologically active agent(s), or sequentially. In certain aspects wherein the
agents are administered sequentially, the attending physician will decide on the appropriate
sequence of administering protein in combination with the biologically active agent(s).

[00335] in various embodiments, the multiple therapeutic agents (one of which is one of the
compounds described herein) are administered in any order or even simultaneously. In certain
instances, administration is simultancous and the multiple therapeutic agents are, optionally,
provided in a single, unified form, or in multiple forms (by way of example only, either as a single
pill or as two separaie pills). In some embodiments, one of the therapeutic agents is given in
multiple doses, or both are given as multiple doses. In some instances, administration is not
simultaneous and the Uming between the multiple doses varies, by way of non-limiting example,
from more than zero weeks to less than four weeks, In addition, the combination methods,
compositions and formulations are not to be limited to the use of only two agents; the use of
multiple therapeutic combinations are also envisioned.

{00336 In additional embodiments, the compounds described herein are used in combination with
procedures that provide additional or synergistic benefit to the patient. By way of example only,
patients are expected to find therapeutic and/or prophylactic benefit in the methods described herein,
wherein pharmaceutical composition of a compound disclosed herein and/or combinations with
other therapeutics are combined with genetic testing to determine whether that individual is a carrier

of a mutant gene that is known to be corvelated with certain diseases or conditions.
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j003371 In certain embodiments, the compounds deseribed herein and combipation therapies. are
administered before, during or after the occurrence of a disease or condition. In certain
embodiments, the timing of administering the composition containing a compound varies. Thus, for
example, in some embodiments, the compounds are used as a prophyvlactic and are administered
continuously to subjects with a propensity to develop conditions or diseases in order to prevent the
occurrence of the disease or condition. In some embodiments, the compounds and compositions are
administered to a sabject during or as soon as possible after the onset of the symptoms. In certain
emboidiments, the administration of the compounds is initiated within the first 48 hoars of the onset
of the symptoms, within the first 6 hours of the onset of the symptoms, or within 3 hours of the onset
of the symptoms. The initial administration 1s achieved via any route practical, such as, for exanple,
an intravenous injection, a bolus injection, infusion over 5 minutes to about 5 hours, a pill, 2 capsule,
transdermal patch, buccal delivery, and the like, or combination thereof. In some embodiments, a
compound is administered as soon as is practicable after the onset of a disease or condition is
detected or suspected, and for a length of time necessary for the treatment of the disease, such as,
from about 1 month to about 3 months. In certain embodiments, the length of treatment varies for
cach subject, and the length is deterined using any criteria. In exemplary embodiments, a
compound or a formulation containing the compound is administered for at least 2 weeks, for about
I month to about 5 vears, or for about 1 month to about 3 years,

Other Combination Therapies

{06338] In certain embodiments deseribed hevein, methods for treatment of PARP mediated
conditions or diseases, such as proliferative disorders, including cancer, include administration to a
patient compounds, pharmaceutical compositions, or medicaments described herein in combination
with at least one additional agent selected from the group consisting of alemtuzumab, arsenic
trioxide, asparaginase (pegylated or non-), bevacizumab, cetuximab, platimum-based compounds
such as cisplatin, cladribine, daunorubicin/doxarubicin/idarabicin, irinotecan, fludarabine, 5~

i ™

tfluorouracil. gemtuzumab, methotrexate, Paclitaxel’™, taxol, temozolomide, thioguanine, or classes

of drags including hormones {(an antiestrogen, an antiandrogen, or gonadotropin releasing hormone
analogues, interferons such as alpha interferon, nitrogen mustards such as busulfan or melphalan or
mechlorethamine, retinoids such as tretinoin, topoisomerase inhibitors such as irinotecan or
topotecan, tyrosine kinase fnbibitors such as gefinitinib or imatinib, or agents to treat signs or
symptoms induced by such therapy including allopurinel, filgrastim,
granisetron/ondansetron/palonosetron, and dronabinol.

Kits/Articles of Manufacture

[06339] For use in the therapeutic applications described herein, Kits and articles of manufacture are
also described herein. In various embodiments, such kits comprise a carrier, package, or container

that is compartroentalized to receive one or more containers such as vials, tubes, and the like, each
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of the container(s) comprising one of the scparate clements to be used in a method described herein.
Suitable containers include, tor example, bottles, vials, syringes, and test tubes. In some
embodiments, the containers are formed from a variety of materials such as glass or plastic.

{00340] v some cmbodiments, the articles of manufacture provided herein contain packaging
materials. Packaging materials for use in packaging pharmaceutical products include, but are not
himiated to, blister packs, botiles, tubes, inhalers, pumps, bags, vials, containers, syringes, bottles, and
any packaging material suitable for a selected formulation and intended mode of administration and
treatment.

[00341} In some embodiments, the container(s) deseribed herein comprise one or more compounds
described herein, optionally in a composition or in combination with another agent as disclosed
herein. The container(s) optionally have a stertle access port (for example in some embodiments the
container is an intravenous solution bag or a vial having a stopper pierceable by a hypodermic
injection needle). Such kits optionally comprise a compoond with an identifying description or label
or instractions relating to #ts use in the methods described herein.

{00342} In some embodiments, a kit will comprises one or more additional containers, each with one
or more of various materials (such as reagents, optionally in concentrated forny, and/or devices)
desirable from a commercial and user standpoint for use of a compound described herein. Noo-
hmiting examples of such materials include, but are not limited to, buffers, diluents, filters, needles,
syringes; casrier, package, container, vial and/or tube labels listing contents and/or instructions for
use, and package inserts with instructions for use. A set of instructions is optionally included.
[80343] In certain embodiments, a label i5 on or associated with the container. In some
embodiments, a label is on a container when letters, numbers or other characters forming the label
are attached, molded or etched into the container itselft a label is associated with a container when it
is present within a receptacle or carrier that also holds the container, e.g., as a package insert, In
certain embodiments, a label indicates that the contents are to be used for a specific therapeutic
application. In some embodiments, the label indicates directions for use of the contents, such as in
the methods described herein,

100344} In certain embodiments, the pharmaceutical compositions are presented in a pack or
dispenser device which contains one or more unit dosage forms containing a compound provided
herein. In some embodiments, the pack contains a metal or plastic foil, such as a blister pack. The
pack or dispenser device is optionally accompanied by instructions for administration, In some
embodiments, the pack or dispenser is accompanied with a notice associated with the container in
form prescribed by a governmental agency regulating the manufacture, use, or sale of
pharmaceuticals, which notice is reflective of approval by the agency of the form of the drog for
human or veterinary administration. In certain embodiments, sach notice is, for example, the

labehing approved by the U.S. Food and Drug Administration for prescription drugs, or the approved
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product insert. In some embodiments, compositions containing a compound provided herein are
formulated in a compatible pharmaceutical carrier and are placed ip an appropriate costainer labeled
for treatment of an indicated condition.
EXAMPLES
{00345] The following Examples are intended as an iustration of the various embodiments as
defined in the appended claims. In some embodiments, the compounds are prepared by a variety of
synthetic routes. All publications, patents, and patent applications cited herein are hereby
incorporated by reference for all purposes.
EXAMPLE 1

Example 1a: Pareoteral Composition
{00346} To prepare a parenteral pharmaceutical composition suitable for adnunistration by
mjection, 100 mg of a water-soluble salt of a compound described herein is dissolved in DMSO and
then mixed with 10 mL of 0.9% sterile saline. The mixture is incorporated into a dosage uuit form
suitable for administration by injection.

Example 1b: Oral Composition
00347} To prepare a pharmaceutical composition for oral delivery, 100 mg of a compound
described herein is mixed with 750 mg of starch. The mixture is incorporated into an oral dosage
unit for, such as a hard gelatin capsude, which is suitable for oral administration.
Example tc: Sublingual (Hard Lozenge) Composition

{00348] To prepare a pharmaceutical composttion for buceal delivery, such as a hard Jozenge, mix
100 mg of a compound deseribed herein, with 420 rag of powdered sugar mixed, with 1.6 mL of
light com syrup, 2.4 mL distilied water, and 0.42 ol mint extract. The mixture is gently blended
and poured inte a mold to form a lozenge suitable for buccal administration,

Example id: Inhalation Composition
[803491 To prepare a pharmaceutical composition for inhalation delivery, 20 mg of a compound
deseribed herein is mixed with 50 mg of anhydrous citric acid and 100 mL of 0.9% sodiam chloride
solution. The mixture is incorporated into an inhalation delivery unit, such as a nebulizer, which is
suitable for inhalation administration.

Example le: Reetal Gel Composition
[80350] To prepare a pharmaceutical composition for rectal delivery, 100 mg of 2 compound
described herein is mixed with 2.5 g of methyleelivose (1500 mPa). 100 mg of methylparapen, 5 g
of glycerin and 100 mL of purified water. The resulting gel mixture is then incorporated into rectal
delivery units, such as syringes, which are suitable for rectal administration.

Example {f: Topical Gel Compasition
[60351] To prepare a pharmaceutical topical gel composition, 100 mg of a compound described

herein is mixed with 1.75 g of hydroxypropy! cellulose, 10 mL of propvlene glycol, 10 mL of
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isopropyl myristate and 100 mb of purified alcohol USP. The resulting gel mixture 15 then
incorporated into containers, such as tubes, which are suitable for topical admindstration:
Example 1g: Ophthalmic Solution Composition
j00352] To prepare a pharmaceutical ophthalmic solution composition, 100 mg of a compound
described herein is mixed with 0.9 g of NaCl in 100 mL of purified water and filtered using a 0.2
micron filter. The resulting isotonic solution is then incorporated into ophthalmic delivery units,
such as eye drop containers, which are suitable for ophthalmic adovaistration,
Example 2
2.9-Diphenyl-8,9-dihydro-2 H-pyrido[4,3.2-de ]phthalazin-3(7H)}-one
Example 2A
4-Nitrpisobenzofuran-1 (3 H-one

{D0353] A suspension of sodium borohydride (0.757 g, 20 mmol) in anhydrous tetrabydrofuran (120
k) was cooled to 0 °C. A solution of 4-nitrobenzofuran-1,3-dione (6.18 g, 32 mmol) in anhyvdrous
tetrahydrofuran (30 ml. ) was then added dropwise to the suspension. After the addition, the mixture
was allowed to str at this temperature for 3 hr, The reaction was quenched with 3N hydrochloric
acid {to pH=1). Water (40} mL) was added to the mixtore and stirred for 1 hr. Tetrahydrofuran was
removed under reduced pressure. The residue was partioned between water (150 mL) and ethyl
acetate {150 mwl>3). The combined organic layers were washed with brine, dried over anhivdrous
sodium sulfate, concentrated to give crude produet. The erude product was purified by
chromatography (sitica gel, petroleum ether / ethyl acetate = 2011 to 2:1) to give 4-
nitroisobenzofuran-1(3H)-one (4.2 g, vield 73%4) as a white sofid. MS (ESD méz: 180(M+1)". 'H-
NMR (400MHz, CDCH) § 5.77 (s, 3H), 7.32-7.34 (d, /8.4 Ha, 1H), 7.81-7.85 (1, /= §.0 Hz, {H),
8.29(d, /= 8.0 Hz, 1H), 855(d, /= 8.0 Hz, 1T).

Example 2B

4-Aminoisobenzofuran- 13 FD-one

{00334} A suspension of d-nitroisobenzofuran-1{3H)-one (1.0 g, 5.58 mmol) and 10% Pd/C (0.1 g)
in ethyl acetate (30 ml.} was purged in latm hydrogen and stirred at 25 °C for 3 hr. The mixture was
filtered, and the filtrate was concentrated to give 4-aminoisobenzofuran-1{3F-one (0.8 g. yield
96%) as a off-white solid. MS (EST) mv/z: 150(M+1Y". 'H-NMR (400 MHz, CDCL) 5 3.82 (s, br | H),
5.19 (s, 3H), 6.91-6.95 (m, 1H), 7.32-7.36 (m, 2H).

Example 2C
Methyl 4-0x0-2,3-diphenyi-1,2.3 4-tetrahydroquinoline-3-carboxylate and ethyl 4-0x0-2,3-diphenyl-

1.2.3 A-tetrahvdroquinoline~-S-carhoxylate

{80355 A mixtere of 4-anunoisobenzofuran-1(3H)-one (0.4 g, 2.68 mmol) and benzaldehyvde (0.72
g, 6.7 mmol) in ethyl propionate (20 mL) was cooled to § *C. Then a solution of sodium methoxide

in methanol fsodivm (248 mg, 10.72 mmol) in methanol (20 mL}] was added dropwise. After the
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addition, the mixture was heated at reflux for 16 hr. The mixture was quenched with water (10 mL)
and solvent was removed in vacuum. The residue was dissolved 1o water, acidified with IN
hydrochloric acid to pH =6, then extracted with ethyl acetate (50 mL»3). The combined organic
fayers were washed with brine, dried over anhydrous sodium sulfate, and concentrated to give crude
product. The crude product was purified by prep-HPLC to give methy! 4-0x0-2,3-diphenyl-1,2,3,4-
tetrahydroquinoline-5-carboxylate (256 mg, yield 27%) and ethyl 4-0x0-2,3-diphenv]-1,2,3 4-
tetrahydroguinolive-5-carboxylate (140 mg, yield 14% } as a light vellow sofid. Methyl 4-ox0-2.3-
diphenyi-1,2.3,4-tetrahydroquinoline-5-carboxylate: MS (ESI) mo/z: 338(M+ 1), "TH-NMR (400MHz,
CDCL) 8 3.86 (s, 3H), 3.95-3.98 (d, /=164 Hz, 1H). 4.81-484 (d. J=12.8 Hz, 1H), 4.89 (s, br
1H), 6.72-6.77 (m, 2H), 6.90-6.93 {m, 2H), 7.11-7.21 (m, 8H), 7.34-7.36 (1, S = 7.8 Hz, 1H).
Example 2D

8.9-Dipheny!-8,9-dihydro-2H-pyridof[4,3 2-de]phthalazin-3(7H)-one
{00356] A mixture of methyl 4-ox0-2,3-diphenyl-1,2,3, 4-tetrabydroguinaline-S-carboxylate (100
mg. nunol) in hyvdrazine monohydrate (25 ml.) was beated to reflux for 20 hr. The mixtore was
diluted with water (311 mL), extracted with ethy! acetate (30 mU#3). The combined organic layers
were washed with brine, dried over anhydrous sodium sulfate, and concentrated to give crude
product. The crude product was puriticd by chromatography (silica gel, petroleum ether / ethyl
avetate = 2(n 1 to 8:1) to give 8,9-diphenyl-8,9-dihydro-2 H-pyrido[4.3 2~deiphthalazin-3( 7 H)-one
{15.6 myg, vield 16%) as a white solid. MS (ESI) m/z: 340(M+1)". "H-NMR (400 MHz, CDCL) 8

L 4.22-4.25 (d, J= 9.6 Hz, 1H), 4.66-4.69 (d, J= 9.6 Hz, 1H), 7.02-7.06 (m. 3H), 7.16-7.26 {m, 1),

7.57-7.61(t,.J= 7.8 He, 1H), 7.74-7.76 (d, J= 7.6 Hz, 1H), 9.82 (s, 1H).
Example 3
8.9-Bis(4-({methylaminomethylyphenyl-8,9-dihydro-2 H-pyrido(4,3 2 -de |phthalazin-3(7H)-one
Example 3A
Methyl 2,3-bis(4{-(diethoxymethyl)phenyl}-4-ox0-1,23, d-tetrahydroquinoine-S-carboxylate and
ethyd 2,3-bis(d(-(diethoxymethyl)phenyl)-4-ox0-1.2.3 d-tetrahydroquinoline-5-carboxylate

{86357 A muxiure of 4-aminoisobenzofuran-1{3H)-one (298 mg, 2 mmol) and 4-
{diethoxymethyDbenzaldehyde (1.04 g, 5 mmol) in ethyl propionate (15 ml) was cooled to 0 °C. A
solution of sodium methoxide in methanol {sodium (184 mg, 8 mumol) in methanol {15 mL) was
then added dropwise. After the addition, the mixture was stirred at 25 °C for 16 hr. The mixturs was
quenched with water (10 mL} and solvent was removed in vacuum. The residue was dissolved in
water, and then extracted with ethyl acetate (50 mL»3). The combined organic layers were washed
with brine. dried over anhydrous sodium sulfate, and concentrated to give crude product. The crude
product was purified by chromatography (silica gel. petroleum ether / ethy! acetate = 100:1 to 10:13
to give methyl 2,3-bis(4(-(dicthoxymethylphenyl)-4-0x0-1,2.3 4-tetrabydroquinoline-S-carboxylate

-

and ethyl 2,3-bis(H{(diethoxymethylipheny!)-4-0x0-1,2.3 4-tetrahydroquinoline-5-carboxylate (240
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mg together, yvield 21%) as a light yellow solid. LC-MS (ESI) miz: S62(M+1) (methyl 2,3-bis(4{-
(diethoxymethyl)pheny{)-4-oxo-1,2,3 4-tetrahydroquinoline-5-carboxylate); ST6(M+1) (ethyl 2.3-
bis{4(-(diethoxymethyDphenyl)-4-oxo-1,2,3,4-tetrabydroguinoline-S-carboxylate).

Example 3B
8.9-Ris(4-(diethoxymethyphenyl-8,9-dibydro-2H-pyrido[4,3 2-de]phthalazin-3(7TH)-one
[00358] A mixture of methyl 2,3-bis(4(~(diethoxymethyDpbenyl-4-ox0-1,2,3 4-tetrahydroquinoline-

S-carboxvylate and ethyl 2,3-bis(4{-(diethoxymethyDphenyh-4-0x0-1,2 3 4-tetrahydroquinoling-5-
carboxylate (240 mg, 0.43 mmol) in hydrazine monohydrate (5 mLY and methanol (5 mb) was
stirred at 40 “C for 2 br, The mixture was cooled to room temperature and filtered to give the 8,9-
bis{4-{dicthoxvmethyDphenyl-8 9-dihydro-2 H-pyridol4,3,2-dephthalazin-3(7 Hy-one (120 mg, yield
52%) as a light yellow solid. LC-MS (ESD) m/z: 544(M-+1)", MS (BSI} mve 381 [MHHT
Example 3C
4.4°-(3-0x0-3,7.8 9-tetrahydro-2 H-pyridof4 3, 2~-delphthalazine-8 9-divi)dibenzaldehvde
{00359 A mixture of 8,9-bis(4-(diethoxymethyl)phenyl-8.9-dihydro-2 H-pyrido{4,3 2-dephthalazin-
3(7H)-one {120 mg, 0.22 mmeol} in 3N hydrochloric acid (5 ml.} was stirred at room temperature for
3 hr. Then the mixture was neutralized (hasitied) with potassium carbonate to pl = 8. The resulting
suspension was filtered to give 4,4°-{3-0x0-3,7.8,9tetrahydro-2 H-pyrido[4.3,2-deIphthalazine-8,9-
diyDdibenzaldehyde (80 mg, vield 97%) as a fight yellow solid. LC-MS (EST) m/z: 306(M+1)".
Example 3D
8,9-Bis{4-((methylaminoymethyDphenyt-8,9-dihydro-2 H-pyrido|4,3.2~de]phihalazin-3( 7H)-one
[00360} A mixture of 4,4°-(3-0x0-3,7,8, 9-tetrahydro-2-pyridof4,3,2-de|phthalazine-8§,9-
diyljdibenzaldehyde (80 mg, 0.21 mmol) and 27% methylamine alcohol solution (94 mg, 0.82
mmotl} in methanol (10 mL) was stirred at room temperature for 40 min. The mixture was then
cooded to 0 °C. Sodiom borohydride (24 mg, 0.64 mmol} was added. After the addition, the mixture
was stirred at room temperature for 4 hr. Methano! was removed under reduced pressure. The
residue was washed with ethyl acetate and filtered, The filtrate was concentrated to give 8,9-bis(4-
({methylamino)methy Dphenyl-8,9-dihydro-2 H-pyridof4,3,2-deiphthalazin-3(7TH)-one (29.5 mg,
vield 33%5) as a light vellow solid. 'H-NMR (400 MHz DMSO-46) § 2.20 {d,./= 8.8 Hz 6H), 3.32-
3.53(d, J=2.4 Hz, 4H), 431433 (d, J= 6.4 Hz, 1), 4.76-4.77 (d, J= 6.4 Hz. 1H), 7.06-7.08 (d, J
= 6.4 Hz, ZH), 7.12-7.17 (m, SH), 7.35-7 38 (t, J= 6.4 Hz. 2H), 7.49-7.57 (t, /= 10.0 Hz, 1H); LC-
MS (EST) miz 426(M+1Y"
Example 4
8.9-Di(pyridin-4-y1)-8,9-dihvdro-2 H-pyrido[ 4,3, 2~de Iphthalazin-3(7H-one
Example 4A
Methyl 4-0x0-2,3-di{pyridin-4-y1)-1,2,3 4-tetrahydroguinoline-5-carboxylate and ethyl 4-0x0-2,3-

di{pyridin-4-y1)-1,2,3 4-tetrahydroquinotine-5-carboxylate
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1603611 A mixture of 4-aminoisobenzofuran-1{3)-one (149 mg, 1 mmol) and aicotinaldehyde (2638
mg, 2.5 mmol) in ethyl propionate (10 L)) was cooled to 0 °C. Then a solution of sodium
methoxide in methanol [sodium (93 mg, 4 munol) in methanol (3 ml)] was added dropwise. After
the addition, the mixture was stirred at 25 °C for 16 hr. The mixture was quenched with water (8
ml.) and solvent was removed in vacuum. The residue was dissolved in water, and then extracted
with ethyl acetate (50 mLx3). The combined organic layers were washed with brine, dried over

anhydrous sodium sulfate, and concentrated to give crude product. The crude product was purified

(60 mg, yield 17%) and ethyl 4-0x0-2,3-di(pyridin-4-y1)-1,2.3 4-tetrahydroquinoline-S-carboxylate
{4 mg, vield 1%) as a lght yellow sobid. LC-MS (EST) mv/z: 360(M+ 1Y ( methyl 4-0x0-2,3-
di{pyridin-4-y13-1,2,3 4-tetrahydroquinoline-5-carboxylate), 374(M+1Y ( ethyl 4-0x0-2,3-di{pyridin-
4-y1)-1,2.3 4-tetrahvdroquinoline-S-carboxylate).
Example 4B
8.9-Di{pyridin-4-y1)-8,9-dihydro-2H-pyrido|4,3,2~de|phthalazin-3(7TH-one
003621 A mixture of methyl 4-ox0-2 3-di{pyridin-dey1}-1,2, 3. 4-tetrahydroquinoline-S~carboxylate
and ethyl 4-ox0-2,3-di(pyridin-4-v1)-1,2,.3 4-tetrahydroguinoline-5-carboxvlate (60 mg, 0.17 mmaol)
in hydrazine monohydrate {7 mL) was heated to reflux for 4 hr. Then the mixtore was cooled to
room temperature and solvent was removed in vacuum to give crude product. The crude product was
purified by pre-HPLC to give 8,9-di(pyridin-d-v1}-8,9-dihydro-2 H-pyridof4,3.2-de |phthalazin-
3(7H-one (15 mg, vield 68%) as a light vellow solid. 'H-NMR (400 MHz, DMSO)} § 4.46-4.48 (4,
=384 Hz, 1H), 4.90-4.92 (d, J= 8.4 Hz, IH), 7.16-7.20 (m, 3H), 7.32-7.34 (d, J= 5.2 Hz, 2H),
7.40-7.42 (<, F= 84 Hz, 1H). 7.55 (s, 1H). 7.59-7.63 (1, ./ = 8.0 Hz, 1H), 8.40-8.40(d, 7= 5.2 Hz,
2H), 8.44-8.45 (d, ./ = 3.2 Hz, 2H). LO-MS {(EST) nv/z: 342(M+1)".
Example §
8.9-Di{pyridin-3-y1}-8,9-dihvdro- 2 pyride[4.3,2-de Jphthalazin-3( 7T F-one
Example 5A
methyl 4-ox0-2,3-di{pyridin-3-yi}-1.2,3 d-tetrahydroquinoline-S-carboxylate and ethyl 4-0x0-2,3~
di(pyridin-3-yD-1,2.3 4-tetrahydroquinoline-5-carboxylate

{09363] A mixture of 4-aminoisobenzofuran-1{3H)-one (298 mg, 2 nunol) and nicotinaldebyde (535
mg, 5 mmol) in ethyl propionate (15 ml.) was cooled to 0 °C. A solution of sodium methoxide in
methanol {sodium (184 mg, & mmol} in methanol (15 mL)] was then added dropwise. After the
addition, the mixture was stirred at 25 °C for 16 hr. The mixture was quenched with water (10 mL)
and solvent was removed in vaceum. The residue was dissolved in water, and then extracted with
etbyl acetate (50 mL=3). The combined organic layers were washed with brine, dried over
anhydrous sodium sulfate, and concentrated to give crude product. The crude product was purified

by chromatography (silica gel, petroleum ether / ethyl acetate = 100:1 to 10:1) to give methy! 4-oxo-
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2, 3-di{pyridin-3-y1)-1,2,3 4-tetrabydroquinoline-3-carboxylate and ethyl 4-0x0-2,3«di{pyridin-3-yi)-
1,2.3 4-tetrahydroquincline-5-carboxyiate (480 mg together, yield 67%%) as a lght yellow solid. LC-
MS (ESD m/z: 360 (M+1)" (methyl 4-ox0-2 3-di{pyridin-3-v1)-1,2.3 d-tetrahydroquinoline-5-
carboxylate}; 374 (M+1) (ethyl 4-0x0-2,3-di{pyridin-3-y1}-1,2,3 4-tetrahydroquinoline-5-
carboxylate}.
Example 5B
8.9-Di(pyridin-3-v1)-8,%-dihydro-2 H-pyridof4,3,2-dephthalazin-3(7H-one
{00364} A mixture of methyl 4-ox0-2,3-di{pyridin-3-y1)-1,2.3 d-tetrahvdroquinoline-5-carboxylate
and ethyl 4-oxo0-2,3-di(pyridin-3-yi}-1.2,3 4-tetrahydroquinoline-S-carboxylate (480 mg, 1.34 mmol}
in hydrazine monohydrate (20 mL) and methanol (3 mL) was heated to reflux for 2 hr. The mixture
was then cooled to room temperature and filtered to give 8,9-di(pyridin-3-y1)-8,9-dihydro-2 H-
pyrido{4,3,2-dejphthalazin-3(7Hi-one (320 mg, vield 68%)as a light yellow solid. "H-NMR (400
MHz, DMSO-d6) § 4.51-4.53 (d, /= 8.4 Hz, 1H). 4.89-4.91 (d../ = 8.4 Hz, 1H), 7.18-7.20 {m, 1H),
724727 (m, TH), 738733 (m, 1H), 7.43-7.44 (m, 1H), 7.60 (s, 1H), 7.58-7.63 (m, 2H), 7.79-7 81
{m, 1H), 8.32-8.34 (m, 2H}), 8.41-8.43 (m, 1H), 8.45-8.46 (d,.7= 1.6 Hz, 1H); LC-MS {(ESD m/x:
342(M+1Y".
Example 6
8.9-Difpyridin-2-y1)-8 9~dihydro-2 H-pyridof4,3,2-de|phthalazin-3(7H)-one
Example 6A
methyl 4-0x0-2,3-di{pyridin-2-y1)-1,2.3 4-tetrahvdroquineline-S-carboxylate and ethyl 4-0x0-2,3-
difpyridin-2-¥1)-1,2.3 4-tetrahydroquinoline-5-carboxylate
[00363] A mixture of 4-aminoisobenzofuran-1(3H)-one {149 mg. | mmol) and nicotinaldehyde (268
mg, 2.5 punol) in ethyl propionate {10 ml.) was cooled to 0 °C. A solution of sodium methoxide in
methanol {sodium (93 mg, 4 mmel) in methanol (3 mL)} was then added dropwise. After the
addition, the mixtare was stirred at 25 °C for 16 hr. The mixture was quenched with water (5 L)
and solvent was removed in vacuum. The residue was dissolved in water, and then extracted with
ethyl acetate {50 mLx3). The combined organic lavers were washed with brine, dried over
anhydrous sodium sulfate, and concentrated to give erude product. The crude product was purified
by prep-HPLC to give methyl 4-ox0-2,3-di{pyridin-2-yi)-1 2.3 d-tetrahydroguinoline-S-carboxylate
{72 mg, yield 20%) and ethyl 4-ox0-2,3-di{pyridin-2-v1)-1,2.3 A-tetrabydroquinoline-3-carboxylate
(14 mg, yield 3%) as a light yellow solid. LC-MS (ESI) nv/z: 360(M+1)" (methy! 4-0x0-2,3-
di(pyridin-2-y1)-1,2,3 d-tetrahiydroguinoline-S-carboxylate); 374(M+1)" (ethyl 4-0x0-2,3-di( pyridin-
2-y1)-1,2 3, d-tetrabydroquineline-S-carboxylate).
Example 6B
8.9-Di(pyridin-2-y1)-8,9-dihydro-2H-pyrido[4.3,2-de |phthalazin.3( 7 H)-one

SO
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[00366] A mixture of methyl 4-ox0-2,3-di{pyridin-2-y1}-1,2,3 4-tetrahvdroguinoline-5-carboxylate
and ethyl 4-ox0-2 3-dipyridin-2-y1)-1,.2,3 d-tetrahydroquinoline-5-carboxylate (68 mg, 0.19 mmol)
in hydrazine monohydrate (7 mL} was heated to reflux for 4 hr. Then the mixture was cooled to
room temperature and solvent was removed in vacuum to give crude product. The crude product was
purified by pre-HPLC to give 8.9-di{pyridin-2-y1)-8,9-dilivdro-2 H-pyridof4,3,2-de lphthalazin-
HTH-one (24 myg, vield 37%) as a light yvellow solid. "H-NMR (400 Mz, DMSO)Y 3542543 (4, J
= 5.2 He, THY, 5.56-5.57 (d, J= 5.2 Ha, 11, 7.30-732 (i, J= 8.0 He, 11D, 7.37-7.39 (d, /= 8.0 Hz,
TH), 7.63-7.66 (1, /= 6.6 Hz, 1H), 7.68-7.70 (m, 2H), 7.78-780 (d, J= 7.2 Hz,1H}, 7.87-7.89 {d, /=
8.0 Hz, 1H), 8.11-8.16 {m, 2H), 8.66-8.67 (d. J=4.8 Hz, 1H), 8.74-8.76 (d, J = 5.6 Hz, 1H); LC-MS
(EST) miz: 342(M+1).

Example 7

9-1sopropyl-8-phenyl-8 Y-dihydro-2 H-pyrido[4.3,2-delphthalazin-3( 7 H}-one
Example 7A
(£)-4-(Benzylidencamino}isobenzofuran-1{3 ) -one

{00367 d-amminoisobenzofuran- 1{3H)-one (600 mg, 4 mmol), benzaldehyde (427 myg, 4 mmol) were
added to methanol (20 mL) and stirred under reflux overnight, then the mixture was evaporated
under reduced pressure and the residue was dried fn vacuum. 600 mg of crude product (£)-4-
(benzylidencaminojisobenzofuran-1(3 H)-one was obtained which was used for the next synthetic
step without further purification.

Example 7B

Methyl 3-isapropyl-4-oxo-2-phenyl-1,2.3 A-tetrahydroquinoline-5-carboxylate

[00368] d-(benzylideneamino)isobenzofuran-1{(3H)-oue (237 mg, | mmol), isobutyraldehyde (216
mg,3 mmol), sodivin methanolate (162 mg, 3 mmol) and ethyl propionate (20 mL) were added and
the mixture was stirred at room temperature overnight. Then the resulting mixture was evaporated
under reduced pressure and extracted with ethy! acetate (100 mi.x4) and concentrated. The crude
product was purified by coluron chromatography (silica gel, petroleur cther / ethyl acetate = 20:1 to
5:1). 35 mg of solid methyl-3-isopropyl-4-oxo-2-phenyl-1,2.3 4-tetrahydroquineline-5-carboxylate
was obfained. (vield: 11%). LC-MS (ESD m/z: 308(M+1)".

Example 7C

9-1sopropyl-8-phenyl-8,9-dihydro-2 H-pyrido[4,3,2-dephthalazin-3(7I)-one

(003691 Methyl 3-isopropyl-4-oxo-2-phenyl-1,2,3 4-tetrahydroquinoline-S-carboxylate (35 mg, 1
mmol} and hydrazine monobydrate (20 mL) were added and the mixture was stirred under 40 °C for
3 b. The resulting mixture was extracted with ethyl acetate (100 mL>4) and concentrated, purified
with prep-HPLC. 7 mg of solid 9-isopropyl-8-phenyl-8,9-dihydro-2 FH-pyrido{4,3,2-de | phthalazin-
3(TH)-one was obtained (yield :15%). "H-NMR {400 MHz, DMSO-d6): 8 0.82-0.83 (d, J= 5.2 Hz,
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3HD, 115117 4(d, J= 5.2 Hz, 3H), 1.89-1.93 {m, 1H), 2.73-2.73 (d, /= 6.0 Hz, 1H), 4.83 (s, 1H),
TAE7.26 (m, TH), 7.51-7.54 (m, 2H), 12,11 (s, TH). LC-MS (ESD m/z: 306 (M+1)"

Example 8

9-(4-((Methylamino)methyDpheny}-8-phenyl-8,9-dibydro-2 H-pyrido{4.3  2-de | phthalazin-3(7H)
one and 9-(4-({dimethylanuno)methyphenyl)-8-phenyl-8,9-dihydro-2 Hepyvrido{4,3,2-
delphthalazin-3(7H)-one
Example BA
1-(4-{Diethoxymethyphenyl}-N-methylmethanamine

{00378} A mixtore of 4-(diethoxymethyhbenzaldehvde (1.04 g, 5 nunol) and methylamine (27-32 %
salution i methanol, 2.3 g, 20 mmol) in methanol (20 mL) was stitred at room temperature for 40
mins. The mixture was cooled to 0 °C, sodium borohydride (0. 284 g, 7.5 mumol) was added
portionwise, After the addition, the mixture was stirred at room temperature for 4 hr. Methanol was
removed under reduced pressurs. The residue was partitioned between water (530 ml) and ethyl
acetate {30 mL). The organic layer was separated. The agueous layer was extracted with ethyl
acetate (30 mL»3). The combined organic lavers were washed with brine, dried over anhydrous
sodium sulfate, and concentrated to give crude 1-(4-(digthoxymethyDphenyl)-N-
methylmethanamine (1.1 g) as a light vellow oil which was used in the next step without further
purification. LC-MS (ES1) m/z: 224(M+1)",

Example 8B

Benzyl 4~(diethoxymethyljbenzyl(methyDearbamate

{00371] To astivred solution of I-(4-{dicthoxymethyvlphenyl)-Nanethylmethanamine (1.1 ¢, 4.9
mmol) and triethylamine (0.75 g, 7.35 mmol) in anhydrous dichloromethane (10 ml.) was added
benzyl carbonochloridate (1.0 g, 5.88 sumol) at 0 “C. After the addition, the mixture was allowed to
stir af room temperature overnight, The mixture was diluted with dichloromethane (50 mL), washed
with water (50 mLx3), brine (50 mL), dried over anhydrous sodium sulfate, and concentrated to give
crude product which was purified by chromatography {silica gel, petroleum ether / sthyl acetate =
100:1 to 20:1) 1o give benzyl 4-(diethoxymethyDbenzyl{imethycarbamate (1.0 g vield 57% for
two steps) as & light vellow oil. "H-NMR (400 MHz, CDCL} &: 3.82 (s, br LH), 5.19 (s, 3H), 6.91-
6.93 (m, 1H), 7.32-7.36 (m, 2H); LC-MS {(EST) mv/z: 358(M+1)".

Example 8C

Benzyl 4-formyibenzy i methyvlicarbamate

{60372} "The mixture of benzyl 4-(diethoxymethyiibenzyi(methyljcarbamate (1.0 g, 2.8 mmol) in
3N hydrochloric acid (50 mi) was stirring at room temperature for Th. Then the mixture was
neulralized with Potassium carbonate, The resulting mixture was extracted with ethyl acetate (100
mi.x4), the organic phase was washed with water and saturated sodiam bicarbonate, dried with

anhydrous sodium sulfate and concentrated to give benzyl 4-formylbenzyl{methylcarbamate (730
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mg, 92%). "H-NMR (400 MHz, CDCL) 8: 2.94 {d, 3H), 4.572 (d, 2H), $.18(d, 2H), 7.32-7.39 (m,
TH), 7.84 (m, 2H), 10.00¢s, 13); LC-MS (BSD) mv/z: 284 (M+1)",
Example 8D
Methyl 3-04~{((benzyloxycarbony ¥ methy Damino)methyvphenyl-4-ox0-2-phenyi-1,2,3,4-
tetrahydroquineline-3-carboxylate
(003731 A mixture of benzyl 4-formylbenzyimethylcarbamate (566 mg, 2 mmol) and 4-
(beazylideneamino) isohenzofuran-1-one (474 mg, 2 mmol) in ethyl propionate (15 mL) was cooled
to 0°C, A solution of sodium methoxide in methanol [sodium (184 mg, 8 mmol) in methanol (15
ml.}} was then added dropwise. After the addition, the mixture was stirred at 25 °C for 18 hr. The
mixture was quenched with water (10 ml )y and solvent was removed in vacunm. The residue was
dissolved in water, and then extracted with ethyl acetate (50 mLx3), The combined organic layers
were washed with brine, dried over anhydrous sodium sulfate, and concentrated to give crude
product. The crade prodoct was purified by chromatography (silica gel, petroleum ether / ethyl
geetate = 100:1 to 10:1) to give a mixture of methy! 3-(4-
{{{benzyloxycarbonyl)methyDamino)methyl)-phenyl)-4-ox0-2-phenyl-1.2 3,4 tetrahydroquinoline-
S-carboxylate and ethyl 3-(4-({(benzyloxycarbony{methyDamino)methyli-phenyb)-4-oxo-2-phenyls
12,3, 4-tetrahydroquinoline-5-carboxylate (220 my, vield 20%) as a light vellow solid. LC-MS
(ESD m/z: S35(M+1) and 549(M+1)".
Example 88
Benzyl methyl(4-(3-ox0-8-phenyl-3,7.8,9-tetrahydro-2 H-pyrido[4,3, 2 ~de Jphthalazin-9-
yvihenzylcarbamate
{e0374] A mixture of methyl 3-{4-{((benzyloxyearbonyD(reethyhamino)methylphenyii-d-ox0-2-
phenyl-1,2,3, 4-tetrahydroquinoling-S-carboxylate (220 mg, 0.94 mmol) in hydrazine monohydrate
{50 mL) and methanol (3 mb) was stirred at 40 °C for 24 hr. The mixture was cooled to room
temperature and filtered to give the crude product. The crude product was purified by
chromatography (silica gel, petroleum ether / ethyl acetate = 3:1) to give benzy! methyl(4-(3-ox0-8-
phenyl-3,7,8,9-tetrahydro-2 fi-pyridof4,3,2-de |phthalazin-9-yDbenzylicarbamate (80 mg, vield
16%). LC-MS (ESD m/z: ST7(M+13".
Example 8F
9-(4-{{ Methylamino ymethylphenyl)-8-phenyl-8,9-dihydro-2 H-pyrido[4,3,2-dephthalazin-3( 7H)-
one and 9-(4-({dimethylamino)methylphenyl)-8-phenyl-8,9-dihvdro-2 H-pyrido(4.3,2-
dejphthalazin-3(7H)-one
[00375} A mixture of benzyl methyl{4-(3-ox0-8-phenyl-3.7.8,9-tetrahydro-2 H-pyridof4,3,2-
de jphthalazin-9-yl)benzyl)carbamate (80 mg, 0.26 mmol), 10% Pd/C (20 mg) of methanol {50 ml)
was stirring at room temperatare for 4 k. The mixture solution was then filtered and evaporated

under reduced pressure. The residue was purified by prep-HPLC. 3 mg of 9-(4-
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{{rethylaminoimethyDpheny!)-8-phenyl-8.9-dikydro-2 H-pyrido{4,3,2-de{phthalazin-3(7H}-one and
& mg of 9-(4-{{dimethylaminoymethvljphenyl)-8-phenyi-8 9-dihvdro-2H-pytidof4.3,2-
delphthalazin-3(7H)-one were obtained, vield 9%, For 9-(4-{{methylaminomethyl)-phenyl)-&-
phenyl-8,9-dihydro-2 H-pyrido[4,3,2-de|phthalazin-3(78-one: 'H-NMR (400 MHz, CD,0D) &:
2.50¢s, 3H). 3.87 (s, 2H), 438 (d, 1H), 4.75 (d, 1H}, 7.15-7.17 (m, 2H), 7.19-725 {m, 5H), 7.27-
728 (m, 3H), 7.57 (d, 1H), 7.65 (t, 1H). LC-MS (ESD m/z: 383(M+1)". For 9-{4-
((dimethylaminoymethylphenyl)-§-phenyl-8,9-dihydro-2 H-pyridof4,3.2-delphthalazin-3(7H}-one:
TH-NMR (400 MHz, CD:0D) 8: 2.31(s, 6H), 3.57 (s, 2H), 4.33 (d, 11D, 4.73 (d, 1H), 7.106-7.12 (m,
2H), 7.19-721 (m, 6H), 7.26-7.27 (m, 2H), 7.58 (d, {H), 7.64 (¢, 1H). LC-MS (ESI) nvz:
FI9TM+1
Example 9
S-(3-(( Methylamino)methyphenyl)-8-phenyi-8 9-dihydro-2 H-pyrido[4.3,2-dephthalazin-3(7 H)-
ong
Example %A
Methyl 3-(3-(diethoxymethylphenyl)-4-ox0-2-phenyl-1,2.3 4-tetrahvdroguinoline-3-carboxylate
00376} A mixture of (E)-4-(benzylidencamino)isobenzofuran- H{3H-one {474 mg, 2 mmol) and 4-
(diethoxymethyDbenzaldebyde (418 mg, 2 mmol) in ethyl propionate (20 mL) was cooled to 0 °C.
Sodium methoxide in methanol sohution {sodium (148 mg, 8 mmol) in methanol (2 mL)] was then
added dropwise and the mixture was stirred at room temperature overnight. The resulting mixturs
was evaporated under reduced pressure. The residue was extracted with ethyl acetate (100 mbL=3)
and the combined organic layers were washed with brine, dried over anhydrous sodium sulfate and
concentrated to give crude product. The crude product was purified by column chromatography
(silica gel, petroleum ether/ethyl acetate = 30:1 to 5:1) to give methy] 3-(3-(diethoxymethyl)phenyl)-
4-ox0-2-phenyl-1,2,3 4-tetrahydroguinoline-3-carboxylate (230 mg, yield 25%) as a vellow solid.
Example 9B
9-(3«(Diethoxymethylpheny])-8-phenyl-8,9-dihydro-2 H-pyrido{4.3,2-dephthalazin-3( 7H)-one
{80377} Methyl 3-(3-(diethoxymethylyphenyl)-4-oxo-2-phenyl-1,2.3 4-tetrahvdroquinoling-3-
carboxylate (300 mg, 0.65 nunol) in hydrazine monohydrate (20 ml.) was stirred at 45 °C for 4 h.
The resulting mixiure was filtered to give 9-(3-(diethoxymethyliphenyl)-8-phenyl-8 9-dibydro-2 H-
pyrido[4,3,2-de|phthalazin-3(7H)-one (95 mg, vield 33%) as a white solid. "H-NMR (400 MHz.
DMSO-d6) 8; 1.04-1.OR (1, J= 7.0 Hz, 6H), 3.27-3.31 (q. 4H), 4.34-4.36 (d, /= 8.8 Hz, 1H), 4.74-
476 (d, J= 8.8 Hz, 1H). 534 (s, 1H), 7.08 (s, 1H), 7.14-7.24 (m, TH), 7.27-7.29 (m, 2H), 7.37-7.39
{(d, /=72 Hz, TH), 7.43 (5, TH), 7.56-7.60 (t, 7 = 8.0 Hz, 1H), 12.15 {s, 1H); LC-MS (ESH m/z; 442
(MH1y
Example 9C

3-( 3-Oxir-8-phenyl-3,7 8. 9-tetrahydro-24pyridof 4,3, 2-de Jphthalazin-9-vl)henzaldehvde



10

RON}
e

WO 2010/017055 PCT/US2009/051879

{08378} A mixture of 9-(3-(diethoxymethylipheny!}-8-phenyl-8,9-dihvdro<2 H-pyridnf4.3,2-
dephthalazin-3(7H~one (90 mg, 0.20 mmol) in 3N hydrochloric acid (12 mL) was stirred at room
temperature for 20 he. Then the mixture was adjusted to pH=8 with potassium carbonate. The
resulting suspension was extracted with ethyl acetate to give 3-( 3-oxo-8-pheny!-3,7.8,9-tetrahydro-
ZH-pyridol4,3,.2-de]phthalazin-9-yDbenzaldehyde (66 mg. vield 88%) as a light vellow solid. L.C-
MS (EST) miz: 368(M+1)".

Example D
9-(3-((Methylaminoymethylphenvi)-8-phenyl-8,9-dihydro-2 H-pyrido[4,3,2-de|phthalazin-3( 7 H)-
one
[00379} A mixture of 3-( 3-0x0-8-phenyl-3,7 8, 9-tetrahydro-2 Fl-pyrido[4,3,2-de | phthalazin-9-
yhbenzaldehyde (66 mg, 0.18 mmol} and 27% methylamine alcohol sohtion (83 mg, 0.72 mmol) in
methanol (15 ml.) was stirred at room temperature for 1 h. The mixture was then cooled to 0 °C and
sodivn borohydride (11 mg. 0.27 mmol) was added. After the addition, the mixture was stirred at
room temperature for 4 hr. Methanol was removed under reduced pressure. The residue was purified
by prep-HPLC to give 9-(3-({methylaminoimethyl)phenyi}-8-phenyl-8,9-dihydro-2H-pyridof4,3,2-
defphihatazin-3(7TH-one (34 mg, vield 49%) as a light vellow solid. "H-NMR (400 MHz MeOD-
ddy 6; 2.55 (5, 3H), 4.04-4.13 (g, 2H), 4.36-4.38 (d, J= 9.6 Hz, 1H), 4.74-4.76 (d. /= 8.8 Hz, 1H),
7.48-7.24 (m, 6H), 7.25-7.35 (m, 4H), 7.56-7.58 (d, J= 7.6 Hz, 1H), 7.62-7.66 (1, J= 8 Hz, 1H);
LC-MS (ESD méz: 383(M+1Y".
Example 10
B-{4-({Methylammo)methyDphenyD)-9-pheny-8,9-dihydro-2 H-pyridof4,3 . 2-de phthalazin-3( 7 2D-
one
Example 10A
(£)-4-(4-(dicthoxymethylibenzylideneamino)isobenzofuran-1{3 H)-one
[00380] 4-Aminoisobenzofuran-1{(3H)-one (600 mg, 4 mmol), 4-(ethoxy(methoxy)methyi)
benzaldehyde (1.6 g, 8 mmol) and 1 g of magnesium sulfate were added into 40 mib, of
dichloromethane and stirred under reflux overnight, then the mixture was evaporated under reduced
pressure and the residue was dried in vacuun to give 600 mg of crade product (£)-4~(4-
{diethoxymethy)benzylidencaminojisobenzofuran- 1{3H)-ove which without further purification
was used in next step,
Example 10B
Methyl 2-(4-{dimethoxymethylphenyl)-4-oxe-3~phenyl-1,2.3 4-tetrahydroquinoline-5-carboxylate
106381} (E)-4-(4-{dicthoxymethyljbenzylidencaminoe)isobenzofuran-1{3H}-one (600 mg, 1 mmol),
benzaldehyde (616 mg, 3 mmol), sodium methanolate (414 mg, 7.6 mmol) and ethyl propionate (20

sol) were added and the mixture was stirred at room temperature overnight. The resulting mixture
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was then evaporated under reduced pressure and extracted with ethyi acetate (100 mL=4) and
concentrated. The crude product was purified by column chromatography (silica gel, petroleum
ether: ethyl acetate = 20:1 to 5:1) to vield 120 rog of solid of methy] 2-(4~
(dimethoxymethyl)phenyl)-4-oxo-3-phenyi-1,2.3 4-tetrahvdroquinoline-5-carboxylate {yvield: 22
%), LC-MS (EST) mfz: 432(M+1).
Examiple 10C
8-(4-( Dimethoxymethyl)phenyl)-®-phenyl-8 9-dihydro-2 H-pyrido[4.3,2-delphthalazin-3(7 Hy-one
[00382] To methyl 2-(4-(dimethoxymethylphenyvl)-4-oxo-3-phenyl-1,2.3 d-tetrabivdroguinoline-5-
carboxylate (120 mg, 0.28 mmol) was added hydrazine monohvdrate (20 mL) and the mixture was
stirred under 40 °C for 3 h. The resulting mixture was evaporated under reduced pressure to 10 mi
and then filteved, 89 my of solid of 8-(4-{dimethoxymethyl)phenvl}-9-phenyi-8,9-dihydro-2 -
pyridol4,3,2-de]phthalazin-3(7H)-one was obtained (yield: 78%). LC-MS (ESD mv/z: 414 (M+1Y.
Example 10D
4-( 3-Ox0-9~phenyl-3,7 8 9-tetrabydro-2H-pyridof4.3,2-de Jphthalazin-8~yHbenzaldehyvde
j00383] To S-(4-(dimethoxymethyl)phenyl)-9-phenyl-8 9-dihydre-2 H-pyrido[4,3,2-de|phthalazin-

3(7H)y-one (89 myg, 0.22 mmol) was added 20 mi of hydrochloric acid (3 mol/L) and the mixture was

10 ml and then filtered, 39 mg of solid of 4-( 3-ox0-9-phenyi-3,7,8, 9-tetrabydro-2 H-pyrido[4,3,2-
delphthalazin-8-yhbenzaldehyvde was obtained; vield: 73%. LC-MS (ESD) m/z: 368 (M+1)".
Example 10 E
&-(4-((Methylaminoymethyphenyl)-9-phenyi-8,9-dihydro-2 H-pyrido[4,3.2-de phthalazin-3( TH)-
one
{00384] To 4-( 3-oxo-9-phenyl-3,7 8 9-tetrabydro-2H-pyridof 4,3, 2-delphthalazin-8-yi)benzaldehyde
{59 mg, 0.16 vunol) was added methanamine (20 mD) and the mixture was stirred at room
temperature for 2 h, Then 30 mg of sodium borohydride was added and stirred for another 2 h, The
resulting mixture was evaporated under reduced pressure and purified by prep-HPLC. 11.5 mg of 8-
(4-{{methylaminoymethylphenyl)-9-phenyl-8.9-dihydro-2 H-pyridof4,3.2-de phthalazin-3(7H)-one
was obtained {yield: 19%). "H-NMR {400 MHz CD,0OD) 8: 2.66 (s, 3H), 4.33-4.35 (d, 7= 8 Ha,
tH), 4.83-4.85 (d, J= 7.6 Hz, 1H), 7.10-7.12 (m, 2H), 7.15-7.22 (m, 4H), 7.34-7.42 (m, 4H), 7.55-
7.57 (m. 1H), 7.63-7.67 (m, 1H). LC-MS (EST) m/z: 383 (M+1}".
Example 11
8.9-Bis(3-({(methylamino ymethyl)pbeny!)-8 9-dihydro-2 H-pyrido[ 4,3, 2-de jphthalazin-3(7H)-one
Example 11A
Methyl 2,3-bis(3~(diethosymethylphenyl)-4-0x0-1,2,3 4-tetrahydroquinoline-5~carboxylate and

ethyl 2,3-bis(3-(diethoxymethylphenyly-4-oxo-1,2,3, 4-tetrabydroquinoline-S-carboxylate
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{00385] A mixture of 4-aminoisobenzofuran-1(3Hy-one (298 mg, 2 mmol) and 3-
{diethoxymethyDbenzaldehyde (.83 g, 4 mmaol) in ethyl propionate (15 mL) was cooled to 0 °C.
Then a solution of sodium methoxide in methanol [sodium (184 myg, § mmol) in methanol (15 mLj]
was added dropwise. After the addition, the mixture was stirred at 23 °C for 18 hr. The mixture was
quenched with water (10 mL) and solvent was removed in vacaun. The residue was dissolved in
water, and then extracted with ethyl acetate (50 mi»3). The combined organic layers were washed
with brine, dried over anhydrous sodium sulfate, and concentrated to give crude product. The crude
product was purified by chromatography (silica gel, petroleum ether / ethyl acetate = 100:1 to 10:1}
to give a mixture of methyl 2_,3—bis(&(d.ir:t‘haxymethyi)phenyl)%-»om— 1,23 4+tetrahydroguinoline-5-
carboxylate and ethyl 2,3-bis(3-{dicthoxymethyhphouyh-4-oxe-1,2,3 4-tetrabydroquinaline-5-
carboxylate (370 mg; yield 33%) as a light yellow solid. LO-MS (ESI) ni/z: 362(M+1)", and
ST6(M+1)".
Example 118
8.9-Bis(3-(dicthoxvmethy Dphenvl}-8,9-dihydro-2 H-pyrido] 4,3 2~depbthalazin-3( 7 H)-one
100386] A mixture of methyl 2,3-bis(3-{diethoxymethylpheny[}-4-oxe-1,2,3 4-tetrahydroquinohine-
S-carboxylate and ethyl 2,3-bis{(3-(diethoxymethyl)phenyi}-4-ox0-1.2,3 4-tetrabydroguinoline-5-
carboxylate (370 mg, 0.59 mmaol) in hydrazine monohydrate (5 mb) and methanol (5 ml.) was
stirred at 40 °C for 2 hr. The mixture was cooled to room temperature and filtered to give 8,9-bis(3-
{diethoxymethylphenyi)-8,9-dihydro-2 H-pyrido{4.3,2-dephthalazin-3(7T F)-oue (250 myg, vield
F7%) as a light yellow solid, LC-MS (ST m/z: S44M+1)",
Example 11C
3.37-( 3-Ox0-3,7 8.9-tetrahydro-2H-pyrido{4,3 . 2-de Iphthalazin-8,9-diyDdibenzaldehvde
1003871 A mixture of 8,9-bis(3-(diethoxymethyDphenyi}-8,9-dihydro-2 H-pyridof4,3,2-
delphthalazin-3(7H)-one (120 mg, 0.46 mmol) in 3N hvdrochloric acid (5 mL) was stivred at room
temperature for 3 hr. The mixture was then adjusted to pH = 8 with potassium carbonate. The
resulting suspension was filtered to give 3,3’ 3-0x0-3,7,8,9-tetrahydro-2 H-pyridof4,3,2-
de|phbthalazin-8 9-diyl)dibenzaldehvde (160 mg, vield 88%) as a light vellow solid. LC-MS (ESH
vz 396(M+1)
Examplel 1D
8. 9-Bis(3-({methylamino)methy DphenyD)-8 9-dihydro-2 H-pyrido{4,3,2-de{phthalazin-3(7 H)-one
jO0388] A mixture of 3.37-( 3-0x0-3,7.8 9-tetrahydro-2 H-pyrido{4,3,2-de Jphthalazin-8,9-
diytidibenzaldehyde (100 mg, 0.25 numol) and 27% methylamine alcohol solution (122 mg, 1.07
munol) in wethanol (15 mL)} was stirred at room temperature for 40 min. The mixture was then
cooled to 0 °C. Sodiam borohydride (31 mg, 1.00 mmol) was added, After the addition, the mixture
was stirred at room temperature for 4 e, Methanol was removed under reduced pressure. The

residue was washed with ethyl acetate and filtered. The filtrate was concentrated to give 8,9-bis(3-
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{{methylamino)methyDphenyl)-8 9-dihydro-2 F-pyrido[4,3,2-de]phthalazin-3(7H}-one (20 mg, vield
19%) as a light yellow sofid. "H-NMR (400 MHz, CD;0D) 8; 2.62-2.63 (d, .J= 4.0 He, 6H), 4.12-
4,13 td, J= 10.8 Hz, 4H), 4.42-4.44 (d, J= 8.4 Hz, 1H), 4.84-4.86 (d, /= 8.4 Hz, 1H), 7.20-7.24 (m,
2H), 7.29-7.33 (m, 6H), 7.52 (s, 1D, 7.57-7.60 (8d, J, = 8.0 He, S, = 1.2 Hz, 1H), 7.65-7.69 (1, J =
7.6 Hz, 1H) LU-MS (ESD) m/z: 426(M+1Y.
Example 12
9-(4-( Hydroxymethyliphenyl)-8-phenyl-8,9-dihydro-2 Hpyrido{4.3,2-dejphihalazin-3( 7 H)-one
Example [2ZA
methyl 3-(4-{diethoxymethyl)phenyl}-4-oxo-2-phenyl-1,2,3 4-tetrahydroguinoline-S-carbaxylate
and ethyl 3-(4-(Diethoxymethylphenyly-4-oxo-2-pheoyl-1,2,3 d-tetrahydroguinoline-S-carboxylate
[06389] A mixture of (£)-4-(henzylidencaming)isobenzofuran-1(3HY-one (474 mg, 2 mmol) and 4-
{(diethoxymethylbenzaldehyde (0.40 g, 2.4 mmol) in ethyl propionate {15 mlL) was cooled to 0 °C.
A solution of sodium methoxide in methanol [sodivm (184 mg, 8 mmol) in methanol (15 mL)] was
then added dropwise. After the addition, the mixture was stirred at 25 °C for 18 br. The mixture was
guenched with water (10 mL)} and solvent was removed in vacuum. The residue was dissolved in
water, and then extracted with ethy! acetate (530 ral.»3). The combined organic layers were washed
with brine, dried over anhydrous sodivm sulfate, and concentrated to give crude product. The crude
product was purified by chromatography (silica gel, petroleum ether/ethyl acetate = 100:1 to 10: D to
give methyl 3-(4-(dicthoxymethylphenyl}-4-oxo-2-phenyl-1,2,3 4-tetrahydroquinod ine-5-
carboxylate and ethyl 3-(4-(diethoxymethyl)phenyl)-4-ox0-2-phenyi-1,2,3 4-tetrahvdroquinofine-5-
carboxylate (430 mg, vield: 47%) as a light yvellow solid. LC-MS (ESH m/z 460(M+1) and
A74(M+1)",
Example 12B
9-{4-(Diethoxymethylyphenyl)-8-phenyl-8,9-dihydro-2 H-pyrido{4,3,2-dephthalazin-3(7Fh-one
{00390] A mixture of methyl 3-(4-(diethoxymethyl)phenyl}-4-oxo0-2-phenyi-1.2,3,4-
totrahydroguinoline-5-carboxylate and ethyl 3-(4-(disthoxymethyl)phenyl)-4-ox0-2-phenyl-1,2.3,4-
tetrahydroquinoline-5-carboxylate (430 mg, 0.94 mmol) in hydrazine monohydrate (10 mL) and
methanol (5 mi.) was stirred at 40 °C for 24 hr. The mixture was cooled to room temperature and
filtered to give the 9-(4-(diethoxymethylypheny)-8-phenyl-8,9-dihydro-2 H-pyridof4,3.2-
de}phthalazin-3(7H-one (270 mg, vield: 65%) as a light vellow solid. LC-MS (ES1) m/z:
$42(M+1Y.
Example 12C
4-(3-Oxo-B-phenyl-3,7.8 D-tetrabydro-2 H-pyrido4,3,2-de Jphthalazin-9-yhbenzaldehyde
{00391] A mixture of 9-{4-(diethoxymethyDphenyl)-8-phenyl-8,9-dihydro-2H-pyrido{4,3.2-
dephthalazin-3(7H)-one (170 mg, (.61 mmol) in 3N hydrochloric acid (10 mL) was stirred at room

temperature for 3 hr. The mixture was then adjusted to pH = § with potassium carbonats. The
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resulting suspension was filtered to give 4-( 3-oxo-8-phenyl-3,7,8 9-tetrahydro-2H-pyrida[4,3,2-
de]phthalazin-9-yhbenzaldehyde {140 my, vield: 69%) as a light vellow solid.
Exanple 12D
9-(4-(Hydroxymethylipheny!)-8-phenyl-8,9-dihydro-2H-pyridofd.3,2-de Jphthalazin-3{ 7 H)-ons
[06392) A mixture of 4-( 3-oxo-8-phenyl-3,7,8,9tetrahydro-2 H-pyrido{4.3 2-dephthalazin-9-
vi)oenzaldehyde (140 mg, 0.42 mumol) and 27% methylamine alcohol solution (194 mg, 1.69 mmol)
in methano! (15 mL) was stirred at room temperature for 40 min. Then the mixture was cooled to 0
°C. Sodium borohydride (48 mg, 1.26 mmeol) was added. After the addition, the mixture was stirred
at roorm ternperature for 4 he. TLC {petroleum sther / ethyl acetate = 2: 1) show the reaction was
complete. Methanol was removed under reduced pressure. The residue was washed with ethyl
acetate and filtered. The filtrate was concentrated to give 9-(4-(hvdroxymethyl)phenyi)-8-phenyi-
R.9-dihydro-2H-pyrido[4,3 2-delpbthalazin-3(7TH)- one (20 mg, vield: 13%0) as a light yellow solid.
H-NMR (400 MHz, CD2OD) 8; 4.33-4.33 (d. ./ = 8.0 Hz 1H), 4.53 (s, 2H), 4.74-4.76 (d, J = 8.0 Hz.
TH), 7.08-7.10 (d, /= 8.0 Hz, 2H), 7.18-7.24 {m, 6H), 7.27-7.29 (d, J= 6.8 Hz, 2H). 7.54-7.56 (d. J
= 7.6 Hz, 1H), 7.62-7.66 (1, .J = 8.0 Hz, 1H); LC-MS (EST m/z: 370(M+1Y".
Example 13
9-{3-(4-isobutyrylpiperazine-1 -carbonyl jpheny!)-8-phenyi-8,9-dihydro-2H-pyrido[4,3,2-
delphthalazin-3(7H)-one and §,9-bis(3-(4-isobutyryipiperazine- -carbonylphenyt) -8 9-dibydro-
2H-pyrido{4.3 2-dephthalazin-3(7H)-one
Example 13A
tert-Buty] duisobutyrylpiperazine-{ -carboxvlate
[(p0393] To a solution of isobutyric acid (6.608 g, 75 mmel) in aphydrous dichloromethane (130
ml.) was added iriethylamine (8.33 g, 82.5 mmol), 1-hydroxsybenzotriazole {10,125 g, 75 mmol),
followed by 1-ethyl-3-(3-dimethylaminopropyljcarbodiimide hydrochloride (14.25 g, 78 mmol).
After the addition, the mixture was stirred at room temperature for 40 mins. The mixture was then
cooled t0 0 °C, compound 1 {13.97 g, 75 numoel) was added portionwise. After the addition, the
mixture was stirred at room temperature overnight. The mixture was dituted with dichloromethane
(200 mL), washed with saturated sodium bicarbonate {1350 ml.x2), 10% citric acid {150 mL), brine
(100 L), dried over anhydrous sodium sulfate, and concentrated {o give ferr-butyl 4-
isobutyrylpiperazine-1-carboxylate {15 g, yield:78%) as a white solid. LC-MS (ESD m/z:
2SUMHTY
Example 138
2-Methyl-1-(piperazin-1-yDpropan-1-one
j00394] To a stiveed mixture of rert-butyl 4-isobutyrylpiperazine-1-carboxylate (6.8 g, 26.5 mmol)
in methanol (15 mlL) was added bydrochloride/methanol (30 mL, 3M)) at 6 °C. After the addition,

the mixture was allowed to stir at room temperature overnight. The mixture was concentrated to give
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2-methyl-1-(piperazin-1-yDpropan-1-one (5.5 g, yield: 100%) as an off-white solid. "H-NMR (400
MHz, CDCLY 8 3.82 (brs, 1H), 5.19 (s, 3H), 6.91-6.95 {m, 1H), 7.32-7.36 (m, 2H); LC-MS (ESD
m/z: 157(M+1)"

BExample 13C

3-{4-Isobutyrylipiperazine- t-carbonylbenzaldehyde

[00395] To a solution of 3-fornvibenzoic acid (750 mg, § mmol) in anhydrous dichloromethane (13
mlL} was added triethylamine (1.263 g, 12.5 momol), 1-hydroxybenzotriazole (£.743 g, 5.5 mmol),
followed by 1-ethyl-3-(3-dimethylaminopropylcarbodiimide hydrochloride (1.05 g, 5.5 munol).
After the addition, the mixture was stirred at room temperature for 40 mins. Then the mixture was
cooled to 0 °C, and Z-methyl-1-(piperazin-l-yDpropan-1-one (1.06 g, 5.5 mmol) was added
portionwise. After the addition, the mixture was stirred at room temperature overnight. The mixture
was diloted with dichloromethane (50 mL), washed with saturated sodium bicarbonate {30 ml»2),
10% citric acid (50 mL.), brine (30 mL), dried over anhydrous sodivm sulfate, and concentrated to
give 3~-{4-isobutyrylpiperazine- 1 -carbonylbenzaldehyde (1.44 g, vield: 95%) as a gum. LC-MS
(ESD m/z: 289(M+1Y",

Example 13D

Methyl 3-(3-(4-isobulyryipiperazine-1-carbonyl)phenyl)-d-oxo-2-phenyi-1,2,3 4-
tetrahydroquinoline-5-carboxylate and methyl 2,3-bis(3-(4-isobutyrylpiperazine-1-carbonylphenyl)-
d-ox0- 12,3 4-tetrahydroguinoline-5-carboxylate

[00396] A mixture of 3-{4-isobutyrylpiperazine- 1 -carbonylbenzaldebyde (288 mg, 1 mmol) and 4-
{benzylideneamine) isobenzofuran-1(3H)-one (237 mg, | mmol) in ethyl propionate (7.5 mL) was
cooled to 0 “C. Then a solution of sodiem methoxide in methanol [sodium (92 mg, 4 mmol) in
methanol (7.5 mL)] was added dropwise. After the addition, the mixture was stirred at 25 °C for 18
ir. The mixture was quenched with water (10 mL) and solvent was removed in vacuum. The residue
was dissolved in water, and then extracted with ethyl acetate {50 mLx3). The combined organic
layers were washed with brine, dried over anhydrous sodiam sulfate, and concentrated to give crude
product. The crude product was purified by chromatography (silica gel, petroleum ether / ethyl
acetate = 1] to 1:10) to give methyl 3-(3-(4-isobutvrylpiperazine-t-carhonyl)pheny!)}-4-oxo0-2-
phenyl-1.2,3 4-tetrahydroquinoline-S-carboxylate (110 mg, yield 20%) and methy! 2,3-bis(3-(4-
isobutyrylpiperazine-1-carbonylphenyl)-4-oxo- 12,3 4-tetrahydroguinoline-S-carboxylate (90 mg,
vield 12%) as light yellow solids. LC-MS (EST) m/z: 340(M+1 and 722(M+1)",

Example 13E

9-(3~{4-Isobutyrylpiperazine- I -carbony!)phenyl)-8-phenyl-8, 9-dibiydro-2 H-pyrido[ 4,32~
delphthalazin-3(7TH)-one

[06397] A mixture of methyl 3-(3-(4-isobutyrylpiperazine- 1 -carbonyliphenyh-4-ox0-2-phenyl-

1.2.3.4-tetrahydroquinoline-S-carboxylate (110 mg, 0.20 mmol) in hydrazine mosohydrate (5 mL)
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and methanol (2 mL) was stiveed at 25 °C for 4 br. The mixture was extracted with ethyl acetate (30
mLx3). The combined organic layers were washed with brine, dried over anbydrous sodium sulfate,
and concentrated to give crude product. The erude product was purified by prep-HPLC to give 9-(3-
{(4-1sobutyrylpiperazine- | -carbonyDphenyl)-8-phenyi-8.9-dihydro-2 H-pyridof4,3,2-dejphthalazin-
3(7H)-one (12 mg, yield: 11%) as a white solid. "H-NMR (400 MHz, CD;0D) §; 0.96-0.98 (d, /=
6.8 Hz.6H), 2.68-2.95 (m, 2H), 3.28-3.55 (m, 7TH), 4.19-4.22 (d,. J=10.0 Hz, 1H), 454457 (d, /=
10.4 Hz, 1H), 7.03-7.20 (m, 10H), 7.40-7.50 (m, 2H); LC-MS (ESD m/z: S22(M+1Y".
Example 13F
8.9-Bis(3-(4-isobutyrylpiperazine- 1 -carbonyliphenyl) -8,9-dihydro-2 H-pyridoi4,3,2-de]phthalazin-
3(7H)-one ‘
003981 A mixture of methyl 2,3-bis(3-(4-isobutyrylpiperazine-~ 1 -carbonyl)phenyl)-4-ox0- 1,2,3 4~
tetrabydroquinoline-S-carhoxylate (90 mg. 0.12 mmol) in hydrazine monobydrate (5 mL) and
methanol (2 mL} was stirred at 25 °C for 4 he. The mixture was extracted with ethy! acetate (50
mL»3). The combined organic layers were washed with brine, dried over anhydrous sodium sulfate,
and concentrated to give crude product. The crude product was purified by prep-HPLC to give 8,9-
his(3-{4-isobutyrylpiperazine-1-carbonylphenyl) -8,9-dihydro-2 H-pyrido[4,3,2-de]phthalazin-
3(7Hy-one (3.2 mg, yield: 4%) as a white solid. 'H-NMR (400MHz, CD;0D} 8; 0.95-0.97 {q, 12H),
2.80-2.88 (m, 2H), 2.98-3.08 {m, 3H), 3.33-3.53 (m, 13H), 4.23-4.26 (d. /= 10.4 He, 1H), 4.62-4.64
{d.J=10.0 Hz, 1H),7.02-7.46 (m, 1 1H); LC-MS (ESD m/z: 704(M+1)",
Example 14
9-(Piperidin-3-y1)-8~(pyridin-3-y1)-8.9-dihydro-2H-pyridof4,3,2-de jphthalazin-3(7TH)-one
{00399} A suspension of 8,9-di(pyridin-3-y1)-8 9-dihydro-2 H-pyrido[4,3,2-dephthalazin-3( 7/)-one
{120 mg, 0.35 mmol) and platinum (IV) oxide (60 mg) in methanol (20 ml.} was purged in 20 atm
hydrogen and stirved at 50 °C for 24 hr. The mixture was filtered and the filtrate was concentrated to
give the crude product. The crude product was purified by prep-HPLC to give 9-(piperidin-3-y[)-8-
(pyridin-3-y1)-8,9-dihydro-2 H-pyrido[4.3,2-deiphthalazin-3(7 H)-one (4 mg, yield: 495) as a light
yellow solid. 'H-NMR {400 MHz, CD;0D} § 1.19-1.32 (m, 2H), 1.60-1.65 (m, 2H), 1.94-197({d. J
= 10.0 Hz ,1H), 2.31-2.43 (m, 2H), 2.82-2.85 {d. J = 12.4 Hz .TH), 3.02-3.05 (d, 7= 12 Hz ,1H).
3.29-332(dd, J, = 2.8 Hz, J, = 8.4 Hz 1H), 4.25-4.26 (d, /= 2.8 He, 1H), 7.02-7.05 (dd. ./, = 0.8 Hz,
Jr=8.8 Hz, 1), 7.22-7.25 (m, 1H), 7.40-7.53 (m, 3H), 8.25-8.29 (ny, 2H); LC-MS (ESD m/z:
348(M+1Y.
Example 15 v
9~(Pipefidi:1«4—}11,%8~(pyridin-4~y1)—8,Q—d.ibydro—?;}!—pyrido{fh3,2~(Je]pht’ha§aziﬂ~3(’?H)—one
[00400] A mixture of 8.9-di(pyridin-d-yI)-8 9-dihydro-2H-pyrido|4,3.2 - ]phthalazin-3( 7 H)-one
(120 mg, 0.35 mmol), platinum (V) oxide (60 mg) and concentrate hydrochloric acid (0.3 mL} in

methanol (20 mL) was stirred at S0°C under 20 atm of hydrogen. The mixture was filtered out and
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the filtrate was concentrated to give crude product. The crude product was purified by prep-HPLC to
give 9-{piperidin-d-vI}B«(pyridin-4-vi}-8 9-dihvdro-2 H-pyridof4,3,2-de [phthatazin-3(7 Hrone

{17.6 mg, vield: 16%%) as a lght vellow solid. 'H-NMR {400 MHz, CDODY§ 1.25-1.39 (m, 1H),
1.40-1.52 (m, TH), 1.60-1.70 (ny, 1HD, 1.75-1.84 (m, 1H), 1.89-1.98 {m, 1H),2.50-2.57 {m, 1H),
2.60-2.66 (m, 1H), 3.09-3.21 (m, 2H), 3.34-3.37 (dd, J; = 8 He, /= 2.4 Hez, 1H), 4.24 (d, /=2 Hz,
1H), 7.02-7.04 (dd, J, = 8 He, J, = 0.8 Hz, 1H), 7.09-7.11 (dd, J; = 48 Hz, Ji= 1.2 Mz, 2H), 741
TA3(dd, J; = 7.6 Hz ;= 0.8 Hz, TH), 7.50-7.54 (1, J= 8 Hz, 1H), 8.30-8.32(dd, J; = 4.4 He, J, =
1.6 Hz, 2H); LC-MS (ESTy miz: 348(M=+1Y"

Example 16
8,9-Bis(4-({dimethylamino)methyDphenyl)-8,9-dthydro-2 F-pyrido{4,3.2-de|phthalazin-3(7 H}-one
Example 106A
L-(d-(Drethoxymethylipheny)-N N -dimethylmethanamine

[004081] A mixture of 1-(4-(diethoxymethyl)benzaldehyde (2.08 g 10 mmol) and dimethylamine
{33% aqueous solution, 2.74 g, 20 nunol) in methanol (20 mL) was stirred at room temperature for
40 mins. The mixture was cooled to 0 °C, sodium borohydride (0.57 g, 15 mmol) was added
portionwise. After the addition, the mixture was stirred at room temperature for 4 hr. Methanol was
removed under reduced pressure. The residue was partitioned between water (30 mL) and ethy!
acetate (50 mL). The organic layer was separated. The agucous layer was extracted with ethyl
acetate {30 ml.x3). The combined organic lavers were washed with brine, dried over aphydrous
sodium sulfate, and concentrated 1o give 1-(4-{diethoxyvmethyDpheny}-N. N, -dimethylmethanamine
(1.8 g} as a light yellow oil which was used in the next step without further purification. MS (EST)
m/z: 23T(M+1Y,
Example 168
4-((DimethylaminoymethyDbenzaldehyde
{00462] To a sohution of 1-(4-(diethoxymethylypheny])-NN,-dimethyimethanamine (1.0 g, 4 mmol)
i methanol (5 mL}, a hydrochloric acid - methanol sofution {10 mL) was added dropwise at 0 °C.
The reaction solution was stirred at room lemperature overnight. Then methanol was removed in
vacuo to give d-((dimethylamina)methy{benzaldehyde (0.68g. vield 99%) as a light vellow oil . 'H-
NMR (400 MHe, CDUL): 8 2.26 (5, 6H), 3.50 (s, 2H), 7.49 (4, J = 6.4 Hz, 2H), 784 (4, /= 6.4 Mz
ZH), 10 (s, 1H). LC-MSB (ESD wm/z: 164(M+1).
Example [6C

Methyl 2,3-bis{4-({dimethylamino)methy Dphenyi)-4-030-1,2,3 d-tetrahydroguinoline-5 -garboxylate

and ethyl 2,3-Bis{4-((dimethylamino)methy}phenyD-4-ox0-1,2.3 A-tetrahvdroguinoline-S-

carboxylate

[08403] A mixture of 4-({dimethylaminoymethyhbenzaldehyde (539 me, 3.3 mmol) and 4-

aminoisobenzofuran-1(3H)-one (223 myg, 1.5 mmol) in ethyl propionate (14 mL) was cooled to 0 °C.
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A solution of sodium methoxide in methano! [sodium (138 mg, 6 mmol) in methanol (4 mL)] was

then added dropwise. After the addition, the mixture was stirred at room temperature for 20 hr. The

mixture was quenched with water (10 mL) and solvent was removed in vacuum. The residue was
dissolved in water, and then extracted with ethyl acetate (50 mL~3). The combined organic layers
were washed with brine, dried over anfiydrous sadivm sulfate, and concentrated to give crude
product. The crude product was purified by chiromatography (silica gel. petrolewm ether / ethyl
acetate = 10001 to 10:1) to give a mixture of methyl 2,3-bis{4-<((dimethylamino)methyDphenyl)-4-
oxo-1,2.3 d-tetrahydroguinoline-5-carboxylate and ethyl 2,3-bis(4-((dimethylamino)methyphenyl)-
4-ox0-1,2,3 4-tetrahydrogquinoline-S-carboxylate (165 mg) as a light veliow solid.

Example 16D

8,9-Bis{4-((dimethylamino)methyl)pheayl)-8,9-dihydro-2 H-pyrido{4.3 2-de fphthalazin-3(7 H)-one
00404} A mixture of methy] 2,3-bis(4-((dimethylamino imethyl)pheny)-4-ox0-1,2,3,4-
tetrahydroquinoline-5-carboxylate and ethy! 2 3-bis(4-{{dimethylamino)methylyphenyt)-4-oxo-
1,2,3,4-tetrabydroquinoling-5-carboxylate (165 mg, 0.34 mmol) in hydrazine monohydrate (12 mL)
and methanol (5 mL) was stirred at 40 °C for 6 hrs. The mixture was filtered o give crude product.
The crude produet was purified by prep-HPLC to give 8.9-bis(4-({dimethylamino )methyDphenyi)-
8,9~dihydro-2H-pyrido[4,3,2-de]phthalazin-3(7/H-one (33.7 mg, vield: 22%) as a light vellow solid.
"H-NMR (400MHz, CDODY §; 2.04 (s, 6H), 2.05 (3.6H), 3.19-3.20 (m, 2H}, 3.24-3.26 (m, 2H),
4.09-4.11 (d, /= 8.8 Hz, 1H), 4.52-4.54 (d, /= 8.8 Hz, 1H), 6.88-6.90 (m, 2H), 6.99-7.07 (m, 7H),
7.42-7.46 (m, 2H). LC-MS {(ESE s/ 454(M+1)".
Example 17
9-(4-(4~(Cyclopropanecarbouyl)piperazine- 1 -carbonyl)pheny)-8-(4({methylamino methylphenyi)-
§,9-dithydro-2 H-pyridof4,3.2-delphthalazin-3( 7H)-one
Example 17A
fert-Butyl 4-{cyclopropanecarbonylipiperazine-1-carboxylate

[08405] A mixture of compound fere-butyl piperazine-Tcarboxylate (3.725 g. 20 numol) and
potassium carbonate (5.53 g, 40 mmol) in anhydronss dichloromethane (36 mL) was cooled to 0 °C,
eyelopropanecarbonyt chloride {2.30 g, 22 mmol) was then added dropwise. After the addition, the
mixture was stirred at room temperature overnight. The mixture was difuted with dichloromethane
(100 mL), washed with 10% citric acid (50 mL), followed by saturated sodium bicarbonate (50 mL.),
brise (100 mL), dried over anhydrous sodium sulfate, and concentrated to give feri-buty] 4-
{eyclopropanecarbonylpiperazine-1-carboxylate (3.7 g, yield 73%) as a white solid. 'H-NMR (400
MHz, CDCL) & (ppm): €.76-0.81 (m, 2H), 0.98-1.03 (m, 2H), 1.49 (s, 9H), 1.69-1.75 (m, 1H), 3.46-
348 (m, 411), 3.63-3.65 (m, 4H); LC-MS (ESD m/z: 255(M+1)".

Example 7B

Cyclopropyl(piperazin-1-yhmethanone hydrochloride
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{00406] To a stirred mixture of compound fert-buty] d-(eyclopropanecarbonyl)piperazine-1-
carboxylate (3.7 g, 14.5 nunol) in methanol (15 mL) was added hydrochloride/methanol (15 ml,
3M)) at 0 °C. After the addition, the misture was allowed to stir at room temperature overnight. The
mixture was concentrated to give cyclopropyl{piperazin-t-ylmethanone hydrochloride (2.74 g,
yield 100%) as an offowhite solid. 'H-NMR (400 MHz, DMSO-d6) & {(ppank: 0.71-0.76 {m, 4H),
1.96-2.03 (m, 1H), 3.04-3.16 (m, 4H), 3.69-4.08 {m, 411}, .58 (s, 2H); LC-MS (BSDH m/z:
1S5(M+1Y".

Example 17C

4-( A-{Cyclopropanecarbonylypiperazine-1-carbonylibenzaldehyde

[88407] To a stirred mxture of 4-formylbenzoic acid (900 mg, 6 mmeol) in anhydrous
dichloromethane (30 mL) was added triethylamine (1.52 mg, 15 mmol). I-hydroxybenzotriazole
(B0 mg, 6.6 nunel), followed by 1-ethyl-3-(3-dimethylamino propyl) carbodiimide hydrochloride
(1.254 g, 6.6 mmol). After the addition, the mixture was stirred at room temperature for 40 mins.
Then the mixture was cooled to 0 °C! and eyclopropyi(piperazin-1-ylmethanone hyvdrochloride
{1.259 g, 6.6 mmol) was added in portion-wise. After the addition, the mixture was allowed to stir at
room temperature overnight. The mixture was dihded with dichloromethane {50 mL), washed with
saturated cxtric acid (100 mLx2), followed by saturated sodium bicarbonate (100 mLx2), brine (50
ml.), dried over anhydrous sodium sulfate, and concentrated to give 4+( 4-
(cyclopropanecarbonyl)piperazine-1- carbonylbenzaldehyde (810 mg, yield 80% ) as a light yellow
oit. 'H-NMR (400 MHz, CDCL) 8 (ppm): 0.79-0.85 (ru, 2H), 1.00-1.04 {m, 2H}, 1.72-1.80 (m, 1H),
341-3.81 {m, 8H), 7.58-7.60 (d, J= 8.0 Hz, 1H), 7.95-7.97 (d, J= 8.0 Mz, 1H), 10.07 (s, 1H) LC-
MS (ESH nyz: 287 (M+1)"

Example 17D

4-{4-(Dicthoxymethybenzylideneamino)isobenzofuran-1(34)-one

[00408] To a stirred mixture of 4-(diethoxymethyl)benzaldehyde (3.75 g, 18 mumol) and anhydrous
sodium sulfate (21.3 g, 150 mmol} in anhydrous dichloromethane (300 mL) was added 4-
aminoisobenzofuran-1(3H)-one (2.24 g, 15 nunol) at 0 "C. After the addition, the mixture was
stirred at room temperature for 6 days. The mixture was filtered and the cake was washed with
dichloromethane {50 mLx3). The filtrate was concentrated to give crude product. The crude product
was washed with petroleum ether to give 4-(4-(dicthoxymethyl)benzylideneamino)isobenzofuran-
1(3H)one {43 g, vield 849%) as a light velfow solid, LC-MS (EST) m/z: 340(M+1)"

Example 17E

Methyl 3-{4-{(4-{cyclopropanecarbonyl)piperazine-1- carbonyviiphenyl)-2-{4-
{diethoxymethylphenyl}-4-ox0-1,2.3 d-tetrabydroquinoline-S-carboxylate

{00408} A mixture of 4-(4-(cyclopropanecarbonyDpiperazine-1- carbouvijbenzaldehyde (859 myg, 3

mpol) and 4-(4-(diethoxymethyl)benzylideneaminojisobenzoturan- [{3H)-one {1.018 2, 3 mmol) in
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ethyl propionate {40 mL} was cooled to 0 "C. Then a solution of sodium methoxide in methanol
{sodium (276 mg, 12 mmol) in methanol (8 mL)] was added dropwise. After the addition, the
mixture was stired at room temperature for 20 hr. The mixture was quenched with water {10 mi)
and solvent was removed in vacuum. The residue was dissolved invwater, and then extracted with
ethyl seetate (100 mLx4). The combined organic lavers were washed with brine, dried over
anhydrous sodium sulfate, and concentrated to give crude product. The erude product was purified
by chromatography (silica gel. petroleum ether / ethyl acetate = 10:1 to 1:10) to give methy] 3~(4-(4-
{cyclopropanecarbonyl)piperazine-1- carbonyl)phenyl)-2-(4-(diethoxymethvljphenyi-4-oxo-

12,3 4-tetrabydroquinoline-S-carboxylate (500 mg, vield 26%). LC-MS (BSI) m/z: 640(M-+1).
Example 1 7F
8-(4-(4-(Cyclopropanecarbonyb)piperazine-1- carbonyliphenyl}-8-(4-(diethoxymethyDphenyl)- 8,9-
dihvdro-2H-pyrido[4.3 2-deiphthalazin-3(7H)-one

004101 A mixture of methyl 3-(4-(4-(cyclopropanecarbonyl)piperazine~1- carbonyliphenyl)-2-(4-
{diethoxymethyliphenyl)-4-0x0-1.2,3 4-tetrahydroquinoline-5-carboxylate (526 my, 0.82 mmol) in
85% hydrazine monohydrate (4 ml.) and methanol (3 mL) was stirred at 23 °C for 2 hr. The mixture
was extracted with ethyl acetate (50 mL»3). The combined organic layers were washed with brine,
dried over anhydrous sodiom sulfate, and concentrated 1o give 9-(4-(4-
{cyclopropanecarbonylpiperazine-1- carbonyhphenyl)-8-(4-(dicthoxymethyl)phenyi)- &, 9-dilydro-
H-pyrido{4.3 2-dephthalazin-3{ 7TH}-one (330 mg, vield 65%) as a yellow solid. 'H-NMR (400
MHz, DMSO-d6} 6 (ppm}): 0.72-0.76 (m, 4H), 1.09-1.12 (m, 6H), 1.99 (s, 1H), 3.39-3.73 (m, 12H),
4.70 (s, 1H), 5.40 (s, 1H), 5.99 (s, 1H), 6.68-7.31 (m, 9¥), 7.41-7.61 (m, 3H), 12.19 (s, 1H) LC-MS
(ESD m/z: 622(M+1Y".

Example 17G
4-(9-(4-(4-(Cyclopropasecarbonylpiperazine-1- carbonyiiphenyi)-3-ox0-3,7.8 9-tetrahvdro-2 H-
pyrido[4.3 . 2-dephthalazin-8-yhbenzaldehvde

[00411] A nuxture of 9-(4-(4-(cyclopropanecarbonyhpiperazine-1- carbonylpheny!)-8-(4~
{diethoxymethyl}phenyl)- 8.9-dibydro-2H-pyridof4.3,2-de]phthalazin-3(7H)-one (280 mg, (.45
mmol) in 3N hydrochlorie acid (10 ml.) was stirred at room temperature for 3 hr. Then the mixture
was neutralized with potassium carbonate. The resulting suspension was filtered to give 4-(9-(4-(4-
(cyclopropanecarbonyl)piperazine-1- carbonyliphenyl)-3-0x0-3,7,8,9-tetrahydro-2 Hepyridof4,3,2-
de |phthalazin-8-yljbenzaldehyde (220 mg, vield 89%) as a light yellow solid. LC-MS (ESH m/z:
548 (M+1)".
Example 17H

9-(4-(4-{ Cyclopropanecarbonyl)piperazine- 1 -carbonyDphenyl)-8-(4((methylam inoymethybphenyl-

8.9-dihydro-2H-pyrido[4.3 2~de}phthalazin-3(7/)-one
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[00432] A mixture of 4-(9-(4-(4-(cvclopropanecarbonyllpiperazine-1- carbonylphenyl)-3-oxo-
3,78 S-tetrahydro-2 H-pyridof4,3 2-de Jphthalazin-8-yDbenzaldehyde (80 myg, 0,15 mmol) and 27%
soethylamine alcohol selution (50 mg, 044 mmol) in methano! (10 mL) was stirved at room
temperature for 40 min. Then the mixture was cooled to 9 °C. Sodium borohydride (8.3 myg, 0.23
mmol) was added. After the addition, the mixture was stirred at this temperature for 2 hr. Methanol
was removed under reduced pressure. The residue was washed with ethyl acetate/methanol (10/1)
and filtered. The filtrate was concentrated to give the crude product. The crude product was purifisd
by prep-HPLC to give 9-(4-(4-(cyclopropanecarbonylipiperazine- | -carbonyljphenyl)-8-
{#{{methylaminoymethylipheny!)-8,9-dihydro-2Hpyrido{4.3,2-dejphthalazin-3{7H)-one (6.4 mg,
yield 7%6) as a light yellow solid. "H-NMR (400 MHz, CD;0D) 8 (ppm): 0.83-0.91 {m, 4H), 1.94-
2.03 (m, 1H), 2.66-2.68 (d. /= 6.0 Hz, 3H), 3.35-3.79 {m, 8H), 4.11 (5, 2H), 4.42-4.44 {(d, S = 7.6
Hz, 1H), 4.88-4.90 (d, /= 7.2 Hz,1H). 7.21-7.26 (m, 3H), 7.29-7.36 (m, 4H), 7.41-7.43 (d, /= 8.4
Hz, 2H), 7.55-7.57(d, J= 7.2 Hz, 1H), 7.63-7.67 {t, J= 8.0 Hz, TH); LC-MS (ESD mfz: $63(M+1)".
Example 18
9-(4-{4-(Cyclopropanecarbonylpiperazine- | ~carbonylphenyl)-8-
(4{(dimethylamino)methylphenyl)-8,9-dilydro-2 H-pyrido(4,3,2-dephthalazin-3( 7H)-one
[00413] A mixture of 4-(9-(4-{4-(cyclopropanecarbonyDpiperazine-1- carbonyiipheny!)-3~ox0-
3,7.8.9-tetrabydro-201-pyrido{4,3.2-de]phthalazin-8-yDbenzaldehyde (80 mg, 0.15 sumol) and 27%
dimethylamine solution (62 mg. 0.44 mmol) in methanol {10 mL) was stirred at room temperature
for 40 min. Then the mixture was cooled to 0 °C. Sodium borohydride (8.3 mg, 0.22 nunol) was
added. After the addition, the mixture was stirred at this temperature for 2 hr. Methanol was
removed under reduced pressure. The residue was washed with ethyl acetate/methanol (10/1) and
filtered. The filtrate was concentrated to give the crude product. The erude product was pwrified by
prep-HPLC to give 9-(4-(4-(cyclopropanecarbonybpiperazine- 1 -carbonyiphenyl -8+
{(4((dimethylamino)methyljphenyl)-8.9-dihydro-2H-pyridol4,3,2-de Jphthalazin-3(7H)-one (4.2 mg,
vield 5%} as a light yellow solid. "H-NMR (400 MHz, CDyOD)Y 5 (ppoy: (0.73-0.79 (m, 4H), 1 .84
(m, TH}), 2.69 (s, 6H), 3.47-3.72 (m, 8H), 4.14 (5, 2H), 4.31-4.33 (d, 7= 8.0 Hz, 1H), 7.12-7.35 (m,
OH), 7.47-7.58 {m, ZH); LC-MS (ES1) m/fz: S7T7(M+1y
Example 19
8-(4-{Hydsomymethylpheny}-9-(4-(4-isobutyrylpiperazine-1-carbonyjphenyi)-8,0-dihydro-2 H-
pyrido{4,3 2-dephthalazin-3(7H)-one
Example 20
8-(4-((Dimethylaminoymethyliphenyl)-9-(4-(4-isobuiyeylpiperazine-1-carbouylypheny!)-8,9-
dikydro-2 H-pyrido{4,3,2-deJphthalazin-3( 7f)-one
Example 19A

fer-Butyl 4-isobutyrylpiperazine-1 -carboxylate
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{00414} To-asolotion of isobutyric acid (6.608 g, 75 mmel) in anhydrous dichloromethane (130
mi) was added triethvlamine (8.33 g. 82.5 mmol}, I-hydroxybenzotriazole (10.123 g, 7S mmol),

7
i

followed by t-ethyvl-3-(3-dimethylaminopropylearbodiimude hydrochloride (14.25 g, 75 mmeol).
After the addition, the mixture was stirred at room temperature for 40 mins. Then the mixture was
eooled to 0 °C, and ferr-butyl piperazine-1-carboxylate {13.97 g, 75 mmol) was added portion-wise.
After the addition, the mixture was stirred at room temperature overnight, The mixture was diluted
with dichloromethane (200 mL.), washed with saturated sodbum bicarbonate {150 mLx2), 10% citric
acid (150 mL), brine {100 mL), dried over anhyvdroos sodium sulfate, and concentrated to give feri-
buty! 4-isobutyrylpiperazine-1-carboxylate (15 g, yield 78%) as a white solid. 'F-NMR (400 MHz,
CDCLY S (ppm): LI3-1 14 (d, J= 6.8 Hz, 6H), 1.47 (5, 9H), 2.75-2.82 (m, 1H), 3.43-3.58 (m, 41
LC-MS (BSH m/z: 257(M+1Y

Example 19B

2-Methyl-1-(piperazin-1-ylpropan-1-one

|668415] To a stired mixture of feri-butyl 4-isobutyrylpiperazine-1-carboxylate (6.8 g, 26.5 mmol) in
methanol (15 ml) was added hydrochloride/methanol (30 mi., 3M)) at 0 °C. After the addition, the
mixtare was allowed (o stir at room temperature overnight. The mixture was concentrated to give 2-
methyl-1-(piperazin-1~yhpropan-1-one (5.5 g, yield 100%) as an off-white solid. 'H-NMR {400
MHz, DMSQ-d6) & (ppm): 0.99-1.00 {d, J= 6.4 Hx, 6H), 2.84-2.89 (m, 1H). 3.03-3.07 (d, 4HD),
3.68-3.74 (d, 4H), 9.58 (5. 2H); LC-MS (ESI) mv/z: 137(M+1Y.

Example 19C

4-{4-Isobutyrylpiperazing-1-carbonylibenzaldehvde

004161 To a stirred mixture of 4-formytbenzoie acid (1.5 g. 10 mmol) in anhydrous
dichloromethane (30 ml.) was added triethylamine (2.52 g, 25 mmol), 1-hydroxybenzotriazole (1.5
g 11 mmol), followed by 1-ethyl-3-(3-dimethylamino propyl) carbodiimide hydrochloride (2.1 g, 11
mmol}. After the addition, the mixture was stirred at room temperature for 40 mins. Then the
mixture was cooled 1o 0 °C and 2-methyl-1-(piperazin-1-yDpropan-1-one (2.12 g 11 mmol) was
added i portion-wise. After the addition, the mixture was altowed to stir at room temperature
overnight. The mixtore was difuted with dichloromethane (50 mL), washed with satorated citric acid
(100 mI.x2), followed by saturated sodium bicarbonate (100 mLx2), brine (50 mL). dried over
anhydrous sodium sulfate, and concentrated to give 4-(4-isobutyrylpiperazine-1-
carbonyl)benzaldehyde (2 g, vield 70% ) as a light yellow oil. "H-NMR (400 MHz, CDCl) &
{(ppm): L.15 (d, 6H), 2.80 (brs, 1H), 3.39-3.80 (m, 8H), 7.58 (d. .J = 8.0 Hz, 1H), 7.95 (d, ./ = 8.0 He,
1HD, 10.07 (s, 1H); LC-MS (EST) m/z: 289(M+1)".

Example 19D

Methyl 2-(4-(diethoxymethyphenyl)-3-(4-(4-isohutyrylpiperazine-1- carbonyl)phenyl)- 4-oxo-

1,2.3, d-tetrabydroguinotine-3-carboxylate
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100417} A mixture of 44{4-isobutyrylpiperazine-1-carbonybenzaldehyvde (950 mg, 3.3 mmol) and
(E£y-4-(4~(diethoxymethyl) benzylidencaminoYisobenzofuran- V(3 H)-one (1.018 g, 3 numol) in ethyl
propionate (40 mL) was cooled to 0 "C. Then a solution of sodivm methoxide in methanol [sodium
{343 mg, 12 mmol} in methanol (8 mL)] was added dropwise. After the addition, the mixture was
stirred at room temperature for 24 he. The mixture was guenched with water (10 mL) and solvent
was removed in vacuum. The residue was dissolved in water, and then extracted with ethy! acetate
(100 ml.x4). The combined organic lavers were washed with brine, dried over anhydrous sodium
sulfate, and concentrated to give crude product. The crude product was purified by chromatography
(stlica gel, petroleum ether / ethyl acetate = 10:1 to 1:10) to give methy! 2-(4-
{dicthoxymethyl)phenyl)-3-(4-(4-isobutyrylpiperazine-1- carbonyllphenyl)- 4-0x0-1,2,3 4~
tetrahydrogainoline-3-carboxylate (491 mg, vield 25%).

Example 19E
8-(4-(DiethoxymethyDphenyl)-S-(4-(4-iscbutyryipiperazine-1- carbonylphenyl}-8,9-dihydro-2H-
pyridof4,3,2-de Jphthalazin-3(7H-one

{00418] A mixture of methyl 2-(4-(diethoxymethyl)phenyl}-3-{4-(4-isobutyrvipiperazine- i -
carbonyi}phenyl)- 4-ox0-1.2,3 4-tetraltydroquinoline-S-carboxylate (491 mg, 0.77 mumol) in 85%
bydrazine monohydrate (4 mL) and methanol (3 mL) was stiered at 25 °C for overnight. The mixtare
was extracted with ethyl acetate (50 mL=3). The combined organic layers were washed with brine,
dried over anhydrous sodium sulfate, and concentrated to give 8-(4-(diethoxymethylphenyl}-9-(4-
{4-isobutyrylpiperazine-1- carbonyl)phenyl)-8,9-dihvdro-2 H-pyrido(4,3,2-de Jphthatazin-3(TH)-one
{365 mg, vield 77%) as a vellow solid.
Example 19F
A-(9-{4-(4-{Isobutyrylpiperazine-1- carbonyl)phenyl-3-0x0-3,7,8,9-tetrahvdro-2 H-pyrido[4,3,2-
delphthalazin-8-yhbenzaldehvde
[60419] A mixture of 8-{4-(diethoxymethybphenyl)-9-(4-(4-isobutyryipiperazing-1-
carbonyl)phenyl}-8,9-dihydro-2 H-pyridof4,3,2-dephthalazin-3(7H)-one (365 mg, 0.59 mmol) in 3N
hiydrochloric acid (10 mbL) was stirred at room temperature for 3 hr. Then the mixture was
neutralized with potassivm carbonate. The resulting suspension was filtered 1o give crude. The crude
product was purified by prep-HPLC to give the 4-(9-(4-(4-(isobutyrylpiperazine-1-
carbonyljphenyl)-3-cxo-3.7,8.9-tetrahydro-2 H-pyride(4,3,2-de jphthalazin-8-yYbenzaldehyde (80
mg, vield 28%) as a light vellow solid. "H-NMR {400 MHz, CD;OM § {ppay): L11-1.13(d, /= 6.8
Hz, 6H), 2.95-3.14 (brs, 1H}, 3.38-3.80 (m, 8H), 437-4.40 (d, J= 7.2 Hz, 11), 4.75-4.77(d, J= 7.6
He, 1H), 7.20-7.33 (m, OH), 7.57-7.59 (d, / = 7.6 ¥z, [H), 7.60-7.76 (t, J= 8.0 Hz, 1H), 9.92 (s,
IHY LC-MS (ESD miz: 550(M+1).
Examples 19G & 20
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8-{4-(Hydroxymethy Dphenyl)-9-(4-(4-isobutyrylpiperazine- I -carbonylpheny!)-8,9-dihydro-2 H-
pyrido{4,3 2-defphthalazin-3(7H)-one & B-(4-({dimethviamino)methyphenyi}-9-{4-{4-

isobutyrylpiperazine- 1 -carbonyDphenyi-8,9-dihydro-2 H-pyride]4,3,2-dephthalazin-3( 7 H)-one
{00420 A mixture of compound 7 (50 mg, 0.09 mmol) and 33% dimethylamine ag solution (25 mg,
0.18 numol} in methanol {10 mL} was stirred at room temperature for 40 min. Then the mixture was
cooled to 0 °C. Sodium borohydride {5 mg, 0.13 mmol) was added. After the addition, the mixture
was stirred at this temperature for 2 hr. TLC (petroleum ether / ethyl acetate = 2:1) show the reaction
was complete. Methanol was removed under reduced pressure. The residue was washed with ethyl
acetate/methanol (10/1) and filicred. The filtrate was concentrated to give the crude product. The
crude product was purified by prep-HPLC to give 8-(4-((dimethylamino)methy Dphenyl)-9-(4-(4-
isobutyrylpiperazine~ I-carbonylypheny)-8,9-dihydro-2 H-pyrido[4.3,2-dephthalazin-3( TH)-one (4
my, vield %) and B-(4-(hydroxymethylphenyl)-9-(4-(4-isobutyrylpiperazine~1-carbonyljpheny!)-
8,9-dihydro-2H-pyrido[4,3,2-de|phthalazin-3(7H)-one (16 mg, yield 36%) as light vellow solids, §-
{(4-{{dimethylamino ymethy})phenyl)-9-(4-(4-isobutyryipiperazine- 1 -carbonyl)pheny!)-8,9-dibydro-
2H-pyrido{4,3,2-delphthalazin-3(7H)-one: "H-NMR (400 MHz, CDOD) 3 (ppmy L G- 12 (d, J=
6.8 He, 6H), 2.80 (s, 6H), 2.96-3.00 (brs, 1H), 3.33-3.70 (m, 8H), 4.12 (5, 2H), 4.43-4.44 (4, J= 7.6
Hz, 1H), 4.89-4.91 (d, J= 7.6 Hz, 1H), 7.22-7.27 (m, 3H), T31-7.37 (m, 4H), 742-744 (d, /= 8.0
Hz, 2H), 7.56-7.58 (d, /= 7.2 Hz, 1H), 7.64-7.68 (1, /= 8.0 Hz 1H); LC-MS (ESD wvz: 579(M+1)".
8-{4-(hydroxymethyl)phenyl)-9-(4~(4-isobutyrylpiperazine- I -carbonylpheny!)-8.9-dihydro-2 H-
pyridel4,3,2-dephthalazin-3( 7i)-one: 'H-NMR (400 MHz, CB:0D) 6 (ppm): 1.10-1.12{(d, J= 6.4
Hz , 6H), 2.95 (brs, 1H), 3.33-3.81 (m. 8H), 4.30-4.41 (d, J= 8.2 Hz, 1H), 4.53 (s, 2H). 4.77-4.79
(d..J= 7.6 Hz 1H), 7.20-7.30 (m, 9H), 7.55-7.57 (dd, J, = 8.0 Hz, J,= 1.0 Hz, 1), 7.63-7.67 (t, J =
8.0 Hz, 1H); LC-MS (ESD mvz: 552(M+1).

Example 21
9-{4-(4-(Cyclopropanecarbonyl)piperazine-1-carbonyl)phenyi)-8-phenyi-8,9-dibvdro-2 H-
pyridofd,3 2-dephthalazin-3(7H)-one
Example 21 A
{(E}4-(benzylideneamino Yisobenzofuran-1(3H)-one
[00421] To a stirred mixture of benzaldehyde (1.91 g, 18 mmol) and anhydrous sodium sulfute {213
g, 150 mmol) in anhydrous dichloromethane (100 mL) was added 4-aminoisobenzofuran-1(3H)-one
{2.24 g, 15 mmol) at 0 °C. After the addition, the mixture was stirred af room tem perature for 6 days.

‘The mixture was filtered and the cake was washed with dichloromethane {50 mi =3}, The filtrate
was concentrated to give crude product. The crude product was washed with petroleum ether to give
(£)-4~(benzylideneamino}isobenzofuran-1(3 H-one (3.38 g, vield 959) as a white solid. "H-NMR
{400 MHz, CDCLY & (ppm): S.41 (s, 2H), 7.36-7.37 (d, /= 7.6 Hz, TH), 7.49-7.59 (m, 4H), 7.77-
I8 (d, = 7.6 Hz, 1H), 7.92-7.94 (d, J = 8.0 Hz, 2H). 8.35 (s, 1H), LC-MS (BESD) mv/z: 238 (M+1y".
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Example 21 B
Methyl 3-(4-(4-(cyclopropanecarbonyDpiperazine-1- carbonybphenyl)- d-oxo-2-phenyl-1,2,3 4-
tetrahvdroguinoline-3-carboxylate
{00422} A mixtwre of compound 4-(4-(cyclopropanecarbonyl)piperazine- 1 -carbonyl) benzaldehyde
(429 mg, 1.5 mmol) and (£}-4-(benzylideneamino)isobenzofuran-1{3H)-one ({3555 mg, 1.5
mmol) in ethyl propionate (12 mL) was cooled to 0 °C. Then a solution of sodium methoxide in
methano! [sodiam (138 mg, 6 ramol) in methanol (12 mL)] was added dropwise. After the addition,
the mixture was stirred at 25 *C for 18 hr. The mixture was quenched with water {16 mL.) and
solvent was removed in vacuum. The residue was dissolved in water, and then extracted with ethyl
acetate (50 mL=3). The combined organic layers were washed with brine, dried over anhydrous
sodium sulfate, and concentrated to give crude produet. The crude product was purified by
chromatograpby (silica gel, petroleum ether / ethy! acetate = 101 to 1:10) to give methyl 3-(4-(4-
{cyclopropanecarbonypiperazine~1- carbonylphenyl)- 4-0x0-2-phenyl-1.2 3.4-
tetrahydroquinoline-S-carboxylate (90 mg, vield 11%). LC-MS (ESD miz: 538(M+1)".
Example 21 C
- {d-(4-{Cyclopropanecarbonylpiperazine~ I -carbonyDphenyl)-8-phenyt-8 9-dibydro-2 H-
pyrido]4,3,2-deiphthalazin-3(7H)-one
“3(7H)-one
[B8423] A mixture of methyl 3-(4-(4-(cyclopropanecarbonylipiperazine-1 - carbony!)phenvl)- d-oxo-
2-phenyl-1.2.3 4-tetrahydroquinoline-S-carboxylate (90 mg, 0.16 mmol) in 85% hydrazine
monohydrate {5 mL) and methanol (2 mL) was stirred at 25 °C for 4 hr. The mixture was extracted
with ethyl acetate {30 mL~=3). The combined organic layers were washed with brine, dried over
anhydrous sodium sulfate, and concentrated to give crude product, The crude product was purified
by prep-HPLC to give 9-(4-(4-(cyclopropanecarbonylipiperazine-1-carbonybphenyl)-8-phenyl-8,9-
dihydro-2 H-pyridol4,3,2-de Iphthalaxin-3(7TH)-one (18 mg, yield 22%) as a white solid. 'F-NMR
{400 MHz, CD;0D) & (ppm): 0.86-0.94 (m, 4H), 2.00 (s, 1H), 3.33-3.82 (m, 8H), 4.41-4.43 (d, J=
8.4 He, TH), 4.78-4.80 (d, /= 8.4 He, TH), 7.21-7.27 (m, 6H), 7.30-7.35 (m, 4H), 7.58-7.60 (m, 1),
7.63-7.69 (1, J= 8.0 Hz, 4H} LO-MS (ESD mviz: 520(M+1Y.
Example 22
9-(3~(4-(Cyclopropanecarbonyl)piperazine- L -carbony!yphenyl)-8-phenyl-8.9-dihydro-2 #-
pyridol4.3,2-de]pbthalazin-3(7 H)-one
Example 22 A
Methyl 3-(3«(4-(cyclopropanecarbonyl)piperazine-1- carbonyliphenyl)- 4-ox0-2-phenyl-1,2,3.4-
tfeu'ahydrcsquim}line—S-ca.rbo‘xyléte
[00424] A mixture of 3-(4-{cyclopropanccatbonyl)piperazine-1-carbouyi) benzaldehyde (286 mg, §

mmol} and (£)-4-(benzylideneamino)isobenzofuran-1{3H)-one (237 mg, | mmol) in gthyl
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propionate (7.5 mL) was coeled to 9 °C. Then a solution of sodium methoxide in methanol [sodium
(92 mg, 4 mnol) in methanol (7.5 ml)} was added dropwise. After the addition, the mixture was
stirred at 25 °C for 18 hr. The mixture was quenched with water (10 inL) and solvent was removed
in vacunm. The residue was dissolved in water, and then extracted with ethy] acetate (50 mL«3).
The combined organic Jayers were washed with brine, dried over anhydrous sodium sulfate, and
concentrated to give crude product. The crude product was purified by chromatography (silica gel,
petroleum ether / ethyl acetate = 10:1 to 1:10) to give methyl 3-(3-{(4-
{cyclopropanecarbonylpiperazine- - carbonylphenyl)- 4-ox0-2-phenyl-1,2,3 4-
tetrahydroquinoline-3-carboxylate (64 mg, vield 12%). LC-MS (ESI) nv/z: 538(M+1)".
Example 22 8
9-(3-(4-(Cyclopropanecarbonylipiperazine-1-carbonyl)pheny!)-8-phenyi-8,9-dihvdro-2.H-
pyridofd,3 2-de|phthalazin-3(7 Hj-one
[00425} A mixture of methyl 3-(3-(4-(cyclopropanecarbonylipiperazine-1- carbonylpheayl)- 4-oxo-
2-phenyl-1,2.3 4-tetrahydroqunnoline-S-carboxylate (64 mg, 0.12 mmol) in 85% hydrazine
monohydrate {5 mL) and methanol (2 mL) was stirred at 23 °C for 4 br. The mixture was extracted
with ethyl acetate (50 mI.»3). The combined organic layers were washed with brine, dried over
anhydrous sodium sulfate, and concentrated to give crude product. The crude product was purified
by prep-HPLC to give 9-(3-(4-(cyclopropanecarbonylpiperazine- {-carbonyDphenyl)-8-phenyl-8,9-
dilrydro-2H-pyrido[4,3,2-de {phthalazin-3(7H)-one (8 mg, vield 13%) as a light vellow solid. 'H-
NMR (400 MHz, CD:0OD) 3 {ppm}: 0.73-0.81 (m, 41), 1.18-1.19 (m, 1H), 3.20-3.71 (mn, 8H). 4.23-
4.25 (d, /= 100 Hz, 1H), 4.59-4.61 (d. /= 8.4 Hz, 1H), 7.08-7.26 (m, 10H), 7.45-7.54 {m, 2H); LC-
MS (ESD m/z: 520(M+1Y",
Example 23
9-(3-((DimethylaminoymethyDpheny)-8-phenyl-8 9-dihydro-2 H-pyrido] 4.3, 2-defphthalazin-3( 7H)-
one

[00426] A mixture of 3-(3-ox0-8-phenyl-3,7.8,9-tetrabydro-2H-pyrido[4,3.2-de |phthalazin-9-
yhbenzaldehyde (45 mg. 0.12 ramol) and 33% dimethylamine solution (50.2 mg, 0,366 mmol) in
methanol (3 mbL} was stirred at room temperature for 1 b, Then the mixiure was cooled to 0 °C,
sodiam borohydride (6.95 mg, 0.184 mmol} was added portionwise. After the addition, the mixture
was stitred at this temperature for 2 hr. Methanol was removed under reduced pressure. The residue
was purified by prep-HPLC to give 9-(3-((dimethylamino ymethy]phenyl)-8-phenyl-§,9-dihydro-
2H-pyridol4,3,2-dejphthalazin-3(7TH)-one (21 mg, yield 44%) as a light vellow solid, 'H-NMR (400
MHz, CD:0D) 8 {ppm): 2.59 (s, 3H), 2.75 (5, 3H), 4.11-4.27 (g, 2H), 431434 (d. J = 10.4 Hz,
1H), 4.68-4.71 (d, /=10.4 Bz, 1H), 7.17-7.30 (m, 9H), 7.33-7.37 (t,./=7.6 Hz, 1H), 7.56-7.58 (4. 7
=7.6 Hz, TH), 7.60-7.64 (1, J = 8.0 Hz, 1H); LO-MS (ESI) m/z; 396(M+1)".

Example 24

114
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3-(3-«({Methylamino jmethyDphenyl)-S-phenyl-8 9-dihydro-2 H-pyridof{4,3, 2-dephthalazin-3(TH)-
one
FExample 24 A
(E)-4-(3-(Diethoxymethylibenzylideneamino hsobenzofuran- 1{3 H)-one
[p0427] To a stirred mixture of 3~(diethoxymethyDbenzaldehyde {3.75 g, 18 mmol) and anhydrous
sodium sulfate (21.3 g, 150 mmot) in anhvdrouss dichloromethane (300 ml.) was added 4-
amingisobenzofiran- {3 H-one (2.24 g, 15 mmol) at 0 °C. After the addition, the mixture was
stirred at rooro temperature for 6 days. The mixture was filtered and the cake was washed with
dichloromethane (50 mL=3). The filtrate was concentrated 1o give crude product. The crude product
was washed with petroleum cther to give (£)-4-(3~
(dicthoxymethyDbenzylideneamino)isobenzofuran- 13 Hone (3.1 g, vield 61%) as a white solid.
LC-MS (ESIy m/z: 340 (M+1)",
Example 24 B
Methyl 2-(3-(dicthoxymethyijphenyl}-4-oxo-3-phenyl-1,2,3,4-tetrahydroguinoline-S-carboxylate
and ethyl 2-(3-(diethoxyniethyl)phenyi}-4-ox0-3-phenyi-1.2.3 4-tetrahydroguineline-3-carboxylate
3{7H}-one
{00428} A mixture of (F)-4-(3-(djethoxymethyl)benzylideneamino)isobenzofuran-1{3H)-one (678
mg, 2 mumol) and benzaldehyde (212 mg, 2.2 mmol) in ethyl propionate (20 mL) was cooled to 0 °C.
Then a solution of sodium methoxide in methanol {sodium (183 mg, 8 mmol) in methanol (10 ml.)]
was added dropwise, After the addition, the mixture was stirred at room temperature for 24 hr. The
mixture was quenched with water (10 mlL) and solvent was removed in vacuum. The residue was
dissolved in water, and then extracted with ethyl acetate (100 rl>4). The combined organic layers
were washed with brine, dried over anhydrous sodium sulfate, and concentrated to give crude
product. The crude product was pusified by chromatography (silica gel, petroleum ether / ethyl
acetate = 10:1 to 1:10) to give a mixture of methy! 2-(3-(diethoxymethylpheny{)-d-oxo-3-phenyl-
12,3, 4-tetrahydroguinotine-S-carboxylate and ethyl 2-(3-(diethoxymethylpheny!)-4-oxo-3-phenyl-
1.2.3 d-tetrabydroquinoline-5-carboxylate (160 mg, vield 17%).
Exanmple 24 C
8-(3-(Diethoxymethyhphenyl}-9-phenyl- 8,9-dilydro-2 H-pyrido[4,3,2-de]phthalazin-3(7H)-one
{00429] A mixture of methyl 2-(3-(diethoxymethylphenyl)-4-oxo-3-phenyl-1,2,3 4-
tetrahydroquinoline-S-carboxylate and ethyl 2-(3-{diethoxymethyDpheny)-4-oxo-3-phenyi-1.2,3,4-
tetrahydroquinoline-S-carboxylate (160 mg, 0.36 mmol) in 85% hydrazine monohydrate (4 mL) and
methanol {3 mb) was stirred at 25 °C for overnight. The mixture was extracted with ethy! acetate {30
mb.#3). The combined organic layers were washed with brine, dried over anhvdrous sodium sulfate.
and concentrated to give the 8-(3-(dicthoxymethyl)phenyl)-9-phenyl- 8, 9-dibydro-2H-pyrido[4.3,2-

de |phtbalazin-3(7H)-one (90 mg, yield 58%) as a vellow solid. LU-MS (EST m/z; 442(M+1Y,
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Example 24 D
3-(3-Oxo-9-phenyl-3,7.8 O-tetrahydro-2 H-pyrido[4,3,2-deiphthalazin-8«yDbenzaldelvde
[00430] A roixiure of 8-(3-{diethoxymethy!phenyl)-9-phenyl- 8.9-dihydro-2 H-pyrido]4,3,2-
de]phthalazin-3(7 H-one (90 mg, 0.21 mmol) in 3N hydrochloric acid (10 ml.) was stirred at room
temperature for 3 hr. Then the mixture was neutralized with potassium carbonate. The resulting
suspension was filtered to give 3+(3-oxo-9-phenyl-3,7.8 9-tetrabydro-2 H-pyrido]4,3.2-
delphthalazin-8-ylbenzaldehyde (40 mg, yield S0%) as a light vellow solid. "H-NMR (400 MHz,
CDCL) 8 (ppmy: 4.24(d, J= 7.6 Hz, 1H)., 4.77 (d. J= 7.6 Hz, 1), 4.85 (brs, 1H), 7.01-7.03 (m,
2H), T.08-7.10 (m, 1H), 7.21-7.24 (m, 3H), 737-7.39 (o, 2H), 7.61-7.65 (m, 1H), 7.74-7.75 (m.
2H), 7.79-7.81 (m, TH), 9.59 (brs, 1 H), 9.92 (s, 1H). LC-MS (ESI} m/z; 368 (M+1Y.
Example 24 &
8-(3-{(Methylamino)methy!)phenyl)-9-phenyl-8,9-dibydro-2 H-pyrido[4,3,2-delphthalazin-3{7H}-
one
[00431] A mixture of 3-(3-0ox0-9-phenyl-3,7,8,9-tetrahydro-2 H-pyrido|4,3,2-d2phthalazin-R-
yhbenzaldehyde (40 mg, 0.11 mmol) and 27% methylamine alcohol sohution (28 mg, 0.23 mumol) in
methanol (10 mL} was stirred at room temperature for 40 min. Then the mixture was cooled to 0 °C.
Sodiomy borohydride (7 mg. 0.18 mmol} was added. After the addition, the mixture was stirred at
this temperature for 2 hr. Methanol was removed under reduced pressure. The residue was washed
with ethyl acetate/methanol (10/1) and fittered. The filtrate was concentrated to give the crude
product. The crude product was parified by prep-HPLC to give 8-(3-((methylamino)methyhphenyl}-
9-phenyl-8,9-dihydro-2H-pyrido[4,3 2-delphthalazin-3(7TH)}-one (4 me, yield 10%) as a light
veHow solid. "H-NMR (400 MHz, CD:;0D0) 6 (ppm): 2.44 {s, 6H), 3.99 (m, 2H), 4.21 (m, 1H), 4.69
{m, 1H), 6.98-7.00(d, /= 7.2 Hz, 1H), 7.05-7.10 (m, 4 H), 7.21-7.23 (m, 3H), 7.31 (s, 1H), 7.46-
748 (d,.7=8.0 Hz, 1H), 751-7.53 {m, 1H). LC-MS (BSD m/z 383 (M+1)".
Example 25
8-{(4-((Dimethylamino)methyliphenyl)-9-phenyl-8,9-dihydro-2 H-pyrido{4,3,2-de Jphthalazin-3(7 H)-
one
Example 25 A
Methyl 2-(4-{dimethoxymethylphenyl)-4-oxe-3-phenyl-1,2,3 d-tetrahydroquinoline-5-carboxylate
[60432] To a solution of (E}-4-(4-(dimethoxymethy!jbenzylidencamino)isobenzofuran- 1{(3H)-one
(600 mg. | mmol) and benzaldehyde (616 mg. 3 mmol) in ethy! propionate (20 mL), sodium
methanolate (414 mg, 7.6 mmol) were added and the mixture was stirred at room iemperature
overnight. Then the resulting mixture was evaporated under reduced pressure and extracted with
ethiyl acetate (100 mi.x4) and concentrated. The crude product was purified by columm

chromatography (silica gel, petroleum ether: ethyl acetate 2011 to 8:1) to obtain a white solid of

{1o
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methyl 2-(4-(dimethoxymethyl)phenvl)-d-oxo-3-phenyi-1.2,3 4-tetrahvdroguinoline-S-carboxylate
{120 mg, yield 22%6). LC-MS (ESD m/z: 432 (M+1)'.
Example 25 B
$-(4-(DimethoxymethyDphenyl)-9-phenyl- 8 9-dilyvdro-2H-pyrido[4.3,2-dephthalazin-3( 7H}-one
[00433] Methyl 2-{($-(dimethoxymethyDphenyl-4-oxo-3-phenyl-1,2,3 4-tetrahydroquinoline-5-
carboxylate (120 mg, 0.28 mmol) and 83% hydrazine monchydrate (20 mL) were added and the
mixture was stirred under 40 °C for 3 h. The resulting mixture was evaporated under reduced
pressure to 10 mL and then futered to give 8-(4-(dimethoxymethyl)pheny!)-9-pheny!- 8,9-dihydro-
2H-pyrido[4,3 2-delphthalazin-3(7H)-one (89 myg, yield 78%). LC-MS (ESD m/z: 414 (M+1)",
Example 25 C
4-(3-Ox0-9-phenyl-3,7.8,9-tetrahydro-2 H-pyrido{4,3.2-de | phthalazin- 8-y )benzaldehyde
100434] 8-(4-(DimethoxymethyDphenyD)-9-phenyi- 8,9-dihydro-2 H-pyrido}4,3.2-dephthalazin-
3(7H)-one (89 mg, (.22 mmol) and 20 mi of 3 N hydrochloric acid were added and the mixture was
stirred at room temperature for 2 h. The resulting mixture was neutralized with potassium carbonate
and then filtered to give 4-(3-oxo-9-pheny!-3,7.8,9-tetrahydro-2 H-pyrido]4,3,2-de fphthalazin-§-
yvhbenzaldehyde (539, vield 73%6). LC-MS (ESH mv/z; 368.
Example 25D
8-{4-((Dimethylamino)methylipheny)-9-pheny!-8,9-dihydro-2 H-pyrido{4,3,2-de Jphthalazin-3( 7 H)-
one
{00435} 4-(3-Oxo-9-phenyl-3,7 8 9-tetrahydro-2 H-pyrido{4,3,2-dejphthalazin-8-yDbenzaldehyde
(39 mg, 0.16 mmol) and dimethlyamine (5 mL) were added and the mixture was stirred at room
temperatyre for 2 b. Then 20 mg of sodium borohydride was added and stirved for another 2 h. The
resulting mixture was evaporated under reduced pressure and purified by prep-HPLC to give 8-(4-
({dimethylaminomethyl)phenyl)-9-phenyl-8,9-dibydro-2 H-pyridofd,3.2-de]phthalazin-3(7 F-one
{20 mg, yield 32%). "HI-NMR (400 MHz, DMSO-d6) 3 (ppm): 2,18 (s, 61, 4.28-4.30 (d. J= § Hz,
1H), 4.72-4.74 (4, /= 8 He, 1H), 7.06-7.08 (m, 2H), 7.13-7.20(m, 6H), 7.23-7.25 (m, 2H), 7.54-7.65
{m, 2H). LC-MS (ESI) m/z: 397 (M+1Y",
Example 26 & 27
8-(4~(Morpholinomethyliphenyl}-9-phenyl-8,9-dihydro-2H-pyrido[4,3,2-dephthalazin-3( 7H)-one
gnd
8-(4~(HydroxymethyDpheny)}-9-phenyl-8,9-dihydro-2 Hepyrido}4,3 2-deiphthalazin-3(7H)-one
{00436] 4»(3—Ox.o—,(}-phenyi«fw,7,,8,9~tei:rah;«’dm—ZH—p};frido[éLE,2-de}phthalazin~8—yi)benzaldehyde
{39 mg, 0.16 nunol) and morpheline (42 mg) were added and the mixture was stirred at room
temperature for 2 h. Then 20 mg of sodium borohydride was added and stirved for another 2 h. The
resufting mixture was evaporated under reduced pressure and purified by prep-HPLC to give 8-{4-

(morpholinomethyDphenyl)-9-phenyl-8,9-dikydro-2 H-pyrido[4,3,2-de jphthatazin-3( 7H)-one (8 g,
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vield 11%) and 8-(4-(hydroxymethyl)phenyi}-9-phenyi-8 9-dilyydro-2 H-pyridof4,3,2-dejphthalazin-
3(7Hy-one (7 myg, yield 129%). 8-(4-(morpholinomethyDphenyly-9-phenyl-8,9-dikydro-2 H-
pyrido{4,3,2-de{phthalazin-3(7H)-one : YH-NMR (400 MHz, IIMSO-d6) & {ppm): 231 (s, 4H}, 3.36
(s, 4H), 3.61-3.63 (m, 4H), 4.15-4.17 (d, J= 10 Hz, 1H), 4.58-4.61 (d, /= 10 Hz, 1H), 4.79 (s, 1H),
6.94-7.19 {m, 10H), 7.51-7.55 (i, 1H), 7.68-7.70 {m, 1H), 7.63(s, 1H). LC-MS (ESD m/z: 439
(M+1)". 8-(4-(hydroxymethyDphenyl)-9-phenyl-8 9-dihvdro-2 H-pyrido|4,3,2-de |phthalazin-3(7H)-
one : 'H-NMR (400 MHz, DMSO-d6) 8 (ppm): 4.21-4.25 (m, 1H), 4.63-4.70 (m, 1), 4.86 (s, [H),
6.97-7.06 (m, 3H), 7.11-7.26 {m, TH), 7.58-7.62 (m, 1H), 7.753-7.77 (m, 1H). LC-MS (ESD) m/z: 370
(M+1)'.
Examples 28 & 29
9-(3-{4-(Cyclopropanecarbonyl)piperazine-1-carbonyvlphenyD-8~{(4~
{(dimethylanmino)methyDphenyi)-8,9-dihydro-2 H-pyrido{4.3,2-de]phthalazin-3{7H)-one and 9-{3-
{4-(cyclopropanecarbonyl)piperazine-1-carbonyhphenyl)-8-(4-(hydroxymethyl)phenyi)-8,9-
dibydro-2H-pyrido{4,3,2-delphthalazin-3(7H)-one
Example 28 A
3+{4-{Cyclopropanecarbonyl)piperazine- 1 -carbonyl) benzaldehyde

(68437} To a stirred mixture of 3-formylbenzoic acid (450 mg, 3 mmol) in anhydrous
dichloromethane (20 mL) was added triethylamine (758 mg, 7.5 mmol), 1-hydroxybenzotriazole
(466 mg, 3.45 mmol), followed by 1-ethyl-3-(3-dimethylamino propy!) carbodiimide hydrochloride
{629 my, 3.45 mmol). After the addition. the wixture was stirred at room temperature for 40 mins.
Then the mixtare was cooled to 0 °C and cyclopropyl(piperazin-1-ylimethanone hydrochloride (629
mg, 3.3 mmol) was added in portion-wise. After the addition, the mixture was allowed to stir at
room temperature overnight. The mixture was dituted with dichloromethane (30 mL), washed with
saturated citric acid (100 mLx2), followed by saturated sodium bicarbonate (100 mLx2), brine (50
mkJ), dried over anhydrous sodium sulfate, and concentrated o give 3-(4-
{eyclopropanecarbonyl)piperazine- 1-carbony!) benzaldehyde (810 mg, yield 94% yas a ki ght yellow
oil. 'H-NMR (400 MHz, CDCL} 3 ¢ ppm): 0.79-0.85 (m, ZH), 1.00-1.04 (m, 2H), 1.73-1.76 (m, 1H),
3A7-3.77 (m, 8H), 7.62-7.66 (t,.J=7.6 Hz, 1H), 7.70-7.72 (d, /= 7.6 Hz. 111), 7.95-7.98 (m, 2H),
101 (s, 1H); LC-MS (ESDmiz: 287 (M+13.

Example 28 B
Methyl 3-(3-(4-(cyclopropanccarbonyl)piperazine- 1~ carbonyDphenyly-2-(4-

(diethoxymethyl)phenyl)-4-0x0-1.2,3 4-tetrahydroguineline-S-carboxylate

Bt )

{06438] A mixture of 3-(4-(cyclopropanecarbonyl)piperazine- [ -carbonyl) benzaldehvde {940 m g,
3.3 nunol) and {(£)-4-(4-{diethoxymethyl) benzylidencaminoisobenzofuran-1(3 H)-one (1.018 ¢, 3
mmol) in ethyl propionate (40 mL) was cooled to 0 “C. Then a solution of sodium methoxide in

methanol [sodium (345 mg, 15 mmoli) in methanol (8 mL)] was added drop-wise. After the addition,
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the nuxture was stirred at room temperature for 24 e, The mixture was quenched with water (10
mL) and solvent was removed in vacuurs, The residue was dissolved in water, and then extracted
with ethvl acetate {100 mL=4). The combined organic layers were washed with brine, dried over
arfrydrous sodium sulfate, and concentrated to give crude product. The crade product was purified
by chromatography (silica gel, petroleum ether / ethyl acetate = 10;1 1o 1:10) to give methyl 3-{3-{4-
{cyclopropanecarbonylpiperazine-1- carbonylpheny)-2-(4-(d iethoxymethyl)phenyi)-ﬁ—o&m
12,3 4-tetrabydroquinoline-S-carboxylate (425 mg, vield 22%),
Example 28
9-(3-(4-{CyclopropanecarbonyDpiperazine-1- carbonyDpheny!-8-{(4-(diethoxymethyvlipheny!)- 8,9-
dihydro-2H-pyridof4,3,2~de phthalazin-3(7 H)-one
[60439] A mixture of methyl 3-(3-(d-{cyclopropanecarbonyl)piperazine-I- carbonylphenyh)-2-(4-
{diethoxymethyliphenyh-4-0x0- 1,23 4-tetrahydroquinoline-5- (425 mg, 0.67 mmol) in 85%
hydrazine monehydrate (4 mL) and methanol (3 mL) was stirred at 25 °C for overnight. The mixture
was extracted with ethyl acetate (S0 mLx3). The combined organic layers were washed with brine,
dried over anhydrous sodium sulfate, and concentrated to give the 9-4(3-(4-
(cyclopropanecarbonyl)piperazine-1- carbonyliphenyl}-8~(4-(diethoxymethyDphenyl)- 8,9-dihydro-
2H-pyrido[4.3,2-delphthalazin-3(7H)-one (290 mg, yield 70%) as a vellow solid.
Example 28D
4(9-(3-(4-(Cyclopropanecarbonyl)piperazine-1~ carbonylphenyl)-3-0x0-3,7,8 9-tetiahydro-2 H-
pyrido{4,3,2-deiphthalazin-8-yhbenzaldehvde
[00440} A mixture of 9-(3-(d-(cyclopropanecarbonyl)piperazine-1- carbonylpheuyl)-8-(4-
(dicthoxymethyl)phenyl)- 8,9-dihydro-2H-pyridofd,3,2-de|phihalazin-3({7H)-one (290 mg, 0.48
mmol} in 3N hydrochloric acid {10 wl.) was stirred at room temperature overnight. Then the
misture was neutralized with potassium carbonate. The resulting suspension was filtered to give
crude. The crude product was purified by prep-HPLC to give the 4-(9-{3-(4-
(cyclopropanecarbonyl)piperazing-1- carbonyl)pheoyl)-3-0x0-3.7.8 9-tetrahydro-2 H-pyrido[4.3,2-
de}phthalazin-8-yhbenzaldehyde (20 mg, yield 8%6) as a light vellow sofid. "H-NMR (400 MHz,
CDy0D) 6 (ppm): 0.83-0.91 (m, 4H), 1.94-2.03 (m, 1H}, 3.18-323(m, 1H), 3.46-3.82(m, 7TH), 4.42
{(d, /= 7.6 Hz, ITH), 4.87(d, /= 7.4 Hz, 1H), 7.22-7 41 (m, TH}, 7.52-7.54 (d, /= 8.0 Hz, 2H), 7.60
{d, TH}, 9.94 (s, 1H); LC-MS (ESD nv/z: 548 (M+1),
Examples 28E & 29 F
9-{3-(4-(Cyclopropanecarbonyl)piperazine-1-carbonyl)pheny!)-8-(4-
{(dimethylamino)methyliphenyl)-8,9-dihydro-2 H-pyrido{4,3,2-de]phthalazin-3{ TH)-one and 9-(3-
{(4-{cyclopropanecarbonyl)piperazine-1-carbonyl)pheny)-8-(4-(hydroxymethylphenyl)-8.9-

dihydro-2 H-pyrido[4.3,2-de|phthalazin-3{7H)-one -



20

25

G
“h

WO 2010/017055 PCT/US2009/051879

004411 A mixture of 4-(9-(3-(d-(cyclopropanecarbony Dpiperazine- I~ carbony Dphenyl)-3-oxo-
3,78 9-tetrahydro-2 H-pyrido[4,3,2-de]phthalazin-8-yDbenzaldehyde (20 mg, 0.04 mmol) and 33%
dimethylamine ag solution (10 mg, 0.07 mmeol) in methanol (10 mL) was stirred at room
temperature for 40 min. Then the mixture was cocled to 0 “C. Sodium borohydride (2 mg, 0.06
mmol) was added. After the addition, the mixture was stirred at this temperature for 2 hr. Methanol
was removed under reduced pressure. The residue was washed with ethyl acetate/methanol (10/1)
and filtered. The filtrate was concentrated to give the crude product. The crude product was purified
by prep-HPLC to give the compound 9-(3-{4-(cyclopropanecarbonylipiperazine- 1 -carbonvl)phenyl)-
8-(4-((dimethylaminoymethylipheny!)-8,9-dihvdro-2H-pyridof4.3.2-dephthalazin-3(7H)-one {4
mg, vield 19%) and 9-(3-{4-(cyclopropanecarbonylpiperazine-1-carbonylphenyl)-8-(4-
{hydroxymethyDphenyl)-8.9-dihydro-2 H-pyrido[4,3.2-de]phthalazin-3(7TH)-one (2 mg, yield 93%) as
light yellow solids. 9-(3-(4-{cyclopropanecarbonyl)piperazine-1-carbonylipheny-8-(4-
((dimethylamino)methyipheny!}-8.9-dibydro-2 H-pvrido[4,3,2-delphthalazin-3(7H-one @ 'H-NMR
(400 MHz, CD;0D) 6 (ppm): 0.83-0.91 (m, 4H). 1.94-2.03 (m, 1H), 2.81(s, 6H), 3.18-3.23(m, 1 H),
3.35-3.79 (m, TH). 4.26 (s, 2H), 4.40 (d, J= 7.6 Hz, 1H), 4.82 (d,.J= 7.2 Hz, 1 H), 7.22-7.29 (m,
4H), 7.31-7.33 {m, 1H), 7.37-7.45 {m, 4H). 7.58-7.60 (d, J= 8.0 Hz, 1H), 7.64-7.68 (1, J= 8.0 Hz,
TH); LC-MS (ESI) my/z: S77(M+1)", 9-(3~{4-(cyclopropanecarbonylipiperazine- L -carbonyphenyl)-
B-(4-(hydroxymethyl)phenyl}-8,9-dihydro-2 H-pyrido{4.3.2-de jphthalazin-3(7H)-one ' H-NMR
(400 MHz, CD:0D) & (ppm): 0.83-0.91 {m, 4H), 1.94-2.01 (m, 1H), 3.11-3.14 (m, 1H), 3.35:3.79
(m, TH), 4.37-4.40 (d, /= 10.0 Hz, TH), 4.55 (s, 2H), 438 {d, J= 7.6 Hz, 1H), 4.73-4.76 (d. /= 9.6
Hz, 1H), 7.12 (s, 1H), 7.20-7.30 (m, 7H), 7.34-7.38 (1, J = 8.0 Hz. 1H), 7.56-7.58 {d. J= 7.6 Hz,
tH), 7.62-7.66 {t. ./ = 8.0 Hz, 1H); LC-MS (ESI mfz: 550(M+1Y".
Example 38
9-(4-{d-Isobutyrylpiperazine-1-carbonylphenyi)-8-(4-((methylamino)methylphenyl -8, 9-dihydro-
2H-pyridold,3,2-delphthalazin-3{7 Hi-one

{00442] A mixture of 4-(9-(4-(d-isobutyrylpiperazive-1-carbonyl)phenyl)-3-0x0-3,7.8,9-tetrahydro-
2H-pyridof4,3.2-dephthalazin-8-yhbenzaldehyde (40 mg, 0.07 mmol) and 33% dimethylamine aq
solution (17 mg, 0.14 mmol} in methanol (10 sol.) was stirved at room temperature for 40 min. Then
the mixture was cooled to 0 °C. Sodium borohydride (4 mg, 0.11 mumol) was added. After the
addition, the mixtare was stirred at this temperature for 2 hr. Methano! was removed under reduced
pressure, The residue was washed with ethyl acetate/methanol {(10/1) and filtered. The filtrate was
concentrated to give the crude product. The crude product was purified by prep-HPLC to give the
compound 9-(4-(4-isobutyrylpiperazine-1 -carbonylphenyl}-8-(4-((methylaminomethylphenyl)-
8, 9-dihydro-2 H-pyride[4,3,2-delphthalazin-3(7H)-one (18 mg, yield 49%) as a lght yellow solid.
"H-NMR (400 MHz, CD,OD) § {ppm}: 1.10-1.12 (d, /= 6.8 Hz, 6H), 2.67 (s, 3H), 2.81 (brs 1H),
3.33-3.70 (m, 8H), 4.12 (5, 2H), 4.43-4.75 (d, J= 7.6 Hz, 1H), 4.88 (d, J = 7.4 Hz, 1H), 7.22-7.27
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(my, 3H), 7.31-7.37 (m, 4H), 7.42-7.44 (d, /= 8.0 Hz, 2H), 7.56-7.58 (d, J= 7.2 Hz, 1H), 7.64-7.68
(t, J= 8.0 Hz, 1H); LC-MS (ESD m/z: S79(M+1Y.
Example 31
9-(3-{4-Isobutyrylpiperazine- { -carbonyl}phenyl}-8-{ pyridin-4-y13-8,8-dihydro-2 H-pyrido[4.3,2-
3 delphthalazin-3{7 H-one
Example 31 A
3-(4-Isobutyrylpiperazine- 1 -carbonyl)benzaldehyde
{60443} To a solution of 3-formylbenzoic acid (750 mg, 5 mmol) in anhydrous dichloromethane (15
mbL) was added triethylamine (1.263 g, 12.5 mmol), I-hydroxybenzotriazole (0.743 g, 5.5 mmol},
10 followed by 1-ethyl-3-3-dimethylamino propylicarbodiimide hydrochloride (1.05 g, 5.5 mmol).
After the addition, the mixtare was stirred at room temperature for 40 mins. Then the mixture was
cooled to 0 °C and 2-methyl-1-(piperazin- | -yDpropan-1-one hydrochloride (1.06 g, $.5 mmol) was
added portionwise. After the addition, the mixture was stirred at room temperature overnight. The
mixture was dituted with dichlornmethane {50 mL), washed with saturated sodium bicarbonate (30
15 mlhx2), 10% citric acid (50 mL}), brine {30 mL.), diied over anhvdrous sodium sulfate, and
concentrated to give 3-(4-isobutveylpiperazine- I~carhonylbenzaldehyde (1.44 g, vield 95%) as a
gum. 'H-NMR {400 MHz, CDCL) 8 (ppm): 1.13-1.14(d, 7= 6.8 Hz 6H), 2.80 (s, 1H), 3.46-3.80
{m, 8H),7.62-7.66 (t, /= 7.6 Hz, 1H), 7.69-7.71 (d, /= 7.6 Hz, 1H), 7.94 (s, IH), 7.96-7.99 (dd, .J; =
7.6 Hz, o= 1.2 Hz, TH), 10.06 (s, 1H); LC-MS (EST) mv/z: 28%M+1)".
20 Example 31 B
{E)-4-(Pyridin-4-vimethyleneamino)isobenxofuran-1(3 H)-one
[00444] A mixture of 4-aminoisobenzofuran-1(3H)-one (894 mg, 6 mmol), isonicotinaldehyde
(2.568 g, 24 mmol) and anhvdrous sodium sulfate (3.6 g) in anhydrous ethanol (70 mL) was heated
to reflux for two days. The mixture was cooled to room temperature and {ltered. The filtrate was
25 concentrated to give the crude product, The criude product was washed with petroleum ether to give
{(E)-4-(pyridin-4-vimethylencamino)isobenzofuran-1(3H)-one (1.1 g, vield 77%) as a white solid.
"H-NMR (400 MHz, CDCL) 8 (ppm): 5.44 (s, LH), 7.40-7.42 (d, J = 7.6 Hz, 1H), 7.59-7.63 (1, J=
7.0 Hz, 1H), 7.77-7.79 (4, J= 5.6 Hz, 2H), 7.84-7.86 (d, /= 7.6 Hz, 1H), 8.54 (s, 1H), 8.81-8.82 {d,
J=48 Hz, 1H); LC-MS (BESU) nv'z: 239(M+1)".
30 Example 31 €
Methy! 3-(3-(4-isobutvryl piperazine-1- carbonyl)phenyl)- 4-oxo-2~(pyridin-4-y1)-1,2,3 4-
tetrahydroquinoline-S-carboxyiate
[00445] A mixture of 3-(4-isobutyrylpiperazine- 1 -carbonyl)benzaldehyde (288 mg, | mmol) and

(£)}-4-(pyridin-4-ylmethylencamino)- isobenzofuran-1{3H)-one {238 mg, 1 mimel) in ethyl

fad
L

propionate (7.5 mL) was cooled to 0 °C. Then a solution of sodium methoxide in methanol sodium

(92 mg, 4 punol) in methanol (7.5 ml.)] was added drop-wise. After the addition, the mixiure was
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stirred at 25 °C for 18 hr. The mixture was quenched with water (10 mL) and solvent was removed
m vacuunt. The residue was dissolved in water, and then extracted with ethyl acetate (30 mL=3).
‘The combined organic lavers were washed with brine, dried over anhydrous sodium sultate, and
concentrated to give crude product. The crude product was purified by chromatography (silica gel,
petrolenm ether / ethyl acetate = 10:1 to 1:10) to give methyl 3-(3-(4-isobutyryl piperazine-1-
carbonyi}phenyl)- 4-oxo-2-(pyridin-4-y1}-1,2,3 4-tetrahvdroquinoline-5-carboxylate (140 mg. yield
26%) LC-MS (ESD m/z S41{M+1Y.
Example 31D
9-(3-(4-Isobutyryipiperazine- | -carbonyliphenyl)-8-(pyridin-4-y1)-8.9-dihvdro-2 H-pyridof4,3,2-
delphthalazin-3{7H)-one
00446} A mixture of methyl 3-(3-(4-isobutyry! piperazine-1- carboryliphenyl)- 4-ox0-2-(pyridin-
4eyl}-1,.2,3 . 4-tetrahydroguinoline-5-carboxylate (140 mg, 0.26 mmol} in 85% hydrazine
monohydeate (10 mLy and methanol (3 mL) was stirred at 25 °C for 4 by, The mixture was extracted
with ethyl acetate (50 mLx3). The combined organic layers were washed with brine, dried over
anhydrous sodium sulfate, and concentrated to give crude product. The crade product was purified
by prep-HPLC to give compound 9-(3-{4-isobutyrylpiperazine- 1 -carbonyhphenyD-8-(pyridin-d-vi)-
8.9-dihydro-2-pyridof4,3,2-de]phthalazin-3(7H)-one {11 mg, vield 8%) as a white solid. 'H-
NMR (400 MHz, CD:0D) & (ppm): 1.11-1.13 {m, 6H), 2.95-2.98 {m, 1H), 3.26-3.68 (m, 8H), 4.40-
4424d, 7= 8.4 Hz, 1H), 4.82-4.84 (. J= 8.4 Hy, 1H), 7.19-7.32 (m, 4H), 7.36-7.39 (m, 3H), 7.59-
7.68 {m, ZH), 8.41-8.42 (d, /= 6.0 Hz, 2H); LC-MS (ESH mviz: 523(M+1Y.
{60447} Following the synthetic strategy outlined in Synthetic Scheme 1 and Synthetic Scheme I¥
and the appropriate experimental procedure as deseribed in Examples 2 to Example 31 and using
ditleverd aldehydes 2 and appropriate 4-aminoisobenzofuran-1{3H)-one 1, the following compounds
are made,
Example 32
9-(3-({ Dimethylamino)methylphenyl)-8-(pyridin-4-y1)-8.9-dihydro-2 H-pyrido[4,3 2-de jphthalazin-
37 H)-one
Example 33
9-(3-((Methylamino)ymethy Dphenyl)-8-(pyridin-4-y1)-8.9-dihydro-2 H-pyridof4,3,2-de]phthalazin-
3P EN-one
Example 34
9-(4-((Dimethylamino)methyliphenyl)-8-(pyridin-4-yi)-8 9-dihydro-2 H-pyridof4,3,2-deiphthalazin-
HTHy-oue
Example 35
9-(3~(Hydroxymethyl)pheny)-8-(pyridin-d-y1)-8,9-dihydro-2 H-pyrido[4.3,2-de] phthalazin-3{7H)-

one
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Example 36
9-(4-((Methylaminomethyhpheny!)-8-(pyridin-4-y1)-8,9-dibyvdro-2 H-pyrido{4,3,2-deJphthalazin-
3(7Hy-one
Example 37
5 9-(3-{(Dimethylaminoymethyliphenyh-8-(pyridin-3-v1)-8,9-dihydro-2 H-pyrido{4,3,2-de Jphthalazin-
3{7H)-one
Example 38
9-(3-{(Methylaminoimethyljphenyi)-8-(pyridin-3-y1}-8,9-dibydro-2 H-pyridof4.3,2-dephthalazin-
37 Hy-one
10 Example 39
9-{4-({ DimethylaminoyuethyDphenyH)-8-(pyridin-3-y1)-8,9-dihydro-2 H-pyrido{4,3, 2-dejphthalazin-
{7 Hyone
Example 40
9-{4-((Methylamino)methyDphenyi-8-(pyridin-3-y1)-8, 9-dihydro-2 H-pyrido[4,3,2-de]phthalazin-
15 (T Hyone
Example 41
9-(3-(HydroxymethyDphenyl)-8-(pyridin-3-y1)-8 9-difivdro-2 H-pyrido[4,3,2-de]phthalazin-3( 7H)-
ong
Example 42
20 9-(3-({Dimethylamino}methylipheny!)-8-(pyridin-2-y1)-8,9-dihydro-2 H-pyrido[4.3,2 -de |phthalazin-
HTH-one
Example 43
9-(3-{{MethylaminoymethyDphenyl)-8-(pyridin-2-y1)-8,9-dihydro-2 H-pyridoj4,3,2-deIphthalazin-
3(7H)-one
25 Example 44
9-(3{(Hydroxymethyphenyh)-8-(pyridin-2-y1}-8,9-diliydro-2 H-pyrido{4,3,2-de|phthalazin-3( 7TH)-
one
Example 45
9-(4-({Dimethylamino)methy pheny!)-8-(pyridin-2-y1)-8,9-dihydro-2 #-pyrido[4,3,2-de | phthalazin-
30 3{THY-one
Example 46
9-(4-((Methylaminomethyhpheny!}-8-{ pyridin-2-y1)-8,9-dihydro-2 H-pyrida{4,3 2-de|phthalazin-
3(7H)-ons

Example 47

Les
(¥

9-Phenyl-8-(pyridin-2-y1}-8,9-dihydro-2 H-pyrido[4,3,2-dephthalazin-3( 7H)-one

Example 48
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G-Phenyl-8-(pyridin-3-y1)-8.9-dihydro-2 H-pyrido{4,3,2-dejphthalazin-3(7 H)-one
Example 49
9-Phenyl-8-(pyridin-4-v1}-8,9-dihydro-2 F-pyrido[4,3,2«de jphthalazin-3{7H)-one
Example 50
5-Fluoro-$-phenyl-8-«(pyridin-4-y}-8.9-dibydro-2 H-pyrido[4,3,. 2 -delphthalazin-3(7 H)-one
Example 51
9-(3-((Dimethylaminomethylpheny)-S-fluoro-8-(pyridin-d4-y1)-8 9-dihydro-2 H-pyrido{4,3,2~
delphthalazin-3(7 H)-one
Example 52
5-Fluoro-9-(3-({methylamino ymethypheny - 8-(pyridin-4-y1)-8,9-dihydro-2 H-pyrido[4.3,2-
delphthalazin-3(7F)-one
Example 83
9-(4-({ Dirnethylaminoymethyhpheny)-5-fluoro-8-(pyridin-4-yD-8, 9-dihydro-2 Hepyridof4,3,2-
delphthalazin-3{7H)-one
Example 54
S-Fluoro-8,9-diphenyl-8 9-dihydro-2H-pyrido[ 4.3, 2-de Iphtlialazin-3(7 H)-one
Example 55
G-{4-({ Dimethylamino)methyDpheny)-5-fluoro-8-pheny-8,9-dihydro-2 H-pyrido[4,3,2-
delphthalazin-one
Example 56
S-Fluorn-9-(4-((methylamino ymethylphenyl)-8-phenyl-8.9-dihydro-2 H-pyrido[4,3,2-dephthalazin-
one
Example 57
9-(3-({Dimethylamino)methylypheny!)-S-fluoro-8-phenyi-8,9-dihydro-2 H-pyrido{4,3,2-
deiphthalazin-one
Example 538
8-(4-((DimethylaminoymethyDphenyl)-5-fluoro-9-phenyl-8,9-dihydro-2 H-pyridof4.3,2-
de|phthalazin-one
Example 59
5-Fluoro-9-(3-{(methylaminojmethyDphenyi}-B-phenyl-8,9-dihydro-2 H-pyrido[4,3,2-de |phthalazin-
ane
Example 60
3-Fhuoro-8~{4~({methylamino)methyl)phenyl)-@-phenyl-8,9-dihydro-2 H-pyridof4.3, 2-dephthalazin-
one
Example 61
7-Methyl-8,9-diphenyl-8,9-dihydro-2 H-pyrido{4,3,2-delphthalazin-3( TH)-one
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[00448] A solution of 8 9-diphenyl-8,9-dihvwdro-2 F-pyrido{4,3,2-delphthalazin-3(7 H}-one (1.04
mmol) i methanol (20 ml.) is treated with formaldehyde (37 wt % in water, 270 ul., 3.61 nunol) at
roony terperature for overnight. Sedium cyanoborohydride (228 mg, 3.61 mmol) is added and the
solution is stirred at room teraperative for 3 h. After concentration under reduced pressure, the
residue is dissolved in a mixture of trifluoroacetic acid and water and is purified by HPLC giving the
T-methyl-8.9-dipheny-8.9-dihvdro-2 H-pyrido]4,3,2-de|phthalazin-3{7H)-one in good vield.
Example 62
7-Ethyl-8,9-diphenyl-8,9-dihvdro-2 H-pyridof4.3 . 2-de |phthalazin-3{7 H)-one
j00449} Following the experimental conditions ovtlined in Example 61, replacing the formaldehyde
with acetaldehyde, the title compound 7-ethyl-8,9-diphenyl-8,9-dihydro-2 H-pyridof4,3,2~
delphthalazin-3(7 Hy-one is made.
Example 63
S-Fluoro-9-(1-methyi-1H-imidazol-2-yi)-8-phenyi-8.9-dihvdro-2 Hepyrido[4,3,2-de}phthalazin-
(THy-one
Example 63 A
Methy! S-flooro-2-methyl-3-nitrobenzoate
[00456] To a solution of cone. HaSO, (700 mil) was added portion-wise S-fluoro-2-methyibenzoic
acid (80 g, 520 mmol) at -5~0 "C. Then a mixture of conc. HNO, (60.4 g, 624 mmol) in conc. H, SO,
(60 L) was added drop-wise at -3~0 °C in a period of about 1.5 hrs. After the addition, the mixture
was stirred at this temperature for 2 hrs. TLC (petroleum ether/ EtOAc = 1:1) showed the reaction
was complete. The mixture was poured into crash ice with vigorous stirring and the precipitate was
collected by filtration. The precipitate was dissolved in BtOAc, washed with brine, dried over
anhydrous NaxSQy, concentrated to give crude 3-fluoro-2-methyl-3-nitrobenzoic acid (54 g). A
solution of this crude 3-flaoro-2-methyl-3-nitrobenzoic acid (54 g) in dry methanol (500 mL) was
cooled ta 0 °C, SOCL (64.52 g, 542.3 nunol) was added drop-wise. After the addition, the mixture
was heated to reflux for 16 hrs. TLC (petroleum ether/ EtOAc = V:1) showed the reaction was
complete. Solvent was rersoved under reduced pressure to give crude product. The erude product
was purified by silica gel chromatography (petroleum ether to petroleum ether/ EtOAes= 5(:1) to
give methyl 5-fluoro-2-methyl-3-nitrobenzoate (28 g. yield 25% for two steps) as a white solid. 'H-
NMR (400 MHz, CDCI3) 6 (ppm): 2.59 (5, 3H), 3.95 (s, 3H). 7.60-7.63 (dd, 1H), 7.74-7.77 (dd, 1H);
LC-MS (ESD miz: 214 (M+1)", 216(M+3Y".
Example 63 B
6-Fluoro-4-nitroisobenzofuran~1{3 H)-one
100451] A mixture of methyl 5-fluoro-2-methyl-3-nitrobenzoate (28 g, 130.5 mmol), NBS (27.8 ¢
156.6 mmol) and BPO (3.13 g, {3.1 mmol} in CCly (400 ml.) was heated to reflux overnight. TLC

{petroleum ether/ EtOAe = 15:1) showed the starting material was consumed completely. Water

P
wn



1a

WO 2010/017055 PCT/US2009/051879

{200 mL} was added and CCl4 was removed under reduced pressure. The residue was extracted with
DCM (200 mL x 3}, The combined organic layers were washed with brine, dried over Na, S5Oy,
concentrated to give crude methy] 2-(hromomethyD}-5-flaoro-2-methyl-3-nitrobenzoate (36 g, vield
94%) as & brown oil. A mixture of methyl 2-(bromomethy)-5-fleoro-2-methyl-3-nitrobenzeate (36
g, 123 munol} in 1, d-dioxane (250 ml.) and water (62.5 mil.) was heated to reflux for 4 days. TL.C
{petroleum cther / EtOAc = 15:1) showed the starting material was consumed completely, Dioxane
was removed under reduced pressure. The residue was extracted with EtOAe (300 mL x 4}. The
combined organic layers were washed with bring, dried over Na:S0,, concentrated to give crude
prodact. The crude product was purified by gel chromatography (petroleum ether to petroleum ether/
EtQAc = 5:1) lo give 6-flucro-4-nitroiscbenzofiran-1(3 fHy-one (19.2 g, vield 79%) as a white solid.
"H-NMR (400 MHEz, CDCl) 3 (ppm): 5.74 (s, 2H), 7.97-7.98 (dd. 1H), 8.24-8.27 (&, 1H); LC-MS
(ESD m/iz 198(M+1)".

Example 63 C

4-Amino-6-fluorcisobenzoforan-1{3H )-one

{00452} A suspension of 6-fluoro-d-nitroiscbenzoturan- 13 H)-one (9.6 g, 48.7 nunol) and Pd/C
(10%, 1 g) in EtOAc (300 mL) was stirred at 25 "Counder § atmosphere of hydrogen for 12 hr. TLC
{petroleum ether/ EtOAc= 2:1) showed the reaction was complete. The mixture was filtered, and the
cake was washed with EtOAc (100 mL x 3). The filirate was concentrated to give 4-amino-6-
fluoroisobenzofuran-1{3H)-one (7.5 g, vield 92%) as a white solid. 'H-NMR (400 MHz, CDCL) &
{pprm): 3.85 (br s, 2H), 5.14-5.15 (d, 2H), 6.62-6.65 (dd, 1H), 6.98-7.00 (dd. 1H); LC-MS (BESD ni/z:
168 (M+1)".

Example 63 D

{£)-4-(Benzvlidencamino)-6-fluoroisobenzofuran- {3 -one

{00453] To a stirred mixture of benzaldehyde (4.125 g, 29.9 numol) and anhydrous magnesium
sulfate (36 g, 299 mmol) in anhvdrous acetonitrile (200 ml.) was added 4-amino-6-
fluoroisobenzofuran- 1{3H)-one {5 g, 29.9 mmeol) at 0 °C. After the addition, the mixtore was stivved
at room temperature for 6 days. The mixture was filtered and the cake was washed with ethyl acetate
{50 mLx3). The filtrate was concentrated to give erude product. The crade product was washed with
petroleum ether to give (E)-4-(benzylideneamino)-6-fluoroisobenzofuran-1(3 Hy-one {5 g, yield:
66%4). "H-NMR (400 MHz, CDCL) § {ppm):5.40 (s, 2% 7.11.7.14 (dd. 1H), 7.44-7.46 {dd, ZH),
7.53-7.59 (m, 3H}), 7.93-7.95 (m, 2H), 8.54 (s, TH); LC-MS (ESD mvz: 256 (M+1)'.

Example 63 E

Ethyl 7-fluoro-3-(1-methyl-14-imidazol-2-y1}-4-0x0-2-phenyi-1,2,3 A-tetrabydroquinaline-S-
carboxylate

[00454] A mixture of (£)-4-(benzylideneamino)-6-flaoroisobenzofuran-1(3 H)-one (2 g, 7.8 mmaol)

and I-methyl-1 /- imidazole-2-carbaldehyde (0.949 g, 8.63 mmaol) in ethy] propionate (50 mL) was
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¢ooled to 0 °C. Then a solution of sodium gthoxide in ethanol {sodium (722 mg, 31.37mmol) in
cthanol (30 mL)] was added drop-wise. After the addition, the mixtore was stirred at room
temperature for 2 br. The mixture was quenched with water {10 mL) and solvent was removed in
vacoum. The vesidue was dissolved in water, and then extracted with ethy! acetate (100 mLx4). The
combined organic layers were washed with brine, dried over anhydrous sodium sulfate, and
concentrated to give crude product. The crude product was purified by chromatography (silica gel,
petroleum ether / ethyl acetate = 1071 to 1:10) to give the ethyl 7-Hluore-3-(1-methyl-{ H-imidarol-2-
yh-4-ox0-2-phenyl-1,2,3 4-tetrabyvdroguinoline-3-carboxylate (141 mg). "H-NMR (400 MHz,
DMSO-d6) 5 (ppm): 1.18-1.22 (1, 3H), 3.31 (s, 3H), 4.17-4.21 {q, 2H), 4.621-4.65 (d, 2H), 5.17-5.20
(d, TH), 6.48-6.51 (dd, 1H), 6.70-6.73 (1, 2H), 6.86 (s, 1H), 7.24-7.30 (m, 3 H), 7.42-7.44 (1, 21},
7.76 (s, TH); LC-MS (ESH nv'z: 394 (M+1)",
Example 63 F
S-Fluoro-9-( I-methyi-1 H-imidazel-2-y1}-8-phenyl-8, 9-dihydro-2 H-pyridof4,3,2-de jphthalazin-
HTHone
[08455] A mixture of ethyl 7-fluoro-3-(1-methyl-1 H-imidazol-2-y)-4-0x0-2-phenyl-1,2,3 4-
tetrahydroquinaline-S-carboxylate (141 mg) in 85% hydrazine monohydrate (10 mi.) and methanol
(10 mL} was stirred at 45 °C for overnight. Methano! was removed under reduced pressure. The
muxture was filtered and washed with water to give 5-fluoro-9-(1-methyl-1 H-imidazol-2-v1)-8-
phenyl-8,9-dibydro-2 H-pyridof4,3,2-de phthalazin-3(7TH)-one {11 mg, vield: 9%). "H-NMR (400
MHz, CD:0DY 8 (ppr): 3.34 (s, 3H), 4.65(d, ./ = 8.0 Hz, 11), 4.94 (4, J= 8.0 Hz, 1H), 6.81(s, IH),
6.88-7.02 (m, 2H), 7.18 (dd, 1H), 7.28-7.29 (m. 3H), 7.34-7.36(m, 2H); "F-NMR(400 Mz,
CD,0D) 8 -105.70 (x); LC-MS (ESI m/iz: 362 (M+1).
Example 64
S-Flyoro-B-(4-fluorophenyl)-9-(1-methyl-1 H-imidazol-2-y1} -8.9-dthydro-2 H-pyrido{4,3,2-
deiphthalazin-3(7H)-ong
Example 64 A
{EY-6-Fluoro-4-{4-fluorobenzylidencaminolisobenzofuran-1(3H)-one
[00456] 4-amino-6-fluoroisobenzofuran-1{3H)-one (1.5 g, 8.98 mmol), 4-fluorabenzaldehyde (1.67
g 1347 mmol)and 12.75 g of MgSQ, were added into 40 mi of DCM and stirred under reflux
overnight, then the mixture was evaporated under reduced pressure and the residuaes was dried in
vacuum. 850 mg of (K)-6-fluoro-4-(4-fluorobenzylidencamino)isobenzofuran- 1 (3H)-one was
obtained. "H-NMR (400 MHz, CDCL) 8 (ppu):5.37 (s, 2); 7.09-7.12 (dd, 1H), 7.19-7.23 (t, 2H),
7.43-7.45 (dd, 1H), 7.92-7.95 (m, 2H}, 8.49 (s, 1H};, LC-MS (ESD mvz: 274 (M+1)’
Example 64 B
Methyl 7-fluoro-2-(4-fluorophenyl}-3-( I-methyl-1 H-imidazol-2-y1)-4-oxe-1,2.3,4-

tetrahydroguinolie-5-carboxylate
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[00457] (E16-Fluorc-4-{4-fluorobenzyvlidencaminolisebenzofuran- H3 M-one {850mg, 3.13nmol),
I-methyl-1H- imidazole-2-carbaldehyde (342 mg, 3.13 mmeol), sodiom methanolate (851 myg, 12.52
mmol) and ethyl propionate (50 ml) were added and the mixture was stirred at room temperature
overnight. Then the resulting mixture was evaporated under reduced pressure and extracted with
EtOAC (4 x 100 ml) and concentrated. The crude product was puritied by column chromatography
{silica gel, petroleum ether: EtOAc 20:1 to 5:1). 20 mg of methyl 7-fluoro-2-(4-fluoropheny)-3-(1-
methyl- L H-imidazol-2-yh-4-ox0-1,2, 3. 4-tetrahydroquinolie-S-carboxylate was obtained. LC-MS
(ESDH m/z: 412 (M+1)".
Example 64 C
S-Fluoro-8-(4-fluoraphenyl}-9-( 1-methyl-1 H-imidazol-2-y1) -8 9-dihydro-2 H-pyrido{4,3.2-
de|phthalazin-3(7H)-one
00458} Maethy! 7-fluoro-2-(4-fluorophenyly-3-( L-methyi-1 H-imidazol-2-y1)-4-0ox0-1,2,3 4~
tetrahydroquinolie-5-carboxylate (20 mg, 0.048 mmol) and hydrazine (3 ml} were added MeOH (20
mi) and the mixture was stirred room temperature for 3 h. The resulting mixture was evaporated
under reduced pressure (o 3 ml and then fikered: 5.6 rog of 5-fluore-8-(4-flusrophenyvi}-9-(1-methyl-
| H-imidazol-2-y1) -8.9-dihvdro-2H-pyrido{4.3,2-dephthalazin-3( 7H)-one was obtained. H-NMR
(400 MHz, CD:0D) & (ppm¥:3.35 (s, 3H), 4.65 (d. 11, 4.95 (4, 1H), 6.84 (s, 1H), 6.87-6.91 (m,
ZHY, 7.02(1, 2HD, TA7-7.20 (m, 1H), 7.37-7.40 (m, 1H). LC-MS (ESD m/z: 380 (M+1)".
Example 63
8-{4-((Dimethylaminoymethy Dphenyl}-9-(1-methyl-1 H-imidazol-2-yi)- & 9-dihydro-2H-
pyridof4,3.2-dfe jphthalaxin-3(7 H)-one
Example 65 A
Ethyl 2-(4-(diethoxymethyl)phenyl) -3+(1-methyl-1 H-imidazol-2-y1)}-4-0x0-1,2.3 4~
tetrahydrogeinoline-5-carboxylate
[00439] A mixtuwe of (E)-4~(4-(diethoxymethylibenzylidencamino)isobenzofuran-1(3/H)-one (678
mg, 2 mmol), -methyl-1H-imidazole-2-carbaldehyde (242 mg. 2.2 mmol), sodium ethanolate (544
mg, 8.0 mmol), and ethyl propionate {50 m!) was stirred at room temperature for 3hr. Then the
resulting mixture was evaporated under reduced pressure and extracted with ethyl acetate (100
ml.x4) and concentrated. The crude product was purified by column chromatography (silica gel,
petroleum ether: ethyl acetate = 20:1 to 1.5:1) to give ethyl 2-(4-(diethoxymethyDpheny]) -3-(1-
methyl-1H-imidazol-2-y1)-4-0x0-1,2,3 4-tetrahydroquinoline-3-carboxylate as solid (50 mg, vield
5%). LC-MS (ESD) m/z: 478 (M+1Y".
Example 65 B
8-(4-(Dicthoxymethyhphenyl}-9-(1-methyl-1 H-imidazol-2-y1)- 8,9-dihydro-2 H-pyridol4,3,2-

detphthalazin-3{7H)-one
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[08460] A mixture of ethyl 2-(4-(diethoxymethyliphenyl) -3-{ I-methyvi- 1 F-imidazol-2-yi)-4-0x0-
1,2.3 4-tetrahydroguinoline-S-carboxylate (490 mg, 1.3 mmal), methanol (20 mL) and hydrazine
monohydrate (2 ml.} was stirred under 25 °C for 3 hr. The resulting mixture was evaporated under
reduced pressure to 10 ml and then filtered, 250 mg of 8-(4-(dicthoxymethyl)phenyD-9-( 1-methyl-
{H-imidazol-2-y1)- 8.9-dihydro-2 Hepyrido[4,3,2-de}phthalazin-3(7TH-one as a solid was obtained,
vield 35%., LC-MS (ESD) mvz: 446 (M+1)"
Example 65 C
4-{9-(1-Methyl- { Hamidazol-2-y1)-3-0x0-3,7.8 9-tetrabiydro-2H-pyrido[4,3 2-dejphthalazin-8-
vijbenzaldehyde
jon461] A mixture of 8-(4d-( Diethoxymethyliphenyl}-9-( L-methyl-1 Hamidazol-2-yl}- §,9-dibhvdro-
2H-pyrido[4,3,2-de jphthalazin-3(7H)-one (50 mg, (.11 mmol) and 2 mi of hydrochloric acid (3 N)
was stirred at room teraperature for 2 hr. The reaction mixture was neutralized by K,CO; to pH=7
and then filtered, 29 mg of 4-(9-(1-methyl-1 H-imidazol-2-y[)-3-0x0-3,7,.8,9-tetrahydro-2 H-
pyrido[4,3,2-delphthalazin-8-y)benzaldehyde was obtained, vield 70%. LC-MS (BSD mvz: 372
{(M+1)
Example 65D
8-(4-({dimethylaminomethyDphenyl)-9-(1-methyi-1 H-imidazol-2-yl)- 8, 9-dihydro-2 H-
pyrido[4.3,2-de|phthalazin-3(7H)-one
{00462} A mixture of 4-(9-(1-methyl- 1 H-imidazol-2-yi)-3-0x0-3,7,8 9-tetrahydro-2 H-pyrido[4,3,2-
de jphthalazin-8-yhbenzaldehyde (80 mg, 0.22 romol), acetic acid (60uL.) and 27% dimethylamine
alcobol solution (2.5ml, 15 mmol) in acetonitrile {7 mlL.) was stirred at room temperature for 4h.
Then the mixtare was cooled to 0 *C. NaBHON (36 rog, 0.67 mmol) was added. After the addition,
the mixture was stirved at room temperature for 4 hr. Methanol was removed under reduced
pressure. The residue was washed with ethyl acetate and filtered. The filtrate was concentrated to
give B-{4-({dimethylaminomethyDpheny)-9-(1 -methyl-1 H-imidazol-2-y1}- 8,9-dihydro-2 H-
pyridof4.3,2-de|phthalazin-3(7H)-one (30 mg, vield 34%) as a white solid. "H-NMR: (400MHz,
DMSO-dg) 8 (ppm): 2.11 (s, 6H), 3.36 (s, 2H), 3.37 (5, 3H}, 4.65 (d. J = 104 Hz, 1H). 4.92(d, ./ =
104 Hz, 1HD, 6.76 (s, 1HD), 6,89 (s, 1H), 720 (d, / = 7.6 Hx, 3H), 7.35 (d, J = 8.0 Hz, 2H}, 7.43 (d,
J=6.8 Hz, 1H), 7.62 {t,.7 = 7.8 Hz, 1H); LC-MS (ESH m/z: 401 (M+1".
Example 60
9-(1-isopropyi-t H-imidazol-5-yl)- 8-phenyi-8,9-dihydro-2H-pyrido[4,3,2-de|phthalazin-3(7 H)-one
Example 66 A
Ethyl 3-(1-isopropyl-1H-imidazol-5-yi)-4-0x0-2-phenyl-1,2.3, 4-tetrahydroguinaline-3-carboxylate
{00463] A mixture of 1 H-imidazole-5-carbaldehyde (800 mg, 8.3 mmol), 2-iodopropane (1.7 g, 10
mimol) and potassivm carbonate (1.4 g) in DMF (30 mL) was hea.tég? ta 50 °C overnight. The

mixtore was evaporated under reduced pressure, and then extracted with ethyl acetate (100 mLx4)
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The combined organic layers were dried over anhydrous sodium sulfate, concentrated to give 1-
isopropyl- | Heimidazole-S-carbaldehyde (1.1 ). LOC-MS (ESD m/z: 139 (M+1), This compound
{1.1 g, 8.0 myool) and (F-4-{benrylideneamino)isobenzofuran- 1{(3H)-one (1.7 g ,7.2 mmol} were
added in ethy! propionate (50 mL) then sodium ethoxide was added under 0 °C, The mixture was
stirred overnight at room temperatare. The mixture was concenirated and the residue was extracted
with ethyl acetate (100 mL=4). The organic layer dried over anhydrous sodium solfate, perified by
chromatography (silica gel. petroleum ether / ethyl acetate = 131 to 1:1) to give ethyl 3-(1-
tsopropyl- L -imidazol-3-y-4-ox0-2-phenyi-1,2,3 d-tetrabydroguinoline-5-carboxylate (770 mg,
vield 30%%). LO-MS {(ESD) my/z: 404 (M+1)".
Example 66 B
9-{ -isopropyb-LH-imidazol-3-y1)- 8-phenyl-8.9-dihydro-2H-pyrido[4,3,2-de |phthalazin-3(7 H}-one
{00464] A suspension of ethyl 3-(1-isopropvl-1 H-imidazol-5-yl)-4-oxo-2-phenvi-1,2 3.4~
tetrabydroquinoline-3-carboxylate (770 mg, 1.9 mmol) and hydrazine monohydrate (6 mi, 85%)
were added i methanol (10 mL) and stirred at 50 "C overnight. The mixture was filtered, and the
white solid was washed with methanal and dried 10 give 9-(1-isopropyl-1H-imidazol-5-v1}- 8-
phenyl-8,9-dibydro-2 H-pyrido{4.3,2-de phthalazin-3(7H)-one (90 mg, vield 13%). 'H-NMR (400
MHz, DMSQ-d6) & (ppm) : 0.82-0.84 {d, F= 6.8 Hz, 3H), 1.27-1.29(d, /= 6.4 Hz, 31, 3.30-3.33
{t../= 6.6 He ,1H), 4.67-4.70 (d, /= 112 Hz, TH), 4.92-4.95(d, /= 11.2 Hz, 1H), 6.80 (5, {H), 7.0!
(s, TH}), 7.16-7.18 (s, 1H), 7.24-7.28 (m, 3H), 7.31 (s, TH). 7.36-7.39 (m, 3H), 7.55-7.59 (m, 11}
LC-MS (ESD m/z: 372 (M+1Y,
Example 67
9-{4-Methyl-1H-imidazol-2-y1)- 8-phenyl-8.9-dihydro-2 H-pyridof4,3,2-delphthalazin-3(7H)-one
Example 67A
t-Benzyl-4-methyl- 1 H-imidazole-2-carbaldehvde
[00465] To a solution of 4-methyl-1H-imidazole (1g, 5.8 mmol) in 6 mL THF cooled to -50 °C was
added n-Bubi (2.9 mL. 625 mmol). The mixture was stirred at -50 °C ~ 40 °C for 2h. Then cooled to
-78 °C and added in DMF (0.87 mL.) drop-wise. After addition the ice bath was removed, and the
mixture was stirred at room temperature 30 min. The resulting mixture was evaporated under
reduced pressure to 10 mL and then filtered: the crude product was purified by column
chromatography to obtain 1-benzyb-4-methyl- 1 H-imidazole-2-carbaldehyde (450 mg, vield 38%).
LO-MS (ESDH m/iz: 201{M+1}".
Example 67 B
Methyl 3-(1-benzyl-d-methyl- Li#-imidazol-2-vi}-4-ox0-2-phenyl-1,2,3 4-tetrahydroquinoline-5-
carboxylate
j00466] A mixture of 1-benzyl-4-methyl-1 H-imidazole-2-carbaldchyde (450 mg, 2.25 mmol), {(£)-

d-(benzylideneamino Yisobenzofuran- 1{3H)-one (640 mg, 2.7 mmol}), sodiumn methanolate (207 mg,
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9 ramol) and ethyl propionate (25 mL) were stitred at room teraperature overnight. Then the
resulting mixture was evaporated under reduced pressure and extracted with ethyl acetate (4 x 100
mL} and concentrated to give methyl 3-(1-benzyl-4-methyl- L Hamidazol-2yl)-d-ox0-2 -phenyl-
1,2.3 4-tetrahydroquinoline-5-carboxylate (250 mg, vield 23%). LC-MS (ESI) mvz: 438 (M+1)".
Example 67 C
9-{ I-Benzvl-4-methyl-1 H-imidazol-2-y1)- 8-phenyl-8,9-dihydro-2H-pyrido{4,3 . 2-dephthalazin-
3(7H)-one
[08467] A mixture of methyl 3-(1-benzyl-4-methyl-1 F-imidazol-2-yl)-4-0x0-2-phenyi-1,2,3,4-
tetrahydroquinoline-3-carboxylate (250 mg, 0.57 mmol) and hydrazine monohydrate {3 mL) was
stirred romm temperature for 5 h. The resuliing mixture was evaporated under reduced pressure to 13
mi and then filtered; the filtrate was concentrated to give 9-{1-benzyl-4-methyl-1 H-imidazol-2~y)-
8-phenyl-8.9-dihydro-2H-pyridof4.3 2-de|phthalazin-3(7Hj-one as a white solid (40 mg, vield
16%). LC-MS (ESD m/z: 434 (M+13",
Example 67 D
9-{4-Methyl-1 H-imidazol-2-y1)- 8-phenyl-8,9-dthydro-2H-pyride[4.3,2-de|phthalazin-3( 7T H~one
00468} A mixture of 9-(1-benzyl-d-methyl-1 H-imidazoi-2-v1)- 8-phenyi-8.9-dihvdro-2H-
pyridof4,3,2-delphthalazin-3(7H)-one (40 mg, 0.09 mmol) and palladium hydroxide on carbon
catalyst (40 my, 20%wt) in anhydrous methanol (15 mL) was purged with hydrogen (1 har) at room
temperature for 12 hr. The mixture was filtered and the filtrate was concentrated to give crude
product, which was purified by pre-HPLC to give 9-(d-methyl-1 H-imidazol-2-y1}- 8-phenyi-8,9-
dihydro-2H-pyridof4,3,2-de|phthalazin-3(7H)-one (27 mg, vield 87%). 'H-NMR (400 MHz,
CD;0OD) & (ppm): 2.22 {dd, 3H), 4.77-4.86 (m, 2H), 7.06(s, 1H), 7.20 (d, 1H), 7.36 (1, SH), 7.55 (d,
TH), 7.62 (1, TH); LC-MS (ESD wm/z: 344M+1Y
Example 68
8-Phenyl-9-(thiazol-5-yi}-8 9-dihydro-2 H-pyrido[4,3,2-dephthalazin-3(TH)-one
Example 68 A
Methyl 4-0x0-2-phenyl-3-(thiazol-5-y1)-1,2,3 4-tetrahydroguinoline-3-carboxylate
{00469] A mixture of thiszole-S-carbaldehyde (500 mg, 4 mmol), (F)-4-
(benzylideneamme)isobenzofuran- 1(3#}-one (960 myg, 4 mmol), sodium methanolate (375 mg, 16.1
mruol) and ethy! propienate (30 mL) were stirred at room temperature overnight. Then the resulting
mixture was evaporated under reduced pressure and extracted with ethy] acetate (4 x 100 mL) and
concentrated. The crude product was purified by column chromatography (silica gel, petroleum
ether: ethyl acetate 10:1 to 1:1) to give methy! 4-0x0-2-phenyl-3-(thiazol-5-y1)-1,2,3.4-
tetrahydroguinoline-5-carboxylate (110 mg, vield 7%). LC-MS (ESD mv/z; 379 (M+1Y'.
FExample 68 B
8-Phenyl-9-(thiazol-5-y1)-8 9-dihydro-2 H-pyrido{4.3 2~de]phibalazin-3( 7 H)-one
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[06470] Methyl 4-ox0-2-phenvl-3-(thiazol-5-y1)-1,2.3 d-tetrahydroquinoline-5-carboxvlate (110 mg,
0.29 mmol} and hydrazine monchydrate (2 mL) were added to methanol (10 mi.) and the mixture
was stirred room temperature for 4 h. The resulting mixture was evaporated under reduced pressure
io 10 ml. and then filtered; the filtrate was concentrated to give 8-phenyl-9-{thiazol-5-y13-8,9-
dihydro-2 H-pyrido(4,3,2-de{phthalazin-3(7Hone {13 myg, vield 13%) as a white solid. "H-NMR
{400 MHz, CI3;0D) 8 (ppm): 4.67 (d, TH), 4.78 {d, 1H}, 7.10-7.19 {m, 4H), 7.24 {1, 2H), 7.45-7.56
{m, 2H), 8.76 (s, 1H); LC-MS (ESI) m/z: 347 (M+1).
Exaraple 69
O-(Furan-3-yi}-8-phenyl-8,9-dibvdro-2H-pyrido[4,3 2-delphthalazin-3(7H)-one
Example 6% A

Ethyl 3-(furan-3-y-4-ox0-2-phenyl-1,2,3, 4-tetrahydroquinoline-3-carboxylate
004711 A mixture of (E)-4-(benzylideneamino)isobenzofuran- 1(3/)-one (948 mg, 4 mmol) and
furan-3-carbaldehyde (422 mg, 4.4 mmol) in ethyl propionate (30 mL) was cooled to 0 °C. Then a
solution of sodium ethanoxide in ethanol [sodium (368 mg, 16 mmol) in ethanol (20 mL)] was
added dropwise, After the addition, the mixture was stirred at room temperature for 2 hr, The
mixture was quenched with water (10 mL} and solvent was removed in vacuum. The residoe was
dissolved in water, and then extracted with ethyl acetate (100 mL#4). The combined organic layers
were washed with brine, dried over anhydrous sodium sulfate, and concentrated to give crude
product. The crude product was purified by chromatography (silica gel, petroleum ether / ethyl
acetate = 10:1 to 1:1) to give ethyl 3-(furan-3-yl)-4-oxo-2-phenyl-1.2,3 4-tetrahydroquinoline-5-
carboxylate (80 rog, vieid: §%6). LC-MS.(ESD m/z: 362 (M+1).

Example 69 B

Y-(Furan-3-y1)-B-phenyl-8,9-dihydro-2 H-pyrido[4,3.2-de]phthalazin-3(7H)-one
{00472] A mixture of ethyl 3-(furan-3-y1}-4-0x0-2-phenyl-1,2 3,4~tetrahydroquinoline-5-carboxylate
(80 mg) in 85% hydrazine monohydrate {10 mL) and methano! (10 L) was stirred at 45 °C
overnight. Methanol was removed under reduced pressure. The crude product was purified by prep-
HPLC {0 give 9-(furan-3-y1)-B-phenyl-8,9-dihydro-2H-pyridof4,3,2-de]phthalazin-3(7TH)-one (5 mg,
yield 7%). 'H-NMR (400 MHz, CD;OD) & (ppm): 4.19 (d..J = 8.0 He, 11, 4.67 {d,.J= 8.0 Hz, 1H),
6.26 (s, 1H), 7.07-7.21 (m, TH). 7.30 (s, 1), 7.27 (m, 1H), 7.41 (d, 1H), 7.51 (m, TH); LC-MS
(ESD nvz: 330 (M+H1).

Example 70
8-(4-({4-Ethylpiperazin-1-yDmethylpheny!)-9-phenyi-8,9-dihydro-2 H-pyrido[4,3.2-d¢|phthalazin-
37 H-one

{00473] To a stirred solution of 4-(3-uxo-8-phenyl-3,7,8 9-teteahydro-2 H-pyrido{4,3.2-
de]phthalazin-8-yhbenzaldehyde (200 mg, 0.54 mmol) in dichloromethane (30 mL) was added

acetic acid (1 mL) followed by the addition of 1-ethylpiperazine (121 mg, 1.63 mmol). After the
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addition, the mixture was stirred at room temperature overnight. Then the mixture was cooled to 0
°C. NaBH (0Ac) (173 mg, 0.81 nunof) was added. After the addition, the mixture was stirred at this
temperature for 12 hr. dichloromethane was removed under reduced pressure. The residue was
washed with ethyl acetate/methanol (10/1 )y and filtered. The filtrate was concentrated to give the
crude product. The crude product was purified by prep-HPLC to give 8-(4-((4-ethylpiperazin-1-
yhmethyDpheny!)-9-phenyl-8,9-dihydro-2 H-pyridof4,3, 2-deIphthalazin-3(7H-one (1335 mg, yield
47%) as white solid. 'H-NMR (400 MHz, DMSO-d6) § {ppm): 1.22 (1, 3H), 2.36-2.44 (m, 1H),
2.74-3.11 (m, 8H), 4.01-4.10 (m, 3H), 4.33 (dd, 1H), 4.78 (dd, 1H), 7.13-7.31 (m, 10H). 7.37 (d.
TH), 7.47 (s, 1H), 7.58 (t, 3H); LC-MS (ESD m/z: 4520M+1Y .

Example 71

9-Phenyl-8{4-{piperazin- i -vimethylphenyl}-8,9-dihvdro-2 H-pyridal4,3 2-de |phthalazin-3 (7 H)-one

(004741 A solution of 4-(3-ox0-9~-phenyl-3,7 8 9-tetrabydro-2H-pyrido{4,3.2-de]phthalazin-§-
yhbenzaldehyvde (200 mg, 0.54 mmol) in dichloromethane (30 mi) was added acetic acid (196 mg,
3.24 mmeol} and tert-butyl piperazine- I-carboxylate (304 mg, 1.63 mumol) at room temperature and
stirred overnight. Then NaBH (OAc): (173 mg, 0.81 nunol) was added to the mixture at 0 °C, stirred
for one day. The reaction mixture was quenched with agueous sodivm bicarbonate, extracted with
dichloromethane. The combined organic layer was washaed by brine, dried over anhydrous sodium
sulfate, concentrated to give the crude product which was purified by flash chromatography to
obtain a solation, To the solution obtained {concentrated to about S0 mL} was added conc. HCI (10
ml.} at room temperature and stirred overnight. The mixtare was extracted with ethyl acetate tor
three times, the aqueous phase was concentrated to give 9-phenyl-8-(4-(piperazin-1-
yimethyl)phenyi)-8,9-dihydro-2 Hepyridol4,3.2-deJphthalazin-3(7Hy-one (127 mg, vield 46%). 'H
NMR (400 MHz, DMSQ-d6) & (ppm): 3.47(br s, TH). 3.60 (m, 1H), 4.32 (5, 2H), 4.38 (d, 1H), 4.83
(d, 1H), 5.41 (brs, 2H), 7.19 {m, 6H), 7.24 (m, 3H), 7.55 (m, 4H), ©.87 (br 5, 2H), 12.20 (s, 1H);
LC-MS (ESIymvz: 438(M+1)".
Example 72
8-(1-Methyl-1 H-imidazol-2-y1)-9-phenyl-8.9-dihydro-2 H-pyridof4.3,2-delphthalazin-3(7TH)-one
Exaniple 72 A
{E)-4-((1-Methyl-1 H-imidazol-2-yhmethylensamino)benzofuran-1{3 H)-one

{00475] To g stivred mixture of 1-methyl-l F-imidazole-2-carbaldehyvde (2.5 g, 23 numol) and
anhydrous sodium sulfate (26,9 g, 190 nunol) in anhydrous dichloromethane (500 mL) was added 4-
aminoisobenzofuran- 1{(3H)-one (2.8 g, 19 mmol) at 0 °C. After the addition, the mixture was stirred
at room temperature for 6 days. The mixture was filtered and the cake was washed with
dichloromethane (50 mlx3). The filirate was concentrated to give crude product, The crude preduct

was washed with petroleum ether to give (£)-4-({1-methyl- | H-imidazol-2-
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yhmethyleneaminojbenzofuran-1{3H)-one (5 g, vield 98%) as a white solid. LC-MS (ES1) mv/z: 242
(M+1y
Example 72 B
Methyl 2-(1-methyl-1 H-imidazol-2-yD-4-oxo-3-phenyl-1,2,3 4-tetrahydroquinoline-S-carboxylate
and ethyl 2-{1-methyl-1 F-imoidazol-2-yi)-4-oxo-3-phenyl-1,2 3 4-tetrahydroguinoline-S-carboxylate
[00476] A mixture of (£)-4-({ T-methyvl-1 H-imidazol-2-yDimethylencamine Ybenzofuran-1{3/)-one
(241 mg, | mmol) and benzaldehyde (116 mg, 1.1 mmol) in ethyl propionate (10 mL) was cooled to
0 °C. Then a solution of sodium methoxide in methanol [sodium {92 mg, 4 mmol) in methanol (5
mL)} was added drop-wise. After the addition, the mixture was stirred at room temperature for 2 hr.
The mixture was quenched with water (10 mL) and solvent was removed in vacuum. The residue
was dissolved in water, and then extracted with ethyl acetate (100 mL ~4). The combined organic
layers were washed with brine, dried over anhydrous sodium sulfate, and concentrated to give a
crude product. The crude product was purified by chromatography {silica gel, petroleum ether / ethyl
acetate = 1001 to 1:10} to give a mixture of methyl 2-(1-methyl-1 Haimidazol-2-yl)-4-ox0-3-phenyl-
12,3, $-tetrahydroquinoline-5-carboxylate and ethy] 2-{1-methyl-1 H-iniidazol-2~-y1)»-4-0x0-3~
phenyl-1,2,3 4-tetrahydroquinoline-5-carboxylate (87 mg, vield: 24 %), LO-MS (ESH m/z: 362
{(M+1Y, 376 (M+1)",
Fxample 72 €
8-(1-Methyl-1 H-imidazol-2-y1)-9-phenyl-8,9-dihydro-2 H-pyrido]4,3,2-delphthalazin-3{ 7 H}-one
{00477} A mixtore of seethyl 2-(1-methyl-1 H-imidazol-2-vi)-4-oxo-3-phenyl-1,2.3,4-
tetrahvdroquinoline-3-carboxylate and ethyl 2-(1-methyl-1H-imidazol-2~yl)-4-ox0-3 -phenyl-
1,2,3,4-tetrahydroquinoline-S-carboxylate (87 mg) in 85% hydrazine monohydrate (4 mL) and
methanol {10 mL) was stitred at room temperature for overnight. The mixture was estracted with
ethyl acetate (50 mLx3). The combined organic layers were washed with brine, dried over
anhydrous sodium sulfate, and concentrated {o give the crude. The crude product was puritied by
pre-HPLC to give 8-(1-methyl-1/-imidazol-2-y1)-9-phenyl-8 9-dihydro-2 H-pyridof4,3,2-
dephthalazin-3{7H)-one (34 mg, yield 42%) as a yellow solid. 'H-NMR (400 MHz, CD:OD} 8
{ppm): 3.41 (5, 3H), 4.49 (d, 1H), 535 (4, 1H), 7.18-7.20 (m, 2H), 7.26-7.29 {m, 1H), 7.33-7.35 (m,
3H). 7.40(d, TH), 7.61 (d. 1H), 7.70-7.75 (m, 2H); LC-MS (ESD m/z: 344 (M+1)".
Example 73
9-(1-Methyl-1 H-imidazol-2-y1)-8-pheny(-8.9-dihydro-2 H-pyrido[4,3.2-delphihalazin-3(7H)-one
Example 73 A
Ethyl 3-(1-methyl-1H-tmidazol-2-y-4-0x0-2-phenyl-1.2,3 4-tetrahydroquinoline-5-carboxylate
{00478} A mixture of (£)-4-(benzylideneamino)isobenzofuran- 1(3H)-one (500 mg, 2.1 mmol) and
I-methyl-1H-imidazole-2- carbaldehyde (235 mg, 2.3 mmol) in ethyl propionate (20 mL) was

cooled t0.0 °C. Then a solution of sodium ethoxide in ethanol [sodivm (194 m g. §.4 mmol) in
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ethanol (10 ml)} was added drop-wise. After the addition, the mmixture was stirred at room
temperature for 2.5 hr. The mixtore was quenched with water (20 mL) and solvent was removed in
vacuunt. The residue was dissolved in water, and filtered; the cake was washed by water, then ethyl
acetate to obtain ethy! 3-(1-methyl L H-iidazol-2-yD-4-oxo-2-phenyi-1,2,3 d-tetrahydroguinoline-
S-carboxylate as a yellow solid. The solid was dried in vacuum at 50 °C (140 mg, yield 18%). 'H-
NMR {400 MHz, DMSO-~78) 8 (ppm): 1.18-1.21 (¢, /=72 Hz, 3H), 3.31 {5, 3H), 4.16-4.19 {m, 2H),
4.56-4.59 (d, J= 132 Hz, 1H), 5.14-5.17(d, J= 13.2 Hz, 1H), 6.534-6.56 (d, /= 7.2 Hz, IH), 6.72
(s, 111}, 6.86 (s, 1H), 6.98-6.99 (d, J= 4.8 Hz, 1H), 7.24-7.29 {m, 3H), 7.34-7.38 (1, J= 8.0 Hz, 11D,
7.42-7.44(d, /= 7.2 Hz, 2H), 7.49 (s, 1H); LC-MS (EST) m/z: 376 (M+1)".
Example 73 B
9-( I-Methyl- LH-midazol-2-y1y-B-phenyl-8.9-dthvdro-2 H-pyrido[4,3,2~de|phthalazin-3( T H)-one
{00479] A muxture of ethyl 3+(1-methvi-{ H-imidazol-2-y1)-4-ox0-2-phenyi-1,2,3.4-
tetrahydroguinoline-5-carboxylate (140 mg) in 83% hvdrazine monohydrate (3 mb.Y and methanol (5
mL} was stirred at room temperature for 2 days. The resulting mixture was filtered and the residue
was washed with water (20 mL) and methanol (53 mL) to obtain a white solid. The solid was dried in
vacuum at 50 °C to obtain 9-(1-methyl-1H-imidazol-2-y1)-8-phenyl-8,9-dihydro-2 H-pyrido[d,3,2-
dephthalazin-3(7H)-one (95 mg, vield 74%). 'H-NMR (400 MHz, DMSO-¢6) 5 {ppm): 3.40 (5,
3H), 4.64-4.67 (d,./= 108 Hz, 1H), 4.92-4.94 (d, /= 104 Hz, 1H), 6.72 (5,1H), 6.87 (s, 1H), 7.15~
TAT(d, /= 8.4 He, 2H), 7.26-7.30 (m, 3H), 7.38 {5, 3H), 7.55-7.59 (.7 = 7.6 Hz, 1H), 12.15 (s,
TH); LC-MS (BST) m/z: 344 (M+1)
Exanwple 74
8,9-Bis( 1-methyl-1 H-imidazol-2-y1) -8,9-dihvdro-2 H-pyrido{4,3 2-de]phthalazin-3(7H}-one
Example 74 A

Ethyl 2,3-bis{ l-methyl-1 H-imidazob-2-yl)-4-0x0-1,2 3 4-tetrahydroquinoline-5-carboxylate
[60480] A mixwre of 4-aminoisobenzofuran-1(3H)-one (298 mg, 2 mmol) and 1-methyl- 14
imidazole-2- carbaldehyde (440 mg, 4 mmol) in ethyl propionate (20 mL) was cooled to 0 °C. Then
a solution of sedium ethoxide in ethanol [sodiom (184 mg, 8 mmol) in ethanol {10 mL)] was added
drop-wise, After the addition, the mixture was stirred at room temperature for 3 hr. The mixture was
quenched with water (10 mL) and solvent was removed in vacuum. The residue was dissolved in
water. and thes extracted with ethyl acetate (100 ml.x4). The combined oreanic lavers were washed
with brine, dried over anbydrous sodium sulfate, and concentrated to give crude product. The crude
product was purified by chromatography (silica gel, petroleum ether / ethyl acetate = 5:1 to 1, ethyl
acetate: methanol=50:1 to 25:1, amumonia hydrate | mL) to give ethyl 2,3-bis(1-methyl- 1 H-
imidazol-2-yl)-4-0x0-1.2.3 4-tetrahydroguinoline-5-carboxylate (120 mg. yield 16%). LC-MS (ESD
m/z: 380 (M+1Y.

Example 74 8
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8,9-bis(1-methyl-1 H-imidazol-2-y1) -8.9-dthydro-2 H-pyridof4,3,2-dephthalazin-3(7 H)-one
{00481 A mixture of ethyl 2.3-bis(]-methyl-1 H-imidazol-2 -yl -4-0x0-1,2,3 4-teteahvdroguinoline-
S-carboxylate (120 mg) i 85% bydrazine monohydrate (2 mL) and methanol (3 mL) was stirred at
reom temperatare for 3.5 h. Evaporated the solvent and methanol {1 roll) was added, filtered and
washed the vake by methanol (2 ml) to obtain a white selid. The solid wﬁs dried in vacuuam at 30 °C
o obtain §.9-bis{ 1 -methyl-1fH-imidazed-2-v1) ~-&,9-dihvdro-28-pyrido[4,3 2-de|phthalazin-3(7TH)-
one (45 mg, yield 41%). "H-NMR (400 MHz, CD:0D) & (ppm): 3.46 (s, 3H), 3.49 (s, 3H), 4.78-
4.81¢d, J=12.0 Hz, 1H), 5.08-5.11 (d, 7= 12.0 Hz, 1H), 6.69 (s, 1H), 6.76-6.79 {m, 3H), 6.99-7.02
(d,J=7.6 Hz, 1), 7.42-7.49 (m, 2H); LC-MS (ESD) miz: 348 (M+1)",
Example 75
9-(1 H-imidazol-2-y1} ~-8-phenyl-§,9-dihydro-2 Fpyrido[4,3 2-deiphthalazin-3(7H)-one
Example 75 A
9-{ I-Benzyl-1 H-imidazol-2-y1) -8-phenyl-8.9-dithydro-2 H-pyrido{4.3,2-de |phthalazin- 3(7H)-one
{00482] Methyl 3-(1-benzyi-1 H-imidazol-2-yl)-4-ox0-2-phenyl- 1,23 4-tetrahydroquinoline-5-
carboxylate (3.7 g, 8.46 mmol} in hydrazine monohydrate (25 mb) and methanol (100 ml.) was
stirred at room temperature for 5 h. The resulting mixture was filtered to give 9-(1-benzyl-1H-
imidazol-2-y1} -8-phenyl-8,9-dihydro-2 H-pyrido[4,3,2-de|phthalazin-3{7H)-ene as a white solid
{950 mg, vield 27%).  H-NMR (400 MHz, DMSO-d6) & (ppm): 4.61-4.64 (d, 7= 11.2 Hz ,1H),
4.99-5.12 (m, 1H), 6.83-6.89 (m, 4H),7.14-7.28 (m, 11H), 7.36-7.38 {d,.J = 7.6 Hz, 11}, 7.54-7.58
(t, J= 8.0 Hz, TH), 12.20 (s, 1H). LC-MS (ESI) m/z: 420 (M+1)".
Example 753 B
9-( 1 H-imidazol-2-y1) -8~phenyl-8,9-dihydro-2H-pyrido{4.3,2-dephthalazin-3( 7H)-one
[00483] A mixture of 9-(i-benzyl-1H-imidazol-2-yl} -8-phenyl-8,9-dihydro-2H-pyrido]4,3,2-
delphthalazin-3(7H)-one (200 mg, (.48 mmol), 20% PA{OM)/C catalyst (100mg) in methanol (13
mi.) was purged with 1 atm hydrogen and stirred at 40 °C over overnight. Then the mixture sohution
was filtered and the filtrate was evaporated under reduced pressure. The residue was washed with
methanol (0 obtain 9-( 1 H-imidazol-2-y1) -8-phenyl-8,9-dihydro-2 F-pyridof4,3,2-de]phthalazin-
3(7H)-one as a light yellow solid (114 mg, yield 72%). "H-NMR (400 MHz, DMSO-d6) 8: 4.41-
4.43 (d, /= 8.0 Hz ,1H), 4.98-5.00 (d. J = 8.8 Hz, 1H), 6.68-6.73 (m, 1H).6.86-6.97 (m, 1H), 7.12-
714 (d, J= 8.0 Hz, 1H), 7.20-7.37 {m, TH), 7.54-7.58 (1, J= 8.0 Hz, 1), 11.77 (s, LH), 12.19 (s,
THY LO-MS (ESD m/z: 330 (M+1Y"
Example 76
9-{ 1-Ethyl-1H-midazol-2-y1) -B-phenyl-8,9-dihydro-2 H-pyridof4,3,2-de iphthalazin-3( 7TH)-one
Exarmple 76 A
I-Ethyl-1 H-imidazole-2- carbaldehvde
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[00484] To a suspension of 1 H-imidazole-2- carbaldehyde (480 mg, 5 mmol) and potassiom
carbonate (936 mg, 6 mmol) in N, N-dimethylformamide (7 mL) was added iodocthane (829 mg,
6émmol} and the mixture was heated at 50 °C for 5 hrs, Solvent was removed under reduced pressure,
The residue was partitioned between water (30 ml.) and ethy! acetate (30 mL). The aqueous layer
wis extracted with ethyl acetate (20 mLx3). The combined organic Ia};ers were washed with brine,
dried over anhydrous sodium sulfate, and concentrated to give 1-ethyl-1H-imidazole-2-
carbaldehyde as light yellow 0il (320 mg, yield 84%). 'HNMR (400 MHz, CDCL) § {ppm): 1.42-
146 {6 J = 7.2 He, 3H), 4.42-4.47 {q, 2ZH), 7.19 (s, 1H), 7.29 (s, 1H), 9.82 (s, 1H). LC-MS (ESDH
miz: 125 (M+1),
BExample 76 B
Methyl 3-(1-ethyl-1 H-imidazol-2-¥1)-4-ox0-2-phenyl-1,2,3 d-tetrahydroquinoline-3-carboxylate
[00485] To -ethyl-l H-midazole-2- carbaldehyde (520 mg, 4.19 mmol), {(E)-4-(benzylideneamine)
isobenzofuran-1(3 H)-one (994 mg, 4.19 mmol), sodivm methanclate (385 mg, 16.8 mmol) and ethyl
propionate {15 mL} were added and the mixture was stirred at room temperature overnight. Then the
resulting mixture was evaporated under redoced pressure and extracted with ethy! acetate (100
mi. x4} and concentrated. The crude product was purified by column chromatography (silica gel,
petroteumn ether/ethy! acetate= 20:1 to 5:1). 190 mg of methy! 3-(1-ethyl-1 H-imidazob2-y1)-4-oxo-
2-phenyl-1,2,3 4-tetrahydroguinoline-5-carboxylate was obtained. LC-MS (ESI) nvz: 390 (M+1)".
Example 76 C
9-(1-Ethyi-t H-imidazol-2-y1) -8-phenyl-8,9-dihydro-2H-pyrido[4,3,2-dephthalazin-3(7H)-one
[00486} Methyl 3-(1-ethyl-1 Heimidarol-2-yl)-4-ox0-2-phenyl-1,2,3 4-tetrabydroguinoline-3-
carboxylate (190 mg. 0.49 mmol) and hydrazine monohydrate (2 mlL) were added to methanol (15
mL) and the mixture was stirred room temperature for 3 hrs. Methanol was evaporated and then
filtered. The filtrate was concentrated to give 9-(1-ethyl-1 H-imidazol-2-y1) -8-phenyi-8 9-dibydro-
2H-pyrido[4,3.2-de]phthalazin-3(7H)-one as a white solid (50 mg, vield 28%). 'H-NMR (400 Mz,
DMSQO-¢6) 8 (ppm); 0.96 (t, 3H), 3.74-3.79 (m, 2H), 4.61(d, 1H), 4.95(d, 1H), 6.78(dd, 1H), 6.91
(dd, TH). 7.16 (d, tH), 7.23-7.31 (m,4H). 7.37 (s, 3H), 7.57(t, 1H). LC-MS (EST) m/z: 358 (M+1)"
Example 77
8-Phenyl-9-(t-propyl- 1 H-imidazol-2-y1) -8,9-dihydro-2H-pyrido{4,3,2 e phthalazin-3(7TH)-one
Example 77 A
{-propyl-1H-imidazole-2- carbaldehyde
{0487} LH-imidazole-2- carbaldehyde (800 mg, 8.3 mmol), 1-iodopropane (1.7 g, 10 mmol) and
potassium carbonate (1.4 g) were added in DMF (30 mL.) and the mixture was heated to 50 °C
overnight. Then the mixture was evaporated under reduced pressure, and extracted with ethyl acetate
{100 mL=4). The combined organic layers were dried over anhydrous sodium sulfate, concentrated

to give {-propyl-1#/-imidazole-2- carbaldehyde (1.1 g). LC-MS (EST) m/z 139 (M+1)".
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Examplke 77 B
Ethyl 4-oxo-2-phenyl-3-(1-propyl-1 H-imidazol-2-yi)-1,2,3 4-tetrahydroguinoline-S-carboxylate
{00488] To the mixture of 1-propyl-1H-imidazole-2- carbaldehyde (1.1 g, 8.0 mmol) and (£)-4-
(benzyvlideneamino) isobenzofuran-1(3H)-one (1.7 g. 7.2 romol) were added in ethy! propionate (50
mlyand then sodium methoxide was added under 0 °C. The mixture was stirred overnight at room
temperature. The mixture was concentrated and the residue was extracted with ethyl acetate (100
mbLxd). The organic layer dried over anhydrous sodium sulfate, purified by chromatography (silica
gel, petroleum ether / ethyl acetate = 10:1 to ©1} to give ethyl 4-ox0-2-phenyl-3-(1-propyl-1H-
imidazol-2-y1)-1,2.3 4-tetrahydroguinoline-S-carboxylate {770 mg, vield 30%). LC-MS (ESI) m/z:
404 (M+1)'.
Example 77 C
8-Phenyl-9-(1-propyl-1H-imidazol-2-y1) -8.9-dihydro-2 H-pyrido}4,3,2-dephthalazin-3(7 H)-one
{00489 A suspension of ethyl d-oxo-2-phenyl-3-(1-propyi-t Hamidazol-2-y1)-1.2.3.4-
tetrahydroquinoline-5-carboxylate {770 mg, 1.9 nunol) and hydrazine monohydrate {6 mL., 85%)
were added in methanol {10 ml) and stiveed at 50 °C overnight. The mixture was filfered, and the
white solid was washed with methanol and dried in vacuum to obtain 8-phenyl-9-(1-propyl-1 /-
imidazol-2-yl) -8,9-dihydro-24-pyrido[4,3,2-deiphthalazin-3( 7T H)-one {260 mg, vield 37%). 'H-
NMR (400 MHz, DMSO-d8) 8 (ppm): 0.59-0.62 (1, /= 7.4 Hz, TH), 1.23-1.40 (m, 2H). 3.62-3.72
(m, ZH), 4.58-4.61 (d, J = 11.2 Hz, TH), 4.97-4.99 (d, /= 11.2 He, 1H), 6.79 (s, 1H), 6.89 (s, 1H),
T.16-7.59 (m, SH),12.15 (s, 1H); LC-MS (ESD myfz: 372 (M+1Y.
Example 78
9-(1-Methyl-1 Heimidazodb-5-v1) -8-phenyi-8,9-dihydro-2 H-pyrido[4,3,2-dephthalazin-3( 7 H)-one
Example 78 A
Ethyl 3-(1-methyl-Li-imidazal-S-y[)- 4-ox0-2-phenyl-1.2 3 d-tetrahydrogquinoline-S-carboxylate
100490} A mixture of {£)-4-(benzylidencamino) isobenzofuran-1(3H)-one (474 mg, 2 mmol) and 1-
methyl-1 H-imidazole-3- carbaldehyde (220 mg, 2 mmol) in ethy! propionate (20 i) was cooled to
(H°C. Then a solution of sodium ethoxide in ethanol [sodium (184 mg, 8 mmol) in ethanol (10 mL)]
was added dropwise. After the addition, the mixture was stirred at room temperature for 3 hr. The
mixture was quenched with water (10 mL) and solvent was removed in vacuum. The residue was
dissolved in water, and then extracted with ethyl acetate {100 mLx4). The combined nrganic lavers
were washed with brine, dried over anhydrous sodium sulfate, and concentrated to give crude
product. The crude product was purified by chromatography (silica gel, petroleunt ether / ethyl
acetate = 5:1 10 3:7) to give ethyl 3-(1-methyl-1 H-imidazol-S-yi)- d-oxo-2-phenyl-1,2,3.4-

La

tetrahydroquinoline-S-carboxylate (170 mg, vield 23%). LC-MS (ESD m/z 376 (M+1),

Example 78 B
9-( 1-Methyl-1 H-imidazol-5-y1) -8-phenyl-8,9-dihydro-2 Hepyrido[4.3,2-de] phthalazin-3(7H)-one
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[00491] A mixture of ethy] 3-(1-methyl-1H-imidazol-5-y1)- 4-0x0-2-phenyi-1,2.3 4-
tetrahydroquinoline-S-carboxylate (170 mg) in 85% hydrazine monohydrate (3 mL} and methanol (3
ml.) was stirred at room temperature for S h. Filtered and washed the cake by methanol (2 ml) to
obtain a white solid. The solid was dried in vacuum at 50 °C to obtain 9-(1-methyl- 1 H-imidazol-3-
1) ~8-phenyl-8,9-dibydro-2 H-pyrido{4,3.2-de]phthalazin-3( 7H-one (70 mg, vield 46%). ‘TH-NMR
{400 MHz, DMSO-d6) & (ppm): 3.50 (5, 3H), 4.52-4.54 (d, J= 9.2 Hz, 1H), 4.83-4.85(d, /=9.2
Hz, 1H), 6.66 (s, THY 7.17-7.19{d, J= 7.6 Hz, 1H), 7.25-7.32 {m, 3H), 7.36-7.44 (m, 5H), 7.56-
7.60 (1, = 8.0 Hz, 1H); LC-MS (EST) m/z: 348 (M+1Y,

Example 79

9-(3-((Diethylamino jmethyDpbeny)-8-(4-((diethylaminojmethyDpheny!)-8,9-dihydro-2 H-
pyvridold,3,2-defphthalazin-3(7 H)-one

{00492] A mixture of 4.4°-(3-0x0-3,7,8,9-tetrashydro-2 H-pyrido[4.3 2-de|phthalazin-§,9-
diyl)dibenzaldehyde (200 myg, 0.5 mmol) and diethylamine (146 mg, 2.0 mmol} in methanol (10
ml.} was stirred at room temperature for 40 min. Then the mixture was cooled to 0 °C. Sodium
borohydride (56 mg, 1.5 mmol) was added, After the addition, the mixture was stirred at room
temperature for 2 hr. Methanol was removed under reduced pressure. The residue was washed with
ethyl acetate and filtered. The Gltrate was concentrated to give the crude product. The crude product
wis purified by prep-HPLC to give 9-(G-((diethylamino)methyDphenyl)-8-(4-
({(diethylamino)methylphenyl)-8,9-dihydro-2 F-pyrido{4,3 . 2-dephihalazin-3(7 H)-one as a white
solid (76 mg. yield 29%). "HANMR (400 MHz, C:0D) & (ppm): 1.28-1.33 {m, 12H), 3.13-3.19 (m,
8H). 4.27 (s, 4H), 4.40-4.42 (d. J= 7.6 Hz, 1H), 4 84-4.86 (d, 7= 7.6 Hz, 1H), 7.22-7.27 {m, 31D,
7.38-7.41 (m, 6H), 7.56-7.65 (m, 2H); LC-MS {(ESD m/z: S10 (M+1Y".

Example 80

H(3~{{4-Methylpiperazin-1- yI) methylpheny!}-8-phenyt-8,9-dihydro-2 F-pyridof[4,3,2-
delphthalazin-3(7H)-one

{00493 To a stirred solution of 3-(3-oxe-8-phenyl-3,7,8.9-tetrahydro-2 H-pyrido]4,3.2
de |phthalazin-9-yl)benzaldehyde (150 mg, 0.4 numol) in dryness dichloromethane (10 ) was
added acetic acid followed by L-methyipiperazine (121 mg, 1.2 mmol). After the addition, the
mixture was stitred at room temperature for 1 b, Then the mixture was cooled to {1 °C. Sodium
borohydride (130 mg, 8.2 mumol) was added. After the addition, the mixture was stirred at this
temperature for 3 hr. Dichloromethane was removed under reduced pressure. The residue was
washed with ethyl acetate/methanc! (10/1) and filtered. The (iltraie was concentrated to give the
crude product. The crude product was purified by pre-HPLC to give 9-(3-((4-methylpiperazin-1- ¥1)
methyhphenyi)-8-phenyl-8.9-dibydro-2H-pyridof4.3.2-de}phthalazin~-3(7H)-one as white solid (22
mg. yield 12%). "H-NMR (400 MHz, CDOD) & (ppm): 231 (s, 3H), 2.36-2.48 {m, 8H), 3.37-3.48
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(dd, 2H), 430 (dd, 1H), 4.71 (dd, 1H), 7.01 {s, 1H), 7.05 (dd, 1H), 7.17-7.23 {(m., SH), 7.25-7.28 {m,
JHY, 7.56 (dd, 1H), 7.61-7.65 (1, 1H); LC-MS (BSD mvz: 452(M+1)".
Example 81
8-{4-(4~{Cyclopropanecarbonyl} piperazine-1-carbonyphenyl-9-phenyl-8,9-dihydro-2 /-
pyridof4,3 2-deiphthalazin-3(7H)-one
Example 81 A
Methyl 2-(4-(4d-(eyclopropanecarbonyl) piperazine-1-carbonyliphenyl) -4-oxo-3-phenyt-1,2.3.4-
tetrahvdroquinoline-3-carboxyvlate
{08494} 4-Aminoisobenzofuran-1{3H)-one (372.5 mg, 2.5 mmol), 4-{4-(cyclopropanecarbonyl)
piperazine- l-carbonyl) benzaldehyde (645 mg. 2.5 mmol) and 1 g of MgSO; were added into 40
ml. of dichloromethane and stirred under reflux overnight, then the mixture was evaporated under
reduced pressure and the residues was dried in vacuum. 385 mg of (£)-4-(4-(4~
{cyclopropanecarbonyl) piperazine-1-carbonyDbenzyhideneaminosobenzofuran-1(3H)-one . A
mixture of {E)-4-{4-{4-(cyclopropanecarbonyl) piperazine-1-
carbonyibenzylideneaminoyisobenzofuran-1(3H}-one (385 mg, 0.92 mmol), benzaldehyde (97.9
mg, 1.97 mmol), sodium methavolate (199 mg, 3.68 mmol) and ethy! propionate (1 mL) was
stirred at room temperature overnight. Then the resuiting mixture was evaporated under reduced
pressure and extracted with ethyf acetate (100 mL x 4) and concentrated. The crude product was
purified by column chromatography (silica gel, petroleum ether: ethyl acetate 20:1 to 5:1) to give
300 mg of methyl 2-(4-(4-{cyclopropanecarbonyl) piperazine-1-carbonyiiphenyl) -d-oxo-3-phenyl-
1,23 4-tetrahydroquinoline-S-carboxylate, LC-MS (ESD miz: 538 (M+1)"
Example 81 B
E-{4-{4-(Cyclopropanecarbonyl) piperazine- 1-carbonyl)phenyi)-9-phenyl-8,9-dihydro-24-
pyridof4,3.2-dejphthalazin-3(7H)-one
[80495) A mixture of methyl 2-(4-(4-(cyclopropanccarbonyl) piperazine-1-carbonylphenyl) -4-
oxo-3-phenyl-1,2,3 4-tetrahydroquinoline-S-carboxylate (300 mg, 0.55 mmol) and hydrazine
monohydrate (3 ral.) was stirred room temperature for 3 h. The resulting mixture was evaporated
under reduced pressure to 10 mL and then filtered; the filtrate was concentrated to give the crude
produet. The crude product was purified by pre-HPLC to give 8-(4-(4-(cyclopropanccarbonyl)
piperazine-1-carbonylphenyl)-9-phenyl-8,9-dibydro-2 H-pyridof4,3,2-de|phthalazin-3(7H}-one as a
white solid (4 mg, yield 19%). "H-NMR (400 MHz, DMSQ-d6) & (ppmy; 0.71-0.74 (m, 4H), 1.97 (1,
TH), 3.46-3.76 (m, 8H), 4.36 (dd, 1H), 4.83 (dd, 1), 7.13-7.23 (m, 6H). 7.30 ¢d, 2H), 7.38 (t. 3H),
TAT (s, THD, 7.89 (6, THD, 1217 (s, 1H); LC-MS (ESD m/z; 520(M+1)"
Example 82
9-Phenyl-8-(pyridin-4-y1)-8,9-dihydro-2 H-pyridof4,3.2-de|phthalazin-3(7 H)-one

Example 82 A
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Ethyl 4-oxo-3-phenyl-2«(pyridin-d-vi}-1,2,3 4-tetrahydroquinoline-5-carboxylate
{00496] A mixture of (£)-4-(pyridin-4-ylmethyleneamino) iscbenzofuran-1(3H)-one {1.71 g, 7.18
aunol} and benzaldehyvde (837 mg, 7.9 mmol) in ethyl propionate (50 ml.) was cooled to 0 °C. Then
a solution of sodium ethoxide in ethanol {sodivm (660 myg, 28.7 mmol) in ethanol (35 ml.}] was
added drop-wise. After the addition, the mixture was stirred at room temperature for 2 hr. The
mixture was guenched with water {20 mL) and solvent was removed in vacuum. The residue was
dissolved in water, and then extracted with ethyl acetate (150 ml.x4), The combined organic layers
were washed with brine, dried over anbydrous sodium sulfate, and concentrated to give crude
product. The crude product was purified by chromatography (silica gel, petroleum ether / ethy!
acetate = 51 to 1:1} to give ethyl 4-oxo-3-phenyl-2-(pyridin-4-v1}-1,2 3 d-tetrabvdroquinoline~5-
carboxylate (340 mg, yield 13 %), LC-MS (ESD m/z: 373 (M+1)",

Example 82 B

9-Phenyl-8-(pyridin-4-y)-8,9-dihydro-2 H-pyridof4,3,2-de phthalazin-3(7H)-one
{00497} A mixture of ethyl 4-ox0-3-phenyl-2-(pyvridin-4-y1)-1.2.3,4-tetrahvdroquinoline-5-
carboxylate (340 mg) in 85% hydrazine monohydrate (6 mL) and methanol {3 mL) was stirred at
roormn temperature for 2 h. Afler the evaporation of the solvent, water was added. Filtered and
washed the cake by water {§ mL) then ethyl acetate to obtain a white solid. The salid was dried in
vacuum at 30 °C to obtain 9-phenyl-8~(pyridin-d~y])-8,9-dihydro-2 H-pyrido[4,3,2-de]phthalazin-
3(7Hone (150 mg, vield: 48 %), 'H-NMR (400 MHz, DMSO-d6) & (ppm): 4.38-4.40(d, J= 7.6
Hz, 1H), 4.84-7.86 (d, /= 8.0 Hz, 1H). 7.15-7.25 (m, 6H), 7.30-7.3% (m, 2H), 7.39-741 (d, J=7.6
Hz, 1H), 7.51-7.52 (5, 1H), 7.99-7.62 (1, /= 8.0 Hz, 1H}, 8.43-8.44 (d,.7= 6.0 Hz, 2H) 12.19 (s,
{H), LC-MS (ESD mvz: 341 (M+1)",

Example 83
9-Phenyl-8-(piperidin-4-yl)-8.9-dihydro-2 H-pyrido[4.3,2-de phthalazin-3{7 H)-ove
100498} The mixture of 9-phenyl-8-(pyridin-4-y1)-8,9-dibydro-2 H-pyrido[4,3,2-dephthalazin-
3(7H-one (150 mg, 0.4 mmol), con HCH (1.6 mL) and Platinum (IV) oxide monohydrate (40 mg) in
methanol (30 mL} was purged with 50 atm of hvdrogen at 50°C for 18 h. Then the mixture was
tiltered. The solvent was removed in vacuum to obtain a crude oil which was purified by prep-
HPLL to give 9-phenyl-8-(piperidin-4-y1)-8, 9-dihydro-2H-pyrido{4,3,2-dephthalazin-3( 7 H)-one
{95 mg, vield 62%). "H-NMR (400 MHz, DMSO-d6) 3 (ppm): 1.24-1.41 (m, 1H), 1.49-1.59 {m,
1H), 1.69-1.78(m, ZH), 1.98-2.01 {d, J = 13.2 Hz., 1H), 2.67-2.86 (m, 2H), 3.22-3.31 (m, 3H), 4.18
(s, 1H), 7.05-7.08 (m, 3H), 7.14-7.21 (m, 2H), 7.24-7.28 (m, 2}), 7.31-7.33 (d, J= 7.2 Hz, 1H).
752756 (1, = 8.0 Hz, 1H), 8.19-8.24 (m, {H), 8.54-8.56 (m, 1H), 12.30 (s, 1H); LC-MS (m/2)
347 (MY
Example 84
9-Phenyl-8-(pyridin-2-y1)-8,9-dihydro-2 H-pyridofd,3,2-de Jphthalazin-3( 7H)-one
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Example 84 A
Methyl 4-oxo-3-phenyl-2-(pyridin-2-v1}-1,2,3 4-tetrabydrogquinoline-S-carboxylate
[00499] 4-Aminoisobenzofuran-1(3H)-one (600 mg, 4 mmol), picolinaldehyde (856 mg, 8 mmol)
and 1 g of MgSO, were added into 40 mi, of dichloromethane and the mixture was stirred under
reflux overnight, then the mixture was evaporated under reduced pressure and the residues was dried
in vacuum. 476 mg of (£)-4-(pyridin-2-yvimethyleneamino) isobenzofuran-1{3H)-one was obtained.
A mixture of (Ep4-(pyridin-2Z-ylmethyleneamino) isobenzoturan-1(3H)-one (476mg, 2 mmol),
benzaldehyde (212 myg, 2 mmol). sodium methanolate (432 myg, 8 mmol} and ethy] propionate (40
mbL} was stirred at room temperature overntght. Then the resulting mixture was evaporated under
reduced pressure and extracted with ethyl acetate (100 ml. x 4) and concentrated. The crude product
was purified by column chromatography (silica gel, petroleum ether: ethyl acetate 20:1 to 5:1) to
give 30 mg of methyl 4-oxo-3-phenyl-2-(pyridin-2-y1)-1,2.3 4-tetrabivdrogquinoline-5-carboxylate;
vield 5%. LOC-MS (ESD nvz: 459 (M+1).
Example 84 B
9-Phenyl-8-(pyridin-2-v1)-8,9-dihydro-2 H-pyride[4.3,2-dephthalazin-3(7TH)-one
{00500] A mixture of methyl 4-ox0-3-phenyl-2-(pyridin-2-y[)-1,2.3 4-tetrahydroguinoline-5-
carboxylate (30 mg, 0.08 mmel} and hydrazine monohydrate (1 mL) was stirred at room temperature
for 3 h. The resulting mixture was evaporated under reduced pressuse to 10 ml. and then filtered, 10
mg of O-phenyl-8-{pyridin-2-y1)-8.9-dikydro-2 H-pyrido{4,3,2-de {phthalazin-3(7H)-one was
obtained. yield 37%. "H-NMR (400 MUz, CDCL) & (ppm): 4.60 (d, {}H), 4.86-1.88 {m,1H), .21 {s,
TH), 6.96 (dd, 1H), 7.08-7.17 (yn, 4H), 7.22-7.28 (m, 3H), 7.46-7.49 (m, 1H). 7.60 {t, 11D, 7.73 (dd,
TH), 8.59 (d, 1H), 9.77(s. 1H); LC-MS (ESD m/z: 341 (M+1)".

Example 85
8-(4-({4-Methylpiperazin-1-yhmethyDphenyl}-9-phenyl-8,9-dihydro-2 H-pyridof4.3.2-
detphthalazin-3(7H)-one

{0DS8E] A mixture of 4-(3~ox0-9-phenyl-3,7,8.9-tetrabydro-2 H-pyridof4,3,2-de |phthalazin-§-
vhbenzaldehyde (150 mg, 0.4 mmol), N-methyl-piperazine (123 mg, 1.2 mmol) and acetic acid (120
mg, L2 mmaol) in methanol (SO ml} was stirred at room temperature for 60 min, Then the mix{ure
was cooled to 0 "C. Sodium triacetoxyborohydride (130 mg, 0.6 mmol) was added. After the
addition, the mixture was stirred at room temperature for overnight. Methanol was removed under
reduced pressure. The crude product was purified by pre-HPLC to give 8-(4-((4-methylpiperazin-1-
yhmethyl)pheny!)-9-phenyl-8,9-dihydro-2 H-pyrido[4.3,2-delphthalazin-3(7TH)-one (36 mg, vield
19%). "H-NMR (400 MHz, CD,0D) § (ppm}: 2.29 (s, 3H), 2.12-2.73 (br s, 8H}, 3.47 (s, 2H), 4.30
{d. J=8.0 Hz, 1H), 4.74 (d. J = B.0 Hz, 1H), 7.08-7.10 (m, 2H), 7.18-7.21 (m, 6 H), 7.23-7.25 (i,
2H), 7.55-7.57 (d, /= 8.0 Hz, 1H), 7.62-7.64 (m, 1H). LC-MS {(EST} wm/z; 452 (M+13.

Example 86

142
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8,9-Bis(4-fluorophenyl)- 8,9-dilydro-2 H-pyrido{4,3,2-dephthalazin-3{7H)-one
Exarople 86 A
Methyl 2-{4-(dimethoxymethyDphenyh)-3-(4-fluorophenyi)-4-oxo-1,2,3 4-tetrahydroquinoline-5-
carboxylate, ethyl 2-{4-(dimethoxymethy{}phenyl)-3-(4-fluorophenyi)-4-ox0-1.2,3 4~
tetrahydrogquinoline-5-carboxylate and methyt 2.3-bis-(4 -fluoropbenyl}-d~oxo-1,2.3,4«
tetrahiydroquinoline-5-carboxylate
[00502} A mixture of (F)-4-(4-(dicthoxymethyl}benzylideneamino)isobenzofuran-1{3H)-one (1.36
g, 4 mmol), 4-fluorchenzaldehyde (546 mg, 4.4 mmol), sodium methanolate (864 mg. 16 mmol) and
ethyl propionate(25 mi) was stirved af room temperature overnight. Then the resulting mixture was
evaporated under reduced pressure and extracted with ethyl acetate (100 mL x 4} and concentrated.
The crade product was purified by column chromatography (silica gel, petrolewm ether: ethy! acetate
=201 to 1:1) to give 440 mg of a mixture of methyl 2-(4-(dimethoxymethylphenyi)-3-(4-
fluorophenyli-4-oxo-~1,2,3 4-tetralivdroquinoline-5 -carboxylate, ethyl 2~(4-
(dirsethoxymethy jphenyl)-3-(4-fluorophenyl)-4-oxo-1,2, 3 d-tetrabvdroguinoline-S-carboxylate and
methyl 2,3-bis-(4 -fluorophenyl)-4-oxe-1.2,3 4-tetrahydroguinoline-5-carboxylate.
Example 86 B
8.9-Bis(d-tluorophenyl)- 8, 9-dihydro-2 H-pyrido[4.3,2-de | phthalazin-3{ 7 H}-one
{eDS03} A mixture of methyl 2-(4-{dimethoxymethylphenyl}-3-(4-fluorophenvh-4-oxe-1.2,3 4-
tetrahydroquinoline-S-carboxylate, ethyl 2-(4-(dimethoxymethyDphenyl)-3-(4-fluorophenyl)-4-oxo-
1,2,3 A-tetrabydroquinoline-3-carboxylate and methy! 2,3-bis-(4 -fluorophenyl-4-ox0-1,2,3,4-
tetrahydroquinoline-5-carboxylate (440 mg) and hydrazine monohydrate (20 mL) was stirred under
room temperature for overnight. The resulting mixture was evaporated under reduced pressure to 10
mk and then filtered, 400 mg of the crude products were obtained. To a solution of this crude
products (400 mg) in dichloromethane was added trifluorcacetic acid {1ml) at 0°C. The mixture was
stirred at room temperature for | hr. Then the mixture was neutralized with potassium carbonate.
The mixture was extracted with ethy! acetale (50 mL»3). The combined organic layers were washed
with brine, dried over anhydrous sodium sulfate, and concentrated to give the crude. The crude
product was purified by column chromatography (silica gel, petroleum ether: ethyl acetate 10:1 to
1:1) to give 4-(9-(4-fluorophenyl)-3-ox0-3,7.8,9-tetrahydro-2 H-pyridof4,3 2-de]phthalazin-8-
yhbenzaldehyde (80 mg) and 8,9-bis(4-flucrophenyl)- 8,9-dihydro-2 H-pyridof4,3,2-de |phthalazin-
3(7THy-one (3omg). 4-(9-(4-fuorophenyl)-3-ox0-3,7.8,9-tetrahydro-2 H-pyrido[4,3,2-de phthalazin-
8-yDhbenzaldehyde: LC-MS (ESD m/z: 368 (M+1Y". 8,9-his(4-Muoropheny!)- 8.9-dihydro-2H-
pyrido[4.,3,2-deiphthalazin-3(7Hy-one: "H-NMR (400 MHz, CD:0OD) 3 (ppm}; 4.29 (d, /= 8.0 Hz,
LH), 4.70 (d, J= 8.0 Hz, 1H), 6.92-7.00 (m, 4H), 7.08-7.10 (m, 2H), 7.20-7.20 (m, 1H). 7.28-7.32
{m, 2H). 7.59 (n, 1H), 7.63-7.67 (m, {H). "F-NMR (400 MHz, CD;OD) 6 (ppm}): -116.77. -118.23;
LC-MS (EST) mv'z: 376 (M+1)". solid.
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Example 87
8-(4-({ DimethylaminohmethyDphenyl}-9-(4-fluorophenyl)- §.9-dibydro-2 Hpyridof4.3,2-
delphthalazin-3(7FH)-one
[00504] A muxture of 4-4{9-(4-fluorophenyl)-3-ox0-3,7,8.9-tetrahydro-2 H-pyridof4,3,2-
delphthalazin-8-ylbenzaldehyde (80 mg, 0.21 mmol), dimethlyamine (47 rog, 1.04 mmol) and
acetic acid {62 mg, 1.04 mmoly in methanol {50 mL) was stirred at room temperature for 60 min.
Then the mixture was cooled to 0 °C. Sedium cyanoborohydride (20 mg, 0.3 mmol) was added.
After the addition, the mixture was stirred at room temperature for overnight. Methanol was
removed under reduced pressure. The crude product was purified by pre-HPLC to give 8-(4-
({dimethylaminoymethyDphenyl)-9-(4-fluorophenyl)- 8,9-dibydro-2 H-pyridof4,3,2-dephthalazin-
3{7H)-one (21 mg, vield 249%). "H-NMR (400 MHz, CD;0D) & (ppn): 2.82 (s, 6H), 4.26(s, 2H),
432(d,J=8.0Hz, 1H), 477 (d, /= 8.0 Hz, 1H), 6.93-6.95 (m, 2H), 7.10-7.11 {m, 2 H). 7.23 (m,
TH), 7.40-7.41 (m, 4H), 7.59 (d, J= 8.0 Hz, 1H), 7.65(1, ./ = 8.0 Hz, 1H). "F-NMR (400 MHz,
CD;0D3 & (ppm): -77.09, -118.00; LC-MS (BSD nvz: 415 (M+1).
Example 88
&-{4-Fluoropheny}-9-( -methyl- 18- inddazol-2-y1)- 8. 9-dihydro-2 F-pyrido[4,3,2-de]pbthalazin-
{7 H)-one
Example 88 A
Ethyl 2-(4-fluorophenyD)-3-(1-methyl- L~ imidazol-2-y1)-4-0x0-1,2,3 4-tetrahydroquinol ine-~5-
carboxylate
{00505] To a stirred mixture of 4-fluorobenzaldehyde (3 g, 20.4 mmol) and anhydrous sodium
sulfate (29 g, 20.4 mmol) in anhyvdrous dichloromethane {200 ml) was added 4-
aminoisobenzofuran-1{3)-one (3.04 g, 24.5 mmol) at 0 °C. Alter the addition, the mixture was
stirred at room lemperature for 6 days. The mixture was filtered and the cake was washed with
dichloromethane (30 ml.x3). The filtrate was concentrated to give crude product. The crude product
was washed with petroleum ether {o give (E)-4-(4-fluorobenzylideneamino)isobenzofuran-1{3H)-
one (4.25 g, yield 81%); LC-MS (ESD) m/z: 256 (M+1Y'. A mixture of {£)-4-(4-
fluorobenzylideneamino)isobenzofuran-1(3H)-one (2,53 g, 10 numol) and L-methyl-1H- imidazole-
2-carbaldehyde (1.21 g, 11 mmol) in ethy! propionate (50 mL) was cooled to 0 *C. Then a solution
of sodium ethanoxide in ethanol {sodivm (1 g, 44 mmol) in ethanol (30 mL)] was added drop-wise.
After the addition, the mixture was stirred at room temperatare for 2 hr. The mixture was quenched
with water {10 mL} and solvent was removed in vaceum, The residue was dissolved in water, and
then extracted with ethyl acetate (100 mLx4). The combined organic layers were washed with brine,
dried over anbydrous sodium sulfate, and concentrated to give crude product. The crude product was

purified by chromatography (silica gel, petroleum ether / ethyl acetate = 10:1 to 1:10) to give ethyl
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2-(4-flucrophenyl)-3-{1~-methyl- | - imidazol-2-vi}-4-ox0-1,2 .3 4-tetrahyvdroguinoline-3~-carboxylate
(210 mg, yield 5%). LO-MS (ESD m/z: 394 (M+1Y.
Example 88 B
8-(4-Fluoropheny!)-9-( -methyl-1 H- imidazol-2-v1}- 8,9-dihydro-2 H-pyrido{4,3.2-dephthalazin-
3{7H)-one

[00506] A mixture of ethyl 2-(4-fleorophenyl)-3+( L-methyl- 1 - imidazol-2-y1)-4-0x0-1,2,3 4~
tetrahydroquinoline-5-carboxylate (210 mg) in 85% hydrazine monohydrate {10 mL ) and methanol
(10 mL) was stirred at 45 °C for overnight. Methanol was removed under reduced pressure. The
mixture was filtered and washed with water to give §-(4-fluorophenyl)-9-(1-methyl-1H- imidazol-2-
yh- 8.9-dihydro-2H-pyrido{4,3,2-delphthalazin-3(7H)-one 36 mg, yield 19%). 'H-NMR (400 MHz.
DMSO-d6) 8 (ppim): 3.42 (3, 3H). 4.66 (d, J= 8.0 Hz, 1H), 4.95(d, 7= 8.0 Hz, 1H), 6.72 (s, 1H).
6.89 (s, 1H), 711-7.17 (m, 3H), 7.30 (s, 1H), 7.40 (d, 1H), 7.43-7.44 (m, 2H), 7.58 (d, 1), 12.17 (s,
1H): F-NMR (400 MHz, DMSO-ds) 8 (ppm): -114.58; LC-MS (ESI) m/z: 362 (M+1)".

Example 89
8.9-Bis(3-((dimethylaminoymethyl)phenyl)-8,9-dihydro-2 H-pyridofd, 3, 2-deiphthalazin-3(7H)-one
fxample Example 89 A
3-(Diethoxymethyhbenzaldehyde

{00587} A mixture of isophthalaldehyde (21.44 g, 160 mmol), ammonivm chioride (0.34 ¢, 6.38
mmol} in anhydrous ethanol (23.2 g, 480 mmol) was cooled to 0 °C, then triethyl orthoformate was
added drop-wise. After the addition, the mixture was warmed to 40 °C and stirred for two days. The
mixture was filtered and the filtrate was concentrated to give crude product. The crude product was
purified by column chromatography (silica gel. petroleum ether / ethyl acetate = 200:1 to 100:1) to
give 3-(diethoxymethylybenzaldehyde (25.4 g, vield 76%) as a colorless oil. "H-NMR (400 MHz,
CBCL) 8 (ppm): 1.23-1.27 (m, 6H), 3.53-3.67 (m, 4H), 5.58 (s, 1H), 7.52-7.56 {t, J = 7.6 Hz, 1H),
774177 (dd, Jy = 7.6 Hz, J; = 3.6 Hz, TH), 8.00 (3, 1H), 10.04 (s, 1H); LC-MS (EST) m/z; 209
{M+1)' .

Example 89 B

Methyl 2,3-bis(3-(dicthoxymethyDphenyl)- 4-ox0-1,23,4-tetrahydroquinoline-5-carboxylate and
ethyl 2,3-bis(3-{diethoxymethylphenyl)- d-ox0-1,2,3,4-tetrabydroquinoline-S-carboxylate

[00508] A mixture of 4-aminoisobenzofuran-H{3H)-one (298 mg, 2 mmol) and 3-
{diethoxymethyl)benzaldehyde (0.83 g, 4 mmel) in ethy! propionate {15 mL) was cooled to 0 °C.
Then a solution of sodium methoxide in methanol [sodium (184 mg, 8 mmol) in methanol (15 wl.)]
was added drop-wise. After the addition, the mixture was stirred at 25 °C for 18 hr. The mixture was
quenched with water {10 mul.) and solvent was removed in vacuum. The residue was dissolved in
water, and then extracted with ethyl acetate (50 mLx3}. The combined organic layers were washed

with brine, dried over anhydrous sodium sulfate, and concentrated to give crude product. The crude
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prodect was purtfied by chromatography {silica gel, petroleum ether / ethyl acetate = 100:1 10 10:1)
to give a mixture of methyl 2,3-bis(3-(diethoxymethyl)phenyl}- 4-oxo-1,2,3 4-tetrahydroquinoline-
S-carboxylate and ethyl 2,3-bis(3-(diethoxymethyhphenyl}- 4-0x0-1,2,3 d-tetrahydroquinoline-3-
carboxylate (370 myg together, vield 33%) as light yellow solid. LC-MS (ESH nv/z: 562(M+1),
S76(M+1)".
Example 8% C

B.9-Bis(3-{diethoxymethyphenyl)- 8,9-dihydro-2H-pynidof4 3, 2-de |phthalazin-3(7 F-one
{00509} A mixture of methyl 2.3-bis(3-(diethoxymethyDphenyl) 4-ox0-1,2,3 4~
tetrahydroquinoline-3-carboxylate and ethyl 2.3-bis(3-(diethoxymetinlipheayh- 4-ox0-1,2.3.4-
tetrahydroguinoline~S-carboxylate (370 mg, 0.539 mmol) in hydrazine monohydrate (5 mL) and
methanol (5 mL) was stirred at 50 °C for 2 hr. The mixture was cooled to room temperature and
filtered to give 8.9-bis(3-(diethoxymethyl)phenyl)- 8,9-dihydro-2 H-pyrido{4,3, 2~deJphthalazin-
3(7H)-ong (250 mg, yield 77%) as a light vellow solid, "H-NMR (400 MHz, DMSO-d6) § (ppu):
0.99-1.08 {m; 12H}, 3.27-3.33 {m, §H}, 4.28-4.31 {d, J= 8.8 Hz, 11}, 4.74-4.76 (d, 7= 8.4 Hz, 1),
531-532(d, J= 6.8 Hz, 2H), 7.04 {s, 1H), 7.12-7.26 (m, 7H), 7.31-7.43 (m, 3H), 7.56-7.60 (t,J =
8.0 Hz, 1H); LC-MS (ESI) m/z: 344(M+1Y"

Example 89 D
3.3°-(3-0x0-3,7,8 S-teteahydro-2 H-pyridof 4,3,2-de jphthalazin-8,8-diyDdibenzaldchyde

{00518} A mixture of 8,9-bis(3~(diethoxymethyl}phenyl)- 8,9-dihydro-2 H-pyridof{4,3,2-
delphthalazin-3(7H)~one (120 mg, (.46 mmol) in 3N hyvdrochloric acid {§ mL) was stirred at room
ternperature for 2 hr. Then the mixture was adjusted to pH=8 with potassium carbonate, The
resulting suspension was filtered to give 3,3°-(3-0x0-3,7.8,9-tetrabydro-2 H-pyrido[4,3,2-
delphthalazin-8 8-divl)dibenzaldehyde (160 mg, yield 88%) as a light vellow sofid. "H-NMR (400
MHz, DMSO-d6) 6 (ppm}). 4.57-4.50(d, J=9.6 Hz, 1), 4.98-5.00 (d. J= 9.2 Hz, 11}, 7.20-7.22
{d, J= 7.6 Hz, 1H), 7.42-7.52 (m, 5H), 7.60-7.77 (m, SH), 7.89 (s, 1H), 9.90 (s, 1H), 9.93 (s, 1H),

12,08 (s, [H); LC-MS (ESI) m/z: 396(M+1Y".

Example 89 E

8.9-Bis{3-{{dimethylamine ymethyhphenyl)-8.9-dihydro-2H-pyridol4,3,2-de|phthalazin-3( T H)-one
[00511] A mixture of 3.3°-(3-0x0-3,7,8.9-tetrahydro-2 H-pyrido[4,3,2-de |phthalazin-8.8-
diyl)dibenzaldehyde (60 mg, 0.16 mmeol) and 32% dimethylamine solution (133 mg. 0.96 muwl) in
methanol {10 ral) was stirred at room temperature for 40 min. Then the mixture was cooled to 0 °C.
Sodiim borohydride (18.2 mg, 0.48 mmol) was added. After the addition, the mixture was stirred at
room temperature for 2 hr. Methanol was removed under reduced pressure. The residue was washed
with ethyl acetate and filtered. The filirate was concentrated to give the crude product. The crude
product was purified by prep-HPLC to give 8,9-bis(3-((dimethylaminoymethylpheny!)-8,9-dibydro-
2H-pyridof4,3,2-de]phthalazin-3(7H)-ome (18.6 mg, vield 26%) as a light yellow solid. 'H-NMR
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(400 MHz, CD:0D) & (ppm): 2.61-2.67 {m, 12H), 4.10-4.15 (m, 4H), 4.25-4.27 (d, J= 9.6 Hz, 1H).
4.67-4.69 (d, J=10.0 Hz, 1H), 7.05-7.29 {m, TH), 7.29-7.39 (m, 2H), 7.48-7.54 (m, 2H}); LC-MS
(ESH) m/z: 454(M+1Y.

Example 90
9-(3-((Cyclopropylamino)methyl)phenyl)-8-phenyl-8 9-dihydro-2 H-pyridof4,3.2-dephthalazin-
3(7H)-one

j00512] A mixture of 3-(3-0x0-8-phenyl-3,7,8 9-tetrabydro-2 H-pyridof4,3,2-de|phthalazin-9-
vhbenzaldehyde (70 mg, 0.19 mmel) and cyclopropanamine (32.55 myg, 0.57 mamol) in anhvdrous
methanol (10 mL) was stirred at room temperature for 1.5 h. Then the mixture was cooled to 0 °C,
sodium borohydride (10.82 mg, 0.286 mmol) was added portion-wise. Afier the addition, the
mixture was stirred at this teroperature for 2 hr. Methano! was removed under reduced pressure. The
residue was dissolved in ethyl acetate (30 mL), extracted with TN hydrochloric acid (20 mL), the
aqueous layer was separated. The organic layer was washed with TN hydrochioric acid (20 ml.). The
combined agugous layers were adjusted to pH = 9 with potassium carbonate, extracted with ethyl
acetate (25 mLx4). The combined organic lavers were dried over anhydrous sodiam sulfate, and
concentrated to give 9<3-({cyclopropylamine)methyliphenyl)-8-phenyl-8,9-dibvdro-2 H-

pyrido[4.3,2-deiphthalazin-3(7Hy-one (15 mg, vield 19%) as a light yvellow solid. "H-NMR (400

Hz, 1H), 4.60-4.62 (d, /= 8.8 Hz, [H), 6.88-6.90 (d,./= 7.6 Hz, 1H), 6.95 (s, 1H), 7.01-7.10 {(m,
6HD), 7.13-7.15 (m, 2H), 7.42-7.44(d, /= 7.6 Hz, 1H), 7.48-7.75 (1, J= 8.0 Hz, 1H); LC-MS (ESD
miz: 408(M+1)".

Example 91
8-(3-({ DimethylaminoymethyDphenyl}-9-pheoyl-8,9-dihydro-2 H-pyrido[ 4,3, 2-dephthalazin-3(7#)-

one

(80513 A mixture of 3-(3-ox0-9-phenyl-3,7,8.9-tetrahydro-2 H-pyrido[4.3,2-dephthalazin-8-
yhbenzaldehyde (50 mg, 0.14 mmol) and 1M dimethylamine methanol solution (0.5mi, 0.41 mmol)
in methanol (10 mlL) was stirred at room temperature for 40 min, Then the mixture was cooled to 0
°C. Sodium cyanoborohydride (13 rag, 0.20 mmol) and acetic acid (40.8myg, 0.68mmol) was added.
After the addition, the mixture was stirred at 0°C for 2 hr, Methanol was removed under reduced
pressure. The residue was resolved with 1N hydrochloric acid and washed with ethyl acetate. The
mother liquor was adjusted to pH=8 and extracted with ethyl acetate. The solvent was removed to
give 8-(3-({dimethylaminoymethybphenyl)-9-phenyl-8,9-dihydro-2 H-pyride{4,3,2-defphthalazin-
3(7THs-one (34 mg, vield 64%) as a light yellow solid. "H-NMR {400 MHz, CD,OD) 6 {ppm} 2.17
{s, 6H), 3.17-3.41 (g, ZH). 431 (d, J = 8.0 Hz, 1H), 4.74 (d. .= 8.0 Hz, 1H}, 7.08-7.10 (m, 2H).
TA3-725 (m, 8H), 7.55-7.57 (d, J= 8.0 Hz, 1H), 7.61-7.65 (m, 1H). LC-MS (ESI) m/z: 397 (M+1).

Example 92
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8-(3-(Morpholinomethylpheny{)-S-phenyi-8,9-dihvdro-2 H-pyrido{4,3, 2 -dephthalazin-3(7 H)-0ne
{00514] A mixture of 3-(3-oxo0-9-pheny-3,7,8,%-1etrahydro-2 Apyrido[4,3,2-de Jphthalazin-§-
yhbenzaldehyvde (40 mg, 0.11 mmol), morpholine (28mg, 0.33 mmol) and acetic acid (33mg,
0.550umol) in methanol (50 mL) was stirred at room temperature for 40 min. Then the mixture was
cooled to 0 °C. Sodium triacetoxyborohydride (35 mg, 0.16 mmol) was added. After the addition,
the mixture was stirred at 0 °C for 2 hr. Methanol was removed under reduced pressure. The residue
was resolved with IN hydrochloric acid and washed with ethyl acetate. The mother liquor was
adjusted to pH=8 and extracted with ethyl acetate. The solvent wis removed to give 8-(3-
(morpholinomethylphenyl}-9-phenyl-8,9-dihydro-2 H-pyrido[4.3,2-dephthalazin-3{TH)-one {31
mg, vield 66%; as a light yellow solid. HNMR (400 MHz, CD:OD) & (ppmk 2.23-2.24 (m, 4H),
3.32-3.43 (g, 2H), 430 (d, /= 8.0 Hz, 1H), 474 (d, /= 8.0 He, 1H), 7.08-7.10 (m. 2H), 7.13-7.19
{m, 6 HY, 7.21-7.25 {m, 1H), 7.31-7.33 (m, 1H), 7.55-7.57 (d, J = 8.0 Hz, 1H), 7.62-7.64 {m, 1H).
LO-MS (ESH m/z: 439(M+1)
Example €3
8-(4-{Azetidin-1-yimethyDphenyD9-(d-fluorophenyl}-8 9-dihydro-2H-pyrido[4.3,2-de]phthalazin-
3 TH)-one
Example 93A
Ethyl 2-{4-(diethoxymethyljphenyD-3-(d-fluoropheny-4-oxo-1,2,3.4-tetrahydroquinofine-S-
carboxylate
[00515] A solution of (E)-4-(4-(diethoxymethylbenzylideneamino)isobenzofuran-1{3H)-one (10.8
£, 31.9 mmol) and 4-fluorobenzaldehyde (3.95 g, 31.9 mmol} in ethyl propionate {150 mL) was
added sodium ethoxide (8.66 g, 127.4 mmol, in ethanol 60 ml) at 0 °C. Then the mixture was stirred
at roon temperatuse for 3 hr. The resulting mixture was evaporated under reduced pressure and
extracted with ethyl acetate (100 mL x 4) and concentrated. The crude product was purified by
column chromatography (silica gel. petroleum ether: ethyl acetate =20:1 to 1:1) to give the crude
prodact (4.2 g, vield 26%). LO-MS (ESDH nvz: 492 (M+1)",
Exaraple 938
8-(4~(Dicthoxymethyl )pheny}-9-(4-fluoropheny)-8,9-dihydro-2 H-pyrido{4,3, 2-de|phthalazin-
3{7H)-one
{00516 The crude compound ethyl 2-(4-{dicthoxymethylpheny)-3-(4-fluorophenyl)-4-0x0-1,2,3,4-
tetrahydroquineline-S-carboxylate (4.2 g, 8.54 mmol) and hydrazine monohydrate (5 mL) were
added in methanol (60 mL) and the mixture was stirred at room temperatore for 16 hr. The resulting
mixture was concentrated under reduced pressure to a volume of 40 mL and then filtered to obtain
the crude title compound (3.0 g, yield 76%). LC-MS (ESD m/z: 460 (M+1)".
Example 93C

4-(9-{4-Fluorophenyl}-3-ox0-3,7 8 9-tetrabydro-2H-pyridof4.3,2-de] phihalazin-8-yhbenzaldehyde
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{00517 To a soletion of the crude 8-(4-(diethoxymethyiiphenyl)-9-(4-fluoropheny!)-8,9-dihydro-
2H-pyridof4,3,2-delphthalazin-3(TH)-one (3.0 &, 6.53 mmol) in water {10 mL) was added
hydrochioric acid (IN, 50 mL ) at 8 °C. The mixture was stirred at room temperature for 4 hr. Then
the mixture was neutralized with potassium carbonate. The mixture was extracted with ethy! acetate
{200 ml % 3}, The combined organic lavers were washed with brine, dried over anhydrous sodium
sulfate, and concentrated to give the crude title compound (2.5 g, yield 98%0). LC-MS (ESH m/«
386 (M+1).
Example 93 D
8-(4-(Azetidin-1-ylmethyDiphenyl)-9-(4-fluorophenyD-8 9-dihydro-2H-pyrido[4,3,2-de]phthalazin-
(T7H)-one
100518] To a stirred sohuttion of the crude 4-(9-(4-fluorophenyl)-3-ox0-3,7,8,9-tetrahvdro-2H-
pyridof4,3,2-de]phthalazin-&-yhbenzaldehvde (930 mg. 2.42 mniol) in DCM (120 mL) was added
acetic acid (0.3 mL) followed by azetidine (670 mg, 11.8 mmol), after the addition, the mixture was
stirred at room temperature overnight. Then the mixture was cooled to 0 °C and NaBH(QA: (764
mg, 3.62 mmol) was added. After the addition, the mixture was stirred at this temperature for 6 hr.
DCM was removed under reduced pressure. The residue was added water followed by hvdrochloric
acid (S mb) at 25 °C. The mixture was stirred at room temperatare for 0.5 hr. The mixture was
extracted with ethyl acetate (100 ml. x 3). The water layer was neutralized with potassium carbonate
and filtered to obtain the title compound as a white solid (500 mg, yield 49%). LC-MS (ESI) mvz:
427 (M+1)'. "H-NMR (400 MHz, DMSO-d6} § (ppm): 2.24-2 49 (m, 2H). 3.85-4.02 {m, 43}, 4.25
(d, 2H), 4.38 (d, TH}), 4.80 (d, 1H) 7.03 (i, 2H), 7.14-7.20 (m, 3H), 7.36-7.39 (m, SH). 7.47 (s, 1H),
T30t TH)Y 10064 (s TH), 12,18 (5, TH).
Example 94
5-fluoro-8-(4-fluorophenyl)}-9-(1-methyl- 1H-1.2 4-triazol-S-y1)-8,9-dihydro-2H-pyrido{4,3,2-
delphthalazin-3(7H)-one
Example 94A
Ethyl 7-fluoro-2-{4-fluoropheny!)-3-( I -methyi- 1 H-1,2 4-triazal-5-y1)-4-0x0-1,2,3.4-

tetrabydroquinoline~-3-carboxylate

{00519} To a solation of (£)-6-fluoro-4-(4-fluorobenzylideneaminoisobenzofuran-1(34)-one (4 2,
14.6 mmol) and I-methyt-15-1.2 d-triazole-3-carbaldehyde (4.1 g. 36.9 nunol) in ethyl propionate
(220 mL) was added EtONa ({sodium 940 mg, 40.9 mmol), in 70 mL ethanal) at 37 °C, then the
mxture was stirred at 40 °C for 6 br. The resulting mixture was evaporated under reduced pressure
and extracted with sthyl acetate (100 mL x 4).The extract was concentrated to dryness to give a

erude product, which was purified by colwnn chromatography (silica gel. dichloromethane:
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methanol = 200:1 to 10{:7}) to obtain a green sobid (1.02 g, yield 14%). LC-MS (ESIH m/z: 413
(M+1Y,
Example 94B
5-Fluoro-8-(4-fluoropheny}-9-(1 -methyl-1H-1,2 4-triazol-5-y )-8, 9-dibydro-2 H-pyridof4,3 2~
delphthalazin-3(7H)-one

[00520] To a sohution of ethyl 7-fuoro-2-(4-flaoropbenyl}-3-( L-methy - TH- 1.2 4-triazob-S-y1 -4~
oxo-1,2,3 4-tetrahydroguinoline-S-carhoxylate (840 mg, 2.04 nunol) in methane! 2 mL) was added
hydrazine monohydrate (1 mL), and the mixture was stirred under 25 “C for 10 hr. Then the mixture
was filtered to obtain a white solid (650 mg. yield 84%). LC-MS (ESD mvz: 381 (M+1)". '"H-NMR
(400 MHz, DMSO-d;) 8 (ppm): 3.66 (s, 3H), 4.97-5.04 (m. 2H), 6.91-6.94 (dd, ./,= 11,2 Hz, /o= 2.4
Hz, 1H), 7.06-7.09 (dd, ;= 8.8 Hz, L= 2.4 He, 1H), 7.14-7.18 (m, 3H), 7.47-7.51 (m, 2H), 7.72 (s,
TH) 780 (s, 1H), 1235 (s, 1H)

Example 95
D= 1-Methyl-1H-1,2,4-triazol-5-y1}-8-phenyl-8 9-dihydro-2H-pyride[4,3,2-dejphthalazin-3(TH)-one

Example 95A
Ethyl 3-(1-methyl-1H-1,2 4-triazol-5-y1)-4-oxo-2 -phenyl- 1 2,3, $-tetrahydroquinoline-5-carboxylate
{00521] To a solution of (E)-d-(benzylideneamino)isobenzofuran-1{(3H-one (1.78 g, 7.5 mmol) and
{-methyl-14-1.2, 4-triazole-3~carbaldehyde (1.01 g, 9.16 mmol) in ethyl propionate (110 mL) was
added EtONa (sodium (490 mg, 21 mmel) in 35 ml ethanol) at 40 °C, then the mixture was stiveed
at 41 “C for 3 br. The resulting mixture was evaporated under reduced pressure and extracted with
ethyl acetate (150 ml. » 4) and concentrated. The crude product was puritied by colunun
chromatography (silica gel, dichloromethane: methanol = 200:1 to 50:1) to obtain a green solid (400
mg. vield 14%), LC-MS (BSI) ovz: 377 (M+1)"

Example Q5B
9-(1-Methyl-1H-1.2,4-triazol-5-y1)-8-pheny!-8, 9-dihydro-2H-pyrido[4,3,2-dephthalazio-3 {7TH}-one
{80522] To a solution of ethyl 3-(1-methyl-1/7-1,2, 4-triazol-3-yl)-4-ox0-2-phenyi-1,2.3,4-
tetrahydroquinoline-5-carboxylate (400 mg, 1.06 mmol) in methano! (§ mL) was added hydrazine
monohydrate (0.5 mL), and the mixtare was then stirred at 25 °C for 10 hr. The mixture was filtered
to obtain a white solid (110 my, yield 30%). LC-MS (ESI} nvz: 345 (M+1)". "H-NMR (400 MHz,
DMSC-dc) & (ppm): 3.77 (s, 3H), 4.48-4.49 (d, ./ = 6.4 Hz, 1H), 5.16-5.19 (d, J = 6.4 Hz, 1K), 7.40-
742 (m, 2H), 7.54-7.58 (1, 1H), 7.74 (s, 1H), 1223 (5, 1H).

Example 96
B-{4-((DimethylaminoymethylphenyD-9-(1-methyl-1 H-1,2 4-triazo 1-5-v1)-8.9-dithydro-21H-
pyrido[4,3,2-delphthalazin-3{7H)-one
Example 96A
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Ethyl 2-(4-((dimethylamineymethyDpheayl)-3-(1-methyl-1 7-1.2 dtriazol-Soy-4-ox0-1.2,3,4-
tetrabydroguinoline-3-carboxylate
{00523f To a solution of (£)-4-(4-({dimethylamino)methyDbenzylideneamino Yisobenzofuran-1{3 H)-
one (2.21 g, 7.5 mmotl) and -methyl-1/-1.2.4-triazole-5~carbaldehyde (1.01 g, 9.16 mmol) in ethyl
propionate {110 ml) was added rapidly FtONa (sodium (490 mg, 21 ramol} in 35 mL ethanol) at 40
°C. then the mixture was stirred at 45 °C for 3 hr. The resulting mixture was evaporated under
reduced pressure. extracted with ethy! acetate (200 mL x 3), and then concentrated the extract. The
crude product was purified by column chromatography (silica gel, dichloromethane: methanol =
100:1 to 10:1) to obtain a green solid (510 mg, yield 16%). LC-MS (ESD m/z: 434{M+1)".
Example 968
8-(4-({ Dimethyiamino)methylpheny -9+ 1-methyl- 1H-1,2 4-triazol-5-y1)-8,9-dihydro-2 H-
pyridol4,3,2-deipbthalazin-3(7H }-one

180524} To asolution of ethyl 2-(4-{(dimethylaminomethyDpheny-3-(1-methyl-1 H5-1,2 4-triazol-
S-ylj-d-oxo-1,2,3,4-tetrahydroguinoline-3-carboxylate (506 mg, 1.17 numol) in methanol (3 ml.} was
added hydrazine monohydrate (1 mb), and the niixture was stirred at 25 °C for 10 hrs. The mixture
was filtered to obtain a white solid (225 mg, yield 48%). LC-MS (ESTD m/z: 402 (M+1)". 'H-NMR
(400 MHz, DMSO-~d;) 6 {ppm}: 2.10 (s, 6H). 3.33 (s, 2H), 3.58 (s, 3H), 4.88-4.92 (m, 2H), 7.20-7.22
(m, 3H), 7.34-7.40 (m, 4H), 7.54-7.62 (1, J= 8.4 Hz, 1H), 7.79 (s, 1H), 12.20 {s, 1H).

Example 97
8-(4-((Dimethylaminomethylypheny!)-S-fluoro-9-(1-methyl-1H-1,2 d-triazol-5-v1)-8,9-dihydra-2H-
pyridof4,3,2-de|phthalazin-3({7TH)-one
Fxample 97A
Ethyl 2-(4-({ dimethylaminoymethyDpheayl)-7-fluoro-3-(1-methyi- 1 H- 1,2, 4-triazol-5-yi)-4-oxe-
1,2.3. 4-tetrabydrogquinoline-S-carboxylate

[00525] To a solution of (E)-4-(4-((dimethylamino)methylybenzylideneamino)-6-
fluoroisobenzofuran-1{3H)-one (2.34 g, 7.5 mmol) and l-methyl-1H-1,2, 4-triazole-S-carbaldehyde
(1.01 g, 9.16 mmol) in ethyl propionate (110 mkL) was added FtONa (sodium (500 mg, 21 mmol) in
35 mL ethanol) at 40 °C, then the mixture was stirred at 48 °C for 3 hr. The resulting mixture was
evaporated under reduced pressure, extracted with ethyl acetate (250 mL % 3), and concentrated. The
crude product was purified by column chromatography (silica gel, dichloromethane: methanol =
S0i1 to 10:1) to obtain a green solid (160 mg, yield 4.7%). LC-MS (ESD m/z: 452(M+1)",

Example 978
8~-(4-({Dimethylamino)methylpheny}-S-flaoro-9-(T-methyl-1 H-1.2 4-triazol-5-v1)-8.9-dihvdro-2 H-
pyrido[4,3.2-dejphthalazin-3(7 H-one
[06526] To a solution of ethyl 2-(4-((dimethylaminoymethylipheny!)-7-fluoro-3-(1-methyl-1H-1.2.4-

s )

triazol-5-yh-4-ox0-1.2 3 d-tetrabydroquinoline-S-carboxylate (160 mg, 0.35 mmol) in methanol (2
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ml} was added hydrazine monohydrate (0.5 mL), and the mixture was stiveed at 25 °C for 10 hr. The
mixture was filtered to obtain the title compound as a white solid (45 mg, vield 30%). LC-MS (ESD
miz; 420 (M+1)", TH-NMR (400 MHz, DMSO-dg) & {ppm): 2.10 (s, 6H), 3.36 (s, 2H), 3.59 (s, 3H),
4.91-4.99 (m, 2H), 6.91-6.95 (dd, J; = 11.2 Hz, = 24 He, TH), 7.05-708 (dd, /, =92 He, /= 2.4
Hz, TH), 7.20-7.23 (d, J= 8.0 Hz, 2H}, 7.35-7.37 (d, J= 8.0 Hz, 2H), 7.72 (5, 1H), 7.79 (s, 1),
12.33 (s, 1H).
Example 98
B-(4-Fluorophenyl}9-methy - 9-( Lmethy L1 H-1.2, 4-triazol-5-y1)-8 9-dihydro-2H-pyrido[4,3.2-
delphihalazin-3(7H)-one
Exarmple 98A
Ethy! 2-(4-fluorophenyD-3-methyl-3-(1-methyi-1H-1,2 4-riazol-5-yD)-4-0xa-1,2,3.4-
tetrabydroguinoline-S-carboxylate
[00527) A solutton of ethyl 2-(4-fluoropheny [}-3-(1-methyl-1 /-1 2 4-trigzol-5-y13-d-ox0-1,2,3,4-
tetrahydroquinoling-5-carboxylate (100 mg, 0.25 mmol) and potassiam carbonste (70 mg, 0.51
mmol) in N N-dimethyHormamide (10 mb) was stirred at room temperature for | br. Then the
solution was cooled to 0 °C and a solution of fodomethane (0.1 ml) in N N-dimethylformamide (1
k) was added dropwise at 0 °C over 1 hr, stirred at room temperature overnight. The mixture was
quenched with water (30 mL), extracted with ethy] acetate, washed with brine, and then the
extraction was evaporated to get the erude product, which was used in next step without further
purification (80 mg, vield 77%). LC-MS (ES]) wm/z: 409 (M+1)".
Example 98B
8-{4-Fluorophenyl)-9-methy-9-( L -methyl-1H-1,2 4-triazol-5-y1)-8,9-dihydro-2 H-pyridof4,3,2-
dephthalarin-3(7TH)-one
{00528] A mixture of ethyl 2-(4-fluoropbenyl)-3-methyi-3-(1 -methyl-1H-1,2,4-triazob-5-y1}-4-oxo0-
12,3, d-tetrabydroquinoline-S-carboxylate (80 mg, 0.19 mmol) in 85% hydrazine monohydrate (5
ml.) and methanol (1 mL) was stirred under reflax overnight. The resulting solution was cooled and
filtered, washed the cake by methanol (2 mL) to obtain a white solid, dried in vacuum at 35 °Clo
obtain the title compound (40 mg, yield 54%6). LC-MS (ESI) m/z: 377 (M+ 1) 'H-NMR (400 Mz,
DMS0-d6) & (ppm): L8B3 (s, 3H). 2.86 (s, 3H), 4.61 (s, 1H), 6.88-6.92 (m,2H), 7.11-7.169 (1. /=88
Hz, 2H), 7.19-7.22(d, J=8.0 Hz, 1H), 741 (s, 1H), 7.47-7.49 {m, 1H), 7.60-7.64 (t, J= 8.0 Hz,
TH), 7.72 (s, 1H), 12,40 (s, 1H),
Example 99
8-{4-Fluorophenyl)-9-(1,4.5-trimethyl-1 H-imidazol-2-y1)-8.9-dihvdro-2 H-pyridof4.3.2-
delphthalazin-3(7Hy-one
Example 99A

1,4, 5-Trimethyl-LH-umidazole
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100529] To a cold suspension of formaldehyde (21 mL, 0.3 mol), methylamine hydrochloride (36.5
g, 540 mmol ) and ammonium hydroxide (150 mL) was added butandione (15.8 mL., 180 munol) and
the mixture was then stirred at 100 °C for 30 min. After cooled to room temperature the reaction
mixture was extracted with dichloromethane. The organic layers were dried with Na;S0O; and the
solvent was removed via rotary evaporation. The crude was purified by chromatography
{dichloromethane/methanol = 100:1) to give 1.4, 5-tnimethyi-1 H-imidazele. TH-NMR (400 MHz,
CDCL) 8 (ppm): 2.11 {5, 3H), 2.15 (s, 3H), 3.49 (s, 3H), 7.28 (5, 1H).

Example 99B

1.4,5-Trimethyl-1H-imidazole-2-carbaldehyde

1068301 Toa solution of 1.4,5-trimethyl-1H-imidazole {5350 mg, 5 mmol) in dry tetrabydrofuran (13
ml.) was added dropwise n-BuLi (3 mL, 2.5 M in hexane}) at 40 °C. After stirring for 2 h at this
temperature, 1o the solution was added dried DMF (840 mg, 11.5 ramol) at -~70 °C. The resul ting
vellow suspension was stirred at -70 °C for 1 b, then at 0 °C for 0.5 h and quenched with ice-water.
The mixture was extracted with ethyl acetate, and the organic extracts were dried with Na; SOy
before evaporation to afford an oily vesidue. The residue was purified by silica column (petroleum
ether: ethyl acetate = 3:1) to obtain 340 mg of white solid, yield: 50%. "H-NMR (400 MHz, CDCL)
8 (ppm): 2.21 (s, TH), 2.25 {5, 1HD, 3.90 (s, 1H), 9.66 (s, 1H). LC-MS {(ESD m/z: 138(M+1)",

Example 29C
Ethyl 2-(4-fluorophenyl)-4-ox0-3~(1 4,5 -trimethyl- 1 H-imidazol-2-y1}- 1,23 4-tetrahydroguinotine- 5-

carboxylate

(00831} A mixture of compound (£)-4-(4-fluorobenzylidencamino)isobenzofuran- 1{3 Hy-one (510
mg, 2.0 mmol) and 1.4,5-trimethyl-1 H-imidazole-2-carbaldehvde (304 mg, 2.2 mmol} in ethyl
propionate (20 mL) was cooled to 0 °C. Then a solution of sodium ethoxide in ethanol (sodium (184
mg, 8.0 mmol) in ethanol (10 mL)Y) was added dropwise. Afier the addition, the mixture was stirred
at room temperature for 2.5 br. The mixture was quenched with water (20 mL) and solvent was
removed under reduced pressure. The residue was dissolved in water and extracted with ethyl
acetate {100 ml. x 3}, then the extraction was washed with water, brine and evaporated, the crude
product was purified by chromatography to obtain a yellow solid (150 mg, yield: 18%), LC-MS
(BSD) nv/z: 421 (M+1)"

Example 99D

8-(4-Fluorophenyl)-9-(1.4,5-trimethyl-1H-imidazol-2-y1)-8,9-dibydro-2H-pyrido[4.3,2-
delphthalazin-3{7H)}-one

100532] A mixture of ethyl 2-(4-flaorophenyl)-4-ox0-3(1.4,5-wrimethyl-1 H-imidazol-2-y1)-1,2,3 4-
tetrahydroquinoline-3-carboxylate {150 mg) in 85% hydrazine monohyvdrate (85%, 3 ml.) and
methanol (5 mL) was stirred at room temperature for 2 days. The result suspension was filtered and

washed the water (20 mlL) and methanol (5 ml) to obtain a white solid. The solid was dried in
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vacuum at 50 °C to afford the title compound (90 mg, vield 65%). "H-NMR (400 MHz, DMSO-d6) &
{ppm) 1.91-1.96 (d, 7= 18 Hz, 6H), 3.25 (5, 3H), 4.59-4.62 (d, /= 10.8 Hz, 1H), 4.92-495(d. J =
10.8 Hz, 1H), 7.09-7.18 {(m,3H), 7.22 (s, 1H), 736-7.38 (d, J= 7.6 Hz, 1H), 7.43-7.46 (m, 2H), 7.54-
7.58 (4, J=8 Hz, 1H), 12.13 (s, 1H); LC-MS (ESEH m/z: 390 (M+1)
Example 100
8-(4-Fluorophenyl}-9-(1-methyl-1H-1 2,3 -triazel-4-y1)-8,9-dibydro-2H-pyridof4,3,2-de}phthalazin-
3(7H)-one
Example 1004
(1F-1,2,3-Triazol-4-yDmethanol

[003331 TMSN; (24.8 g, 214 mmwol) was added to a solution of Cul (1.4 g, 0.4 mol) and prop-2-yn-
t-ol (8.0 g, 142.4 romol) in DMFE (160 mb) and methano! (20 mL) under nitrogen atmosphere. The
reaction mixture was stirved at 100 °C for 12 h. Then the nuxture was cooled to room temperature
and filtered through a short tlorisit and concentrated. The crude was purified by column
chromatography (silica gel, pre-washed with triethylamine, petroleum ether: ethyl acetate 1:3 to 1:5)
to give the title compound (12.7 g, 90%) as a yvelow oil. H-NMR (400 MHz, DMSO-d6) 8 (ppm):
4.09 (m, 2H), 4.48-4.10 {ru, 1H), 5.21-5.24 (m, 1H), 7.62 (s, 1H); LC-MS (ESDH m/z: 100 (M+1Y".

Example 100B

{1-Methyl-1-1,2,3«triazol-4-yimethanol

[08534] To a solution of (1H-1,2 3-triazol-4-yDmethanol (5.0 g 51.5 mmol) and K;CO, (8.5 g, 62
nunol) in MeCN (190 mL) was added methyl todine (3.8 ml) dropwise at 0 °C. Then the reaction
was stirried at room temperature overnight, the reaction solution was filtrated, and adjusted to pH =
6 with acetic acid, then the solvent was evaporated to obtain the title compound (5.6 g, vield 98%)
as yellow oil and used in next step without further purification. LC-MS (EST) m/z: 114 (M+1)".

Example 100C

{-Methyvi-1H-1,2.3-triazole-4-carbaldehyde

(00335} (1-Methyl-1/-1.2,3triazol-4-yhmethano! (5.6 g, 50 mmol} and activated manganese
dioxide (53 g, 63 mmol) was dissolved in acetone (130 mL) and the solution was stirred at room
temperatare for 3 h. Then the reaction mixture was filtered, the solvent was evaporated in vacoum.
The residue was purified by flash chromatography {silica gel, petrolenm ether: ethyl acetate 511 to
2:1) to ubtain the title compound (1.1 g, vield 20%). "H-NMR {400 MHz DMSO-d6) & (ppm): 4.13
{m, 3H), B.81 (s, TH), 10.02 {5, 11); LC-MS (ESD mfe: 112 (M+1).

Example 100D

Ethyl 2-(4-fluorophenyl)-3-(1-methyl- LH-1,2 3-triazol-d-y1)-d-ox0-1,2,3,4-tetrabydroquina] ine-5-
carboxvlate

{00536] A mixtare of (F}-4-(4-fluorobenzylideneamino Nsobenzofuran-1{3 H)-one (698 mg, 2.7

munol) and 1-rethyl-14-1.2 3-triazole-4-carbaldehyde (334 mg, 3 mmol) in ethyl propionate (35
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ml.) was cooled to 0 °C. Then a solution of sodium ethanolate in ethanol {sodium (248 mg, 10.8
mimol} in ethanol (15 mi.)) was added dropwise. After the addition, the mixfure was stirred at roomn
temperatuge for 4 he. The mixture was quenched with water (10 ml.) and solvent was removed in
vacuunt, The residue was dissolved in water, and then extracted with ethyl acetate (100 mb # 4).

5 The combined organic layers were washed with brine, dried over anhydrous sodium sulfate, and
concentrated to give crude product, which then was purified by chromatography (silica gel,
petrolewm ether / ethyl acetate = 3:1 to 1:1} to give the title compound (426 mg, yvield 39%), LC-MS
(EST) mfz 395 (M+1).

Example 100 E
10 8-(4-Fluorophenyl}-9-(t-methyl-14-1.2, 3-triazol-4-y1)-8 9-dihydro-2 H-pyridof4.3, 2-de Jphthalazin-
HTH)-one

{00537] A mixture of ethyl 2-(4-fluorophenyl}-3~( 1-methyl-1 /1,2 J-triazol-4-y1)-4-ox0-1.2,3 4-
tetrabydroquinoline-5-carboxylate (113 mg, 0.28 mxmol) in 85% hydrazine monohydrate (4 ml)
stirred for 3 hw at room temperature. The mixture was filtered and washed with water, petroleum

15 ether and ethyl acetate to give the crode product, which was purified by prep-HPLC {o give the title
compound (41 mg, yield 39%), 'H-NMR {400 MHz. DMSO-d6) 8 (ppm): 3.93 (s, 3H), 4.50-4,52 (d,
J=7.6Hz, 1H), 4.96-4.98 (d,. /= 7.6 Hz, 1H), 7.09-7.15 (m, 3H), 7.35-7.42 (m, 4H), 7.55-7.57{1../
=76 Hz 1HY, 7.72 (s, 1H); LC-MS (ESD m/z: 363 (M+1Y.

Example 101
20 N,N-Dimethyl-4-(9-(1-methyl-14-imidazol-2-y1}-3-0x0-3,7,8,9-tetrahydro-2 H-pyrido[4,3,2-
delphthalazin-8-vhbenzamide

Example 101A
4-Formyi-N, N-dimethyibenzamide

{06538] To a suspension of 4-formylbenzoic acid (4.00 g, 26.7 mmol) in dry DCM (8 mL) were

I
L

added thionyl chloride (2.92 g, 40.0 msol) and DMF (0.6 mL) dropwise at ambient temperature
under nitrogen. The reaction mixture was refluxed for 2 h. After cooling, this mixture was added to
33% dimethylamise in water (10.5 mL, 72 mmol) dropwise over 15 min in an ice-water bath, and
the reaction mixture stirred for | b at the same temperature. The solvent was evaporated in vacuums.
The residue was puritied by chromatography on silica gel to give the title compound (2.5 g, vield
30 33%)as a yellow solid. "H-NMR (400 MHz, DMSO-d6) S(ppm): 2.86 (s, 3H), 3.30 (s, 31, 7.60 (d,
J=7.6 Hz, 2H), 7.95 (d, J=7.6 Hz, 2H), 10.04 (s, 1H}; LC-MS (ESI) nvz: 178 (M+1)"
Exanple 101B
(&)-N N-dimethyl-4-({1-oxo-1,3-dihydroisobenzofuran-4ylimino)methy hbenzamide

{00539] 4-Aminoisobenzofuran-1(3H)-one (2.10 g, 14.1 mmol), 4-formyl-N N-dimethylbenzamide

(X
5

(2.50 g, 14.1 mmol) and dry MgS0, (9.84 g, 82 mmol) were added to acetonitrile (170 mL) and

—
A
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stirred under reflux overnight. The mixture was filtered, and the solvent was evaporated under
reduced pressure and the residue was re-crystallized to obtain 3.3 g of title compound as a pale solid.
"H-NMR {400 MHz, CDClL) & (ppm): 3.07 (s, 3H), 3.15 (s, 3H), 5.43 (s, 2H), 7.38-7.40 (4, J= 7.6
Hz, tH}, 7.55-7.61 (m. 3H), 7.80-7.82 (d, J== 7.6 Hz, 1H), 7.96-7.98 (d, J = 8 Hz, 211).8.58 (s, 1H);
LC-MS (EST) m/z: 308 (M+1),
Example 101C
Ethvi 2-(4-(dimethyicarbamoyhphenyl)-3-( 1-methyl- 1 H-imidazol-2-y1)-4-oxe-1,2,3 4-
tetrahydroguinoline-S-carboxylate
f005481  (E)-NN-Dimethyl-4-{( 1-ox0-1,3~-dihvdroisobenzoforan-dyliminodmethylbenzamide (924
mg, 3.0 mool), T-methyl-1H-imidazole-2-carbaldehyvde (363 mg, 3.3 mmol), sodivm (276 mg, 12
mmol} in ethanol (30 mL} and ethyl propionate (45 mlL.) were added and the mixture was stiveed at
room temperature overnight. Then the resulting mixture was evaporated under reduced pressure and
extracted with ethyl acetate (100 mL x 4) and concentrated. The crude product was purified by
column chromatography (silica gel, petroleum ether / ethyl acetate = 20:1 to 1:2) to afford the title
compound as a vellow solid (300 mg, yvield 37%). LC-MS (ESD m/z: 447 (M+1)".
Example 121D
NN-dimethyl-4-(9-(}-methyl-1 H-imidazol-2-y[}-3-0x0-3,7.8 9-tetrahydro-2 H-pyrido[4,3,2-
delphthalazin-8-ybenzamide
Ethyl 2-(4-(dimethylcarbamaoylpheny)-3-( L-methyl-1 H-imidazol-2-y1)-4-0x0-1,2,3,4-
tetrahydroquinoline-5-carboxylate {500 mg, 1.12 mmel) and hydrazine monchydrate (8 mL) were
added and the mixture was stirred under 40 “C for 3 h. Then the mixture was cooled to room
temperature and filtered to give the title compound (90 mg, vield 19%) as a white solid. 'TI-NMR
(400 MHz, DMSQO-d6) & (ppm): 2.86 (s, 3H), 2.96 (s, 3H), 3.42 (s, 3H), 4.66-4.69 (d, J= 10.4 Hz,
1H), 4.96-4.99 (d, J= 10.4 Hz, 1H), 6.73 {5, 1H). 6.89 (s, 1H), 7.16-7.19 {m, . = 7.6 Hz, 1H), 7.29-
745 (m, 6H), 7.536-7.60 (t,.7= 7.6 Hz 1H), 12.18 (s, 1H) LC-MS (ESD m/z: 415 {M+1)",
Example 102
9-(4,5-Dimethyl-4H-1 .2 4-triazol-3-y1)-8-phenyi-8.9-dihydro-2 H-pyridof4,3,2-de]phthatazin-3( TH)-
e

Example 1024
Lisothiocyanatomethane

005411 To a solution of methylamine hydrochloride (61 g, 8.9 mol) in 100 mL of water was added
carbon disulfide (68.5 g, 0.9 mol). The mixture was cooled to 10 °C, a cold solution of sodium
hydroxide (72 g, 1.8 mol) in water (160 ml.} was added dropwise over a period of 30 min. After the
addition, the internal temperature rise to 85 °C gradually. The solution was kept at this temperatare

tor 1.3 hr. The bright red solution was cooled 1o 35 °C ~ 40 °C, and was added ethy! chlorocarbonate
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{98 g, 0.9 mol) over a period of 1 hr with stirring. The stirring was continved for 30 min after the
addition. The mixture was allowed to stand overnight. The organic layer was separated, dried over
Na,80,, and distiled under atmosphere pressure. The fraction, which boils at 115~120 °C, was
collected as a colorless erystal (40 g, vield 61 %), 'H-NMR (400 MHz, CI3CL) 8 {ppm); 3.29 (s,
3H).
Exaraple 102B
2-Acetvi-N-methyihydrazinscarbothivamide
[00842] To a stirred solution of acetohydrazide (3.7 g, S0 mmol) in methanol (30 mL) was added a
solution of compound isothiocyanatomethane (3.65 g, 50 mmol) in methanol (30 mL) at 0 °C. After
the addition, the mixture was stirred at room temperature overnight. The mixture was concentrated
to give crude product (7 g)as a white solid which was used in the next step without further
purification. LC-MS (ESD m/z: 148 (M+1),
Example 102C
3.4-Dimethyl-1 - 1,2 4-triazole-5(4 H)-thione
{00543} To a stirred solution of crude 2-acetyl-N-methylhydrazinecarbothioamide (7 g, 47.6 mmol}
in ethanel (100 mL.) was added triethylamine (14.4 g, 143 mmol). Afier the addition, the mixture
was heated to reflux overnight and was then concentrated to give the title compound (4.2 g, yield
63% for two steps) as a white solid which was used in the next step without further purification. 'H-
NMR (400 Mz, DMSO-¢6) 6 (ppm): 2.28 (s, 3H), 3.38 (s, 3H), 1340 (5, TH). LC-MS (ESI) mv/z:
130 (M+1)"
Example 102D
3 4-Dimethyl-4 f-1,2 d-triazole
[D0544] A suspension of 3,4-dimethyl-1H-1,2.4-triazole-S(4 H)-thione (4.2 g, 32.5 mmol) in
dichioromethane (72 mL) was cooled to 0 °C. A solution of 30% hydrogen peroxide {16.9 mL, 149.5
mmol) in acetic acid (44 mL) was added dropwise. After the addition, the mixture was allowed to
stir at room temperature overnight. The solvent was removed under reduced pressure. The residue
was dissolved with water {20 mL), treated with aqueous sodium hydroxide to pH = 12, extracted
with dichloromethane (80 mL x 8). The combined organic layers were dried over anbydrous
NS0, concentrated to give the title compound (2.3 g, vield 73%0) as a brown solid. "H-NMR (400
MHz, CDCL:) 6 (ppm)y: 247 (s, 3H), 3.63 (s, 3H), .09 (s, 1H). LC-MS (EST) m/z: 98 (M+1)"
Example 102E
(4.3-Dirsethyl-4H-1.2 d-triazol-3-vDimethanol
{00545 A mixture of 3 4-dimethyl-44-1,2 4-triazole (2.3 g, 23.7 mmol) and formalin (&5 ml) was
heated to 90 °C overnight. The mixture was concentrated to give crude product, The crude product
was purified by silica gel chromatography (dichloromethane/ methanol=200:1 to 15: ) to give the

title compound (2.48 g, yield 82%) as a white solid. "H-NMR (400 MHz, DMSO-d6) & {ppmy; 2.31

.
[55]
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(s, 3H), 3.52 (5, 3, 4.52-4.34 (d, 7= 5.2 Hz, 2H), 5.49-5.51 (t, J= 52 Hz, 1H). LC-MS (ESD) w/z:
128 (M+1Y

Example 102F

4,5-Dimethyl-4H-1.2.4-triazole-3-carbaldehyde

[00546] A mixture of {4,5-dimethyl-4H-1,2 4-trigzol-3~vmethanol {2.48 g, 19.5 mumol) and
manganese (IV) oxide {17.8 g, 204.8 mmol) in dry tetrabvdroferan (72 mL) was stirred at room
temperature overnight. The mixture was filtered, and the cake washed with dichloromethane (100
mL x 3). The combined filtrate was concentrated to give the title compound (1.6 g, yield 66%) as a
white solid. 'H-NMR (400 MHz, DMSO-d6) 8 (ppm); 2.54 (s, 3H), 3.89 (s, 3H), 10.06 (s, 2H). L.C-
MS (ESTy miz: 126 (M+1)

Example 102G

Ethyl 3-(4,5-dimethyl-4H-1.2 4-triazol-3-yh-4-ox0-2-phenyl-1.2.3 4-tetrahydroquinoline-5-
carboxylate

[00347} A mixture of (E}-4-(benzylidensamino}isobenzofuran-1(3H)-one (237 mg, | mmol) and
4, S-dimethyl-44-1,2 4-triazole-3- carbaldehyde {150 mg, 1.2 mmol) in ethyl propionate (10 mL)
was cooled to 0 °C. Then a solution of sodium ethoxide in ethanol [sodium (92 mg, 4 numol) in
ethanol (5 mL)] was added dropwise. After the addition, the mixture was stirred at 10 °C for 5 hr,
then 30 °C 2.5 hr. The mixture was quenched with water (10 mL) and solvent was removed in
vacuum. The residue was dissolved in water, and then extracted with sthy! acetate (30 mL.#4). The
combined organic layers were washed with brine, dried over anhydrous sodium salfate, and
concentrated to give crude product. The crude product was purified by chromatography {silica gel,
petroleum ether / ethyl acetate = 5:1 then ethy! acetaie /methanol = 15:1) to give the title compound
{60 myg, yield: 15 %). LC-MS (ESI) m/z: 391 (M+1)".

Example 102H

9-(4,5-Dimnethyl-dH-1.2 4-triazol-3-¥1)-8-pheny1-8,9-dihydro-2H-pyrido[4,3,2-dephthalazin-
HTH)-one

[00548] A mixture of ethyl 3-(4,5-dimethyl-4£/-1,2 4-triazol-3-yh)-4-ox0-2-phenyi-1,2,3.4-
tetrabydroquinoline-S-carboxylate (60 mg) in 85% hydrazine monchydrate (1 mL) and methanol (3
mL} was stirred at 10 °C for 2.5 h. The mixture was purified by prep-HPLC to obtain the title
compound as a yellow solid (6 mg, vield: 11 %) "H-NMR (400 MHz, CD0D) 4 (ppm); 2.33 (s,
IH)3.36 (s, 3H), 4.79-4.81(d, /= 11.6 Hz, 1H), 4.99-5.02 (d, J = 11.6 Hz, 1H), 7.21-7.23 {m, 2H),
731733 (m, 2H), 7.45-7.48(m, 2H), 7.59-7.67 (m, 2H): LC-MS (ESD) m/z: 359 (M+1Y".

Example 103

9-(4,5-Dimethyl-447-1.2 d-triazol-3-y1)-8-(4-fluorophenyl)-8.9-dibvdro-2 H-pyrido[4,3,2-
delphthalazin-3¢(7 f)-one

Example 103A

[58
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Ethyl 3-{(4.5-dimethyl-4A-1 2 4-trigzol-3-yD)-2-(4-fluorophenyl-4-oxo0-1,2 3 d-etrahyvdroguinoline-

5-carboxylate
{005497 A mixture of (£)-4-(4-fluorobenzylidencamino)isobenzofuran- 13 -one {510 mg, 2 mmol)
and 4,5-dimethyi-4H-1,2 4-triazole-3- carbaldehvde (275 mg, 2.2 mmol) in ethyvi propionate (20
mL) was cooled to 0 °C. Then a solution of sodiwm ethoxide in ethano! (sodiwm (184 mg, 8 mmol)
in ethanol (10 mLY) was added dropwise. After the addition, the mixture was stirred at 10 °C for 2
h, then 30 °C for 4 hr. The mixture was quenched with water {10 mL) and solvent was removed in
vacuum. The residue was disselved in water, and then extracted with ethyl acetate (30 mL x 4). The
combined organic lavers were washed with brine, dried over anhydrous sodium suifate, and
concentrated to give a crude product. The crude product was purified by chromatography (silica gel,
petroleum ether / ethyl acetate = 3:1 then ethyl acetate /methanal = 30:1) to afford the title
compound (170 mg, yield: 21%). LC-MS (ESD nvz; 409 (M+1).

Example 103B

9-(4,3-Dimethyl-4 H-1,2 4-triazol-3-y1)-8-(4-fluoropheny)-8,9-dihydro-2 H-pyrido[4,3,2-
delphthalazin-3(7H)-one

{00550} A mixture of ethyl 3-(4,5-dimethyl-4 H4-1.2 4-triazol-3-y1)-2-(4-fluoropheny-4-oxo-
1,2,3 4-tetrahydroquinoline-S-carboxylate (170 mg) in 85% hydrazine monohydrate (3 mL) and
methanol (3 mL) was stiveed at 25 °C for 3 h. The mixture was purified by prep-HPLC to obtain the
title compound as a yeHow solid (40 mg, vield: 26%). "H-NMR (400 MHz, DMSO-46) § (ppm): 2.23
{3, 3H),3.38 (s, 3H), 4.78-4.80(d, J= 11.0 Hz, 1H), 4.99-5.02 (d, /= 11.0 Hz, 1H), 7.11-7.18 {m,
3H), 7.35-7.40 {m, 2H), 7.47-7.5m, 2H), 7.57-7.61 (1, /= 7.6 Hz, 1H), 12.19 (s, 1H) LC-MS
(BSD m/z: 377 (M+1)".

Example 104

2-Fluoro-NV-dimethyt-5(9-( 1 smethyl- 1 H-imidazol-2-y1)-3-0x0-3,7,8.9-tetraltydro-2 H-
pyrido(4.3,2-dephthalazin-8-yhbenzamide

Example 104A

S~(Diethoxymethyl)-2-fluorobenzonitrile

{00551] To a stivred solution of 2-fluora-5-formylbenzonitrile (5.96 g. 40 mmol) in ethanol (5.6 g,
120 mmol) was added ammonium chloride (85.6 mg, 1.6 mmol). After the addition, the mixture was
cooled to 0 °C and triethyl orthoformate (6.52 g, 44 mmol) was added dropwise. After the addition,
the mixture was stirred at room temperature overnight. The mixture was concentrated, then filtered
and the cake washed with ethyl acetate (20 k. x 2). The filtrate was concentrate to give the title
compound (8.8 g, vield 98%) as a colorless oil, 'H-NMR (400 MHz, CDCL)Y & fppm) 1.22-1.28 {m,
6H). 3.50-3.70 {m, 4H), 5.30 (s, 1H), 7.19-7.24 (t, /= 8.8 Hz, 1H), 7.70-7.74 (m, 1H), 7.76-7.78
(dd,J; = 6.4 Hz, ;= 2.4 Hz, TH). LC-MS (ESD) m/z: 224 (M+1)"
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Example 1048
2-Fluoro-S-formylbenzoic acid
[00552] A mixture of 5-{diethoxymethyl)-2-fluorobenzonitrile (8.8 g. 39.5 mmol) in 3N agueous
sodium hydroxide (100 mL) was heated to 90 °C and stirred for 8 hr. Then the mixture was cooled to
room ternperature and acidified with 3N hydrochloric acid to pH = 2, and then extracted with ethyl
acetate (200 mL x 4). The combined organic layers were dried over anhydrous NSO, and
concentrated to give 2-fluoro-5-formylbenzoic acid (6.6 g, yvield 99%) as a white solid. "H-NMR
{400 MHz, CDCL) 8 {ppm): 7.34-7.39 (dd, ./, = 10 Hz, /=84 Hz, 1H), 8.14-8.18 (m, 1H), 8.57-
8.594dd,.J, = 7.2 He, ;=24 Hz, 1H), 10.04 (s, TH). LC-MS (ESI) m/z: 169 {M+1)".
Examplei4C
2-Fluoro-5-formyl-N N-dimethylbenzamide
{00553] The solution of 2-fluoro-3-formylbenzoic acid (3 g, 17.8 mmol} in methylene chloride (10
mL} was added thionyl chloride (2.0 mi., 26.7 mmol ) slowly at 0 °C . Then the cold reaction
mixture was heated to reflux for 3 h. The solution was cooled o 0 °C, added dimethylamine (40
wt.% solution in water, Srob) slowly, and then stirred at room temperature for 1 k. The solution was
washed with water and brine, the organic layer was dried with Na, S0, and the solvent was removed
1o get the desired product (2.4 g, vield 76%). LC-MS (ESD m/z: 196 (M+1)"
Examplel 04D
(£)-2-fluoro-N, N-dimethyl-5-(( {-0x0-1,3-dihydrotsobenzofuran-4-ylimino ymethylbenzamide
[06554] A solution of 2-fluoro-S-formyb- ¥ Nedimethylbenzamide (2.38 g, 12.2 mmo}), 4-
aminoisobenzofuran-1{3H-one (1.82 g, 12.2 mumol), anbydrous magnesiom sulfate {14.67 g, 122
mmol) i acetonitrile (100 ml) was heated to reflux for 2 days. The solution was filtered and
removed in vacuum. The crude product was re-crystal with isopropans to give the title compound
(1.5 g, yield: 37%) "H-NMR (400 MHz, DMSO-d6) § {ppm): 2.91-2.92 (d. J= 0.4 Hz, 3H), 3.07 (s,
3H), 5.55 (s, 2H), 7.52-7.56 (¢, J = 8.8 Hz, 1H), 7.67-7.70 (m,2H), 7.76-7.78 (m, 1H), §.02-8.04 (m,
TH), 8.10-8.14(m, 1H), 8.83 (s, 1H) LC-MS (ESDH nvz: 327 (M+1Y.
Examplei4B
Ethyl 2-(3-{dimethylearbamoy!}-4-fluoropheny -3 -(F-methyl- 1 H-imidazol-2-yD-4-0x0-1,2.3.4-
tetrahydroquinoline-5-carboxylate
{80555} A mixture of compound 1-methyl-1H-imidazole-2-carbaldehyde (110 mg, 1.0 mumol) and
(E)-2-Hluoro-N N-dimethyl-5-((1-ox0-1,3-dihydroisobenzofuran-4-ylimino ymethyDbenzamide (300
mg, 0.92 mmol) in ethyl propionate (10 mL.) was cooled to 0 °C. Then a solution of sodium ethoxide
in ethanol (sodium (85 mg. 3.68 mmol) in ethanol (3 mL)) was added dropwise. After the addition,
the mixture was stirred at room teraperature for 2.5 hr. The mixture was quenched with water (20
mb) and solvent was removed in vacuum, The residue was dissolved in water and extracted with

ethyl acetate three times, washed by water, brine then the extraction was evaporated. the crude
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product was purified by chromatography to obtain a yellow solid. The solid was dried in vacuum at
30 °C to give the title compound (130 mg, vield: 30%). LC-MS (BSD) m/z: 465 (M+1)'.
Examplel 04F
2-Fluoro-N N-dimethyl-5-(9-( 1 -methyl- 1 F-imidazol-2-yh)-3-0x0-3,7.8 9-tetrabydro-2 /-
3 pyridof4,3.2-de]phthalazin-8-ybenzamide

[00556] A mixture of compound ethyl 2-(3-(dimethylcarbamoyl)-4-fluorophenyi)-3-( 1 -methyl-1H-
imidazoi-2-yi)-4-ox0-1,2,3.4-tetrahvdroquinoline-3-carboxylate {130 mg) in hydrazine monohydrate
{85%, 2 mL.) and methanol (5 mL} was stirred at room temperature for 4 h. The resulting mixture
was filtered and washed with water {20 ml) and methanol (3 ml} to obtais & white solid. The solid

10 was dried i vacuum at 50 °C to obtain the title compound (30.0 mg, vield 36%). "H-NMR (400
MHz, DMSO-46) & (ppm): 2.72 (s, 3H}, 2.97 (3, 3H), 3.43 (s, IH), 4.67-4.70 (d, /= 10.8 Hz, 1H), 4.
95-4.97(d, J=10.8 Hz,1H), 6.72-6.73 (d, /= 1.2 Hz,1H), 6.89-6.89 (d, ./ = 0.8 Hz, 1H), 7.15-7.23
(m. 2H}3, 7.34-7.41 (m, 3H), 7.48-749 (m, 1H),7.56-7.60 (£, J=8 Hz, 1M}y, 12.17 (s, TH);, LC-MS
(EST) infz: 433 (M+1Y".

13 Example 103

8-(4-Chioropheny!)-9-(1-methyl-1 H-imidazolk-2-y1}-8,9-dikydro-2 H-pyridof4,3,2-de Jphthalazin-
3P Hy-one

Example 10SA

{(E}-4-(4-Chlorobenzylideneaminojisobenzofuran- {3 H)-one

20 [98557] Toa stirved mixture of 4-chlorobenzaldehyde (2.3 g 16.1 mmol) and anhydrous
magnesium sulfate (16 g, 134 mmol) in anhydrous acetondirile (200 ml) was added 4-
aminoisabenzofuran-1(3H)-one (2 g, 13.4 mmol) at room temperature. After the addition, the
mixture was stirred at reflux for overnight. The mixtore was filtered and the cake was washed with
ethyl acetate (50 mL x 3). The filtrate was concentrated to give crude product. The crude product

25 was washed with petroleum ether and re-crystallized from ethyl acetate to give the title compound (2
g, vield: §5%). LC-MS (EST) mfz: 272 (M+1),

Example 1058

Ethyl 2-(4-chlerophenyl)-3-( 1-methyl- 1 f-imidazol-2-yl)-4-ox0-1,2,3 4-tetrabydroquinoline-§-

carboxylate

ts2
Re=d

[00358] A mixture of (£)-4-(4-chlorobenzylideneaminoisobenzofuran-1{3H-one (500 mg. 1.85
mmol} and Nemethyl-2- imidazolecarbaldehyde (222 mg, 2.1 mmol) in ethyl propionate (20 mL)
was cooled 1o 0 °C. Then a solution of sodium ethoxide in ethanol {sodium {174 mg, 7.4 mmol) in
ethanol {10 ml.)) was added dropwise. After the addition. the mixture was stirred at room
temperature for 2 hr. The mixture was quenched with water (10 ml.) and solvent was removed in

35 vacuum. The residue was dissolved in water, and then extracted with ethy! acetate (100 mL x 4).
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The combined organic layers were washed with brine. dried over anhydrous sodium sulfate, and
concentrated to give crude product. The crude product was purified by chromatography (silica gel,
petroleum ether / ethyl acetate =1:1) to give the title compound (1530 mg, yield 20%). LC-MS (ESH
m/z: 410 (M+1Y.
Example 105C
3-(4-ChiorophenyD)-9-(1-methyl- 1 H-imidazol-2-v1)-8, 9-dilyydro-2 F-pytidof4,3,2-de]phthalazin-
(7 H-one
[00559] A mixture of ethyl 2-(4-chlorophenyl)-3-{1-methyi- 1 H-imidazol-2-yD-4-0x0-1,2,3,4-
tetrahydroquineline-S-carboxylate (150 mg, 0.37 mmol) in 85% hydrazine monohydrate (4 mi) and
methanol {6 ml) was stirred at room temperature for 2k The misture was fittered and washed with
water to give the title compound (89 mg, yvield: 65%). "H-NMR (400 MHz, DMSO-d6) & (ppm):
344 (s, 3H), 4.69 (d, /= 10.8 Hz, 1H), 4.96 (d, J= 108 Hz, 1H), 6.76 (5, 1H), 6.93 (d, 1H), 7.16 (d.
J=8 Hz, 1H), 7.33-7.44 (m, 6H), 7.56-7.60 {im, TH), 12.19 (d, 1H); LC-MS (ESD m/z: 378 (M+1)".
Example 106

9-(1-Methyl-1 H-imidazol-2-y}-8-(4-(trifluoromethyl)phenyl}-8,9-dihydro-2 H-pyridof4,3.2-
delphthalazin-3(7H)-one

Example 106A

{(EV4-(4- Trifluoromethylbenzylidencamino)isobenzofuran- 13 H)-one
{60560} To a stirred mixture of 4-(trifluoromethylbenzaldehyde (2.8 g, 16.1 mmol) and anhydrous
Magnesiont sulfate (16 g, 134 mmol) in anhydrous acetonitrile (200 mL) was added 4-
aminoisobenzofuran-1{3H)-one (2 g. 13.4 mmol) at room temperature. After the addition, the
mixiure was stirred at reflux for overnight. The mixture was f{iltered and the cake was washed with
ethyl acetate (50 mk = 3). The filtrate was concentrated to give crude product. The crade product
was washed with petroleum ether and re-crystallized from ethyl acetate to give the title compound
(2.8 g. vield: 68%). LC-MS (ESI} n'z: 306 {M+1)".

Example 106B

Ethyl 3-(1-methyl-  H-imidazol-2~v]}-d-oxo-2-(4-(trifluoromethyphenyl)-1,2,3 4-
tetrahydroguinoline-S-carhoxylate

{00561] A mixture of (E}-4-(4-{triflucromethyl)benzylideneamino)isobenzofuras-1(3H)-one (1 g,
3.28 mmol) and N-methyl-2- imidazolecarbaldehyde {400 mg, 3.61 mmol) in ethyl propionate (40
mL) was cooled to 8 °C. Then a solution of sodium ethoxide in ethanol {sodium (31 mg, 13.1 mmol)
i ethanol (10 mk.)) was added dropwise. After the addition, the mixture was stirred at room
temperature for 2 hr. The mixture was quenched with water (10 mL) and solvent was removed in
vacuum. The residue was dissolved in water, and then extracted with ethy] acetate (100 mL » 43.

The combined organic layers were washed with brine, dried over anhydrous sodium sulfate, and
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concentrated to give crude product. The crude product was purified by chiromatography (silica gel,
petroleum ether / ethyvl acetate =1:1)to give the title compound (150 mg, yield 8%6). LC-MS (ESD
nvz: 444 {M+1Y,
Example 106C
Yo 1-Methyl- 1 imidarol-2-y - 8-(4-(trifluoromethyphenyl)- 8, 9-dihyvdro-2 H-pyrido[4,3.2-
deiphthalazin-3(7H)-one

{00562} A mixture of ethyl 3-(1-methyl-1H-imidazol-2-y1}-4-ox0-2-(4-(trifluorcmethyl)phenyl)-
1,2.3 A-tetrahydroquinoline~-3-carboxylate {150 mg, 0.34 mmol) in 85% hydrazine monchydrate (4
mi) and methanol {6 mL} was stirred at room temperatare for 2h. The mixtare was filtered and
washed with water to give the title compound (23 mg, yield: 18%). 'H-NMR (400 MHz.DMSO-46)
4 (ppm}: 3.46 (s, 3H), 4.81 (d, J= 1.8 He, [H}, 5.07 (d. J= 18.8 Hz, 1H), 6.82 (s, TH), 6.97 (d,
TH), 7.16(d. J= & Hz, 1H). 7.41 (d, =7.6 Hz2 2H), 7.58-7.69 {m, 5H), 12.22 (d, 1H}); LC-MS {ESD
m/z: 412 (M+1).

Exanmple 107
Z-{4-Fluorophenyi}-9-(thiazol-2-v1}-8,9-dikydro-2 H-pyrido{4,3,2-defphihalazin-3(7 H}-one

Example 107A
Ethyl 2-(4-fluorophenyl)-4-oxo-3-{thiazol-2-y1}-1,2.3 4-tetrahydroquinoline-5-carboxylate

[60563] A mixture of (£)-4-(4-fluorobenzylidencamine)isobenzofuran-1{3#)-one (1.88 g, 7.37
mmol) and thiazole-2-carbaldehyde (1 g, 8.8 vumol) in ethyl propionate (30 mL )} was cooled to 0 °C,
Then a sotation of sodivm ethoxide in ethanol (sodium (678 g, 29 mmol) in ethanol (30 mL)) was
added dropwise. After the addition, the mixture was stirred at room temperatore for 2 hr. The
mixture was quenched with water {10 mL) and solvent was removed in vacoum. The residue was
dissolved in water, and then exiracted with ethyl acetate (100 mi x 4). The combined organic layers
were washed with brine, dried over anhydrous sodium sulfate, and concentrated to give crude
product. The crude product was purified by chromatography (silica gel, petroleum ether / ethyl
acetate = 10:1 to 1:10) to give the crude compound (180 mg). LC-MS (ESI) m/z: 397 (M+1)'.

Example 1078

8-(4-Fluorophenyl)-9-(thiazol-2-y )-8, 9-dihydro-2 H-pyridof 4,3, 2-dephthalazin-3( 7H)-one

[80564] A mixture of ethyl 2-(4-fluoropheny)-4-ox0-3-(thiazol-2-y)-1,2.3 d-tetrahvdroquinoling-5-
carboxylate (180 mg) in 85% hydrazine monohydrate (10 mlL) and methanal {10 mL) was stirred at
45 °C for overnight. Methanol was removed under reduced pressure. The mixture was filtered and
washed with water to give the title compound (3 mg, vield: 2%). '"H-NMR (400 MHz, CD,0D) &
{ppm): 4.88 (d,./= 8.0 Hz, 1H), 5.09 (d, /= 8.0 Hz, 1H), 7.01(t, 21D, 7.21(d, 1H). 7.36-7.40 (m,
2H), 7.47 (d, 1H), 7.59(d, 1H), 7.65 (t, 1H), 7.74 (4, 1H); “F-NMR(400 MHz, CD;0D) 8(ppm): -
11636 (s): LC-MS (ESH m/z: 363 (M+1).
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Example 108
&-(1-Ethyl-1 H-tmidazol-2-v1}-8-(4-flucropheryld-8.9-dihydro-2 f-pyridof4,3.2 e phthalazin-3{ 7H)-
one
Example 108A
Ethyl 3-(1-ethyl-1 H-imidazol-2-y1)-2-{(4-fluorophenvi)-4-ox0-1,2,3,4-tetrahvdroquinoline-5-
carboxylate
005651 A mixture of (£)-4~-{4-fluorobenzylidencaminoisobenzofuran-1(3H-one (765 mg, 3 mmol)
and A-ethyl-2- imidazolecarbaldehyde (372 mg, 3 mmol) in ethyl propionate (45 mL) was cooled to
0 °C. Then a solation of sodium ethoxide (sodium (276 g, 12 mmol) in ethano! (45 mL)) was
added dropwise. After the addition, the mixture was stirred at room temperature for 4 hr. The
mixture was quenched with water {10 mL) and solvent was removed in vacuum. The residue was
dissolved in water, and then extracted with ethyl acetate (100 mL < 4). The combined organic lavers
were washed with brine, dried over anhydrous sodium sulfate, and concentrated to give crude
product. The crude product was purified by chromatography (silica gel, petrolewn ether / ethyl
acetate = 23:1 1o 5:1) to give the title compound (90 mg, yield: 7%). LC-MS (ESI) m/z: 408 (M+1),
Example 1088
Synthesis of 9-(1-Ethyl-Ui-imidazol-2-y{)-8-(4-fluoropheny )-8 .9-dihydro-2 Hepyridof4,3.2-
dejphthalazin-3(7H)-one

[00566] A mixture of ethyl 3-(1-ethyl-1H-imidazol-2-yD-2-(4-fluorophenyvi-4-ox0-1,2,3,4-
tetrahydroquineline-3-carboxylate (90 mg, 0.22 mmol) fu 85% hydrazine monohydraie (4 k) and
methanol (10 ml.) was stivred for 4 h at room teraperature. Methanol was removed under reduced
pressure. The mixture was filtered and washed with water to give the crude product. The crude
product was purified by prep-HPLC to give the title compound (38.5 mg. vield: 47%). 'H-NMR
(400 MHz, MeOD) &(ppm): 1.06-1.09 (1, J = 7.2 Hz, 3H), 3.74-3.78 (m, 2H), 4.60-4.62(d, 7= 11.6
Hz, 1H), 4.98-5.01 (d. /= 11.6 Hz, 1H), 6.91-7.02 (m, 4H), 7.19-7.21 {m, 1H), 7.39-7.43 {m, 21D,
7.56-7.64 {m, 2H); LC-MS (ESD m/z: 376 (M+1)".

Example 109

8-(4-({4-Ethyl-3-methylpiperazin- 1 -yDmethylpheny!)-9-phenyl-8,9-dihvdro-2 H-pyrido[4,3,2-
delpbthalazin-3(7H)-one
{00567] To a stitred solution of 4-(3-0x0-9-phenyl-3,7 8 9-tetrahydro-2 H-pyrido[4.,3,2-
dejphthalazin-8-ylibenzaldehyde (86 mg, 0.23 mmol) in dryness DCM (15 mL) was added HOAc
followed by I-ethyl-2-methylpiperazine (90 mg, 0.7 mmol), after the addition the mixture was
stured at room temperature overnight. Then the raixture was cooled to 0 °C. Sodium borohydride

{85 mg, 1.4 mmol) was added. After the addition, the mixture was stirred at this temperatare for 12
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hr. DCM was removed snder reduced pressure. The residue was washed with ethyl acetate/methanol
{10/1) and filtered. The filtrate was concentrated to pive the crude product, which was purified by
prep-HPLC to give the title compound as white solid (90 mg, vield 71%). "H-NMR (400 MHz,
DMSO-76) 8 (ppmy: 130 (1, 3H), 142 (m, 3H), 3.23 (5, 1H), 3.47-3.56 (m, 6H3, 3.80 {1, 2H). 4.46
(m, 3H) 4.91 (m, 10H), 7.20-7.29 (o, 3, 7.30-7.32 (m, 3H). 7.46-7.48 (m, 3H), 7.5%m, 1H), 7.6¢
(L1H). LC-MS (ESDymvz: 552(M+1})".
Example 110
B-{4-((4-Ethylpiperazin- | -yDmethyi)phenyD)-9-(4-fluoropheny!)-8 9-dihydro-2 H-pyridof4,3.2-
delphthalazin-3(7H)-one

[00568] A mixture of 4-(3-ox0-F-phenyl-3,7.8 9-tetrahydro-2 H-pyrido[4,3.2-dephthalazin-8-
yhbenzaldehyde (200 mg, .52 mmol), N-ethylpiperazine (209 mg, 1.56 mmol) and acetic acid (156
mg. 2.6 mmol) in dichloromethane (30 ml) was stirred at room temperature overnight. Then the
mixture was cooled to 0 °C and sodivm triacstoxyborohydride (165 mg, 0.78 mmol) was added.
After the addition, the mixture was stitred at room temperature for 5 h. Dichloromethane was
removed under reduced pressure. The crude product was purified by pre-HPLC to give the title
compound (96 mg, vield 33%). "H-NMR (400 MHz, CD:02) 8 (ppm): 1.37-1.41 (. /= 6.8 Hz.
3H), 3.30-3.34 (m, 2H}, 3.47-3.86 (i, 8H), 4.36-4.38 (d, J= 7.6 Hz, 1H), 4.46 {s, 2H), 4.80-4.82 (d,
4= 84 Ha [THY, 6.92-6.96 (m, 2H), 7.11-7.15 (m, 2H), 7.21-7.23 (m, 1H), 7.42-7.45 (m, 2H), 7.51~
7.56 {m, 3H), 7.63-7.67(m, 1H). LC-MS (ESD) m/z: 484 (M+H)'.

Example 111
4-{9-{4-Fluorophenyl}-3-ox0-3.7 8, 9-tetrahydro-2 H-pyrido[4.3 2-delphthalazin-8-vi)-N N-
dimethylbenzamide
Example 11 1A
Ethyl 2-(4-(dimethylcarbamoyljphenyl)-3-(4-fluorophenyl-4~0x0-1,2,3 4-tetrahydroquineline-5-
carboxylate

085691 Compound (E)}-NN-dimethyl-4-(( 1-ox0-1 3-dthydrotsobenzofuran-4-
vliminomethylbenzamide (1.36 g, 4.4 mmol), 4-fluorobenzaldehyde (600 mg, 4.84 mmol), sodium
(405 mg. 17.6 mmol), ethanol (40 mL) and ethyl propionate (66 ml.) were added and the mixture
was stirred at room temperature overnight. Then the resulting mixture was evaporated under reduced
pressure and extracted with ethyl acetate (100 ml = 4) and concentrated. The crude product was
purified by column chromatography (silica gel, petroleum ether / ethy! acetate = 20:1 1o 5:1) to give
the title compound as & solid (490 mg, vield 22%). LC-MS (ESD m/z: d61(M+1Y",
Example 1118
4-(9-(4-Fluorophenyl)-3-0x0-3,7,8 9-tetrahydro-2 H-pyrido[4,3.2-dephthalazin-8-yD-N.NV-

dimethylbenzamide
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[00570] A mixture of ethyl 2-(4(dimethylcarbamovhphenyl}-3-(4-flucrophenyl)-4-oxo-1,2.3 4-
tetrahvdroquinoline-3-carboxylate (490 mg, 1 mmol} and hvdrazine monchvdrate (15 mlL) was
stirred at 40 °C for 3 h. Then the mixture was cooled to room temperature and filtered to give the
title compound (110 my, vield 24%) as a white solid. "H-NMR (300 MHz, DMSO-d6) & {ppim); 2.82
{s. 1H). 2.93 (s, 1H}, 4.36-438 (d, J= 2.2 Mz, 1H), 4.78-4.80 (d, /= 9.2 Hz, 1H), 7.01-7.03 (m, 2H),
7.14-7.19 ¢m, 3H), 7.25-7.28 (m, 2H), 7.32-7.40 (m. 3H), 7.45 (5, 1H), 7.56-7.60 (t, ./ = 8 Hz, 11,
1217 (s, LH); LC-MS (ESTY /i 429 (M+1Y.

Example 112

4-{8~(4-({ Dimethylamino)methyhiphenyh)-3-ox0-3,7.8 9-tetrahydro-2 H-pyrido[4,3,2-de|phthalazin-
9-yH-N N-dimethylbenzamide

Example 1124

Ethyl 2-(4-(diethoxymethylphenyl}-3-(4-(dimethylearbamoylipheny D-4-ox0-1,2,3 4-

tetrahydroquinoline-S-carboxylate

{00571} To a mixture of d-formyl-NV N-dimethylbenzamide (960 mg, 5.42 mmol), (E)-4-(4-
(diethoxymethylbenzy lidencamino) isobenzofuran-1(3H)-one (1.84 g, 5.42 mmol) and sodium
methoxide (499 mg, 21.7 mmol) was added to ethyl propionate (30 mL) and the mixture was stirred
at room temperature overnight, Then the resulting mixture was evaporated under reduced pressure
and extracted with EtOAc (100 mL x 4) and concentrated. This gave the crude product (250 mg).
LC-MS (ESDH miz: 545 (M+1}

Example 112B

4-{8-(4-(Diethoxymethyl)phenyl)-3-ox0-3,7,8, 9-tetrahydro-2 H-pyrido[4,3.2-de]phthalazin-9-y1)-

N N-dimethylbenzamide

{80572} Ethyl 2{4-(diethoxymethyDphenyly-3-(4-(dimethylcarbamoyviiphenyl-4-ox0-1,2.3,4-
tetrabydroquinoline-S-carboxylate (250 mg, 0.46 mmol) and hydrazine monohydrate (85%, 5 mL)
were added in MeQH (15 ml.) and the mixture was stirred room temperature for 5§ h. The resulting
mixture was copeentrated under reduced pressure to a volume of 15 mL and then filtered; the filtrate
was evaporated to give the title compound as a white solid (180 mg, vield 76%). LO-MS (ESD m/z:
SI3(M+1Y

Example 112C

4-(8-(4-Formylphenyl)-3-0x0-3,7,8 9-tetrahydro-2 F-pyrido[4,3.2-de)phthalazin-9-y 1)-N N-

dimethyibenzamide

[88573] To a solution of 4-{8-(4-(dithoxymethyl)pheny)-3-0x0-3,7,8.9-tetrabiydro-2 -

pyuido{4.3,2-de [phthalazin-9-y1)-N. N-dimethybenzamide (180 mg, 0.35 mmol) in acetonitsile (10
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mlL.) was added trifluorcacetic acid {5 mL), stirred for 30 min, Then the mixture was evaporaied
under reduced pressure to get the title compound {140 mg. vield 91%). LC-MS (ESD m/z:
439(M+1Y.
Example 112D
4-{8-(4-{{DimethylaminomethylphenyD-3«ox0-3, 7,8, O-tetrahydro-2 Flpynidof 4,3, 2 -de Jphthalazin-
Q.yvh)-N N-dimethylbenzamide
[00874] To a stirred solution of 4-(8-(4-formylphenyl}-3-ox0-3,7,8 9-tetrahydro-ZH-pyrido{4,3,2-
delphthalazin-9-v[}-N. N-dimethylbenzamide (140 mg, 0.32 mmel} in dried DOM (20 mL) was
added acetic acid followed by dimethylamine (57 mg, 1.3 mmol). After the addition, the mixture
was stirred at room temperature overnight. Then the mixture was cooled to 0 °C. Sodium
borohydride (102 mg, 0.48 mmol) was added. After the addition, the mixture was stirred at this
temperature for 12 hr. DCM was removed ander reduced pressure. The residue was washed with
ethy! acetate/methancl (10/1) and filtered. The filtrate was concentrated to give the crude product,
which was purified by prep-HPLC to give the title compound as a white solid (15 mg, yield
10%)." H-NMR (400 MHz, CD:OD) & (ppm): 2.19 (dd, 6H), 2.93 (s, 3H), 3.06 (s, 3H), 3.40 (dd,
ZH), 4.34 (d, 1H), 4.16-7.39 (m, §H), 7.23-7.26 (m, 4H), 7.54 {d, 1H). 7.61 {1, 1H). LC-MS (ES})
wz: 46B(MFLY.
Example 113
9-(4-FluorophenyD-8-(4-({4-methylpiperazin- 1 -yDroethyDphenyl)-8,9-dihydro-2 H-pyrido[4,3,2
deiphthalazin-3{7 H)-one

[80375) A mixture of 4-(9-(4-fluorophenyi)-3-ox0-3,7.8 9-tetrahydro-2H-pyrido[4,3 2-
dejphthalazin-8-vijbenzaldehyde (150 mg, 0.39 mmol), N-methyipiperazine (117 mg, 1.17 mmol)
and acetic acid (117 mg, 1.95 mmed} in dichloromethane (20 ml.) was stirred at room temperature
overnight. Then the mixture was cooled to 0 “C and sodium triacetoxyborohydride (124 mg, 0.58
mmol) was added. After the addition, the mixture was stirred at room temperature for 5 h.
Dichioromethane was removed ander reduced pressure. The crude product was purified by prep-
HPLC to give the title compound (48 mg, vield 22%). 'H-NMR {400 MHz, CD;OD) 8 (ppm): 3.02
(s, 3H), 3.60-3.81 (m, 8H), 4.36+4.38 (d, /= 7.6 Hz ,1H), 4.47 (s, 2H), 4.80-4.82 (d,./ = 7.6 Hz , 1H),
6.93-6.97 (m, 2H), 7.12-7.15 {m, 2H), 7.22-7.24 (m, 1H), 7.43-7.45 (m, 2H), 7.52-7.57 (m, 3H),
7.64-7.68(m, {H). LC-MS (ESD m/z: 470 (M+1)"

Example 114
9-(4-Fluoropheny!)-8-(4~(piperazin-1-ylmethyDphenyl)-8,9-dihydro-2 H-pyrido{4,3,2-de jphthalazin-
37 Hy-one
Example 114A
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tert-Butyl 4-(4-(9-(4-fluorophenyi)-3-ox0-3,7,8,9-tetrahvdro-2H-pyridof 4,3, 2-de|phthalazin-8-
yhbenzyljpiperazine-1-carboxylate
[06576] A muxture of 4-(9-{4-fluorophenyl}-3-ox0-3,7.8.9-tetrahydro-2 H-pyrido[4,3,2-
deiphthalazin-8-yvlbenzaldehyde (150 mg, .39 mmol)}, tert-butyl piperazine-1~carboxylate (218 myg,
117 numol), and acetic acid (117 mg, 1.95 mimol} in dichloromethane {20 mb) was stirred at room
temperature overnight. Then the mixture was cosled to 0 °C and sodium triacetoxyborohydride (124
myg, 0.58 mmel) was added. After the addition, the mixture was stirred at room temperature for 3 h.
Dichloromethane was removed under reduced pressure. The crude product was purified by flash
chromatography to give the title compound (70 mg, vield 32%). LC-MS (ESI) mfz: 556 (M+1).
Example 1148
9-(4-Fluorophenyl}-8-(d-(piperazin-t-ylmethylpheny )-8, 9-dthydro-2 H-pyrido[4,3,2-de|phthalazin-
3(7Hyone
[00577F The mixture of tert-butyl 4-(4-(9-(4-fluorophenyl)-3-ox0-3,7,8, 9-tetrahvdro-2 H-
pyridol4,3.2-dephthalazin-8-y)benzylpiperazine-1-carboxylate (70 mg, 0.12 mmol} in a solution
of HCHg) in acetonitrile (sat, 10 ml.) was stirred for 3 hr at room temperature. Then the mixture was
filtered to give the crude product. The crude product was purified by flash chromatography to give
the title compound as a hydrochloride salt (35 mg, vield 60%). H-NMR (400 MHz, CDOD) 8
{ppm): 2.63-2.64 (m, 4H), 3.19-3.21 (m, 4H), 3.54 (5, 2H}, 4.29-4.31 {d, 7= 8.0 Nz . 1H}, 4.60-4.71
{d../= 8.4 Hz .1H), 6.89-6.93 (m, 2H), 7.07-7.10 {m, 2H), 7.19-7.26 {m, SH), 7.54-7.56 (m, 111},
F.61-7.658 (m, 1H). LC-MS (ESD mvz: 456 (M+1).

Example 115
9-(4-fluorophenyD-R-(4-((3-methylpiperazin-1-yhmethylphenyt)-8,9-dihydro-2 H-pyrido{4,3,2-
de]phthalazin-3(7H)-one
Example 115A
4-Benzy! Htert-buty] 2-methylpiperazine- 1, 4-dicarboxylate

{00578} To the solution of 2-methyl-piperazine (2.0 g, 20 mumol) in methylene chioride (15 mL) at 0
°C was added benzylchloroformate (3.0 mL) dropwise. The mixture was stirred at 0 °C for 1 hr and
then at room temperature for 2 hr. The mixture was then cooled to 0 °C, and diisopropylethylamine
(4.5 mL) was added and followed by (BockhO (4.8 g, 22 mmol). The mixtare was stirred at room
temperature overnight, and then the solvent was removed by rotary evaporation. The residue was
dissolved in BtOAc, washed with water and brine, dried over Na,SQy, and purified with column
chromatograph on silica gel (EtOAc: hexane = 1 : 9) 1o give an oily intermediate (4.8 g, 72%). LC-
MS (ESD miz: 357 (M+23).

Example 1158

teri-Butyl 2~-methylpiperazine-1-carboxylate
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[00579] A solation of 4-benzyl -rers-butyvl 2-methylpiperazine-1,4-dicarboxylate (4.8 g, 14.4
mpol) in methapol (25 ml.} was added 480 mg of 10% Pd/C and stirred at room temperature under
hydrogen overnight. Filtered and concentrated to give the title product (2.8 g, vield 97%) as
colorless oil. 'H-NMR (400 MHz, CDCL) 8 (ppm): 1.21(d, /= 6.8 Hz, 3HD, 1.46 (s, 9H), 2.64-2.70
(m, 1H), 2.74- 278 (m, 1H), 2.88-3.01 (m, 3H), 3.78 (d, /= 12.4 Hz, 1H), 4.16 (m, 1H); LC-MS
(ESI) m/z: 201 (M+1Y",
Example 115C
teri-Batyl 4-(4-(3-{4-fluorophenyl)-3-0x0-3,7.8,9-tetrahydro-2 H-pyrido] 4,3, 2-dephthalazin-8-
yljbenzyi)-2-methylpiperazine- 1 -carboxylate
[005801 A mixtire of 4-(9-(4-fluoropheny)-3-ox0-3,7,8,9tetrahydro-2 H-pyrida[4,3,2-
delphthalazin-8-yl)benzaldehyde (200 mg. 0.52 mmol) and rer-butyl 2-methylpiperazine-1-
carboxylate (311 mg, 1.56 mmwol) in methylene chloride {10 mL) was stitred at room temperature
overnight, then NaBH;CN (129 mg, 2.1 mmol) was added and the mixture was stirred for another 5
hours. Concentrated and the residue was purified by chromatography (silica gel, petroleum ether /
ethyl acetate = 311 to 1:1) to give the title compound (70 mg, vield 24%), LC-MS (ESD m/z: 570
(M+1)".
Example 115D
9-(4-Fluoropheny!}-8-(4-((3-methylpiperazin-1-yl)methyDphenyl}-8 9-dihydro-2 H-pyrido[4,3 2
delphthalazin-3(7H)-one
{00581} A ouixture of tert-butyl 4-(4-(9-(4-fluorophenyl)-3-0x0-3,7,8,9-tetrahydro-2 H-pyridof4,3,2-
de]phthalazin-8-yhbenzyl)-2-methylpiperazine-1 -carboxylate (70 mg, 0.123 mole) in 2 ml of HCL-
acetonitrile was stirred for 2 hours. Concentrated and the residue was purified by prep-BPLC to
afford the title produce as a while solid (30 mg. vield 52%). "H-NMR (400 MHz, DMSO-d6) &
{ppm): 0.87 (d, /= 6.4 Hz, 3H), 1.49 (t,.J= 10 Hz, 1H), 1.83 (1. /= 10 Hz, 1H), 2.55 {m., 2H), 2.64
(m, 2H), 2.75 (m, 1H), 3.32 (s, 3 H), 434 (d, /= 92 Hz, 1H), 4.72 (d, J= 9.2 Hz, 1H), 6.97- 7.01
(m, 2H), 7.13-7.24 (m, TH), 7.37- 7.41 (m, 2H). 7.55- 7.59 {m, 1H), 12.15 (s, 1H); LC-MS (ESH
vz 470 (M+1)
Example 116
4-(8-(4-Fluorophenyl)-3-0x0-3,7,8.9-tetrahydro-2 H-pyridof{4,3,2-de |phthalazin-0-y - V. N-
dimethylbenzamide
Example 1164
Ethyl 3-(4-{dimethylcarbamoyhphenyl)-2-(4-fluorophenyh-4-ox0-1,2,3 4-tetrahvdroquinoline-5-
carboxylate
[00582] Sodium (115mg, Sovmol) was added to EtOH (10 mL) 1o afford sodium ethoxide. (E)-d-(4-
fluorobenzylideneaminn)isobenzofuran- 1{3H)-one (300mg, 1.96mmol) and 4-formyl-V,N-

dimethylbenzamide (382 mg, 2.16 mmeol) were dissolved in ethyl propionate (10 mL). and the
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sodium ethoxide solution was added dropwise to the mixture at § °C, then the mixture were heated
to 30 °C for Th To the reaction mixture was added water and EtOAc, the organic phase was
separated, washed with water and brine, The orgasic phase was dried over anhydrous sodinm suffate
and then concentrated to afford the crude product. The crude product was purified by flash
chromatography (Me(QH: DCM 1:25) to give the title compound (400 my, yield 44%3%). LC-MS (ESD
m/z; 461 {M+1)’

Example 1168
4-{8-{4-Fluorophenyi)-3-0x0-3,7.8,9-tetrahydro-2 H-pyrido[4,3,2-de | phthalazin-9-y1}- ¥ N-
dimethylbenzamide

[00583] A mixtare of ethyl 3-(4-(dimethylcarbamoylphenyl)-2-(4-fluoropheny-4-ox0-1,2,3,4-
tetrahydroquinoline-S-carboxylate (400 mg, 0.87 mmol) and hydrazine monohydrate (85%., 10 mL)
were dissolved in MeOH (20 mL), and stirred at 35 °C for 2 h. The mixture was concentrated under
reduced pressure. The resulting mixture was filtered, the solid was washed with water and methanol
to obtain a white solid, and the solid was dried in vacuum at 40 °C to obtain the title compound {100
mg, yield 54%). 'H-NMR (400 MHz, DMSO-d6) & (ppm): 2.85 (s, 3H), 2.94 (s, 3H), 4.37-4.40 (d,
PH), 4.80-4.82 (d. TH), 7.17-7.25 {m, 5H), 7.33-7.36 (m, 2H), 7.39-7.41 (d, TH), 7.45 (s, 1H), 7.57-
7.61¢t, TH), 12,19 (s, 1RH), LC-MS (ESD m/z: 429 (M+1)",
Example 117
9-{4-Fluorophenyl)-8-(4-(pyrrolidin-1 -yimethyDpheny!)-8,9-dihydro-2 H-pyrido[4,3,2-
defphthalazin-3¢7 H)-one
Example 117A
9-(4-Fluorophenyl)-8~(4-(pyrrolidin- I-ylmethyDpheny)-8.9-dibydro-2 F-pyrido[4.3,2-
dephthalazin-3(7H)-one
{00584} To a stirred mixture of 4-(9-(4-fluorophenyl)-3-0x0-3.7,8,9-tetrahydro-2 H-pyridof4,3,2-
de jphtbalazin-8-yljbenzaldehyde (0.1 g, 0.26 mmol} in anhydrous DCM (4 ml.) was added AcOH
(94 mg. 1.56 wunol) at 25 °C for 0.5 h, then pyrrolidine (37 myg, .52 mmol) was added at 25 °C,
stirred overnight. NaBH{OA¢); was added at ice bath, and stirred for 5 h. The mixture was
concentrated to give the crude product. The crude product was dissolved in ethyl acetate and to this
solution was added 2N HCIH {10 mL). The aqueous phase was separated and 20% NaOH (20 mi) was
added. The mixture was extracted with ethyl acetate and the organic phase was separated to give the
title compound (30 mg, yield 26%). LC-MS (EST) m/z; 4410M-+1)".

Example 1178
9-(4-Fluorophenyl)-8-(4-(pyrrolidin-1-yImethyl)phenyi)-8,9-dihydro-2 H-pyridof4,3.2-
dejphthalazin-3(7H-one

[00585] A muxture of 9-{4-fluorophenyl}-8-(4-(pyrrolidin- | -vimethyDpheay!)-8,9-dihvdro-2H-

pyridof4,3,2-de|phthalazin-3(7H)-one (30 mg) in HCH/ methanol solution (20 mL) was stirred at 25
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°C for 0.5 h. Methanol was removed under reduced pressure. The mixiure was [iltered and washed
with water, dried overnight at 50°C to give the title compound (24 mg, vield 74%). 'H-NMR (400
MHz, CD:OD) 6 (ppm): 2.00 (s, 2H), 2.16 (s, 2H), 3.14 (3,2H), 3.41 (5. 2H), 4.32 (5,2H), 4.35-4.38
{d, 1), 4.78-4.80 (d, TH), 6.91-6.95 (1, 2H), 7.10-7.13 (£,2H), 7.22-7.24 (d, tH), 7.42 (m, 4H), 7.56-
7.58 (d, 2H). 7.64-7.70 (1M LC-MS (ESI) miz: 441 (M+1),
Example! {8
9-Phenyl-8,9-dthydro-2H-pyrido|4,3,2-de {phthalazin-3(7H)-one
Examplel18A
2-0xo-N-{1-0x0-1,3-dihydroisobenzofuran-4-v1)-2-phenylacetamide

[08586] To a solution of 4-amineisobenzoturan- {3 -one (4.0 g, 26.8 mmol), 2-ox0-2-
phenylacetic acid (4.1 g, 26.8 mnol), and HBTU (15.2 g. 40.2 mmol) in dichloromethane (240 mlL)
was added TEA (8 mL). The reaction mixture was stirced at room temperature overnight. The
resulting mixture was added water and adjusted to pH = 6-7 with 1% aq. HCI, and then was {filtered.
The filtrate was extracted with cthyl acetate. The ethyl acetate layer was evaporated and the crude
product was purified by gradient chromatography (silica gel, petroleum ether / ethy] acetate 6:1 to
311} to give the title compound (3.0 g, vield 66%). LC-MS (ESI) m/z: 282(M+1)".

Examplel 188

N-(4-Methoxybenzyl}-2-ox0-N-( 1-oxo-1, 3-dibydroisobenzoturan-4-y1)-2-phenviacetamide

{00587} To a solution of 2-ox0-N+«( 1-ox0-1,3-dihydroisobenzofuran-d-y1)-2-phenylacetamide (5 g,
L7 mmol) in DMF {48 mL) was added NaH (0.78 g, 19.5 mumol). The solution was stirring at room
temperature for 1.5 br, followed by the addition of 1-(chloromethyl)-4-methoxy-benzene (2.8 mL).
After stirred at 30 °C overnight, the resulting mixture was added water and adjusted to pH = 34
with 0.3 ¥ aq. HCL. Then ethyl acetate was added, concentrated and filtered, the filtrate was washed
by ethyl acetate, the combine ethyl acetate layer was washed with brine, dried over anhvdrous
sodivn sulfate, concentrated, and purified by flash chromatography on silica gel to obtain the
desired compound (4.7, vield 66%). LC-MS (ESI) m/z: 402 (M+1)". "H-NMR (400 MHz, DMSO-
d6) & (ppm): 3.73 (s, 3H), 4.83-5.17 (m, 4H), 6.89-6.91 {d, J= 8.8 Hz, 2H), 7.18-7.20 (m, 2H), 7.24-
726 (m, 1H), 7.38-7.42 (¢, 1H), 7.52-7.56 (m, 2H), 7.69-7.71 (m, 1H), 7.75-7.81 (m, 3H).

Example118C

Ethyl d-hydroxy-1-(4-methoxybenzyl)-2-oxo-3-phenyl-1.2-dihydroquinoline-5-carboxylate

{00588] A mixture of N-(d-methoxybenzy!}-2-ox0-N-{ 1-ox0~1,3-dihydroisobenzofuran-4-y[)-2-
phenylacetamide (4.7 g, 11.7 mmol) and anbydrous Na;SO, (16.6 g. 117 mmol) in anbydrous ethyl
propiopate {120 mL) was cooled to 0 °C. Then a solution of sedium sthoxide in ethanol (sodivm
(673 mg, 29.2 yomol) in anhiydrous ethanol (70 mL)) was added dropwise. After the addition, the
raixture was stirred at room temperature for 18 fu. The mixture was quenched with water (100 ml.)

and solvent was removed in vacuum. The residue was dissolved in water, and then extracted with
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ethyl acetate (250 mL x 4). The combined organic layers were washed with bring, dried over
anhydrous sodium sulfate, and concentrated to give product (4.02 g, vield 80%). LO-MS (ESD nvz:
430 (M+1)", THANMR (400 MHz, DMSO-d6) & (ppm): 1.23-1.26 (1. /= 6.8 Hz, 3H), 3.69 (s, 3H),
4.21-4.23 (m, 2H), 5.46 (s, 11), 6.86-6.88 (d, /= 7.6 Mz, 2H), 7.11-7.18 (m, 3H), 7.36-7.55 {m,
7H), 10.59 (s, 1H).

Examplel1 18D

Ethyl 4-hydroxy-Z2-ox0-3-phenyl-1.2-dikydroquinoline-5-carboxylate

[00589] A mixture of ethyl 4-hydroxy-1-{(4-methoxybenzyl)-2-oxo-3-phenyl-1,2~dihydroguinoline-
S-ecarboxylate (298 mg, 2 mmol) in trifleorcacetic acid was heated to reflux for 48 h. After the
removal of the solvents, the residue was washed by ethyl acetate to obtain the title compound as a
white solid (250 myg, vield 32%). LC-MS (ESD m/z: 310 (M+1}". 'H-NMR (400 MHz, DMSO-d6) &
{ppm}: 125 (4, J=72 Hz, 3H), 423 {q. /= 7.2 He, 2H), 7.08 (d, J= 7.2 Hz, 1H), 7.31-7.43 {m,
6H), 7.52 {6, J =8 Hz, TH), 1039 {s, 1H), 11.64 (s, 1H).

Examplel 18E

S-Phenvi-2 H-pyrido[4,3,2-de]phthalazine-3, 8(7H 9 H-dione

[00590] Ethy! 4-hydroxy-2-oxo-3-phenyl-1,2-dthydrogquinoline-5-carboxylate (330 myg, 1.1 mmol)
was added to hydrazine monohydrate (1 mL) and methanol {2 mL), the mixture was stirred at 110 °C
for 2.5 h by microwave. Then the mixture was cooled to room temperature, the solvent was
evaporated in vacaum. The residue was washed with methanol, and then purified by column
chromatography (silica gel, dichloromethane / methanol= 300:1 to 30:1) to obtain a pale white solid
(148 meg, yield §3%). LC-MS (ESD nvz: 278 (M+1)". ' H-NMR (400 MHz, DMSO-6) § {(ppm):
5.09 (s, TH), 7TA7-7.40 (m, 6H), 7.77-7.81 (m, 2H), 1110 (s, 1H), 12.57 (s, 1H).

Examplel 18F

9-Phenyl-8 9-dihyvdro-2 H-pyridof4,3.2-dephthalazin-3(7H)-one

[00591] A mixture of 9-phesyl-2H-pyrido{4,3,2-de phthalazine-3,8(TH.9H)-dione (R0 mg, 2.2
nugol), BH; (0.7 mi, 1 mol/L in THF), dioxane (4 nil.) 1 sealed tube was stitred for 2 h at 95 °C
under nitrogen atmosphere. Then the mixture was treated with MeOH~HCI (g) (0.2 mL), stirred for
20 min at 93 "C. Then the mixture was cooled and adjusted to pH = 8 with EN. The solvent was
removed under vacuum and the crude was purified by column chromatograpby (silica gel, petroleum
ether / ethyl acetate = 20:1 to 1:1) to obtain the title compound as a vellow solid{18.3 mg, vield
24%). LC-MS (EST) m/z: 264 (M+1)", "H-NMR (400 MHz, CD:QD) § (ppm): 3.60-3.64 (m, 1H).
3.68-3.72 (m, 1H), 4.21 (¢, /= 5.2 Hz, 1H), 7.09-7.11 (d, J= 8 Hz, TH), 7.16-7.29 (m, SH), 7.53-
7.61 {m, 2H).

Example 119
8-{4-Fluorophenyl}-9-(4-methyl-4H-1,2 A-triazol-3-¥1)-8,9-dibydro-2 H-pyridod.3,2-de phthalazin-

3{(7THyome
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Example 119A
Ethyl 2-(4-fluorophenyi3-(d-methyl-4#-1 2 4-triazol-3 -yl j-4-ox0-1,2,3 - tetrahvdroquinoline-5-
carhoxylate
100592] A mixture of compound (£)-4-{4-tluorobenzylideneamine)isobenzofuran- 13 H~one (690
myg, 2. 7mmol) and 4-methyl-45-1,2.4-triazole-3-carbaldebvde (300 mg, 2.7 mmaol) in ethyl
propionate (20 mL) was cooled to 0 °C. Then a solution of sodium ethoxide in ethanol [sodium (250
mg, 10.8 nunol) in ethanol (10 ml)} was added dropwise. After the addition the mixture was stirred
at room temperature for 2.5 hr, then was guenched with water (20 mL) and solvent was removed in
vacuwm. The residue was dissolved in water and extracted with ethyl acelate thres times, washed
with water and brine, and then evaporated to give the crude product, which was purified by
chromatography to obtain a yellow solid (120 myg, vield 11%0). LC-MS {ESI) m/z: 385 (M+1Y.
Example 1198
8-{4-FluorophenyD-9-(4-methyl-4H-1,2 4-triazob-3-y1}-8 9-dihydro-2 H-pyrido]4.3,2-de Jphthalazin-
3(7TH-one
[00593] A mixture of ethyl 2-(4-Guorophenyl)-3-(4-methyl-4H-1,2,4-triazol-3-y)~-4-0x0-1,2.3 4-
tetrahydroquinoline-S-carboxylate {120 mg) in 85% hydrazine monchvdrate {2 mL) and methanol {5
mh.} was stirred at room temperature for 4 h. Then the sohution was evaporated, the crude product
was puritied by prep-HPLC (o obtain the title compound as a white solid (20 mg, vield 18%). LC-
MS (ESD miz: 363 (M+1)". "H-NMR (400 MHz, DMSO-~d6) 8 (ppm): 3.50 (s, 3H), 4.83-4.86 (d, J =
L6 Hz, TH), 5.00-5.03 (d, /= 11.6 Hz,1H), 7.12-7.19 (m, 3H), 7.39.7.42 {(m, 2H), 7.47-7.51 (m,
ZH), 7.60-7.64 (1, =8 He, 1H), 8.31 (s, LH), 12.24 (s, TH).
Example 120
8-(4-Fluorophenyl)-9-{ 1-methyl- 11,2 4-triazol-S-y 13-8,9-dihydro-2 H-pyrido[ 4,3, 2-dephthalazin-
(7 Hyone
Example 120A
Ethyi 2-(4-fluorophenyD-3-(1-methyl-1 H-1, 2 4-triazol-5-yD)-d-ox0-1,2,3, 4-tetrahydroguinoline-3-
carboxylate
{00594] To a solution of 4-(4-fluorobenzylidencamine) isobenzofuran-1(3 M -one (5.0 g, 19.6 mmol)
and L-oethyl-1H-1,2 d-triazole-5-carbaldehyde (2.8 g 25.5 mmol) in ethy! propionate (310 mL)
was added sodium ethoxide (1.26 g, 54.9 mmol} at room temperature under nitrogen. The mixture
was stirred at 55 "C for 2 hr. Then the resulting mixture was evaporated under reduced pressure and
extracted with ethyl acetate (150 mL x 4) and concentrated the extracts. The crude product was
purificd by colunn chromatography (silica gel, petroleum ether: ethyl acetate = 20:1 to 1.5:1). A
solid product was obtained (2.4 g, yield 31%4). LC-MS (EST) m/z: 395 (M+1)".
Example 1208
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8-(4-Fluoropheny)-9-(1-methyl-1 #-1,2 4-triazol-5-y )-8, 9-dihydro-2 H-pyrido{ 4.3, 2-de Jphthalazin-
3{THyone
[00595] A 100 ml round-bottom flask eguipped with a thermometer and magenetic stirrer was
charged with ethyl 2-(4-fluorophenyl)-3-( 1-methyl-1H-1.2 4-triazol-5-y1}-4-ox0-1,2,3 .4~
tetrabydroquinoline-S~carboxylate (1.72 g, 4.4 miol), methanol (15 ml.), and NH;NH, (4 ml,,
85%). The mixture was stitred at 25 °C for 5 hr. The reaction was monitored by HPLC for
comupletion. The mixture was evaporated under reduced pressure and methanol was added to make
shurry. The suspension was {iltered. The obtained solid was washed with 20 ml. of methanel, and
was dried to atford the title compound (1.4 g, vield 90%). LC-MS (ESI} m/z: 363 (M+1)". "H-NMR
(400 MHz, DMSO-dy) & (ppm): 3.65 (s, 3H), 4.93-4.97 (m, 2H), 7.12-7.19 (i, 3H), 7.39-7.43 (i,
2H), 7.47-7.50 (m, 2H), 7.58-7.60 (m, 1H), 7.79 (s, 1H), 12.22 {5, 3H).

Example 121
8-{4-FluoropheayD-9-( 1 -methyl- 1 H-imidazo[4.5-cjpyridin-2-y1)-8, 9-dihvdro-2 H-pyrido[4,3.2-
delphthalazin-3(7#)-one
Example 121A
N-Methyl-3~mtropyridin-4-amine

{00596} To a suspension of 4d-chloro-3-nitropyridine (2 g, 12.6 mmol) in dichloromethane (15 mL)
was cauticusly added methyl amine (25% solution in water, 10 mi., 63 mmol). The reaction mixture
was heated to 40 °C. After stirring for 1 h, the mixture was poured into water (20 mL), and the
precipitate was collected by filtration and dried in vacuo to atford the title compound (1.9 g, vield
98%) as a yellow solid. LC-MS (EST) m/z: 154 (M+1).

Example 121B

N-4-methylpyridine-3,4-diamine

[00597] The suspension of A-methyl-3-nitropyridin-4-amine (2.5 g, 16.3 mmol} and Pd/C (10 %.
500 mg) in methanol (50 mL) was hydrogenated at room temperatare overnight. Then the mixtare
was filtered and the filtrate was evaporated to give the product (1.2 g, vield 60%), LC-MS (ESI)
miz: 124 (M+1)"

Bxample 121C

1 2-Dimethyl-1H-imidazo[4,5-c]pyridine

{00598] The solution of N4-methylpyridine-3 4-diamine (2.5 g, 20.3 mmol) in acetic anhydride (23
ml.} was refluxed overnight. Then acetic anhydride was evaporated under reduced pressure and 1 N
hydrochloride acid was added. Then the mixture was extracted with dichloromethane (50 mL x 3).
The aqueous layer was neutralized with sodium bicarbonate, and extracted with dichloromethane

(50 ml x 3). The organic layers were concentrated to give the title compound (1.9 g, vield 64%0).
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LC-MS {ESD av/z: 148 (M+1). "H-NMR (400 MHz, CDCL) 8 (ppm¥: 2.64 {s, 3H), 3.74 (s, 3H),
7.23-724(d, J=5.2 Hz, 1H), 8.39-841 (4, J= 5.2 Mz, 1H), 8.98 (s, 1H).

Example 121D

I-Methyl-1H-imidazof4,5-¢Jpyridine-2~carbaldehyde

(865991 To a solution of 1,2-dimethyl-1 H-imidazof4,5-clpyridine (500 mg. 3.40 mmol) i dry 1.4~
dioxane (7.5 mL} was added seleniom dioxide (665 mg, 5.10 mmol} . The mixture heated by
microwave at 130 °C for § min. Then the mixture was filtered and concentrated fo give the crude
product, which was purified by column chromatography {silica gel, petroleum ether: DCM 10:1 to
1:1) to give the title compound (400 mg, yield 28%). LC-MS (ESI) avz: 162 (M+1)". 'H-NMR {400
MHz, CDHOD) 6 (ppm): 3.61 {s, 3H), 5,01 (s, 1H), 7.67-7.70{d, J=5.6 Hz,1H), 8.39-8.41 {d, J=
5.6 Hz, 1H), 893 (s, 1H).

Example 121E

Ethyl 2-(4-fluorophenyf}-3-(1-methyl-1 H-imidazo[4.5~cIpyridin-2-y1}-4-ox0-1,2,3,4-
tetrahydroquinoline-5-carboxyviate

{00600} To a solution of 1-methyl-Li-imidazo(4.5-c]pyridine-2-carbaldehvde (400 mg, 2.48 mmol),
(£)-4-(4-fluorobenzylideneamine) isobenzofuran-1(3£)-one (634 mg, 2.48 mmao!) in ethyl
propionate (20 1ol) were added a solution of sodium ethanoxide in ethanol {sodium(171 mg, 7.45
mmol) in ethanol(10 mL)] at 0 °C . Then the mixture was stirred at room temperature overnight.
Then the mixture was guenched with water (10 mLL) and solvent was vemoved in vacoum, The
residue was extracted with ethyl acetate (100 ml. # 4). The combined organic layers were washed
with brine, dried over anhydrous sodium sulfate, and concentrated to give crude product, which was
purified by chromatography (silica gel, petroleum ether / ethyl acetate = 25:1 to 5:1) to give the title
compound (130 mg, vield 14%). LC-MS (BESD méz: 445 (M+1).

Example 121F

8-(4-Fluorophenyl}-9-( 1 -methyl-1H-imidazo{4,5-c[pyridin-2-¥1)-8 9-dihydro-2 H-pyrido{4,3,2-
delphthatazin-3(7TH}-one

{90601] The mixture of ethyl 2-(4-fluorophenyh-3-(1-methyl-1 H-imidazo{4,5-c|pyridin-2-v1)-4-
ox0-1,2.3,4-tetrabydroquinoline-5-carboxylate (150 mg, 0.34 mmol) and hydrazine monohydrate (2
ml.) in methanol (5 mlL.) was stirred at room temperature for 4 h. Then methanof was evaporated
under reduced pressure and the residue was extracted with ethyl acetate (20 mL x 4). The combined
organic layers were washed with brine, dried over anhydrous sodium sulfate and concentrated to
give erude product, which was purified by chromatography (silica gel, DOM / MeOH = 25:1 to 1:1)
to give the title compound (6.7 mg, yield $%6). LC-MS (ESD m/z: 413 (M+1)". "H-NMR (400 MHz,
CD;0D) & (ppm): 3.58 (s, 3H), 4.93-4.95 (d, J= 11.6 Hz TH), 5.04-5.07 (d, 7= 11.6 Hz,1H}, 6.85-
6.90 (t, J= 8.8 Hz, 2H), 7.12-7.14 (d, = 8.0 Hz, 1H). 7.38-7.44 (m, 3H), 7.49-7.57 (m, 2H), 8.10-
8.21(d../= 5.6 Hz, TH), 8.72 (s, 1H).
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Example 122
5-Chloro-9-(L-methyl-1 H-tmidazol-2-y1)-8-phenyi-8 9-dibvdro-2 H-pyrido[4,3,2-de | phthalazin-
3(7H)-one
Example 122A
5-Chioro-2-methyl-3-nitrobenzoic acid

[88602] To a conc. HS0, (90 mL) was added portionwise S-chloro-2-methylbenzoic acid (13.2 g,
77.6 mrool) at -5~0 °C. Then a mixture of cone. HNO; (10.5 g, 1744 mmol} in conc, H,S0; (15 ml)
was added dropwise at -53-0 "C over a period of about 1.5 hr. After the addition, the mixture was
stirred at this temperature for 2 hr. The mixture was poured into crashed ice with vigorous stirring
and the precipitate was collected by filtration. The precipitate was dissolved in EtOAc, washed with
brine, dried over anhydrous Na,SO,, and concentrated to give a crude title compound (13.2 g),
which was used in the next step without further purification.

Example 1228

Methyl S-chloro-2-methyl-3-nitrobenzoate

1006031 A sohution of crude S-chioro-2-methyl-3-nitrobenzoic acid (13.2 ) in dry methanol (100
mb}) was cooled to 0 °C (3 mL.) was added conc. H;SOy dropwise. After the addition, the mixture
was heated to reflux for 16 hr. After removal of solvents under reduced pressure, the crude product
was purified by silica gel chromatography {petroleum ether to petroleurs ether/ EtOAc= 50:1) to
give the title compound (6.3 g, vield 35% for two steps) as a white solid, LC-MS (EST) svz: 230
(M+1Y", 231(M+2)". "H-NMR (400 MHz, CDCL) & (ppm): 2.59 (s, 3H), 3.95 (s, 3H). 7.84-7.85 (d,
1H), 7.98-7.99 (d, 1H).

Example 122C

Methyl 2-(bromomethy!)-5-chloro-3-nitrobenzoate

{00604] A mixture of methyl S-chloro-2-methyl-3-nitrobenzoate (6 g, 26.2 mmol), NBS (5.1 g, 28.8
mmol), and BPO (0.63 g, 2.6 mmol) in CCly (50 ml) was heated to reflux overnight. Water (200
mL) was added and CCl, was removed under reduced pressure. The residue was extracted with
DCM (200 ml. x 3). The combined organic layers were washed with brive, dried over Na;SO., and
concentrated to give crude title compound (7 g. yield 87%) as a brown ot} which was used in the
next step without purification.

Example 122D

6-Chloro-d-nitroisobenzofuran-1{3H)-one

[60605] A mixture of methyl 2-(bromomethyl)-5-chloro-3-nitrobenzoate (7 g, 22.8 mmol) in 1, 4-
dioxane (50 mL) and water (30 mL) was heated to reflux for 4 days. Dioxane was removed under
reduced pressure. The residue was extracted with EtOAc (300 mL x 4). The combined organic

layers were washed with brine, dried over Na,SQ,, and concentrated to give crade product, which
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was purified by silica gel chromatography (petroleum ether to petrolenm ether/ EtOAc = 5:1) to give
the title compound (4 g, vield 82%) as a white solid.

Example 122E

4-Ammo-6-chlorotsobenzofuran-1{3 H)-one

[906066] A suspension of 6-chlora-4-nitroisobenzofuran- 13 H-one (5 g, 23.5 mmol) and Pd/C
(10%, 500 mg) in EtOAc (250 mL) was stirred at 25 °C under 1 atm of hydrogen for 12 hr. The
mixture was filtered, and the cake was washed with EtOAc (100 mL x 3). The {iltrate was
concentrated to give the title compound (3.87 g, vield 90%) as a white solid. LC-MS (ESD m/z: 184
(M+1).

Example 122F

(E)-4-(Benzylideneamino)-6-chloroisobenzofuran-1(3 fy-one

[00607] A mixture of 4-amino-6-chloroisobenzofuran-1(3Hy-one (1 g, 5.46 mmaol}, benzaldehvde
(0.72 g, 6.79 numol) and magpestum sulfate (6 g) in dichloromethane {80 mL) was stirred at reflux
overnight, The mixture was evaporated under reduced pressure and the residue was dried in
vacuum, A crade product was obtained {740 mg) and used in next step without farther purification.

Example 122G

Ethyl 7-chloro-3-(1-methyl-1 H-imidazol-2-y1)-4-0x0-2-phenyl-1.2.3 4-tetrahydroquinoline-5-
carboxylate

[80608] To a solution of {£)-4-{benzylidencamino)-6-chloroisobenzoturan- 1{3 H)-one (720 mg, 2.66
mmed) and -methyl- 1 H-imidazole-2-carbaldehyde (330 mg, 3 mmol) in ethyl propionate (40 mL)
was added sodium ethoxide (650 mg, 9.6 mmol). The mixture was stivred at room temperature for 3
hr. Then the resulting mixture was evaporated under reduced pressure and extracted with ethyl
acetate (100 mi. # 4} and concentrated. The crude product was purified by column chromatography
(silica gel, petroleum ether: ethyl acetate = 20:1 10 1.5:1) to give the title compound as a solid (170
mg, vield 15%).

Example 122H

5-Chlore-9-(1-methyl-1 [-imidazol-2-y1}-B-phenyl-8,9-dihydro-2 H-pyrido|4,3,2-de |phthalazin-
3 THone

{00609] To a solutiom of ethyl 7-chlore-3-(1-methyl-1 H-imidazol-2-y]}-4-ox0-2-phenyl-1,2,3 4«
tetrahydroguinoline-S-carboxylate {429 myg, 1.05 mmol} in methanol (15 mL.) was added hydrazine
monohydrate (2 mL). The mixture was stirred at 25 °C for 5 hr. The resulting mixture was
concentrated under reduced pressure to a volume of 10 mi and then filtered, giving 58 mg of solid
(yield 14%0). LC-MS (EST) m/z: 378 (M+1): 379 (M+2)", 'H-NMR (400 MHz, DMSO-d,) & {(ppm):
3.42 (s, 3H), 4.69 (1, =10.0 Hz, TH), 4.98(d, J = 104 Hz, 1H), 5.76 (5. 1H), 6.73 (s, 1H), 6.89(s,
TH), 7.14 (s, 1H), 7.27 (dd, 4H), 7.38 (d, ./ = 6.4 Hz, 2H), 7.62 (s, 1H), 12.36 (s, 1H).

Example 123



10

20

30

Lk
L

WO 2010/017055 PCT/US2009/051879

8-(4-({ Dimethylamino)methylphenyD-3-fluore-9-(4-fluorophenyl)-8,9-dihydro-2 H-pyridonf4,3,2-
dephthalazin-3(7H-one
Example 123A
(£)-d4-(4-{{dimethylaminoimethylibenzylideneamino)-6-fluoroisobenzofuran-1(3H)-one
{00618] To a stirred mixture of 4-({dimethylamino)methylbenzaldebyde (4 g, 24.5 nunel) and
anhydrous magnesium sulfate (15.8 g, 111.5 mmol) in anhydrous acetonitrile {100 mL) was added
4-amino-6-fluoroisebenzofuran-1(3 Fy-one (4 g, 23.3 mmol) at 0 °C. After the addition, the mixture
was stirred at reflux for 3 days. The mixture was filtered and the cake was washed with ethyl acetate
(50 mL x 3} The filtrate was concentrated to give erude product, which was re-crystallized with
isppropanol to give the title compound (3.7 g, vield 55%). LC-MS (ESI) mv/z: 314 (M+1).
Examiple 1238
Ethyl 2-(4-({(dimethylaminoymethyDpheayl)-7-Huoro-3-(4-fluorophenyl)-4-ox0-1,2,3 4~
tetrahydroquinoline-3S-carboxylate
[00611] A muxture of (£)-4-(4-((dimethylamino)methyhbenzylideneamino)-6-fluorcisobenzofuran-
{3 H)-one (500 mg, 1.6 mmol) and 4-fluorobenzaldebyde (218 mg. 1.76 mmol) in ethyl propionate
(10 mL) was cooled to 0 °C. Then a solution of sodium ethoxide in ethanal (sodium (110 mg, 4.8
mmol) in ethanol (5 wl.)) was added dropwise. After the addition the mixture was stirred at room
temperature for 3 hr, The mixtire was quenched with water (10 mb.) and solvent was removed in
vacuum. The residue was dissolved in water and then extracted with ethyl acetate (100 mL x 4). The
combined organic fayers were washed with brine, dried over anhvdrous sodium sulfate, and
concentrated to give crude product, which was purified by chromatography (silica gel, petroleum
ether / ethyl acetate = 1:1} to give the title compound (100 mg, vield 13%). LC-MS (ESI) m/z: 465
(MY
Example 123C
8-(4-({Dimethylamino)methy Dphenyl-5-fluoro-9-(4-flucrophenyl)-8, 9-dihydro-2 H-pyridof4,3.2-
delphthalazin-3{7H}-one
(00612} A mixture of ethyl 2-(4-({dimethylaminc)methyl)phenyl)-7-fluoro-3-(d-fluoropheny!)-4-
ox0-1,2.3 d-tetrahydroquinoline-S-carboxylate (100 mg) in 85% hydrazine monohydrate (0.5 mL)
and methanol (2 ml.) was stirred at room temperature overnight. Methanol was removed under
veduced pressure. The crude was purified by prep-HPLC o give the fitle compound (35 myg, vield
37%). LC-M$ (EST) m/z: 433 (M+1)". "H-NMR (400 MHz, CD;0D) 8 {ppm): 2.12 (s, 3H), 3.35 (s,
ZH), 4.21 (d, 7= 8.0 Hz, [H), 4.64 (d, /= 8.0 Hz. 1H), 6.81-6.85(n1, 3H), 6.99-7.01 (s, 2H), 7.13-
7.19 (m, SH) "F-NMR{400 MHz, CD:OD) § {ppin): ~105.66 (s), -118.17 ().
Example 124
8.9-Bis(4-({dimethylamino)methyliphenyl)-5-fluoro-8 9-dihydro-2 H-pyridofd.3,2-
dephthalazin-3(7Hy-one
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Example 124A
Ethyl 2.3-bis(4-({dimethylaminoymethyDphenyl)-7-fluoro-4-ox0-1,2.3 d~etrahydroguinoline-5-
carboxylate
{00613] A mixture of (£)-4-{4-((dimethylamino)methyvitbenzylidencamino}-6-fluoroisobenzofuran-
1GHrone (1 g, 31.9 mmol) and 4 - (( dimethylaming) methyl) benzaldehyde (.52 g, 31.9 mmob) in
ethyl propiobate (50 mL) was cooled to 0 °C. Then a solution of sodium cthoxide in ethanol (sodium
(220 mg, 95.8mmol) in ethanol (20 mLY) was added dropwise. After the addition, the mixtare was
stirred at roony temperature for 2 hr. The mixture was quenched with water (10 ml.) and solvent was
removed in vacoum. The residue was dissolved in water, and then extracted with ethyl acetate (100
ik, # 4), The combined organie layers were washed with brine, dried over anhvdrous sodium
sulfate, and concentrated to give crude product, which was purified by chromatography (silica gel,
dichloromethane / methanol = 10:1 to 20:3) to give the title (520 mg, yield 33%). LC-MS (ESD m/z:
503,
Example 1248
8.9-Bis(4-((dimethylamino ymethyphenyl)-5-fluoro-8,9-dihydro-2 H-pyrido{4,3. 2-de Jphthalazin-
3(7Hyone
{00614 A mixture of ethyl 2.3-bis{4-{{dimethylamino)methyDphenyl)-7-fluoro-4-ox0-1,2.3.4-
tetrabydroguinoline-5-carboxylate (520 mg} in 85% hydrazine monohydrate (10 mL.) and methanol
(30 mL}) was stirred at 23 “C for overnight. Methanol was removed under reduced pressure. The
mixture was filtered and washed with water to give the title compound (11 mg, vield 20%). LC-MS
(ESTy miz: 472 (M+1)". "H-NMR (400 MHz, CD;0D) & (ppm): 2.09 (s, 12H), 3.31 (s, 4H), 4.22 (d,
J=8.0 Ha, 1H), 4.67 {d, /= 8.0 Hz, {H), 6.80 (dd, 1H). 6.97-6.99 {m, 2H), 7.06-7.11 (m, SH), 7.14-
7.16 (m, 2H); "F-NMR (400 MHz, CD:OD) 8 (ppm): -105.58 (s).
Example 125
8-(4-({ Dimethylamino )methylphenyl}-S-tluoro-9-phenyl-8,9-dihydro-2 Hopyrido[4,3,2-
delphthalazin-3(7HY-one

Example 125A
4-(Diethoxymethyhbenzaldehyde

{00615} A mixture of terephthalaldehyde (10 g, 74.55 mmol), ammonium chloride (160 mg, 3.0
mmaol} in ethanol (10.3 g, 223.6 mmol} was added dropwise triethoxymethane (12.15 g, §2 mmol) at
0 °C. After the addition, the mixture was stirred at room temperature overnight. The mixture was
coneentrated, the restdue was purified by silica gel chromatography to give the title compound (7.0
g, yield 50%) as a white solid. LC-MS {EST) m/z: 209 (M+1)'.

Example 125B

I-(4-(Dicthoxymethylpheny)-¥,N-dimethylmethanamine
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90616} A solution of 4-{dicthoxymethybenzaldehyde (6.8 g, 32.69 mmol) and dimethylaminein
33 wi.% solution in water (9.25 g, 98 mmol} inmethanol (200 mL) was stirred at room temperature
for overnight. Sodium borohydride (1.85 g, 49 mmol) was added by portions with ice cooling. After
the addition, the mixture was stirred at room temperature tor 4 br. The mixture was quenched with
water {100 mL) and extracted with ethy! acetate (100 ml x 3). The extract was dried over anhydrous
sodium sulfate and concentrated to give crude title compound (7.0 g, yield 90%), which was used in
the next step without further purification. LC-MS (ESE mvz: 238 (M+1)"

Example 125C

4-({Dimethylamino)methylibenzaldehyde

{00617} To the mixture of I-(4-(dicthoxymethyDphenyD)-N N-dimethyimethanamine (7.0 g, 29.5
mmol) in hydrogen chloride (3M in water 30 mL) was stirred at room temperature for 5 tw, Then the
mixture was extracted with ethy! acetate { 50 ml x 3).The agueous layer was basified with sodium
carbonate to pH = 10, extracted with ethyl acetate ( 50 ml x 3), dried with anhydrous sodium sulfate,
and concentrated to give crude product (3.95 g, vield 82%). LC-MS (ESD m/z; 164 (M+1)".

Example 125D

{£)-4-(4-{(Dimethylaromno)methy Dbenzylideneamino)-6-fluoroisobenzofuran- 13 H)-ome

{80618} A solution of 4-((dimethylaminoymethylbenzaldehyde (1.0 g, 6.13 mmol), 4-amino-6-
fluoroisobenzoturan-1(3H)-one (1.024 g, 6.13 mmol) and anhydrous magnesium sulfate (7.356 ¢,
61.3 mmol) i acetonitrile (50 mi) was heated at reflux for 2 davs. The solution was filtered and
concentrated in vacwm, The crude product was re-crystallized with isopropanol to obtain the title
compound {1.15 g, vield 60%). LC-MS (ESD) myz: 313 (M+1)". "H-NMR {400 MHz, CDCL) &
{ppm}: 2.28 (s, 6H), 3.52 (s, 2H), 5.38-5.38 (m, 2H), 7.09-7.12 (m, 1H), 7.42-7.44 (n1.1H}, 7.46-7.48
{d.J=8 Hz, 2H). 7.87-7.89 (d, J = 8 Hz, 2H), 8.51 (5, 1H).

Example 1258
Ethyl 2-(4-((dimethylamino)methyliphenyl}-7-fluoro-4-ox0-3-phenyl-1,2,3 4-tetrahvdroguinoline-3-

carboxylate

160619} A mixture of compound henzaldehyde (75 mg, 0.703 mmol) and (£)-4-(4-
({(dimethylaminoimethyhbenzylideneamino)-6-fluoroisobenzofuran- 1 (3f)-one (220 mg, 8.703
mmol) in ethyl propionate (5 mL) was cooled to 0 °C. Then a solution of sodium ethoxide in ethanol
(sodium (65 mg, 2.82 mynol) in ethavol (3 mL)) was added dropwise. After the addition, the mixture
was stirred at room temperature for 2.5 br. The mixture was quenched with water (20 mL) and
solvent was removed in vacuum. The residue was dissolved in water and extracted with ethyl acetate
for three times. The extract was washed with water and brine and then the solvent was evaporated.
The crude product was purified by chromatography to obtain the title compound as a vellow solid
{80 myg, yield 25%). LC-MS (ESD my/z: 447 (M+1)".

Example 125F
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B-{4-((Dimethylamino)methyphenyl)-5-fluoro-9-phenyi-8,9-dihydro-2 H-pyridaf4.3,2-
detphthalazin-3¢7H)-one
[00620] A mixture of compound ethyl 2-(4-((dimethviamino)methylipheay - 7-fhuoro-4-oxo:3-
phenyl-1.2.3 4-tetrahydroquinoline-S-carboxylate (80 myg, 0.18 munol) in 85% hydrazine
monohydrate (1 ml) and methanol (5 mL) was stivred at room temperature for 4 h. The solvent was
removed in vacuurn; the crade product was parified by chromatography to obtain the title compound
as a yellow solid (22 mg, yield 30%). LC-MS (ESI) ow/z: 415 (M+1)7, IFENMR (400 MHz, DMSO-
d6) & (ppm): 2.14 (s, 6H), 3.36 {5, 2H), 4.18-4.21 {d, 7= 8.8 Hz, 1H), 4.67-4.69 (d, /= 9.2 Hz. 1 H),
6.81-6.84 (m, [H) 6.99-7. 81 {m, 2H}, 7.08-7.19 (m, SH}.
Example 126
8-{4-{(3 4-Dimethylpiperazin-1-yDmethyhphenyl)-9-(4-fluorophenyD-8,9-dihydro-2 H-pyrido{4,3,2-
deiphthalazin-3(7H)-one
Example 126A
tert-Butyl 3-methylpiperazine- 1 -carboxylate
006211 To a solution of 2-methylpiperazine (2.0 g, 0.02 mol) and triethylamine (6 mL.) in
methylene chloride (15 mb) at 0 °C was added (Boc)( (4.14 g, 0.019 mol) dropwise. The mixtare
was stirred at room temperatuge for 1 hour, and then the solvent was removed by rotary evaporation.
The residue was dissolved in methylene chioride, washed with saturated sodivm bicarbonate and
brine, dried over NaySOy, and purified by column chromatography oo silica gel (DUM: MeOH:EN
=751 0.2) to give an white solid {1.65 g, 42%). LC-MS (ESDH m/z: 201 (M+1)"
Example 1268
teri-Butyl 3, 4-dimethyipiperazine-1 -carboxylate
[86622] ferr-Butyl-3-methylpiperazine carboxylate (1.49 g, 7.45 mmol) and paraformaldebyde (1.12
g, 37.2 mmol) were dissolved in a mixture of MeOH and acetic acid (5: 1) on molecular sieves.
NaBCNH; (1.88 g, 29.8 mmol) was added to the suspension at 25 °C. The shurry was subsequently
heated to 80 *C for 10 hr. Then the mixture was cooled, filiered, and concentrated. The residue was
dissolved in dichloromethane and washed with satorated sodiam bicarbonate. The organic solution
was dried over Na;SOy, and concentrated to give a white oily (1.2 g, 90%). LC-MS (ESI) nvz: 215
{(M+1),
Example 1260
1, 2-Dhimethylpiperazine
Trifluoroacetic acid (7 mL) was added to a solution of rert-butyl-3 4-dimethylpiperazine-1-
carboxylate {1.7g, 7.94 mmol) in methylene chiovide (15 mL) at room temperature, followed by
sturing for 1 hour. The residue obtained by removal of solvents by rotary evaporation under reduced

pressare to give the title compound. LC-MS (ESD mv/z: 201 (M+1)". 'H-NMR (400 Mz, CDRChL) &
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{ppm): 1.21 (d, .J= 6.8 Hz, 3H), 1.46 (s, 9H), 2.64-2.70 (m, 1H), 2.74- 2.78 (m, 1H), 2.88-3.01 (m,
3H), 3.78(d, JS=12.4 Haz, 1}, 416 (m, 1H). Example 1260
8-{4-((3.4-Dimethyipiperazin- 1-ymethypheny!)-9-(4-fluorcphenyl)-8,9-dihydro-2H-pyrido{4.3.2-
delphthalazin-3(7H}-one

j00623] A mixtore of 4-(9-(4-fluorophenyl}-3-ox0-3,7.8,9-tetrahydro-2 H-pyridof4,3 .2~
defphthalazin-8-ylibenzaldehyde (200 mg, 0.52 mmol), 1.2-dimethylpiperazine (311 mg, 1.56
mmol) in methylene chloride (10 L} was stired at room temperature overnight, then NaBCNH;
{129 myp, 2.08 nunole) was added and the mixture was stired for another 5 hours, After removal of
solveants, the residue was purified by column chromatography (silica gel, petroleum ether / ethyl
acetate = 3:1 to 1:1) to give the title compound {70 mg, 26%). LC-MS (ES]) m/z: 484 (M+1)". 'H-
NMR (400 MHz, CDCL;) & {(ppm): 1.43 (d, 7 = 5.2 Hz, 3H), 2.84 (s, 3H), 3.29 (m, 1H), 3.33-3.44
{m, 6H), 4.03 (s, 2H}, 422 (m, 1H). 4,65 (m, 1 H), 6.81 {m, 1H), 6.97 (m, 1H), 7.00 (d, /= § Hz,
2H), 7.23- 7.37 (m, 4H), 7.65 (m, TH), 7.77 (&7 = 7.2 Hz, 1H), 9.92 (s, 1H),

Example 127
8-(4-({3,5-Dimethylpiperazin-1-ylymethyhphenyi)-9-(4- fluorophenyl)-8, 9-dihydro-2 FH-pyrido{4.3,2-
delphthalazin-3(7H)-one
Example 127A
4-Benzy!l 1-terf-butyl 2 6-dimethylpiperazine-1 . 4-dicarboxylate

{00624} To a solution of 2,6-dimethylpiperazine (2.28 g, 20 mmol) in methylene chioride (15 mL)
at 0 °C was added benzylchloroformate (3.0 mL) dropwise. The mixture was stirred at 0 °C for one
hour then at room temperature for 2 hours. The mixture was cooled to 0 °C, Diisopropylethylamine
{4.5 mlL.}) was added and followed by (Bue)O (4.8 g, 22 mmol). The mixture was stirred at room
temperature overnight and then the solvent was removed by rotary evaporation. The residue was
dissolved 1n BIOAc, washed with water and brine, dried over NaySQy, and purified by column
chromatography on silica gel (EtOAc: hexane = 11 9) to give an oily intermediate (4.8 g, 72%). LC-
MS (ESTY miz: 361 (M+237"

Example [27B

tert-Buty) 2,6-dimethylpiperazine- 1 -carboxylate

[00625} A solution of 4-benzyl 1-tert-butyl 2,6-dimethylpiperazine-1 4-dicarboxylate (4.8 g,
0.0144mol} in methanol (25 ml.) was added 480 mg of 10% Pd/C and stirred at room temperature
under H, overnight. The resulting mixture was filtered and concentrated to give the title product (2.8
£, 97%) as colorless oil, LC-MS (ESI) m/z: 215 (M+1) . "H-NMR (400 MHz, CDCL) & (ppmy: 1.25
(d. /= 6.8 Hz. 3H), 1.46 (5. 9H), 1.64 (s, TH), 2.78-2.87 (m, 4H), 3.99-4.05 (m, 2H).

Example 127C

(ZR.6R)-reri-Buiyl 4-(4-(9-(4-fluorophenyl)-3-ox0-3,7,8 9-tetrahydro-2 H-pyrido[4,3.2-

tfeJphthalazin-8-yhbenzyl)-2,6-dimethylpiperazine-{ <carboxylate
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{00626] A mixture of 4-(9-(4-fluorophenyl}-3-oxo0-3,7,8,9-tetrahydro-2H-pyrido[4,3 2-
de]phthalazin-8-yDbenzaldehvde (200 mg, 520 mmol}, tert-butyl 2,6-dimethylpiperazine-1 -
carboxylate (335 mg, 1.56 mumol) in methylene chloride (10 mL} was stirred at room temperature
overnight, then NaBCUNH; (129 mg, 2.08 mmol) was added and the mixture was stirred for another 3
hours. After removal of solvents, the residue was purified by colomn chromatography (silica gel,
petroleum ether / ethyvl acetate = 3:1 to 1:1) to give the title compound (72 myg, 24%). LC-MS {EST)
nvz: 584 (M+1)".
Exanyple 127D
8-(4-{(3.5-Dimethylpiperazin- | -viimethvliphenyl)-9-(4-flusropheny! -8, 9-dihydro-2 H-pyridof4,3,2-
delphthalazin-3(7H)-one
(00627} A mixture of (2R6R)-fert-butvl 4-(4-(9-(4-fluorophenyl)-3-0x0-3,7,8, 9-tetrahydro-2 M-
pyrido[4.3,.2-de|phthalazin-8-¥1)benzyl)-2.6-dimethylpiperazine-1-carboxylate (72 mg, 0.12 mmol)
in HCI-CHLON (2 mb) was stivred for 2 hours. After removal of solvents, the residhie was purified
by prep-HPLC to afford the title product as a white solid (33 mg, 53%). LC-MS (ESD) m/z: 497
(M1 HENMR (400 MHz, DMSQ) 8 (ppro): 1.02-1.03 (d, J = 6.4 Hz, 6H), 158 (t, J= 10 Ha,
TH)Y 2,66 {d, /= 10 Hz, 1H), 291 (t. J= 6.8 Hz, 2H), 3.41 {5, 2H), 4.20 {d,.7 = 10 Hz, 1H), 4.58 (d.
J= 10 Hz TH), 4.98 (s, } H), 6.97 (t,./=2.4 Hz, 2H), 7.04 (d, /= 8.0 Hz, 1H), 7.09(d, J= 2.4 Hz,
2H), 736 (d, J= 2.4 He, 2H), 7.58 (1, J=7.6 Hz, 1H), 7.73 (4, J= 7.6 Hz, 1H), 10.34 (s, 1H).
Example 128
9-Phenyl-8-(4-(pyrrolidin-1-ylmethyphenyl)-8,9-dihydro-2 H-pyrido[4.3,2-de [phthalazin-3{ 7H)-
one
100628} To a stirred solution of 4-(3-0x0-9-phenyl-3,7.8,9-tetrahydro-2 H-pyrido] 4,3 ,2-
dejphthalazin-8-yl)benzaldehyde (367 mg, 1 mmol) in dry DCM (15 ml.) was added acetic acid (0.2
L) followed by pyrrolidine (213 mg, 3 nunol). After the addition, the mixture was stirred at room
temperature overnight. Then sodivm borohydride (318 mg, 1.5mmol) was added at 0°C . After the
addition, the mixture was stirred at this temperature for 12 br. DCM was removed under reduced
pressure. The residue was washed with ethyl acetate/methanol (10/1) and filtered. The filtrate was
concentrated to give the crude product, which was purified by prep-HPLC to give the title
compound (62 myg, yield 14%) as white solid. LC-MS (ESI) svz: 423(M+ 1), THNMR (400 MHz,
DMSO-d6) 6 (ppro): 1.82-1.85 (m, 2H), 1.97 (5, 2H), 3.01-3.05 (m, 2H), 3.26 {d, 2H), 427 (d. 2H).
4.36 (d, 1H), 4.84 {d, 1H), 7.13-7.23 (m, 6H), 7.36-7.40 (m, SH), 7.48 (s, IH), 7.57-7.61 (1, 1H),
12,18 (s, 1H).
Examople 129
9-Phenyl-8-(4-(pyrrolidin-1-ylmethyl)phenyD)-8,9-dikydro-2 Hepyrido[4,3,2-de Jphthalazin-3(7H)-

One
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[68629] To a stirred solution of 4-(3-0x0-9-phenyl-3.7,8,9-tetrahydro-2H-pyridof4,3.2-
deJphthalazin-8-yDbenzaldehyde (150 mg, 0.41 mmol) in dey dichloromethane (20 mL} and MeOH
{2 mL} was added acetic acid {120 mg) followed by azetidine (70 mg, 1.23 mmol). After the
addition, the mixture was stirred at room temperature overnight, Then sodium triacetoxyborohydride

{131 myg, 0.62 mmol) was added al 0 °C. After the addition, the mixture was stivred at this

temperature for 5 hr. DCM was removed under reduced pressuve. The residue was washed with

ethyt acetate/methanol (10/1) and filtered. The filtrate was concentrated to give the crude product,
which was purified by column chromatography (silica gel, dichloromethane / methano! = 100:1 to
13:1) to give the title compound (84 mg, vield 51%) as yellow solid. LC-MS (EST) m/z: 409(M+1}",
H-NMR (400 MHz, CD:0D) 8 (ppm): 2.38-2.43 {m, 2H), 3.98 (t, ./ = 8 Hz, 4H), 4.20 (s, 2H), 427
{d, /=8 Hz, 1H), 477 (d,./= 8 Hz, TH), 7.03-7.05 (m. 2H), 7.10-7.17 (s, 4H), 7.27-7.35 (m, 4H),
7.50-7.52 (m, 1H), 7.57-7.62 (m, 1H).
Example 130
9-{ 1-Methyl-1H-imidazol-2-y)-8-(4-(pyrrolidin-1-ylmethyDphenyl)-8,9-dihydro-2 H-pyrido[4,3,2-
delphthalazin-3(7H)-one
100630} A mixture of 4-(9-(1-methyl-1H-imidazol-2-y1)-3-0x0-3,7.8 9-tetrahvdro-2H-pvrido[4,3.2-
de{phthalazin-8-yhbenzaldehyde (80 mg, .22 mmol), acetic acid (60 ul.y and pyrrolidine (1.05 g,
15 mmol) in acetonitrile (7 ml) was stirred at room teniperature for 4 hr, To this mixture was added
NaCNBH; (36 mg, 0.67 munol) at 0 °C. After the addition, the mixtare was stirred at room
temperature for 4 hr. Upon removal of solvents under reduced pressure, the residue was washed with
ethyl acetate and filtered. The filtrate was concentrated to give the title compound as a white solid
(21 mg, vield 22%). LC-MS (ESD) m/z: 427 (M+1)", 'H-NMR: (400 MHz, DMSO-d,&D,0)
(ppra): 1.66 (d, /= 2.8 Hz, 4H), 2.37 (5, 4H), 3.38 (5, 3H), 3.50(s, 2H), 4.62 (d, J = 10Hz, 1H), 4.90
{d, /= 10.4Hz, TH), 6.72 (s, TH), 6.87 (s, YH), 7.15-7.20 (m, 3H}, 7.29-7.32 (m, 3H), 7.36-7.38 (m.
1H),7.54-7.58 {m, TH), 12.15 (s, 1H).
Example 131
9-(4-Fluoropheny!)-8-{1-methyl-1 H-imidazot-2-y1)-8,9-dihydro-2 H-pyridef4,3,2-dephthalazin-
3(7H)-one
Example 1314
{(£3-d-({1-methyl- L H-imidazol-2-vDmethyleneamino)isobenzofuran- 1(3 H)-one

[B0631} A solution of T-methyl-1 H-imidazole-2-carbaldehyde {680 mg, 6.18 mmol), 4-
aminoisobenzofuran-1(3 H)-one (920.8 mg, 6.18 mmol) and anhydrous magnesium suifate (7.41 g,
61.8 minol}) in acetonitrile (100 mi) was heated to reflux for two davs. The mixture was filtered and
the solvents were removed in vacuwm. The crude product was re-crystallized from isopropanol to

get the title compound (1.49 g, vield 68%). LC-MS (ESD m/z: 242 (M+1)". "H-NMR (400 MHz,
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DMSO-do); 4.06 (s, 3H), 5.52 (s, 2H)y, 7.22 (s, 1H), 7.52 (s, 1H), 7.65-7.67 (m, 1H), 7.72-7.74 {m,
2H), 8.66 {s, 1H).
Example 1318
Ethyl 3-(4-fluoropheny{}-2-(1-methyi-1 H-imidazol-2-v-4-ox0-1.2.3 4-tetrahydroquinoline-5-
carboxylate
j00632} A mixtore of compound 4-fluorcbenzaldehyde (248mg, 2 romol) and (£)-4-((1-methyl-14-
imidarol-2-ylsethylencaminojisobenzofuran- 1{3 Hj-one (482 mg, 2 mmol) in ethyl propionate (10
ml} was cooled to 0 °C. Then a solution of sodium ethoxide in ethanol (sodium (184 mg, § mmol)
in ethanol (5 ml)) was added dropwise. After the addition, the mixture was stirred at room
temperature tor 0.5 T, The mixture was quenched with water (20 mL) and solvent was removed in
vacuum. The residue was dissolved in water and extracted with ethyl acetate three times, washed
with water and brine, and then concentrated to give the erade product, which was purified by
column chromatography to obtain a vellow solid (200 mg, yield 25%). LC-MS (ESI) m/z: 394
(M+1)
Exanple 131C
Q-(4-FluorophenyD)-8~(1-methyl- LH-imidazol-2-y1)-8,9-dihvdro-2 H-pyrido{4,3,2-de Jphthalazin-
3(7H)-one
006331 A mixture of ethyl 3-(4-fluorophenyl3-2-( L-methyl- | H-imidazol-2-y}-4-0x0- 1,23 4-
tetrahydroquinoline-5-carboxylate {200 mg, 0.5 momol}) in 83% hydrazine monohydrate {1 mlL) and
methanol (5 mL) was stireed at room temperature for 4 h. The resulting mixture was filtered and
washed by waler (20 mL) and methanol {5 mLY to obtain a white solid , which was dried in vacuum
at 30 “C to obtain the title compound (235 mg, yield 14%). LC-MS (ESI) m/e: 3620M+1). 'H-NMR
(400 MHz, DMSO-d6) 6 (ppm): 3.58 (s, 3H), 4.52-4.54(d, J= 7.2 Hz, 1H), 4.94-4.97 (m, LH),
6.69-6.70 (my, 1H), 6.96-6.97 (m, 1}, 7.04-7.08 (m, 3H), 7.18-7.22 (m, 2H), 7.36-7.38 (m. 214),
7.51-7.55 (6, J= 8.0 Hz, 1H), 12.2 (s, 1H).
Example 132
9-{4-Fluorophenyl}-8-(quinolin-6-y1)-8 9-dihydro-2 Fl-pyrido{4,3,2-dephthalazin-3(7H)-one
Example 132A

Quinoline-6-carbaldehyde

{00634] A mixture of Se0); {10.89 g, 99 mmol} and 6-methyiqaivoline (12.87 g, 90 mmol) was
heated to 130 °C and stirred for 16 h. Then it was cooled to room temperature and EtOA¢ (400 ml)
was added. After filtration, the filtrate was concentrated to obtain the crude compound, which was
puritied by chromatography (silica gel. petroleum ether / EtOAc 5:1 10 2:1 ) to afford the title
compound (2.87 g, yield 20%). LC-MS (EST) m/z: 138 (M+1)"

Example 1328
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{ E)-4-{quinolin-6-vimethyleneaminoYisobenzofuran- 1{3 H)-one

{00635} A solution of quinoline-6-carbaldehyde (786 mg, 5.0 mmuol). 4-aminoisobenzoturan-1{3H)-
one {745 mg, 5.0 mmol) and anhydrous magnesiwm sulfate (6.0 g, 0.0 mmol) in acetonitrile (100
mi) was heated at reflux for two days. The solotion was filtered and removed in vacoum. The crude
product was re-crystallized from isopropanol to give the title compound (1 .348 g, vield 93%) 1L.C~
MS (ESD m/z: 289 (M+1). 'H-NMR (400 MHz, DMSO-d6) & {(ppm): 5.57 (5, 2H), 7.63-7.77 (1,
4H), 8.14-8.16 (d, J= 8.8 Hz 1H), 8.39-8.42 (m, 1H), 8.53-8.56 (m, 2H), §.99-9.01 {m, 2H).
Example 132C
Ethyi 3-{4-fluorophenyl}-2-( I-methyl-1 H-imidazol-2-y1)-4-oxo~1,2,3 4-tetrahydroguineline-3-
carboxvlate
{00636] A mixture of compound 4-fluorobenzaldebyde (248 mg, 2 mmol) and (£)-4-(quinolin-6-
yimethylensamingisobenzofiran- 13 H)-one (576 mg, 2 mmol) in ethyl propionate (10 mi.) was
cooled to 0 °C. Then a solution of sodivm ethoxide in ethavnol {sodium (184 mg, § mmol) in sthanol
{3 mL}) was added dropwise. Alter the addition, the mixture was stirred at room temperature for 0.5
he. The mixtore was quenched with water (20 mL} and solvent was removed in vacuam. The residue
was dissolved in water and extracted with ethyl acetate three times. After washed with water and
brine, the solvents were removed by rotary evaporation. The crude product was purified by
chromatography to obtain a vellow solid. The solid was dried in vacuum at 50 °C 1o give the title
compound {260 mg, vield 20%). LC-MS (BEST) nv/z: 441 (M+1Y
Example 132D
9-{4-Fluoropheny}-8-(quinolin-6-y1)-8,9-dihydro-2 H-pyrido[4,3 2-dephthalazin-3( 7 N-one
{00637] A mixture of ethyl 3-(4-fluorophenyl)-2-(1-methyl- 1 H-imidazol-2-¥1)-d-to-1,2,3,4-
tetrahydroquinoline-S~carboxylate (260 mg, 0.59 mmol) in 85% hydrazine monohydrate (1 mL.) and
methanol (5 ml) was stirred at roony temperature for 4 h. The resulting mixture was filtered and
wiashed by water (20 mL) and methanol (5 mL) to obtain the title compound as a white solid (61 mg,
yiekd 25%). LC-MS (ESI) m/z: 409(M-+1)". 1H-NMR (400 MHz, DMSO-d6) § (ppm: 4.52-4.55 (d,
J=9.6 Hz, 1H), 498-3.0] (d,.J= 9.6 Hz, 1H), 6.97-7.01 (m, 2H), 7.19-722 {m, 3H), 7.41-7.43 (d, .J
= 7.6 Hz. 1H), 7.46-7.50 (m, TH), 7.54 {s, 1H), 7.59-7.63 (t, J = 7.6 Hz, 1H), 7.77-7.79 (m, 1H).
7.84 (s, TH), 7.91-7.93(m, 1H), 8.24-8.26 (d, J=7.6 Hz, |H), 8.85-8.86 {m, 1H), 12.20 (s. 1H).
Example 133
8-(4-((DumethylaminoymethyDphenyl)-9-p-toly[-8,9-difiydro-2 H-pyrido[4,3 .2 -de |phthalazin-3{ 7H)-
one
Example 133A
Ethyl 2-(4-((dimethylamine)methy hphenyh-4-0x0-3-p-tolyl-1,2.3 d-tetrabydroquineline-5-

carboxylate
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100638] A mixture of (£)-4-{4-((dimethylamino)methyibenzylideneaminofisobenzofuran-1{3 H)-
one (300 meg. 1.7 mmol) and 4-ethylbenzaldehyde (204 mg, 1.7 sunol) in ethy] propiovate (30
mlL) was cooled to 0 °C. Then a solution of sodium ethoxide in ethanol (sodium (156 myg, 6.8 mmol)
in ethanol (30 mL.)) was added dropwise. After the addition, the mixture was stirred at 10 °C for 1
fr, then at 30 °C for 3 hr. The mixture was quenched with water (30 mL) and solvent was removed
in vacuum. The residue was dissolved in water, and then extracted with ethyl acetate (30 mL x 4).
The combined organic layers were washed with brine, dried over anhydrous sodium sulfate, and
concentrated to give erude product, which was purified hy chromatography (silica gel,
dichloromethane / methanol = 100:1 to 18:1) to give the-title compounnd {110 myg, yield: 15 %), 1.C-
MS (ESIy miz: 443 (M+1)",

Example 133B
8-(4-{(Dimetlylamino}methyliphenyl)-9-p-totyl-8,9-dihydro-2 H-pyridof4,3 2-deiphthalazin-3(7 H)-

one

168639 A mixture of ethyl 2-(4-({(dimethylamino)methvhphenyD-d-oxo-3-p-tolyl-1,2,3 .4~
tetraliydroguinoline-5-carboxylate {120 mg) in 85% hydrazine monchydrate (1 miL.) and methano! (3
mb) was stirred at 10 °C for 2.5 h. The mixture was purified by prep-HPLC to obtain the title
compound as a white solid {14 mg, vield 11%5), LC-MS (ESD m/z: 411 (M=+1)"2 "TH-NMR (400
MHz, CD,0D) & (ppm): 2.18 (s, 3H),2.31 (s, 6H), 3.57 (s, 2H), 4.25-427 (d,J = 8.4 Hz, 1H), 4.72-
4.74(d, J =84 Hz, TH), 6.95-7.02 (m, 4H), 7.19-7.29 (m, 5H), 7.55-7.57 {m, 1H), 7.62-7.64 (t, J =
& Hz, TH).

Fxample 134

9-{4-Chloropbenyl)-8-{4-((dimethylamino)ymethyphenyl)-8,9-dihyvdro-2 H-pyrido]4,3.2-
de jphthalazin-3(7i)-one

Exampie 134A
Ethyl 3-(4-chlorophenyD)-2-(4-({dimethylaminoymethyDpbenyl)-4-0x0-1,2.3 4-tetrahydroquinoline-

S-carboxyiate
1686401 A mixture of {£)-4-{4-({dimethylaminomethylbenzylideneamina)isobenzofuran-1{3 H)-
one (388 mg, 2 mmol) and 4-chlorobenzaldehyde (281 mg. 2 mmol) in anhydrous ethyl propionate
{25 mL) was cooled to ¢ °C. The sodium methoxide in methanol solution (sodiam (115 mg. 5 mmol)
in anhydrous ethanol (10 mL)) was added dropwise and the mixture was stirred at 25 °C for 3 hr.
The resulting mixturs was quenched with water (S mL), and then evaporated under reduced
pressure. The residoe was extracted with ethyl acetate (100 ml. x 3} and the combined organic
layers were deied aver anhydrous sodium sulfate and concentrated to give crude product, which was
purified by coluran chromatography {silica gel, dichloromethane to dichloromethane / methanol =
30:1) to give the title compound (260 mg, yield 28%0) as a yellow sohid. L.C-MS (ESI) m/z: 463

(M*1y.
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Example 1348
9-(4-ChlorophenyD)-B-(4-{{dimethylamino)methylypheny])-8,9-dihydro-2 H-pyrido[4.3 2~
de|phthalazin-3(7H}-one

[00641] A muxture of ethyl 3-{4-chlorophenyl)-2-(4-{{dimethylamino)methyDphenyij-d-oxo-
1.2.3 d-tetrahydroquinoline-5-carboxylate (260 myg, 0.56 mmel) and hydrazine monohydrate (3 mlL)
in methanol {20 ml.) was stirred at 30 °C for 4 hr. The mixtore was concentrated to give crude
product, which was purified by prep-HPLC 1o give the title compound (34 mg, yield 14%) as a
white sofid of formic acid salt. LO-MS (ESD m/z: 431 (M+D7. TH-NMR (400 MHz, DMSO-d6) §
fppm); 2.66 (s, 6H), 4.20-421 (d, J= 4.8 Hz, 2H), 4.39-4.42 {d, J= 8.8 Hz, 1H), 4.82-4.84 (d, /=
8.8 Hz, 1H ), 7.15-7.20 (m, 4H), 7.25-7.27 (d, ZH), 7.35-7.42 (m, SH), 746 (s, 1H), 7.58-762 (1, 7=
B.0Hz 1H), 9.74 (brs, I Hy, 12,18 (s, 1H).

Example 135

8-(4-((Dimethylammo ymethyhphenyl}-9-(4-methoxyphenyl)-8.9-dilydro-2 H-pyrido[4,3,2-
deiphthalazin-3(7H)-one

Example 135A

Ethyl 2-(4-((dimethylaminoymethyDphenvl)-3-(4-methoxyphenyl)-4-oxo-1,2,3 4+
tetrahydroquinoline-S-carboxylate
{00642} To a solation of 4-methoxybenzaldehyde (231 mg, 1.7 mmeal) and (£)-4-(4-
{{dimethylaminoymethyDbenzylideneamino)isobenzofuran-1(3 H)-one (500 mg, 1.7 mmol) in ethyl
propionate {30 mL) was added sodium methanolate (120 mg, 5.2 sunol) and the mixture was stirred
at 25 “°C for 4 h. Then the resulting mixture was added water {10 mL) and evaporated under reduced
pressure, extracted with EtOAc (4 x 100 ml), and concentrated to deyness. A crude product was
obtained (250 mg) and was used for next step reaction without further puritication. LC-MS (ESI)
miz: 459 (M+1Y,
Example 1338
8-(4-({ DimethylaminoymethyDpheny])-9~-(4-methoxyphenyl)-8 9-dihydro-2 H-pyrido[4.3,2-
delphthalazin-3(7Hy-one
[00643} A mixture of ethyl 2-(4-({dimethylamino)methylyphenyi)-3-(4-methoxyphenyl)-4-oxo-
1,2,3 4-tetrahydroquinoline-3-carboxylate (70 myg, 0.15 mmol) and hydrazine monohydrate (1 mL)
in moethanol (5 mL) was stirred at room temperature for § hr. The resulting mixtare was evaporated
under reduced pressure to a volume of 1 mL and then filtered. The filtrate was concentrated to give
the title compound as a white solid (26.5 mg). LC-MS (ESI) m/z: 427(M+1)". '"H-NMR (400 Mz,
CD-0D) 6 (ppm): 2.79 (s, 6H), 3.71 (s, 3H), 4.24 (s, 2H), 4.26 (d, 1H), 4.77 (d, TH). 6.74 {d, 2H)
6.99 (d. 2H), 7.18-721(m, 1H), 7.35-7.43 (m, 4H), 7.55-7.57 {m, 1H), 7.65 {t, 31D,
Example 136
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8-(4-({Diethylaminomethy ! jphenyl)-9-phenyi-8 9-dihydro-2 H-pyrido{4,3.2-dephihalazin-3(7H)-
one
j00644] A mixture of 4-(3-0x0-9-pheny!-3,7.8 9-tetralydro-2 H-pyrido{4,3,2-de]phthalazin-8-
yhbenzaldehvde (80 mg, 0.22 mmol), diethylamine {(47mg, 0.65 mumol) and acetic acid (39 mg, 0.65
mmol) in dichloromethane {30 mL) was stirred at room temperature for 66 min, Upon cooling the
mixture to 0 °C, sodium triacetoxyborohydride (69.3 mg, 0.33 mmol) was added. After the addition,
the mixtare was stirred at room temperature overnight. Dichloromethane was removed under
reduced pressure. The crude product was purified by chromatography (silica gel, dichloromethane /
Methanol = 5(:1) to give the title compound (34 mg, vield 36%). LC-MS (ESI) m/z: 425 (M+H)".
TH-NMR (400 MHz, CD:OD) 6 {ppm): 1.10 (t, 6H), 2.64 (q. 4H), 3.70(s, 2H), 4.30 (d, J= 8.0 Hz,
1H), 4.75 (d.J= 8.0 Hz, 1H), 7.06-7.09 {m, 2H), 7.13-7.20 (m, 4 H), 7.22-7.29 {m, 4H), 7.54-7.56
{dd, /= 8.0 Hz, 1H), 7.62-7.64 (m, 1 H).
Example 137
B-{4-{( Diethylamino)methylipheny!)-9-(4-fluorophenyl)-8. 9-dihydro-2 Hlpyridof4,3.2-
delphthalazin-3(7#)-one
[08645] To a stirred solution of 4-{8-(4-fluoropheny}-3-ox0-3,7.8 9-tetrahydro-2 H-pyvridof4,3,2-
dejphthalazin-8-yDbenzaldehyvde (260 myg, 0.68 mmol) in dryness DCM (15 mL) was added acetic
acid {0.2 mL) followed by diethylamine (148 myg, 2.03 mmol}. After the addition, the mixture was
stirred at room temperature overnight. Then sodium borobydride (212 mg, 1.01 mmol) was added to
the mixture at 0 “C. The mixture was stirred at this temperature for 12 fir. DCM was removed under
reduced pressure. The residue was washed with ethyl acetate / methanol {10/1) and filtered. The
filtrate was concentrated to give the crude product, which was purified by flash chromatography to
give the title compound as white solid (27.3 myg, vield 9%). LC-MS (ESH m/z: 442 (M+1)". 'H-
NMR {400 MHz, CD;0D) 6 (ppm): 3.12-3.17 {m, 4H), 4.27 (s, 2H), 4.34 (d, 1H), 4.78 (d, 1H), 6.91
{t, ZH), 7.09-7.12 (m, 1H), 7.38-7.45 (m, 4H), 7.56-7.58(m, tH), 7.64(t, 1H).
Example 138
9-(4-Chlorophenyl-8-{4-((diethylamino)methybiphenyl)-8.9-dihydro-2 Fepyrido{4.3 .2~
delphthalazin-3{7#)-one
Example 138A
(E)-4-(4-((diethylamino)ethyhbenzylideneamino)isobenzofuran-1(3 H)-one

j00646] To a stirred mixture of 4-{{diethylaminojmethyDbenzaldehvde (3.7 g, 19.4 munol) and
anhydrous magnesium sulfate {(11.6 g, 96.8 yyvol) in anhydrous acetonitrile (100 mL) was added 4-
aminoisobenzoforan- [(3H)-one (2.89 g, 19.4 mmol) at 0 °C. After the addition the mixture was
stirred refluxed for 3 days. The mixture was filtered and the cake was washed with ethyl acetate (50
mil. # 3). The filtrate was concentrated to give erude product, which was re-crystallized from

isopropanol to give the title compound (2.1 g, yield: 32 %), LC-MS (ESD m/z: 323 (M+1Y".
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Example 138B
Ethyl 3-(4-chloropheny)-2-(4-({diethylamine)methyDphenyd-4-0x0-1.2 3 4-tetrahydrogquinoline-5-
carboxylate
{00647 A mixture of {(£)-4-(4-((diethylaminoymethyDbenzylideneaminoYisobenzofuran~1{3 H-one
(5300 mg, 1.55 mmol} and 4-chlorobenzaldehyde (218 mg, 1.55 mmeol) in ethyl propionate (10 mL)
was cooled to 0 °C. Then a solution of sodium ethoxide in ethanol (sodium (107 mg, 4.66 mmol) in
ethanol (5 ml.)) was added dropwise. After the addition, the mixture was stirred at room temperature
for 3 hr. The mixtore was quenched with water (10 mL) and solvent was removed jo vacuum. The
residue was dissolved in water, and then extracted with ethy!l acetate (100 mi. x 43, The combined
organic layers were washed with brine, dried over anhydrous sodium sulfate, and concentrated to
give crude product, which was purified by chromatography (silica gel, petroleum ether / ethyl
acetate = 1:1) to give the crude of the title compound (268 mg, vield 35%). LC-MS (ESI) m/z; 491
(M+1Y
Example 138C
9-(4-Chloropheny-8-(d-({dicthylamino)methyphenyl)-8, 9-dihvdro-2 H-pyridal4,3,2-
dejphthalazin-3(7H)-one
[00648] A mixture of ethyl 3-(4~chloropheny)-2-(4-{(diethylamino methylphenyl)-4-ox0-1,2,3 ,4-
tetrahydroquinoline-S-carboxylate (268 mg) in 85% hydrazine monchydrate (0.5 ml.) and methanol
{2 mL) was stirred at 23°C for overnight. Methanol was removed under reduced pressure. The crude
was purified by prep-HPLC to give the title compound (93 mg, vield 37%). LC-MS (ESI) m/z: 459
{M+1)". "H-NMR (400 MHz, DMSO-d6) & (ppm): 0.93 (£, 6H), 2.38 (q. 4H), 3.44 (s, 2H), 4.35 (4.
1H), 4.73 (d, 1H), 7.13-7.19 (3w, 5H), 7.22-7.25 (ny, 4 H), 7.38 (d, 2H), 7.41 (5, 1H), 7.56-7.59 (m,
iH).

Example 139
S~Fluoro-8-(1-methyl-1H-imidazol-2-y)-9-pheny!-8,9-dihydro-2 H-pyrido[4,3,2-de phthalazin-
3(7THY-one
Example 139A

{E)-6-Fluoro-4-{{1-methyl- 1 H-imidazol-2-yDmethyleneaminoYisobenzofaran~ 1 (37 -one

{00649} A solution of T-methyl-1H-imidazole-2-carbaldehyde (659 mg, 6.0 mmol), 4-amino-6-
{fluoroisobenzofuran-1(3H)-one (1.0 g, 6.0 mmol), and anhydrous magnesium suifate (7.2 g, 60.0
mmol} in acetonitrile (100 mL) was heated to reflux for 2 davs. The solution was filtered and the
solvents were removed in vacuum. The crude product was re-crystallized from isopropanot to afford
the title compound {1,068 g, yield 68%) LC-MS {(ESD m/z: 260 (M+1)". 'H-NMR (400 MHz,
DMSO-d6) 8 {(ppm): 4.04 (5. 3H), 549 (s, 2H), 7.24 (s, TH), 7.54-7.58 (m, 2H), 7.73-7.76 (m, 1H),
870 (s, 1TH).
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Example 1398
Ethyl 7-flaoro-2-(T~-methyl- T Huinudazol-2-yD-d-oxo-3-phenyl-1,2,3 4-tetrahydroguinoling-§-
carboxylate
006507 A mixture of benzaldehyde (212 mg, 2 mmol) and (£)-6-fluore-4-(( 1 -methyl- 1 H-imidazol-
2-yhmethyleneamino)isebenzofiran-1(38)-one (318 mg, 2 mmol) in ethyl propionate (10 mL) was
cooled to 0 °C. Then a sohution of sodium ethoxide in ethanol (sodium (184 mg, 8 mmol) in ethanel
{5 )y was added dropwise. After the addition, the mixture was stirred at room temperature for 0.3
hr. The mixture was quenched with water (20 mL) and solvent was removed in vacuum. The residue
was dissolved in water and extracted with cthy] acetate three times. The combined organic layers
were washed by water and brine, and then evaporated to drvness, the crude product was purified by
chromatography to obtain a yellow solid. The solid was dried in vacuum at 50 *C to give the title
compound (2530 mg, yield 32%0). LC-MS (ESTY méz; 394 (M+1)".
Example 130C
3-Fhioro-8~( 1-methyl-1 H-imidazol-2-y1)-9-phenyl-8,9-dihydro-2 H-pyridof4,3.2-de)phthalazin-
3(7Hy-one

(88631} A mixture of ethyl 7-fluoro-2-(1-methyl- 1 f-imidazol-2-y1}-4-0x0-3-phenyl-1.2,3,4-
tetrahydroquinoline-3-carboxylate (250 mg, 0.636 mmol) in §5% hydrazine monohydrate (1 mi.)
and wethanol (5 mL) was stirred at room temperature for 4 h. The resulting mixture wax filtered and
washed water (20 mL) and methanol (5 wmi.) 1o obtain a white solid, which after dried in vacuum at
S0°C afforded the title compound (34.6 mg, vield 15%). LC-MS (ESI) nv/z: 362(M+1)"; 1H-NMR
(400 MHz, DMSO-d6) 8 (ppm): 3.56 (s, 3H), 4.48-4.49 (d,.J = 6.0 Hz, 1H), 5.01-5.03 (m, 1H),
6.70-6.71 (m, 1H), 6.81-6.84 (m, 1H), 6.98-7.02 (m, 2H), 7.14-7.26 {m, 5H), 7.66-7.67 (m, 1H).
1233 (s, 1H}.

Example 140
5-Fhioro-9-(4-fluorophenyl)-8-(1-methyl-1 H-imidazol-2-y1)-8,9-dihydro-2 H-pyride]4,3,2-
de|phthalazin-3(7 H)-one
Example 140A
Ethyl 7-flaoro-3-(4-fluoropheny)-2-( L-methyl-1 H-imidazol-2-yD-4-ox0-1,2,3.4-
tetrahydroquinoline-3-carboxylate

{00652] A mixture of 4-fluorobenzaldehyde (248 mg, 2 mmol) and (E)-6-fluoro-4-({ E-ruethyl-LH-
inidazol-2-ylimethyleneamine jisobenzofuran-1{3H)-one (518 mg, 2 mmol) in ethyl propionate (10
tal.} was cooled to 0 °C. Then a solution of sodium ethoxide in ethanol (sodiam (184 mg, 8 mmol)
in ethanol (5 mL)) was added dropwise. Afler the addition, the mixture was stirred at room
temperature for 0.5 br. The mixture was quenched with water (20 mL} and solvents were removed in

vacuwn. The residues were dissolved in water and extracted with ethvl acetate three times. The
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combined organic layers were washed with water and brine. After the removal of solvents, the crude
product was puritied by tlash colmnn chromatography to obtain a yellow solid, which was dred
vacuum at 50 °C to give the title compound (200 mg, vield: 24%). LC-MS (ESD miz: 412 (M+1)".
Example 140B
5-Fluoro-9-(4-Huorapheny-8-( I -methyl-1 H-imidazol-2-v1)-8,9-dihvdro-2 H-pyridof4.3,2-
dejphthalazin-3(7H)-one
806583} A mixture of ethyl 7-fluoro-3-(4-fluorophenyl)-2-{ Lamethyl- L i imidazol-2-y1)-4-ox0-
1,2,3 4-tetrahydroguinoline-S-carboxylate (200 mg, 0.486 mmol) in 85% hydrazine monohydrate (1
ml.} and methano! {5 mL) was stirred at room temperature for 4 . The resulting mixture was
filtered and washed by water (20 mL) and methanol (5 mL) to sbtain a white solid, which was then
dried in vacuun at 50 °C to obtain the title compound (254 mg, vield 14%). LC-MS (ESH nv2:
IRO(M+1); TH-NMR (400 MHz, DMSO-d6) & (ppm): 3.56 (s, 3H), 4.52-4.53 (d, J= 6.8 Hz. [H),
S02-5.04 (m, TH), 6.73 {5, 1H), 6.82-6.85 (m, 1H), 6.99-7.09 (m, 4H), 7.18-7.22 (m, 2H), 7.69 (s,
1H), 1234 (s, 1H).
Example 141
E-{4-((Dimethylamino)methylphenyl)-9-(4-ethylpheny])-8,9-dihydro-2 H-pyridof4.3,2-
dephthalazin-3(7H)-one
Example 141A
Ethyl 2-{4-({dimethylamino)methylphenyi)-3(4-cthyiphenyl-d-oxo-1,2,3 4-tetrahydroquinoline-5-
carboxylate
[00654] A mixture of {Er4-(4-((dimethylamino)methyDbenzyvlideneaminolisobenzofuran- 1(3FH)-
one (588 mg, 2 mmol) and 4-ethylbenzaldehyde (268 mg, 2 mmol) in ethyl propionate (15 mL) was
cooled to 0 °C. Then a solution of sodium ethoxide in ethanol (sodium (138 mg, 6 mmel) in ethanol
(5 mL)) was added dropwise. After the addition, the mixture was stirred at room temperature for 3
hr. The mixture was quenched with water (10 mL) and solvent was removed in vacuum. The residue
was dissolved in water, and then extracted with ethy! acetate (100 mL x 4). The combined organic
layers were washed with brine, dried over anhydrous sedivm sulfate, and concentrated to give crude
product, which was purified by cheomatography (silica gel. petroleum ether / ethyl acetate = 1:1) to
give the crude title compound (290 mg, vield 32%). LO-MS (EST)y nvz: 457 (M+1)".
Example [41B
B-(4-({Dimethylaminoymethyypheny)-9-(4-ethylpheny!)-8.9-dihydro-2 H-pyrido[4,3,2-
de phthalazin-3(7H-one
fopasst A mixwre of ethyl 2-(4-((dimethylamino pethyDphenyi)-3-(4-ethylphenyD-4-0x0-1,2,3 4-
tetrahydroguinoline-S-carboxylate (290 mg) in 85% hydrazine monohydrate (1 ml.) and methanol
(10 mL) was stirred at 30 °C for overnight. Methanol was removed under reduced pressure. The

crude product was purified by chromatography (silica gel, Petroleum sther / ethyl acetate = 1:1) to
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give the title compound (112 mg, yield 42%). LC-MS (EST) m/z: 425 (M+1)", 'H-NMR (400 MHz,
CDOD) 8 (ppm): 112 (L 3H), 2,10 (s, 6H), 2.52 (g, 2H), 3.34 (. 2H), 431 (d, J= &0 Hz, 1H). 4.76
{(d, /= 8.0 Hz, 1H), 7.04 {m, 4H), 7.15-7.20 (in, 3H), 7.25-7.27 (m, 2H}, 7.38-7.41 (m, 3H), 7.59-
7.61 (m, 1H).

Example 142
8-(4-((Dimethylamino)methyl)phenyl)-9-{4-1sapropylphenyl)-8,9-dihydro-2 H-pyrido[4.3,2-
defphthalazin-3(7 H}-one
Examaple 1424
Ethyl 2-(4-((dimethylamino)methyDphenyl}-3-(4-isopropviphenyl)-4-0x0-1,2.3 .4~
tetrahydroguinoline-3-carboxylate
[00656] A mixtere of (E)-4-(4-{{dimethylaminomethvlbenzylidencaminoisobenzofuran-1{3 H-one
(588 mg, 2 mmol) and 4-isopropylbenzaldehyde (296 mg, 2 miol) in ethyl propionate (15 mL) was
cooled to 0 °C. Then a solution of sodium ethoxide in ethano! (sodium (138 mg, 6 mmol} in ethanol

(5 mL)) was added dropwise. After the addition, the mixture was stirred at room temperature for 3
hr. The micture was quenched with water (10 mbL) and solvent was removed in vacuum. The residue
was dissolved in water, and then extracted with ethybacetate (100 mb % 4). The combined organic
layers were washed with brine, dried over anhydrous sodium sulfate, and concentrated to give crude
product, which was then purified by colamn chromatography (silica gel, petroleum ether / ethyl
acetate = 1:1) to give the title compound (210 mg, vield 22%). LC-MS (BSD m/iz: 471 (M+1).
Example 142B
&-{4-{{ Dimethylamino)methylphenyV9-(d-isopropylphenyi)-8.9-dihydro-2 H-pyvrido{4,3.2-
delphthalazin-3(7H)-one

{00657 A mixture of ethyl 2-(4-({(dimethylamino)methyliphenyD-3-(4-isopropylphenyl-4-ox0-
1,2,3 A-tetrahydroquinoline-S-carboxylate (210 mg) in 85% hydrazine monohydrate (1 mL) and
methanol (16 mlL) was stirred at 23°C for overnight. Methano! was removed under reduced pressure.
The crude was purified by flash chromatography to give the title compound (72 mg, vield 37%). LC-
MS (EST) m/z: 439 (M+1)", "H-NMR (400 MHz, CD:0D) 5 (ppm): 1.18 (4. 3, 1.19 (d. 3H), 2.26
(5. 6H), 2.79-2.83 (m, 1H}, 3.51(d, 2H), 4.27 (d, /= 8.0 Hz, 1H), 4.73 (d, J = 8.0 Hz, TH), 6.98-7.00
{1, 2H), 7.05-7.07 {m, 2H), 7.18-7 .22 (nm, 3 H), 7.25-7.27 (m, 2H), 7.54-7.36 {m, 1H), 7.56-7.59 (m
1H).

Example 143
§-(4-({(Dimethylamino ymethyliphenyl)-9-(4-(triflucromethy Dphenyi}-8,9-dihydro-2 H-pyrido]4,3,2-
de Jphthalazin-3(7TH)-one
Example 1434
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Ethyl 2-(4-((dimethylamino ymethyDphenvi-4-oxo-3-(4-(trifluoremethyDphenyl)-1.2,3,4-
tetrahydroquinoline-5-carboxylate
[06658] A mixture of (F)-4-(4-((dimethviamimo ymethyDbenzylidencamino)isobenzofuran-1{3 -
one (541 me, 1.84 mmol) and 4-(trifluoromethylibenzaldehyde (320 mg, 1.84 mumol) in anhydrous
ethyl propionate (25 mL) was cooled to 0 °C. Then sodium ethoxide in methanol solution {sodium
{127 mg, 5.51 mmol) in anhydrous ethanol (10 mL}) was added dropwise and the nuxture was
stirred at 25 °C for 4 hr. The resulting mixture was quenched with water (3 ml.), and then
evaporated the solvents off under reduced pressare. The residue was extracted with ethyl acetate
{100 mL = 3)and the combined organic layers werg dried over anhydrous sodium sulfate and
concentrated to give crude product, which was purified by column chromatography {(silica gel,
dichloromethane to dichloromethane / methanol = 30:1) to give the title compound (150 mg, vield
16%%) as a yellow solid, LC-MS (ESD) m/z: 497 (M+1)"
Example 143B
8-{4-{{ Dimethylamino)methyDphenyD-0-{4-(triftluoromethyDphenyD-8,9-dihydro-2 H-pyridof4,3,2<
delphthalazin-3{7H}-one
[00659] A mixture of ethyl 2-(4-({dimethylaminoimethylphenvi)-4-ox0-3-(4-
{trifluoromethylphenyl)-1,2,3,4-tetrahydroquinoline-S-carboxylate (150 mg, 0.30 mmol) and
hvdrazine monohydrate {0.5 mL) in methanol (10 mbL) was stiveed at 30 °C overnight. The mixture
was concentrated wnder reduced pressure to give crude product, which was purified by flash
chromatography to give the title compound (60 myg, vield 34,5%) as a white solid. LC-MS (ESD
w/z: 465 (M+13", "HNMR (400 MHz, DMSO-46) & (ppm): 2.64 (s, 3H), 2.65 (3, 3H), 4.19-4.20 (d,
J=4.0 Hz, 2H), 4.53-4.55(d. J=92 Hz, 1H), 4.88-4.90 {d, /=92 Hz, 1H), 7.20-7.22(d, /=756
Hz, 1H), 7.35-7.46 (rm, TH), 7.50 (s, 1H), 7.56-7.63 {m, 3H), 9.69-9.71 (br s, I H), 12.20 (s, 1H).
Exawple 144
8-(4-((Diethylaminomethyl)pheny)-9-p-tolyvl-8,9-dihydro-2 H-pyrido[4,3,2-dephthalazin-3(7T)-
one
Example 144A
Ethyl Z-(4-{{diethylamino)methylphenyt)-4-oxo-3-p-tolvi-1,2,3 4-tetrahydroquinoline-5-
carboxylate

{00660 A mixture of (£)-4-(4-{{diethylamino)methyDbenzylideneamino)isobenzofuran-1(3H)-one
{644 mg, 2 mmol) and 4-methylbenzaldehyde (240 mg. 2 mmol) in sthyl propionate (15 mL) was
cooled to 0 °C. Then a solution of sodium ethoxide in ethanol (sodium (138 mg, 6 mmol) in ethanol
(5 mL)) was added dropwise. After the addition, the mixture was stirred at room temperature for 3
hir. The mixture was quenched with water (10 mL) and solvent was removed in vacuum. The residue
was dissolved in water, and then extracted with ethyl acetate (100 mL x 4). The combined organic

layers were washed with brine, dried over anhydrous sodiom sulfate, and concentrated to give crude
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product, which was puritied by column chromatography (silica gel. petroleum ether / ethyl acetate =
121} to give the title compound (320 myg, vield 34%). LC-MS {(ESD w/z: 4771 (M-+1)",
Fxample 1448
B-(4-({ Dicthylaminoymethyphenyl}-9-p-tolyl-8.9-dihvdro-2 H-pyrido{ 4,3 2-dejphthalazin-3(TH)-
one

{00661] A mixture of ethyvi 2-(4-{{diethyvlaminoimethyhphenyvh-4-oxo-3-p-tohv-1,2,3 4-
tetrahydroguinoline-S-carboxylate (320 mg) in hydrazine monohydrate {2 ml., 85%) and methanaod
(10 ml.) was stirred at 30 °C for overnight. Methanol was removed under reduced pressure, The
crude product was purified by chromatography (silica gel, petroleum ether / ethy! acetate = 1:1) to
give the title compound (85 mg, yvield 20%). LC-MS (ESD nv/z: 439 (M+1)", "H-NMR (400 MHz,
DMSO-d6) 8 (ppm): 0.93 (t, 6H), 2.20 (s, 3H), 2.39 (g, 4H), 3.42 (d, 2H), 4.27 {d, J= 8.0 Hz, 1H),
4.73 (d, /= 8.0 Hx, 1H), 6.98-7.00 (m, 4H), 7.15-7.17 {m, 3H), 7.22-7.24 (m, 2H), 7.35-7.38 (i,
2D, 7.54-7.56 (m, TH). 12.12 (s, 1H).

Example 145
8-{4-Fluoropheny-8-(4-( L-methyipyrrohidin-2-ypheny!}-8 9-dihydro-2 H-pyridol4,3,2-
delphthalazin-3(7 H)-one
Example 1454
fert-Butyl 2-oxopyrrolidine-1-carboxyvlate
{00662} To asolation of 2-pyrrolidinone (10.82 g, 127 numol) in acetonitrile (400 mL) was added
DMAP (1.53 g, 12.6 mmol), followed by a solution of di-tert- butyldicarbonate {33.6 g, 77.1 mmol)
in acetonitrite (20 ml). The reaction mixture was stitred at room temperature for 1 h. The resulting
mixture was concentrated in vacuo and the resulting oil was taken up in diethy! ether. The mixture
was washed consecutively with 1 N HCl and brine. The organic phase was dried over sodium
sulfate, and concentrated in vacuo to afford the title compound as a yellow oil (15 g, 64%) which
was used directly in the next step.
Example 1458
teri-Butyl 4-(4-bromophenyl)-4-oxobutylcarbamate
66663} A thoroughly dried three-necked round-bottom flask was equipped with reflux condenser,
addition funnel and argon infet. Then magnesium powder (7.5 g, 311 mmol, activated by todine) and
dry THF (300 mL} were placed into this apparatus. A solution of 1, 4 - dibromobenzene (73.5 g, 311
mmol) in dry THF (200 mL) was slowly added at such  rate that the mixture maintained at reflux.
When the addition was completed the mixture was refluxed for additional 2 brs. After cooling to
room temperature, the solution was added into a solution of tect-butyl 2-oxopyrroliding-1-
carboxylate (48 g, 260 mumol) in THF (320 ml) at -78 °C and the mixture was stirred at -78 °C for

2 hrs, The solution was warmed to ambient temperature and stirred for another 10 hes before
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quenching with water. Hydrochloric acid (1 N, 100 mL) was added and the mixtare was stirred at
ambient temperature for 10 minutes. The mixture was concentrated and the residue was partitioned
between ethyl acetate and brine. The organic phase was dried over magnesium sulfate and
concentrated in vacuo to afforded the crude product, which was purified by column chromatography
(EtOAc: DEM :hexane = 1 : 1 : 15) to give the title compound as a white solid (33 g, vield 60 %;).
LC-MS (ESD miz: 342 (M+1),

Example 143C

3-(4-Bromopheny]-3,4-dihydro-2 H-pyrrole

[00664] ferr-Butyl 4-(4-bromophenyl)-4-oxobutylcarbamate (3.42 g, 10 mniol) was stirred in TFA
(18 mL} for 6 hrs, Then 50 % NaOH solution was added to the mixture to make pH = 13-14, the
white precipitate was filtrated, washed with water and dried to give the title compound as a white
sofid (1.8 g, vield 80%). LC-MS (ESD m/z: 224 (M+1)'.

Exampie 145D

2-{4-BromophenyDpyrrolidine

[00665] NaBH, {1.52 g, 40 mmeol) was added to a solution of 3-{4-bromopheny!)-3, 4-dihvdro-2H-
pyirele (4.48 g, 20 mmaod) in HO0MeOH (30 mL, viv 1:4) at -41 °C. After stirred for 4 hrs, the
solution was allowed to warm to room temperature. Onee the reaction was deemed complete by
TLC. the unreacted NaBH, was quenched by the addition of 2 N HCL The solution was then diluted
with water and ether, and separated two [avers. The aqueous laver was washed with an additional
portion of ether, basified with 4 M NaOH (pH 12-13) and washed with ethyl acetate. The combined
organic extracts were washed with brine, and then dried over Na;80,. Evaporation of the solvent
afforded the title crude product as a yellow 0il (3.8 g, vield 84%5), which was used directly in the
next step. LO-MS (ESD m/z: 226 (M+1)

Example 1438

2-(4-Bromophenyl)-1-methylpyrrolidine

{00666} A miixture of 2-(4-bromophenyDpyrroliding (0.5 g 2.2 mmol), formic acid (0.11 ml, 2.42
mmoel), formaldehyde (0.2 ml, 2.42 mmol, 37 % in water), water (4 ml.) in a sealed tube was heated
to 150 °C under microwave for 5 minutes. After cooling to room temperature the reaction mixture
was extracted with EtOAc (3 x 15 mL), the combined organic phase was washed consecutively with
saturated NaHCO; (5 mL} and brine (5 mbL), dried over Nay8O; and concentrated in vacuo to give
the crude product (0.48 g, 91 %), which was used directly in the next step. L.C-MS (ESY) m/z: 240
(M+1Y.

Example 145F

4-(1-Methylpyrrolidin-2-yhbenzaldehyde

[80667] To a sohution of 2-(4-bromophenyl)-1-methylpvrrolidine (0.45 g, 2 mmol) in dry THF (10

mi) was added dropwise n-Buli (0.88 mL, 2.2 mmol, 2.5 mol/L in hexane) at -78 °C, after the
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addition was completed the mixture was stirred for | b, then dry DMF (0.18 mL, 2.4 mmol) was
added to the reaction system and stirting was continued for another 1 hr. Then the reaction mixture
was partitioned between EtOAc and 1 N HCL the ageeous solution was extracted with EtOAc (3 x
13 mL). The combined organic phase was washed with brine, dried over Na;SQy, and concentrated
in vacuo to give crude product (0.28 g, vield 74 %) as a yellow oil. The product was used dicectly in
the next step without firther purification. LO-MS (ESD m/z: 189 (M+1).

Example 145G

{(E¥4-(4-(1 -methylpyrrolidin-2-yDbenzylidencamino)isobenzofuran-1{3 H)-one

{00668} A mixture of 4-(Lmethylpyrrolidin-2-yhbenzaldehyde (1.89 g, 10 mmol), 4-
aminoisobenzoturan-1(3H)-one (1.49 g, 10 mmol) and MaSO, {12 g 100 mmol} in CH;CON (60 mL)
was refluxed at 120 °C for 4 days. After a hot filtration, CHCN was partially removed under
reduced pressure and a white precipttate was appeared, the title compound was obtained by a direct
filtration (1.3 g, yield 41 %) as a white solid. LC-MS (ESI) my/z: 440 (M+1)".

Example 145H
Ethyl 3«{(4-fluoropheny)-2-(4-( 1 -methylpyrrolidin-2-yDphenyvii-d-oxo-1,2.3 4-tetrabydroquinoline-

S-carboxylate
{00669} A mixtare of (£)-4-(4-(L-methylpyrrolidin-2-yDbenzylidencamino)isobenzofuran- 1{3 #)-one
(0.32 g, 1 mmol), 4-flourobenzenaldehyde {0.248 g, 2 mmol) was dissolved in dry ethyl propionate
{5 mL), BtONa (0,136 g, 2 mumol) in BtOH (5 mL) was added to this solution and the mixture was
stirred at room temperature until the starting mwaterial was disappeared as monitored by TLC. The
reaction was quenched with 0.5 mL of water, the resulting mixture was concentrated in vacuo, and
the residue was purified by column chromatography (MeOH: DCM = 11 20) to give the title
compound (200 myg, vield 42 %) as a pale vellow solid. LC-MS (ES) m/z: 472(M+1Y",

Example 1451
9-(4-Fluorophenyl)-8-(4-(L-methylpyrrotidin-2-yDphenyl)-8,9-dihydro-2 [-pyridof4,3,2-
delphthalazin-3(7H)-one

[00670] To a stirred solution of ethyl 3-(4-fluctophenyl)-2-(4-( L-methylpyrrolidin-2-vijphenyl)-4-
oxo-1,2,3 4-tetrahvdroquinoline-S-carboxylate (200 mg, 0.42 mmaod) in MeOH (20 ml) was added
NoH H0 (2:mb), the mixture was stirved for 4 hrs, and then concentrated it vacuo and the residue
was purified by chromatography (MeOH: DCM = 1: 20) 1o give the title compound as a white solid
(45 my, yield 24 %). LO-MS (ESI) m/z: 440 (M+1)"; "H-NMR (400 MHz, CDCl) 8 {ppm}: 1.67-
L97 (m, 3H), 211 (s, 3H), 2.25 (m, TH), 217-2.30 (m, [H), 2.97-2.99 (m, 1H), 3.21-3.25 (m, 11D,
£.19-4.22(d. /=104 Hz, 1H), 4.57-4.59 (4, J= 10.4 Hz, 1H). 4.90 (s, 1H), 6.86-6.91 (m, 2H),
6.95-6.97 (or, 2H), 7.03-7.05 {d, /= 7.6 Hz, IH), 7.10-7.12(d, J = 8 Hz, 2H), 7.20-7.22 (d, J = 8 1z,
2H), 7.57-7.61 (t,.7= 7.6 Hz, 1H}, 7.74-7.76 (d, ./ = 7.6 Hz, 1H), 9.94 (s, {H).

Example 146
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9-(4-Fluorophenyl)-8-(4-(pyrrolidin-2-yhphenyl}-8.9-dihydro-2 H-pyrido[4,3.2-de Iphthalazin-
3(THy-one

Example 146A
Benzyl 2-(4-bromophenyl)pyrrolidine-1-carboxylate

{00671] A solution of 2-(4-bromophenylipytrolidine (2.26 g, 10 mmol) in dioxane (18 mL) and
water (12 mL) was added potassium carbonate (5.52 g, 40 mol) and benzyl chioroformate (1.88 g,
11 mmol}) at ambient temperature and stirred overnight. Then the mixture was partitioned between
ethy! acetate and brine. The organic phase was concentrated in vacoo and the residue was purified
by column chromatography (stlica gel, EiOAc: hexane = §: 10) to give the title compound (2.95 g,
82 %) as a colorless oif. LC-MS (ESI) m/z: 360 (M+1)".

Example 146B

Benzyl 2-(4-formylphenylpyrrolidine- 1 -carboxylate

[00672] To a 50 mi round-bottomed flask were placed Pd (PPh; 3:CL (70 mg, 0.1 mmol), and
sodium formate (510 mg, 7.5 mmol) and purged with carbon monoxide. DMF (7 mL) and benzyl 2-
{4-bromophenyhpyrrolidine-1-carboxylate (1.8 g. 5 mmol) were added via syringes. The mixture
was vigoroasly stirred at 100 °C under carbon monoxide atmosphere for § hrs. Then the reaction
mixture was cooled to room temperature and partitioned between ether (100 ml) and water (15 mL).
The organic phase was washed with water (3 x 15 mL), dried over Na,80y, and concentrated in
vacuo. The residue was purified by column clhromatography (silica gel, EtOA¢  hexane =1 : 10) to
give the title compound (0.31 g, yield 20 %) as a colorless oil. LC-MS (ESI) avz: 309 (M+1)'; 'H-
NMR {400 MHz, DMSO-d6) & (ppm): 1.73-1.88(m. 3H), 2.31-2.41(m, 11), 3.57-3.67(m, 2H), 4.84-
3.06 {m, 3H), 6.84-6.86(m, 1H), 7.12-7.34(m, 4H), 7.41-7.43(d, J= 8.0 Hz, 2H), 7.85-7.87(d. J =
8.0 Hz, 2H), 9.98-9.99(d, J = 6.0 Hz, 1H).

Example 146C

(£)-benzyl 2-(4-({ 1-0x0-1,3-dihydroiscbenzofuran-4-viimino)methylphenyDpyrrolidine- 1 -
carboxylate

[00673] A mixture of benzyl 2-(4-formylphenyDpyrrolidine-1-carboxylate (0.62 g. 2 mmol), 4-
aminoisobenzofuran~1(3 H)-one (0.298 g, 2 mmol), MgSO, (2.4 g, 20 mmol) in CH:ON (20 mL) was
refluxed at 120 °C for 4 days. After a hot filtration, the filtrate was concentrated in vacuo and the
sesidue was purified by column chromatography (EtOAc: DCM: hexane = 1: 1: 6) to give the title
compound (135 g, vield 30 %) as a white solid. LC-MS (ES1) m/z; 440 (M+1Y.

Example 146D

Ethyl 2-(4-(I-{benzyloxycarbonyhpyrrolidin-2-yDpheny!)-3-{d-fluorophenyl-4-oxo-1,2,3 4-

tetrahydroguinoline-S-carboxylate
[06674] A solution of {F)-benzyl 2-(4-{{1-ox0-1,3-dihydroisobenzofuran-4-

yhiminoymethyl)phenylpyrrolidine-1-carboxylate (0.5 g, 1.14 mmol) and 4-fowro benzaldehyde
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(0.284 g, 2.28 mumol) in dry ethyl propionate {5 mL) was added EtONa (0.155 g, 2.28 mmol) in
EtOH (6 mL), and the mixture was stirred at room temperature until the starting material was
disappeared as monitored by TLC. Then the reaction mixture was quenched with 0.5 ml. of water,
the resulting mixture was concentrated in vacuo, and the residue was purified by column
chromatography to give the title compound (130 mg, yield 20 %) as a yvellow solid. LC-MS (ESI}
mfz SOAM+1Y.
Example 146E
Benzyl 2-(4-(9-{4-fluorophenyl)-3-ox0-3,7,8.9-tetrabydro-2 H-pyrido[4,3,2-de]pbthalazin-§-
viphenyl)pyrrolidine-1-carboxylate
{00675] To a stirred solution of ethyl 2-(4-(1-(benzyloxycarbonylipyrrolidin-2-ylpheny}-3-(4-
fluorophenyl)-4-oxo-1,2,3 d-tetrabydroquinoline-S-carboxylate (130 mg, 0.22 mmaol) in MeOH (20
mb.) was added NoH H,O {2 ml), the reaction was continued for 4 hrs, then mixture was
concentrated in vacuo and the residue was purified by chromatography (EtOAc (hexane = 1: 2) to
give the title compound (100 mg, yield 81 %) as a white solid. LC-MS (ESD) m/z: 560 (M+1)" 'H-
NMR (400 MHz, CDClyy 8 (ppm): 1.77-1.90(m, 3H), 2.25(m, 1H), 3.65-3.68(m, 2H), 4.10-4.23(m,
2H), 4.59-4.61{d, /= 10.0 Hz, 1H), 4.90-5.14(m, 2H), 6.82-7.09(m, 10H), 7.27-7.32(m, 2H), 7.37(s.
2H), 7.60-7.64(m, 1H), 7.77-7.79(m, 1H), 9.61(s, 1H).
Example 146F
9-(4-Fluorophenyl}-8-(4-(pyrrolidin-2-yliphenyl)-8.9-dihydro-2 H-pyrido[4,3 2-de Jphthalazin-
3(7H)-one

{00676] Benzyl 2-(4-(9-(4-tluorophenyl)-3-ox0-3,7,8 O-tetrahydro-ZH-pyride[4,3,2-de iphthalazin-
B-ylypbenyhpyrrolidine-1-carboxylate (60 mg, 0.107 mmol) was dissolved in distifled methanol {13
mL), and the reaction mixture was stirred at room temperature under an atmosphere of hvdrogen in
the presence of a catalytic amount of palladium on carbon (11 mg, 0.01 mumol) for 2 hrs. After the
reaction was completed, the catalyst was removed by filtration through a pad of Celite, and the
solvent was removed under reduced pressure. The residue was purified by preparative TLC (MeQH:
DOM = 11 10) to give the title compound (5 mg, yield 11 %) as a white foam. LC-MS (EST) m/2:
426(M+1)" "H-NMR (400 MHz, CD:OD) 5 (ppm): 1.78-1.88 (m, 1H), 1.95-2.08 {m, 2H), 2.24-2.32
{ox, THY, 3.05-3.02 {m, 1HD), 3.21-3.27 (m, 1TH), 4.17-4.21 (m, tH), 4.34-4 36 (d, J= 8.0 Hz, 1H),
4.75-4.77 {d, J= 8.0 Hz, IH)_‘ 6.91-6.95 {m, 2H), 7.09-7.15 (m, 2H), 7.17-7.25 (m, 1H), 7.22-7.25
{m, TH), 7.29-7.34 (m. 4H), 7.55-7.57 (m, 1H), 7.63-7.67 (m, 1H).

Example 147
8-{(4-Fluorophenyl)-9-methyl-9-(1-methyl-1 H-imidazol-2-y1)-8,9-dihydro-2H-pyrida(4,3,2-
detphthalazin3(7 H)-cue
Example 147A
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Ethyl 2-(4-Auorophenyl33-methy-3-( -methyl- 1 fi-imidazol-2<vD-d-0x0-1,2,3 4-
tetraliydroguinoline-3-carboxylate
{00677} To a solution of ethyt 2-(4-fluoropheny)-3-( 1 -methyl-1H-imidazot-2-yi}-4-ox0-1,2,3.4-
tetrahvdroguineline-5-carboxylate (150 mg, 0.38 mmol) and cesium carbonate (268 mg, 0.76 mmaol)
in DMF {10 mL) was added iodomethane (0.2 mL, 2.28 mmol} at § °C under N,. The reaction

mixture was stirred at 0 °C for 4 h and then at room temperatare overnight. The resulting solution

was added 30 mL of water. and then extracted with ethyl acetate (100 ml. x 3). The extracts were

concentrated to give the crude product as a yellow solid (145 me, yield 90%), which was used in the
pext step without further purification. LC-MS (ESE) mvz: 408 (M+1)
Example 147B
8-(4-Fluorophenyh)-9-methyvl-9-(1-methy!-1 H-imidazol-2-v1)-8, 9-dibydro-2 H-pyrido[4,3,2-
delphthalazin-3{7H)-one

{00678] Ethyl 2-{4-fluorophenyl)-3-methyl-3-( 1-methyl-1H-imidazol-2-y1)-4-ox0-1,2.3 4~
tetrahydroquinoline-5-carboxylate (70 myg, 0.18 mmol) was added to hydrazine monohydrate (5 ml.)
and the mixture was stirred at 67 °C for 10 hr. The resulting mixture was concentrated and purified
by prep-HPLC to obtain the title compound as a white solid (9 mg, yield 14%5). LC-MS (ES) m/z:
376 (M+1Y . H-NMR (400 MHz, DMSO-dy) 8 (ppm): 1.79 (s, 3H), 2.57 (s, 3H), 4.50 (s, 1H), 6.68-
6.69 (d, /= 0.9 Hz, 1H), 6.78-6.82 {m, ZH), 6.84-6 85 (d, 7= 0.9 Hz, 1H), 7.05-7.09 (m, 2H), 7.16-
TA18(dd. J;=8.0 Hz, ;=08 Hz, 1H), T34 (s, TH), 7.43-745 (dd, J,= 8.0 Hz, J,= 0.8 Hz, 1H).
7.57-7.61 {t, J=7.6 He, 1H), 12.30 (s, 1H).

Example 148
9~(4-Fluoropheny))-8-( 1 H-imidazol-2-y1)-8.9-dihydro-2H-pyridofd,3.2-de]phthalazin-3{ 7H)-one
Example 148A
I-Benzyl- L Hamidazole-2~carbaldehvde
[00679] To a solution of 1H-imidazole-2~carbaldehyde (240 mg, 2.4 munol) and potassium carbonate
{662 mg. 4.8 mmol} in acetonitrile (5 mL) at 0 "C was added dropwise (hromomethyl)benzene (493
mg, 2.88 mmol). The mixture was stirred at 40 °C for 4 hr. Then the mixture was filtrated,
evaporated to remove the acetonitrile from the filtrate, added EtOA¢ to extract the residues, and
washed the exiract with brine and water. The organic layer was dried with anbydrous Na.SQ,
concentrated, and chromatographed on a sihica gel column {EtOAc: hexane = 1: 9) to obtain the title
compound ( 430 mg, yield 93%). LC-MS {ESDH m/z: 187 (M+1)",
Example 1488 _
(£)-4-({1-Benzyl-14-imidazol-2-yDmethyleneaminoisobenzofiran-1(3HN-one
{00680] The mixture of I-benzyl-1#-imidazole-2-carbaldehyde (430 mg, 1.48 mmol), 4-

aminoisobenzofuran-1(3 H)-one {221 myg, 1.48 mmol) and magnesium sulfate (4.3 g) in acetonitrile
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was heated to reflux for 48 hr. Then the mixture was filtrated off and evaporated to remave the
sotvent, The crude was re-crystallized from isopropanol i obtain the title compound (470 meg,
65% 3 LO-MS (BSD my/z: 318 (M1},
Example 148C
Ethyl 2-(1-benzyl-1 Hamidazol-2-y-3-(4-fluorophenyi)-4-oxo-1,2.3 4-tetrahvdroguinoline-5-
carboxylate
[00681] A solution of { £3-4-({ 1-benzyl-1 Hximidazol-2-vhmethylensamino Yisobenzofuran- 13-
one (470 mg, 1.48 mmol) i ethyi propanate (5 mb) was added EtONa/EtOH (136 mg of sodiom in
5 mb of ethanol) and stirred at room temperature under Ny for 30 min. Then the mixture was.
partitioned between water and ethyl acetate. The organic layer was separated, washed with water
and brine, dried with anhydrous Na,SO; and chromatographed on a silica gel column (FiQAc
hexane = 1: 910 1: 1) fo obtain the title compound (280 my, vield 40 %). LC-MS (ES]) m/z: 470
(M+1).
Example 148D
8-( 1-Benzyl-1H-imidazol-2-y1)-9-(4-fluorophenyl}-8,9-dihydro-2H-pyrido{4,3,2-de}phthalazin-
3(TH)-one
{00682 A mixture of ethyl 2-(1-benzyl-1 H-imidazol-2-v1)-3-(4-flucrophenyl)-4-ox0-1,2,3,4-
tetrabydroquinoline-S-carboxylate (280 mg, 0.59 mmol) and bydrazine monohydrate (2 mL, 85%) in
methanol (4 mL) was stirred at 40 °C for 2 hr, and then evaporated to half of the original volume.
The mixture was filtrated and washed the solid with ethy! acetate to obtain the title compound (200
mg, vield 96%). LC-MS (ESD m/z; 437 (M+1)".
Example 148E
9-{4-Fluorophenyh)-8-( 1 - imidazol-2-y1)-8,9-dihydro-2H-pyride]4,3,2-de]phthalazin-3(7H)-one
{00683] A mixture of B-{1-benzyl-1 Heitmidazol-2-v)-9-(4-fluoropheny)-8,9-dihydro-2 H-
pyridof4,3,2-deipbthalazin-3(7#}-one (200 myg, 0.46 mmol) and paliadium hydroxide (200 mg) in
methanol (4 mlL) was purged with hydrogen angd stirred at 60 °C for 1R hr. Then the mixture was
filtered, evaporated to remove the solvent, and washed the solid with ethyl acetate to obtain the title
compound (150 mg, yield 94%). LC-MS (ESD) mvz: 348 (M+1)". 'H-NMR (400 MEz, DMSO-d6) 8
(ppmy: 493 (d, /=84 Hz, 1H), 521 {d, J= 8.4 Hz, 1H), 7.10 (t,.7= 8.4 Hz, 2H), 7.21-7.30 (m,
3HY, 7.37 (s, 1H), 7.45-7.49 (m, 3H), 4.58 (d, 7= 10 Hz, 1H), 7.62-7.67 (m. 1 H), 7.87 (s. [H).
Example 149
3-Fluoro-9-(1-methyl-1H-1,2 4-triazol-5-y1)-8-phenyi-8,9-dihydro-2H-pyrido{4,3 2 -de | phthalazin-
3(7TH)~-one
Example 149A
Ethyl 7-fuore-3-( -methyl-14-1,2 4-triazol-5-y])-4-0x0-2-phenyl-1 2,3 A-tetrahydroquinoline-5-

carboxylate
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{06684] To a solution of ( E3-4-(benzylidencamino)-6-flaoroisobenzofuran-1{3 M)-one (125 g, 4.9
mmol), anhydrous Na 8O- {1.24 g, 9.82 mmwl), anhydrous NaxSO4 (2 g, 14.7 mmol) and 1-methyl-
1H-1.2 d-riazole-5-carbaldehvde {900 mg, 8.1 mmal) in ethy] propionate {50 mL.) was added
EtONa [(sodium 316 mg, 13.8 mmol} in 253 mL cthanol] at 40 °C, then the mixture was stirved at 40
°C for 3 hr. The resulting mixture was evaporated under reduced pressure, extracted with ethyl
acetate {100 ml. < 4) and concentrated to deyness. The crude product was purified by column
chrisnatography (silica gel, dichloromethane: methanol = 260:1 to 50:1) to obtain the title
compound as a green solid (190 mg, vield 10%). LC-MS (EST) m/z: 395 (M+1).
Example 1498
S-Fluoro-8-(1-methyl-1H-~1,2 4-triazol-5-y1}-8-phenyl-8 8-dihydro-2H-pyrido{4,3,2-de|phthalazin-
3(7Hj-one

[p6683] To a solution of ethyl 7-flaoro-3-(1-methyl-1.151,2 4-triazol-5-yiF-4-ox0-2-phenyl-1,2,3 4~
tetrahydroquinoline-S-carboxylate (186 mg, 0.47 mmol) in methanol {1 mL) was added hydrazine
maoneohydrate (0.5 mL), and the mixture was stirred at 25 °C for 15 hr. Then the mixture was filtered
to obtain a white solid (40 mg, vield 24%). LC-MS (ESIy mv/z: 363 (M+1)". "H-NMR (400 MHz,
DMSO-cg) 8 (ppm): 3.63 (s, 3H), 4.94-5.03 (i, 2H), 6.91-6.94 (dd, ;= 11.6 Hz, /,=2.4 Hz, 1H),
7.05-7.08 (dd, Ji= 9.6 Hz, J,=2.4 Hz, 1H), 7.29-7.35 (m, 3H), 7.42-7.48 (m, 2H), 7.74 (s, 111, 7.79
(s, TH), 12.34 (5, 1H).

Example 150

9-{4-Fluorophenyl)-9-hydroxy-8-( L-methyl-1 Huimidazol-2-y13-8.9-dihydro-2 H-pyridof4,3,2-
de jphthalazin-3(7H)-one
Example 150A
Ethyl 3-(4-fluorophenyi)-3-hydrony-2-( L -methyl- 1 H-imidazol-2-y-4-ox0-1,2.3.4-
tetrahydroquinoline-5-carboxviate

[00686] To a mixture of (£)-4-({1-methyl-1 Aimidazol-2-yDmethylencamino)isobenzofuran- 13 H)-
one (590 mg, 2.4 mmol} and 4-fluorchenzaldehyde (300 mg. 2.4 mmol) in ethyl propionate (20 mL)
was added a solution of sodium ethoxide in cthanol [sodinm (220 mg, 9.6 mmol) in ethanel (10
mL)|. After the addition, the mixture was stirred at room temperatare overnight. The mixture was
guenched with water {10 mL) and solvent was removed in vacuum. The residus was dissolved in
water, and then extracted with ethyl acetate (100 mL x 4). The combined organic lavers were
washed with brine, dried over anhydrous sodium sulfate, and concentrated to give a crude product,
which was purified by flash chromeatography to give the title compound (100 mg, yield 10%). LC~
MS (ESD mfz: 410 (M+1),

Exanmple 1508
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9-(4-FluorophenyD)-9-hydroxy-8-( L-methyl-1 Hmidazol-2-v1)-8,9-dihydro-2 Hpyrido[4,3 2~
dephthalazin-3{7 f}-one
00687} A mixture of ethyl 3-(4-fluorophenyl)-3-hydroxy-2-( 1 -methyl-1 H-imidazol-2-y{}-4-oxo-
1,2,3 4-tetrahydroquinoline-3-carboxylate (60 mg) in 85% hydrazine monohydrate (0.2 mL) and
methanal (2 ml) was stirved at room temperature for 1 e Then the solvent was removed under
reduced pressure. The residue was purified by prep-TLC (methanol: dichloromethane = 12 20) to
give the title compound (530 mg, yield 80%). LC-MS (ESD) m/z: 378 (M+1Y; "HONMR (460 MHz,
DMSO-df): 3.44 {s, 3H), 524 {5, TH), 6.84 (s, 1H), 6.98-7.06 (m, 4H), 7.11-7.13 (d, J= 8.0 Hz,
TH), 7.38-7.42 (m, 3H), 7.46 (s, 1H), 7.56-7.60 (1, .= 8.0 Hz, 1H}.
Example 151
B-(4-Fluoropheuyl)-§-methyl-9-(L-methyl- 1 H-imidazol-2-y1)-8,9-dihydro-2 H-pyrido{4,3,2-
de]phthalazin-3(7 H-one
Example I51A
(E)-4-(1-{4-Fluorophenylethylidencamino)isobenzofuran-1{3 H)-one
[00688] To a solution of d-amineisobenzofaran-1(3H-one (1 g, 6.7 mmol) and 1-(4-
flworophenylethanone (1.4 g, 10,1 mmol} in toluene (35 mL) was added anhydrous magnesium
sulfate (8.8 g 73.7 amol) and acetic acid (0.2 ml.) at room temperature under N, The reaction
mixtare was then stirred at 120 °C for 36 hr. The reaction mixture was cooled to 90 °C and filtered.
After filter cake was washed with acetonitrile, the {iltrates were combined and evaporated 1o dryness
to obtain yellow solid, which was washed by petroleum ether to obtain the title compound as a white
solid (1.58 g, yield 88%). LC-MS (ESTy m/z: 270(M+1)" 'H-NMR (400 MHz, CDCL) 8 (ppm): 2.30
{s, 3H}, 5.16 (5, 2H), 7.00-7.02 (d, /= 7.6 Hz, 1H), 7.13-7.18 (m, ZH), 7.51-7.56 (t. /= 7.6 Hz, 1H),
7.66-7.69 (d,.J= 7.6 Hz. 1H), 7.99-8.03 {m, 2H).
Example 1518
Ethyl 2-{4-fluorophenyi)-2-methyi-3-(-methyl-LH-imidazol-2-v)-4-0x0-1,2,3.4-
tetrahydroquinoline-5-carboxyvlate
[00689] To a solution of I-methyl-1 H-imidazole-2-carbaldehyde (580 mg, 5.2 mmob), and (E)»-4-(1-
{4-tluorophenybethylideneamino)isobenzofuran-1(3H)-one (1 g 3.7 mmol) in ethy! propionate {20
ml) was added rapidly EtONa [sodium (340 mg, 14.8 mmol) in 8 mL ethanol] at 0 °C, then the
mixture was stirred at 30 °C for 3 hr. The resulting mixture was added ethyl acetate (150 ml.) and
washed with water (25 ml > 3), the organic layers were combined and evaporated to dryness to give
the crude product, which was purified by column chromatography (silica gel, dichloromethane:
methanol = 200:1 to 50:1) to afford the title compound as a red solid (120 mg, vield 8%). LC-MS
(ESDH m/z: 408 (M+1)
Example 151C
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B-(4-Fluoropheuyl}-8-methyl-9-(1-methyl-1 H-imidazol-2-y1)-8 8-dihydro-2 H-pyridof4,3,2-
de|phthalazin-3(7Hy-one
[80690} To a solation of ethyl 2-(4-fluorophenyl)-Z-methyl-3-(1-methyl-1 H-imidazob-2-y1)-4-0x0-
1,2,3 4-tetrahydroquinoline-S~carboxylate (120 mg. 0.30 mmol) in methano! (4 ml.) was added
hydrazine monohvdrate (0.7 mL) at room temperatare, the mixture was stiveed under 30 °C for 10 hr.
The solvent was evaporated to obtain crude solid, which was washed by 14 mL of mixture of ethyt
acetate and methanol (13:1) to obtain the title compound as a green solid (40 mg, vield 36%). LC-
MS (EST) m/z: 376 (M+1)". "H-NMR (400 MHz, DMSO-d:) 3 (ppra); 1.39 (s, 3H), 3.71 (s, 3H),
474 (s, 1H), 6.72 (s, 1H), 7.03 (s, 1H}, 7.06-7.11 (m, 2H), 7.16-719 (d, J=§ Hz, 1H), 7.25-7.28 (d,
J=8Hz, 1H), 749 (s, 1H}, 7.54-7.58 {m, 3H), 12.05 (s, 1H).
Example 152
Racemate of (SR 9R)-8-(4-({dimethylamino)methyphenyD-5-fluora-9-( 1 -methyl-1 H-1,2 4-triazol-
S-v1)-8.9-dihydro-2 H-pyrido[4,3.2-dephthalazin-3 (7 H)-one and (85,953-8-(4-
{(dimethylamino)methyDphenyl)-5-fluoro-9-( I-methyl-1 H-1.2 4-triazol-5-y1)-8,9-dihydro-2 H-
pyrido[4,3,2-de iphthalazin-3({7H)-one; and racemate of (85,9R)-8-(4-
{{dimethylaminojmethyDphenyi-S-fluoro-9-( I-methyl- LH-1,2 4-triazol-5-v1)-§,9-dibydro-2 H-
pyridofd, 3. 2-de Jphthalazin-3(7H)-one and (R 853-8-(4-((dimethylaminopoethy phenyD-3-fluoro-
O~ t-methyl- 1412, 4-triazol-5-y1)-8,9-dibydro-2H-pyrido(4,3,2-dephthalazin-3{ 7H)-one
Example 1524
Ethyl 2-(4-((dimethylaminojmethyDpheny)-7-fluoro-3-( 1 -methyi-1H- 1,2, 4-triazolk-S-vi)-d-oxo-
1,23 4-tetrahydroquinoline ~S-carboxylate
(00691}  To a solation of (£)-4-(4-({dimethylaminoImethylybenzylideneamine )-6-
fluoroisobenzofuran-1(3#)-one (4.2 g, 13.5 mmol) and compound 1-methyl-1H-1.2 4-triazole-5-
carbaldehyde (3.0 g, 27 mmol) in ethyl propionate (150 mL) was added rapidly NaQEt [sodium (870
mg, 37.8 mmol) in 70 mL ethanol] at 40 °C, then the mixture was stirred at 48 °C for 3 hr. The
resulting mixture was concentrated under reduced pressure and extracted with ethyl acetate (250 ml
X 3). The extract was evaporated to give a crude product, which was purified by column
chromatograpby (silica gel, dichloromethane: methanol = 50:1 to 10:1) to obtain the title compound
{360 mg, yield 9%) (a mixture of cis and rrany isomers). LC-MS (BSD m/z: 452(M+1)",
Example 1528
Racemate of (8R,9R)-B-{4-((dimethylamino)methybipheny)-5-fluoro-9-( L-methy |- 1 H-1,2 4-triazol-
5-y1)-8,9-dibydro-2 H-pyride{4,3,2-de jphthalazin-3( 7H)-one and (85,95)-8-(4~
({dimethylamino)methylyphenyl-$-fluoro-9-{ 1-methyl- 1 F- 1,2, 4-triazol-5-y1)-8 9-dibydro-2 H-
pyrido[4.3.2-de]phthalazin-3(7H)-one; and racemate of (85,9R)-8-(4-
((dimethylamino)methyliphenyl}-5-fluoro-9-(I-methyl- 1 #-1,2.4-triazol-5-y1)-8,9-dihydro-2 F-
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pyridofd,3,2-dephthalazin-3(7#-one and (8R,95)-8-(4-{{dimethylamino)methyDphenyi}-5-fluoro-
o-(}-methyl-15-1,2 4-triazol-5-y1)-8,9-dihydro-2 H-pyridof4,3,2-de|phthalazin-3(7 Hj-one

{00692} To a solution of ethyl 2-(4-{(dimethylaminoymethyDphenyly-7-fuore-3~(1 -methyl- 117~

1.2 4-triazol-3-y)-4-ox0-1,2,3 4-tetrahyvdroquinoline-3-carboxylate (560 mg, 1.24 munol, a mixture
of cis and frans isomers) in methanol (2 mL) was added hydrazine monohydrate (0.5 mL) and the
mixture was stitred under 23 °C for 10 hr. The mixture was concentrated in vacuum and the residue
was purified by prep-TLC then prep-HPLC to obtain the two pairs of diastereomers as white solids
{racemate of (88, 9R)-R-{4-({dimethylamino)methyDphenyD)-53-fluoro-0-( 1 -methyl-14-1.2, 4-triazol-
5-y1-8,9-dihydro-2 H-pyrido[4,3,2-de]phthalazin-3(7H)-one and (85.95)-8-(4-
{{dimethylamino)methyDphenyly-5-fluore-9-(L-methyl- 1 H-1.2 d-riazol5-v1)-8 9-dibydro-2 H-
pyrido[4.3,2-de]phthalazin-3(7TH)-one: 20 mg. vield 4%). LC-MS (ESD m/z: 420 (M+1}: 'H-NMR
(400 MHz, DMSO-d;) 8 (ppm): 2.16 (s, 6H), 2.88 (5, 3H), 3.34 (s, 2H), 4.73-4.74 (d, J;= 4.0 Hz,
FH). 5.02-5.03 (d. /o= 4.0 Hz, TH), 6.92-6.95 (dd, ./, = 10.8 Hz, =24 Hz, [H), 7.07-7.09 {dd, J; =
10.8 Hz, A= 24 Hez, [H), 7.04-7.06 (d, /= 7.6 He, 2H), 7.23-7.25 (d, .J = 7.6 Hz, 2H), 7.56 (s, 1H),
7.69 {s, 1H). 12,45 {s, 1H). Racemate of (85,9R)-8-(4-({dimethylaminoymethyl)phenyl}-5-flaoro-9~
(1-methyl-1H-1,2 4-triazol-5-v1)-8,9-dihydro-2 H-pyrido[4.3.2-de {phtbalazin-3( 7 H)-one and
{8R,95)-8-(4-((dimethylamino)methyDphenyl)-5-fluoro-9-( 1 -methy b L -1, 2 4-triazol-5-v1)-8,9-
dihydvo-2 H-pyridof4,3,2-de|pbthalazin-3(7H-one: 140 mg, vield 27%). LO-MS (ESH m/z; 420
(M=+1)"; HINMR (400 MHz, DMSO-d;) 8 (ppm): 2.10 (s, 6H), 3.36 (s, 2H), 3.59 (s, 3H), 4.91-4.99
(i, 2H), 6.91-6.95 {dd, /=24, Jy=11.2 Hz, 1H), 7.05-7.08 (dd, J=2.4, /=92 Hz, 1H). 7.20-7.23
{d, 2=8.0 Hz, 2H), 7.35-7.37 {d, /=8.0 Hz, 2H), 7.72 (s, 1TH), 7.79 (5, 1H), 12.33 (s, 1H).

Example 153

Racemate of (85,98)-8~(4-fluoropheny )-9-(I-methyl-1 H-imidazol-2-¥1)-8,9-dihydro-2 H-
pyrido[4,3,2-de]phthalazin-3(7H)-one and (8K, 9R)-8-(4-fhuiorophenyl)-9-(1 -methyi- | H-imidazol-2-
vi-8.9-dihydro-2 H-pyridof4,3.2-deiphthalazin-3(7 H)-one
{00693} A racemale of (8R,98)-8-(4-fluorophenyl}-9-( 1 -methyl-1 H-imidazol-2-y1)-8,9-dihvdro-2 -
pyrida{4,3 2-delphthalazin-3(71h~one and (85,9 R)-8-(4-fluorophenyl}-9-( L ~-methyl-1 H-imidazol-2-

¥1)-8,9-dihydro-2H-pyridal4,3,2-de Jphthaluzin-3(7H}-one (600 mg, 1.67 mmol) was added to 30%
NaGH (32 mL) at room temperature, the mixture was stirred at 85 °C for 3 hr. Then the solution was
cooled to 5 °C and filtered to obtain 555 my of white solid, which was purified by prep-HPLC to
obtain the title compound as white solid (40 mg, yield 7%). LC-MS (EST) w/z: 362 (M+1)". 'H-
NMR (400 MHz, DMSO-d) 8 (ppm): 2.74 (s, 3H), 4.47 (d, 7= 4 Hz, 1H), 4.90 (d, /= 4 Ha, 1),
6.65 (s, 1H), 6.81 (s, TH), 7.07-7.17 (m, 6H), 7.40-7.42 (d, /= 8 Hz. 1H), 7.55-7.59 {t,J = § Hz,
TH), 12.23 (5, 1H) .

Examples on Chiral Resolution

Example 154
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Enantiomers of {8R,95)-8-{ 4-fluorophenyD-9-(1-methyl-| A-imidazol-2-y1)-8.9-dibvdro-2 H-
pyrido[4.3,2-deiphthalazin-3(7Hy-one and (85.9R)-8-(4-Huoropheny)-9-(1-methyl-1 H-imidazol-2-
v1)-8.9-dihvdro-2H-pyridof4,3 2-dephthalazin-3(7H)-one
[00694] B-(4-Fluoropheny)-9-(1-methyl-1H-imidazol-2-v])-8,9-dihydro-2 H-pyrido{4.3,2-
delphthalazin-3(7#)-one was dissolved in DMF and chiral resolution was performed using super-
fluid chromatography (SFC) with 1A chiral column and methanol (309%) and CO; (70%) ag the
gluents.

Exarople 155

Enantiomers of {8R,95)-5-fluoro-8-(4-fleoropheny{}-9-( l-methy -1 7-1.2 4-riazol-5-y1)-8.9-dihydro-
2H-pyrido{4.3,2-de]phthalazin-3{7H)-one and (8S.9R)-5-fluore-8~(4-HlucrophenyD-9-( 1 -methy -1 H-
1.2, 4-triazol-5-y1)-8.9-dihydro-2 H-pyrido[4,3,2-dephthalazin-3(7 Hy-one

{00695} 5-Fluoro-8-{4-fluorophenyl}-9-(1-methyl-14-1.2,4-triazol-5-y1)-8,9-dihydro-2 -
pyridof4.3,2-de|phthalazin-3(7 A)-one was dissolved in DMF and chiral resolution was performed
using super-fluid chromatography (SFC) with 1A chiral column and methanol {20%) and CO; (80%)
as the eluents.

Example 156

{8R.95)-5-Fluoro-8-(4-tluoropheny D)-9-( L -methyl- | H-imidazol-2-y1)-8,9-dihydro-2 H-pyrido4,3,2~
delphthalazin-3(7H)-one and (85,9R)-5-fluoro-8~(4-fluoropheny!}-9-( 1 -methyl- | H-imidazol-2-y1)-
8.9-dihydro-2H-pyrido[4.3 2-deiphthalazin-3(7f#)-one
[00696] 3-Fluoro-8-{4-fluorophenyl)-9-(1-methyl- L H-imidazol-2-y1)-8,9-dibydro-2 H-pyrido]4,3,2-
de jphthalazin-3(7H)-one was dissolved in DMF and chiral resolution was performed using super-
fhuid chromatography (SFC) with 1A chiral colunn and methanol (30%) and CO, (70%) as the
eluents.

Example 157

(BR.95)-8~(4-Flaoropheny!)-9-{ 1-methyl-1 H-1,2 4-triazol-5-y1)-8,9-dihydro-2 H-pyrida[4,3,2-
de [phthalazin-3(7H)-one and (88.98)-8-(4-fluorophenyD-9-( L -methyl- 1 H-1,2 4-triazo}-5-v1}-8,9-
dihydro-28-pyrido{4,3.2-de |phthalazin-3(7H)-onc
[00697] 8-(4-FluorophenyD-9-(1-methyl- L1-1.2 d-triazol-5-y1}-8,9-dihydro-2 H-pyrido[4,3.2-
de |phthalazin-3(7H)-one was dissolved in DMF and chiral resolution was performed using super-
fluid chromatography (SFC) with 1A chiral column and methanol (30%) and CO, {(70%) as the
cluents.

Example 158

(88.95)-8-(4-{ Azetidin-1-yImethyl)pheny -9-(4-fluorophenyl)-8,9-dihydro-2 H-pyrido{4,3.2-
depbthalazin-3(7H)-one and (85.9R)-8-(4-(azetidin-1-yImethylphenyl}-9-{(4-fuoropheny!)-§,9-
dihydro-2H-pyridof4.3,2-dephthalazin-3(7 H)-one
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{00698} 8-{4-(Azetidin-1-ylmethylipheny[)-9-(4-fluorophenyl)-8,9-dihydro-2H-pyridof4,3,2-
dejphthalazin-3(7H}-one was dissolved in methanol and chiral resolution was performed using
super-flaid chromatography (SFC) with OJ-H chiral column and methano! (40%) and CQ, (60%) as
the eluents .
Example 159
{8R,95)-8-(4-({DimethylaminoymethyDphenyl}-3-fluoro-9-( 1 -methyl- 1 H- 1.2 4-triazol-5-y1)-8,9-
dihydro-2 H-pyridefd,3,2-de]phthatazin-3(7 F)-one and (88,9K)-8-(4-
((dimethylamino)ymethyphenyl)-3-fluore~-8-( 1 -methyl-1 71,2, d-triazob-5-v1)-8,9-dihydro-2 H-
pvrido[4,3.2-dephthalazin-3(7TH)-one
[06699] B-{4-((DximethylaminoymethylphenyD-S-fluoro-9-(T-methyl-1H-1,2,4-triazol-5-y1)-8,9-
dihydro-2H-pyrido[4,3.2~-de|phthalazin-3(7H }-one was dissolved in methanol and chiral resolution
was performed using super-fluid chromatography (SFC) with AS-H chiral column and methanol
{209%) and CO, (80%) as the ehients.
Biological Studies
[80700] inhibitory effects of fest compounds against human PARP | enzyme was assessed using
Trevigen’s Universal Chemiluminescent PARP Assay Kit (Trevigen CAT#4676-096-K) following
the manufacturer’s recommended protocol.
{00701] Immediately prior to performivg the assay, the following reagents were prepared: A) 20x
PARP Assay Buffer was diluted to 1x with dH,0; B} 10x PARP Cocktail, which contains a mixture
of NAD and biotinylated NAD, was diluted by the addition of 10x Activated DNA and 1x PARP
Assay Buffer. Both the PARP Cocktail and Activated DNA are Iy after the dilution: C) all test
compounds were initially dissolved in DMSO, and subsequently serial diluted with 1+ PARP Assay
Buffer; D} recombinant human FARP 1 enzyme was diluted with 1x PARP Assay Buffer to
genevate 0.5 unit/15 pl; B} 10x Strep-Diluent was diluted to 1x with 1= PBS/0.1% Triton X-100: F)
Just before use, dilute Strep~-HRP 500-fold with 1x Strep-Dituent.
{60762} The chemiluminescent assays for PARP activity were performed in white 96-well plates that
are pre~coated with histones. Briefly, strip wells were removed from the wrapper, 50 ul/well of 1X
PARP Buffer was added to rehydrate the histones and mcubation was allowed for 30 minutes at
room temperature. Removal of the 1X PARP Buffer from the wells was accomplished by tapping
the strip wells on paper towel. Serial dilutions of the test compounds were added to duplicate wells
in 10 pl/well volume. Final assay concentrations of test compounds were typically between | and
0.0007 M. Subsequently, recombinant human PARP 1 enzyme was added to 0.5 unit of PARP 1
enzyme/well in 15 pliwell volume. Combined volame of enzyme and inhibitor was 25 ul. Incubate
the enzyme/inhibitor mixtures for 10 minutes at room temperature. To start the reaction, 25 pliwell

of the 1X PARP Cockiatl was added 1o all the wells. Controls included background wells with 1x
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Assay Buffer alone (no PARP) and wells with no inlubitor for determining the maximum or 100%
PARP activity value, In all cases the final reaction volame was 50 ul.
{60763} The reactions were allowed to proceed for 1 hour at room temperature. The plate was then
washed 4 times with 200 pliwell 1X PBS/D.1% Triton X-100, using ELx50 Automated Strip Washer
{(BIO-TEK). After washing, all wells were incubated for 60 minutes with 50 pl/well Strep-HRP,
dituted 1:500 with 13 Strep-Diluent. The plate was washed 4 times with 200 plfwell 1X PBS/0.1%
Triton X-100 using ELx50 Automated Siripp Washer (BIO-TEK). After washing, dry the wells by
tapping plate onto paper towels, Mix equal volumes of PeroxyGlow™ A and B together and add 100
ul per well. The light outpat was immediately determined in a plate reader (EnVision, by Perkin
Elmer) set up for measuring chemiluminescence.
[68704] The % enzyme activity for each compound is then calculated using the following eguation:
Activity Ctrl - X

EATA s 3 by 3 e — " A
winhibition = — " e ; x 100%
} Activity Ctrl -~ Negative Ctri

00705 1Cs values (the concentration at which 50% of the enzyme activity is inhibited) of each test
compound were caloulated using GraphPad Prism3 software.

{00706] Al of the compounds tested had or were expected to have enzymatic PARP inhibitory
activity. OF the compounds tested, over 100 compounds had a PARP inhibitory activity in the
enzymatic assay of less than 50 aM, with approximately 60 of these compounds having an inhibitory
activity of less than 5 nM.

{00707} Chemosensitization assay determines the extent by which a PARP inhibitor enhances the
tumor cell-killing effect of cytotoxic drugs expressed as PPy (potentiation factor at Glzg)]. 8000
LoVo cells were seeded into each well of a flat-bottomed 96-well microtiter plate in a volume of 50
ul and incubated in F12K containing 10% {v/v) FBS (medium) overnight at 37 °C. Cells were added
with 50 p] medium alone. medium containing 2 uM PARP inhibitor, medium containing increasing
concentration of Temozolomide (8-200¢ uM), and medium containing 2 uM PARP inhibitor and
increasing concentration of Temozolomide (0-2000 uM). Final concentration range for
Temozolomide was 0-1000 M where applicable, final concentration of PARP inhibitor was 1M
where applicable. Final concentration of DMSO was 1% in each well. Cells were allowed to grow
for 5 days before cell survival was determined by CefiTiter Glo staining (Promega, Madison, W1,
USA). Cell growth, determined after subtraction of time ( values, was expressed as a percentage of
the control well that contained medium with 1% DMSO. Gl (concentration of drug that inhihited
growth by 50%} values were calculated from the computer generated curves (GraphPad Software,
Ine. San Diego CA). The potentiation factor [PFs, (potentiation factor at Glg)] was caleulated as
Glsp of Temozolomide alone / GISO of Temorzolomide + PARP inhibitor. Reference: Thomas H.D.
et al. {2007). Preclinical selection of a novel poly{ ADP-ribose) polymerase inhibitor for clinical

trial. Molecular Cancer Therapy 6, 945-956.
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160708} Most of the compounds tested had a PF50 of more than 2X.

Xenograft Studics

Antitumor jn vive animal efficacy study

[00709} Female athymic nwnu mice (8-10 weeks old) were used for all in vive xenograft studies.
Mice were quarantined for at least 1 week before experimental manipulation. Exponentially
growing cells orin vive passaged tumor fragments were implanted subcutaneously at the right flank
of nude mice. Tumor-bearing mice were randomized according to tumor size into 6-8 mice/group in
each study (average tmor size ~150 mor). Mice were observed daily for survival and tumors were
measured twice weekly by caliper in two dimensions and converted to temor mass using the formuls
for a prolate ellipsoid (V = 0.5 a x b"), where a and b are the long and short diameters of the tumor,
respectively, and assuming unit density {1 mm™ = | mg).

[60710] Single agent activity: PARP inhibitors were evaluated in Capan-1 and MX-1 xenografts fow
single agent activities. Compounds were dosed orally (p.0.), once daily for 28 days in vebicle 10%
DMAc/6% Solutal/84% PBS, and the same vehicle was used as control. Mice were continuously
monitored for 10 more days after the last day of dosing.

{86711 Combination study: PARP inhibitory compounds described herein in vehicle 10%
DMAe/6% Solutal/84% PBS, were either administered orally, once daily for 5 days with
Temozolomide (17mg/kg or 34 mg'kg, p.o., qdx3. 30 min after each dose of compounds) in SW&20
xenograft model or dosed orally, once daily for 8 days with 6 mg/kg Cisplatin (onee by ip on day 3,
30 nin after first dose of PARP inhibitors) in MX-1 xenograft model. Mice were observed and
individual tumor was measured for 30 more days after the last dosing of PARP inhibitory
compounds.

j00712) In vivo animal study on a few potent PARP inhibitory compounds described in the
Examples section have demonstrated single agent activities in reducing both MX-1 and Capan-1
tumor growth by themselves when administered orally for 28 days. A few compounds when
combined with DNA damaging agent Temozolomide significantly slowed tumor progression in
SW620 model. In the MX-1 breast xenograft model, these compounds potentiated the platinum
drug Cisplatin cansing regression of established tumors, whereas with comparable doses of cisplatin
or PARP inhibitor alone, only small to modest tumor inhibiticn was exhibited.

BRCAZ-deficient V-C8 or BRCA2-complimented V-C8 + B2 cells

{00713] BRCAZ-deficient V-C8 or BRCA2-complimented V~-C8 + B2 cells are implanted
intramuscularly into the thigh of 40 CD-1 nude mice. Treatments are initiated when tumors are of
measurable size (approximate leg diameter of 11 mm). Animals receive either a compound of
Formoula (1), (1A} or (I} (two doses of 25 or 50 mg/kg in saline) or saline (10 mg/mi)

inteaperitoneallly administered on days 1-5, and are monitored on a daily basis during freatment
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{tumor measurements, body weights and clinical evidence are recorded); and as required atter the
fast treatment.

ES-cell-derived tumors

(06714] ES-cell-derived tumars (teratomas) are produced by subcutaneous injection of 2 x 10° ES
cells into 6-8 week athymic BALR/c-nude (muw/nu) mice. 40 mice are injected with BRCA2-deficient
ES cells orisogenic wild-type cells, Two days after cell injection, treatment with a compound of
Formula (1), (1A} or (D) is initiated. For three consecutive days, two intraperitoneal doses of a
compound of Formula (I, (1A} or () or vebicle is administered, 6 h apart, each at a dosage of 13
mg/kg per animal. This treatmaent is stopped for 5 days and then re-initiated for another three
consecutive days. Growth of tumors is monitored from a minimum volume of 6.2 em’,

[90715] The in vitro assays disclosed herein, along with other known in vitro assays (Farmer e of.,
Nature 2005; 434:913-7: clonogenic survival assay finding that a BRCA2-deficient cell line V-C8,
compared with the BRCAZ2 wild type control exhibited sensitivity to AG14361, a PARP-! inhibitor,
{Ki = Snro) and NU1025, a moderately potent PARP-1 inhibitor (Ki = 500M); & Mcabe et ¢l .
Cancer Biology & Therapy 2005; 49, 934-36; clonogenic survival assay nsing CAPAN-1 cells
maintained in DMEM supplemented with FCS (20% v/v), ghstamine and antibiotics showing
sensitivity to PARP inhibition using KUGO58684) demonstrates the activity of PARP-inhibitors in a
static test situation. Additionally, animal models have been used to analyze the relationship between
n vitro tests and parameters of in vivo efficacy. By way of example only, Farmer ¢f @, has shown
in vivo efficacy in blocking the growth of BRCA2-deficient tumors using KUD058684, a PARP-1
inhibitor. Nature 2005; 434:913-7. This indicates that PARP-1 inhibition is a viahle cancer treatment
for BRCA1/2 mutation carriers. Furthermore, KUO0S9436, a PARP-1 inhibitor is curvently in Phase
I clinical trials for patients with advanced solid tumors. Given this information, compounds of
Formula (1), (1A} or (I1) which have shown in vitro inhibitory action are likely to show analogous in
vivo {mouse and buman) efficacy.

Phase I Clinical Trial of the Safety and Efficacy of Compounds of Formaia (1), (IA) or (IT)
{86716] The purpose of this phase i trial is to study the side effects and best dose of a compound of
Formuda (1), (14) or (11) and to determine how well it works in tecating patients with locally
advanced or metastatic breast cancer or advanced ovarian cancer.

Objectives:

Prisary:
A. To determine the response rate to a compound of Formala (1), (JA) or
(D) in patients with locally advanced or metastatic breast or advanced
ovarian cancer shown to express the BRCA 1 or 2 mutations
B. To evaluate the toxicity of a compound of Formula (I}, {IA) or (II) in

these patients

Secondary:
A. To evaluate the timse to progression and overall survival in patients
treated with a compound of Formaula (1), (1A) or (1)
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B. To study pharmacokingties of a compound of Formuda {1}, (JA) or (I} in

C. To evahuate the Poly( ADP-ribose) polymerase (PARP) activity in
peripheral blood ivmphoeytes from BRCA 1 and 2 heterozygotic patients

Tertiary:

A. To evaluate PARP expression using quantitative western blotting
ImBne-assays

B. To investigate pharmacogenomics, including CYP2D6 and CYP3AS,
drug transport proteins, as well as polymorphisms in the genes coding for
the PARP enzyvmes themselves

C. To analyze tmor biopsy samples {(when possible) for BRCA mutation
status, PARP activity, and PARP expression

D. To analyze paraffin sections from original diagnostic biopsies/operative
procedures (when available) for DNA repair enzyme status using
immunchistochemical technigues

E. To analyze cells obtained from ascitic or pleural fluid (where available)
for primary cell culture for DNA double strand break repair pathway
function

Patients: Eligible subjects will be men and women 18 years and older

«  Disease Characteristics:

O

]
(o]

Histologically confirmed locally advanced or metastatic breast cancer or
advanced ovarian cancer
Must meet 1 of the following criteria:
*  Proven a carrier of a known mutation of BRCA 1 or BRCA 2
= Considered highly likely a carrier of BRCA 1 or 2 matation (score of >
20 per Manchester criteria)
No mare than 3 prior chemotherapy regimens for patients with breast or ovarian
cancer
*  More than 2 months since prior carboplatin- or cisplatin-containing
chemotherapy for ovarian cancer
Measurable disease, as defined by RECIST eriteria and measured by x-ray, CT
sean, or MR
*  Patients with bone disease must have other measurable disease for
evaluation
*  Previously irradiated lesions cannot be used for measurable disease

Mo known brain metastases

Hormione receptor status not specified

»  Patient Characteristics:

WHO performance status 0-1

Life expectancy > 12 weeks

Menopausal status not specified

Hemoglobin > 8.0 g/dL

Absolute neutrophils > {,500/mm’

Platelets > 100,000/mm’

Serum bilirubin < 1.5 times upper limit of normal (ULN)

ALT or AST £ 2.5 times UEN (<3 times ULN if due to tumor)

Glomerudar filtration rate (GFR) = 50 mL/min

Not pregnant or nursing

Negative pregnancy test

Fertile patients must use two highly effective forms of contraception (i.e., oral,
injected, or implanted hormonal contraception, intrauterine device, barrier
method of condom plus spermicide, or are surgically sterile) 4 weeks prior to
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{females), during, and for 6 mosnths after (males and females) completion of
stady therapy
o Able to cooperate with treatment and follow-up
o Nowop-malignant systernic disease, including active uncontrolled infection
o No other concurrent malignancy, except adequately treated cone-biopsied
carcinoma in situ of the uterine cervix, basal cell or squamous cell carcinoma of
the skin, or breast and ovarian carcinoms
»  Cancer survivors who have undergone potentially curative therapy for a
prior malignancy, have no evidence of that disease for 5 vears, and are
deemed at low risk for recurrence are eligible
o No-active or unstable cardiac disease or history of myocardial infarction within
the past & months
= Patienis with cardiovascular signs or symptoms should have a MUGA
scan or echocardiogram, and those with a left ventricular ejection
fraction (LVEF) below the institutional limit of normal should be
excluded
o No other condition which, in the investigator's opinion, would not make the
patient a good candidate for this study
Prior Concurrent Therapy:

e At least 4 weeks since prior radiotherapy (except for palliative reasons), endocrine
therapy, immunotherapy or chemotherapy (6 weeks for nitrosoureas and mitomycin C)
s At least 4 weeks since prior major thoracic and/or abdominal surgery and recovered
¢ Concurrent radiotherapy for the control of bone pain or skin lesions allowed, but not
within 5 days of the last dose of study drog
+  Concurrent bisphosphonates allowed provided the dose is stable and treatment was
started at least 2 weeks prior o recruitment
No unresolved toxicities (CTCAE > grade 1) from prior ircatments (except for alopecia)
No concurrent anticancer therapy or investigational drugs
No concurrent tetracycline antibiotic therapy for prolonged perinds (short courses [5-7
days] for treatment of infection are allowed)
[00717] Study Design: This s a dose-escalation study followed by an open label multicenter study.
Patients will be stratified according to tumor type (breast vs ovarian) and mutation status { BRCA 1
vs BRUA 2). Patients will receive a compound of Formula (1), (1A} or {11} {at one of several possible
dosages} over 30 minutes once daily on days 1-S. Treatment repeats every 21 days for 12 courses in
the absence of discase progression or unacceptable toxicity. Patients who achieve stable or
responding disease may receive additional courses of treatment at the discretion of the chief
nvestigator or Drug Development Office (DDO). Patients will undergo blood sample coHection
pertodically for pharmacokinetic and pharmacodynamic studies. Samples will be analyzed for temor
marker (CA 125 or CA 15.3) measurements, plasma levels of a compound of Formula (1), {(IA) or
{11} via liquid chromatography/mass spectrometry/mass spectrometry, PARP activity, and PARP
profein expression via western blotling immmunoassays. Parattin embedded sections from original
diagnostic biopsy are also collected and analyzed for PARP protein expression via
immunohistochemical technique. Pleural and ascitic tluid may be collected and analyzed for DNA
DS break repair proficiency via immunohistochemical technique. Some patients will also undergo

biopsy of tumors and samples will be analyzed for BRCA 2 mutation as well as PARP activity via

I~2
—_—
28]
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validated PARP immunoblotting assay, After completion of the study treatient, patients will be
followed for 28 days.

{00718] Primary Outcome Measures:

e Assessment of antitumor activity according to RECIST using tumor size measared
clinically or radiologically with CT scan, MRI, plain x-ray, or other imaging techniques
+ Safety profile

{00719 Secondary Quicome Measures:

e Time to progression and overall survival

e Plasma levels by Liguid Chromatography/Mass Spectrometry/Mass Spectrometry

»  Poly(ADP-ribose) polymerase (PARP) activity measured ex vivo using validated assays

o PARP expression: using quaniitative Western blotting immuno-assays

¢ Pharmacogenomics including CYP2D6 and CYP3AS, drug transport proteins, as well as
polvmorphisms in the genes coding for the PARP enzymes themselves

» BROA mutation status, PARP activity, and PARP expression in tumor biopsy samoples
{when possible)

¢ DNA repair enzyme status using immunohistochemical techmiques in paraffin sections
from original diagnostic biopsies/operative procedures (where available)

*  DNA double strand break repair pathway function in cells obtained from ascitic or

pleural fluid (where available) for primary cell culture
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CLAIMS
WHAT IS CLAIMED i5:

1. A compound of Formula (I):

|
R. R

LA

Formula (D)
wherein:
Y and Z are each independently selected from the group consisting of:

a} an aryl group optionally substitoted with 1, 2, or 3 Ry wherein each Ry is selected from
OH, NO,, CN, Br, CL, F, 1, C;-Calkyl, C3-Cyeyeloalkyl, Co-Ciheterocyeloalkyl; Cs-
Cealkenyl, alkoxy, atkoxyalkyl, alkoxycarbonyl, alkoxyecarbonylatkyl, Co-Calkynyl, arvi,
arylalkyl, C3-Cioycloalkylalhyl, haloalkoxy, haloalkyl, hvdroxyalkylene, oxo, heteroaryl,
heteroarylalkoxy, heteroaryloxy, heteroarylthio, heteroarylalkylthio, heterocycloalkoxy, Cy-
Cgheterocycltoalkylthio, heterocyclooxy, heterocyelothio, NRaRg, (NR4Ry)IC -Cealkylene,
(NR«Rgjearbonyl, (NRRp)earbonylalkylene, (NR Ry )sulfonyl, and
(NR Rp)sulfonylalkylens;

b)  aheteroaryl group optionally substituted with 1, 2, or 3 Rg;

¢} & substituent independently selected from the group consisting of hvdrogen, alkenyl, alkoxy,
atkoxyalkyl, alkoxycarbonyl, alkoxycarbonylatkyl, atkyl, alkynyl, arylalkyi, cycloaliyl,
cycloalkylaticyl, haloalkyl, hydroxyalkylene, oxo, heterocyeloalkyl, heterocycloalkylalkyl,
alkylearbonyl, arylcarbonyl, hetercarylcarbonyl alkylsalfonyl, arylsulfonyl,
hetercarylsulfonyl, (NR Rp)alkylene, (NRsRy)carbonyl, (NR Ryearbonyviatkylene,

{(NR s Rp)sultonyl, and (NRsRp)suifonyialkyiene;
Ry, Ry, and R;are each independently selected from the group consisting of hydrogen, halogen,
alkenyl, alkoxy, alkoxyearbonyl, alkyl, eycloaltkyl, alkynyl, cyano, haloatkoxy, haloalkyl, hydreayl,
hydroxyalkylene, nitro, NRxRa, NRaRralkylene, and (NR,Ry)earbonyl;
A and B are each independently sclected from hydrogen, Br, Cl, F, 1, OH, C;-Caalkyl, Cs-
Cyeyeloalkyl, alkoxy, alkoxyalkyl wherein C-Ceatkyl, C3-Ceeycloalkyl, alkoxy, atkoxvalkyl are
optionally substituted with at least one substituent selected from OH, NG, ON, Br. CL F, L C =
Csalkyl, and C3-Cyeyeloalkyl, wherein B is not OH;
R and Ry are independently selected from the group consisting of hydrogen, alkyl, cycloatkyl, and

alkylearbonyl; or Ry and Ry taken together with the atom to which they are attached form a 3-10
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membered heterocyele ring optionally having one to three heteroatoms or hetero functionalities
selected from the group consisting of ~O-, -NH, -N(U,-Cy-alkyli-, -NCO(C-Cyralkyl», ~-Naryl-, -
N{aryl-Cy-Cyealkyl-)-, -N{substituted-aryl-C-Cy-alkyl-)-, -Niheteroaryl)-, -N{betervary-(;-Cy-
alkyl-)-, -N(substituted-heteroarvl-C,-Cy-alkyl-)-, and ~S- or S{O),- , wherein q is 1 or 2 and the 3-
10 membered heterocyele ring is optionally substituted with one or more substituents;

Ry and Rs are each independently selected from the group consisting of hydrogen, alkyt, cycloalkyl,
alkoxyalkyl, haloalkyl, hydroxyalkylene, and (NRaRp)alkylene; or

a isomer, sterenisomer, enantiomer, salt, solvate, chemically protected form or prodrug thereof.

2. A compound of Formula (IT):

Formula (I1);

wherein:

Y is an aryl or heteroaryl group optionally substituted with at least one Ry,

Z is an aryl group optionally substituted with at least one R

Aand B are each independently selected from hydrogen, Br, CL F, L OH, C-Cealkyl, Cs-
Cyeycloalkyl, alkoxy, alkoxyalkyl wherein C;-Cualkyl, Ci-Cieycloalkyl, alkoxy, alkoxyalkyl are
optionally substituted with at least one substituent selected from OH, NOy, ON, Br, CL F, 1, (-
Cealkyl, and Ci-Cseyeloalkyl, wherein B is not OH;

Ry is selected from OH, NO,, CN| Br, CL F, I, C-Cgalkyl, Cs-Ceeyeloalkyl, Ci-Csheterocycloalkyl
Ca-Cralkenyl, alkoxy, alkoxyalkyl, alkoxycarbonyl, alkoxycarbonylalkyl, Co-Ceatkynyl, arvl,
arylalkyl. Co-Cseycloalkylalkyl, haloalkoxy, haloalkyl, hydroxvalkylene, oxo, heteroaryl,
heteroarylatkoxy, heteroaryloxy, heteroarylthio, heteroarylalkylthio, heterocycloalkoxy, Cs-
Cgheterncycloatkylihio, heterocyclooxy, heterocyclothio, NR Rg, {NRRyCi-Cealkylene,
(NRaRgearbonyl, (NR Ry)carbonylalkvlene, (NR Ry)sulfonvl, and {NR \Rg)sul fonylalkylens;

R; 15 selected from hvdrogen, Br, CL 1 or F:

R, and Ryare independently selected from the group consisting of hydrogen, Cy-Cealkyl, C-
Cseyoloalkyl, and alkylearbonyl; or R, and Ry taken together with the atom to which they are
attached form a 3-10 membered heterocycle ring optionally having ene to three heteroatoms or
hetero functionalities selected from the group consisting of —O-, -NH. -N{C-Cealkyh-, ~NCOEC;-
Coalkyl)-, ~“NCO{Cs-Cyeyeloaltkyl)- -NaryD)-, -N(aryl-C-Cealkyl-}-, ~N( substituted-aryl-Cy~Cgalkyl-

I -Niheteroaryl)-, -N(heteroaryl-C-Csalkyi-)-, -N(substituted-heteroaryl-Cy-Cgalkyl-)-, and 8- or

o
i
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S(O)y , whevein g is 1 or 2 and the 3-10 membered heterocycle ring is optionally substituted with
one or more substituents; or

a isomer, stereotsomer, enantiomer, salt, solvate, chemically protected form or prodrug thereof.

3. Thecompound of claim 1 or 2 wherein Y is an arvl group.

4. The compound of claim 1, 2 or 3 wherein the aryl group is a phenyl group.

5. The compound of any of claims 1~ 4 wherein the phenyl group is substituted with at least one
R selected from Br, CL T, or 1.

6. The compound of any of claims 1-5 wherein Rq is F.

7. The compound of any of claims 1-4 wherein the phenyl group is substituted with at least one R
selected from (NRAROC-Cealkylene, (NR Rg)earbonyl, {NR Ralcarbonylalkylene,
{(NRsRgsulfonyl, and (NRRp)sulfonylalkylene.

8. The compound of claim 7 wherein Ry is (NRyRy)C;-Cialkylene.

9. The compound of claim 8 wherein C-Cealkylene is selected from methylene, ethylene, n-
propylene, iso~propylene, n-bulylene, iso-butylene, and tert-butylene.

10. The compound of claim 9 wherein C-Cgalkviene is methylene.

11, The compound of any of claims 7-10 wherein R, and Ry are sach independently hydrogen, C,-
Cealkyl, or C3-Cseycloalkyl.

{2, The compound of any of claims 7 - 11 wherein C;-Cyalkyl is selected from methyl, ethvl, n-
propyl, ise-propyl, n-butyl, iso-butyl, and tert-butyl.

3. The compound of any of claims 7 « 12 wherein C-Cialkyl is methyl.

14, The compound of any of claims 7 - 12 wherein C~Cyalkyl is ethyl.

15. The compound of any of claims 7 - 11 wherein (NR4Ry) is azetidine, pyrrofidine, piperiding or
morpholine.

16. The compound of claim 7-11 wherein Ca-Cyeyeloalkyl is cyclopropyl.

17. The compound of any of claims 1-3 wherein Re is hyvdroxyalkylene.

18. The compound of claim 17 wherein hydroxyalkvlene is selected from CH,OH, CH,CHLOH,
CHCH,CH,OH, CHOH)YCH;, CHOMCH,CH,, CHCH{OH)CH;, and CHCHCHCHLOH.

19, The compound of any of claimgs 7-11 wherein R, and Ry, taken together with the nitrogen to
which they are attached form a 6 membered heterocycle ring having 1 heteroatom or hetero
tunctionality selected from the group consisting of —O-, -NH, or -N(C;-Ceatkyl).

20. The compound of claim 19 wherein the hetero functionality is —N(C;-Cgalkyl).

21. The compound of claims 19 or 20 wherein C;-Cgalkyl is selected from methyl. ethyl, n-propyl,
iso-propyl. n-butyl, iso-butyl, and tert-butyl,

22. The compound of any of claims 19-21 wherein Ci-Cqaltkyl is methyl.

23, The compound of claim | wherein Y is a beteroary! group optionally substituted with at least
one Re.
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24. The compound of claim 23 wherein the heteroaryl group is selected from furan, pyridine,
pyrimidine, pyrazive, imidazole, thiazole, isothiazole, pyrazole, triazole, pyrrole, thiophene,
oxazole, isoxazole, 1,2,4-oxadiazole, 1,3,4-oxadiazole, 1.2 4-triazine, indole, benzothiophene,
benzoimidazole, benzofuran, pyridazine, 1,3, 5-triazine, thicnothiophene, guinoxaline, quinoline, and
isoquinoline.

25. The compound of claim 24 wherein the heteroaryl group is inidazole.

26, The compound of claim 25 wherein imidazole is substituted with C-Cgalkyl selected from
miethyl, ethyl, n-propyl, iso-propyl, n-butyl. ise-butyl, and tert-butyl,

27. Thecompound of claim 26 wherein C;-Cgalkyl is methyl

28. The compound of clainm 24 wherein the beteroary! group is furan.

29, The compound of claim 24 wherein the heteroaryl group s thiazole,

30. The compound of claim 24 wherein the heteroarvl group is 1,3,4-oxadiazole.

31, The compound of any of claims 28-30 wherein heteroaryl group is substitated with Ci-Cealkyl
selected from methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, and tert-butyl.

32, The compound of any of claims 28-31 wherein Cp-Cealky! is methyl.

33. The compound of any of claims 1-32 wherein Z is an arvl group.

34. The compound of claim 33 wherein the aryl group is a phenyl group.

35. The compound of any of claims 33-34 wherein the pheny! group is substituted with at least one
R, selected from Br, CL FLor 1.

36. The compound of any of claims 33-35 wherein R is F.

LR

7. The compound of any of ¢laims 33-35 wherein R; is CL

38, The compound of any of claims 33-34 wherein the phenyl group is substituted with at least one
Re selected from (NRRp)C-Coalkylene, (NR, Ry jcarbonyl, (NR Ry )carbonvialkylene,

{(NR Rgisulfonyl, and (NRaRg)sulfonylatkylene.

39. The compound of claim 38 wherein Ry is (NRyRp)C-Coalkylene.

40, The compound of claim 39 wherein C,-Cgalkylene is sefected from methylene, ethylene, n-
propylene, iso-propylene, n-butylene, iso-butylene, and teri-butylene.

41. The compound of claim 40 wherein C;-Calkylene is methylene.

42. The compound of any of claims 38-41 wherein R,y and Ry, are each independently hydrogen,
C-Cralkyl, or Ci-Cheyeloalkyl.

43. The compound of any of claims 38-42 wherein Cy-Cyalkyl is selected from methyl, ethyl, n-
propyl, iso-propyl, n-butyl, iso-butyl, and tert-butyl.

44. The compound of any of claims38-43 wherein C-Cgalkyl is methyl.

45. The compound of any of claims 38-41 wherein Ra and Ry taken together with the nitrogen to
which they are attached form a 6 membered heterocycle ring having 1 heteroatom or hetero

functionality selected from the group consisting of ~O-, -NH, or -N(C-Cgalkyl).
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46. The compound of claim 45 wherein the hetero functionality is -N{C,-Cealkyl).

47, The compound of clairs 45 or 46 wherein C,-Cgalkyl is selected from methyl, ethyl, n-propyl,

iso~propyl, n-butyl, iso-butyl, and tert-butyl.

48.
44,
5.

-
s2.

st

The compound of any of claims 45-47 wherein C,-Cialkyl is methyl.

The compound of any of claims 1-48 wherein R, is hydrogen.

The compound of any of elaims 1-48 wherein R; is selected from F, Cl, Br, and L
The compound of claim 30 wherein R 1s F.

A compound selected frony:

9-diphenyl-8 9-dihydro-2 H-pyrido{4,3,2-de]phthalazin-3(7H}-one,
8,9-bis(4-((methylamino)methyDphenyl-8.9-dihydro-2 H-pyrido{4,3.2-de|phthalazin-3(7H}-
one,

8.9-di(pyridin-d-y1}-8.9-dihydro-2 H-pyrido{4.3 2-delphthalazin-3(7 H-one,
8.9-di(pyridin-3-y1)-8.9-dihydro-2H-pyrido] 4,3, 2-de jphthalazin-3(7 Hy-one,

8.9-di{ pyridin-2-v1)-8,9-dihydro-2 H-pyrido{4 3 2~-dephthalazin-3(7Hj-one,
9-isopropyi-8-phenyl-8,9-dihydro-2 H-pyridof4,3,2-de | phthalazin-3{ 7H)-one,
9-{4-((methylamino)methyl)phenyl}-8-pheny!-8.9-dihydro-2 H-pyrido4,3,2-delphthalazin-
3{7H)-ome,
9-(4-((dimethylamino}methyDpheny!}-8-phenyl-8, 9-dibydro-2 H-pyrido[4.3,2-de phthalazin-
3T Hy-one,
9-(3-((methylamino)ymethyDphenyl)-8-phenyl-8,9-dihydro-22-pyridol4,3,2de jphthalazin-
37 Hy-one,

8-{4-((methylamino)metbyliphenyl)-9-pheny!-8 9-dihvdro-2 H-pyrido[4.3,2-de|phthalazin-
3{7 Hy-one,

8.9-bis{3-{(methylamino)methyl)pheny!)-8.9-dihydro-2 Fpyrido{4,3.2-de |phthalazin-3(7H)-
one,

9-{4-(hydroxymethyl)phenyl}-8-phenyl-8,9-dihydro-2 H-pyrido]4,3.2-de|phthalazin-3(TH)-
one,

9-(3-{4-isobutyrylpiperazine- [-carbonylypheny[}-8-phenyi-8 9-dikydro-2 H-pyrido[4.3.2-

de jphthalazin-3(7Hy-one,

8.9-bis(3-(4-isobutyrylpiperazine-i-carbonyl)phenyl) -8.9-dihydro-2 H-pyrido[4,3,2-
delphthalazin-3¢(7H-one,

9-(piperidin-3-y1)-8-(pyridin-3-y1}-8 9-dibydro-2 H-pyrido[4.3,2-de}phthalazin-3(7H)-one,
9-(piperidin-4-yl)-8-(pyridin-4-y1)-8,9~dihydro-2 H-pyrido{4,3 2-de]phthalazin-3(7F)-one,
8.9-bis(4-({(dimethylamino ymethyDphenyl)-8,9-dihydro-2 H-pyrido[4,3,2-de Iphthalazin-

(7 H)yone,
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9-(4-{4-(cyclopropanecarbonyDpiperazine-1-carbonyipheny!)-8-

{(d((methylamine)methy Dphenyl 8, 9-dihydro-2 Fpyrido]4,3,.2-deJphthalazin-3{ 7# -one,
9-(4-(4-(cyclopropanecarbonyl)piperazine-1-carbonylyphenyl)-8-
(H(dimethylaminomethvpheny!)-8.9-dihydro-2 H-pyride|4,3,2-delphthalazin-3( 7TH)-one,
8-(4-(hydroxymethylphenyt)-9-(4-{4-isobutyryipiperazine-  -carbonyDphenyvi)-8 9-dihydro-
2H-pyrido]4.3,2-de]phthalazin-3{7 H}-one,
8-{4-{{dimethylamino)methyDpheny)-92-(4-(4-isobutyrylpiperazine- { ~carbonyvhphenyl)-8,9-
divydro-2H-pyridof4, 3,2 -dephthalazin-3{7 H}-one,
9-{4-(4-(cyclopropanecarbonylpiperazine-1-carbonyl)phenyl)-8-pheny!-8 9-dibydro-2 H-
pvrido}4,3,2-delphthalazin-3(7H)-one,
9-(3-{4-(cyclopropanecarbonypiperazine-1-carbonyliphenyl)-8-phenyl-8,9-dihydro-2 H-
pyrido{4,3.2-de]phthalazin-3(7H)-one,
9-(3-({dimethylamino}methylipheny1)-8-pheny-8,9-dibvdro-2 H-pyrido[4.3 . 2-de Jphthalazin-
3T Hy-one,

B-(3-{(roethylamuino methyDphenyl)-9-phenyl-8,9-dibydro-2 H-pyridof4,3,2-dephthalazin-
3(7H)-one,

8-{4-((dimethylamino)methy)phenyl)-9-phenyl-8,9-dihydro-2 F-pyridof4,3,2-de]phthalazin-
3{7Hrone,

8-(4-(morpholinomethylipheny1)-9-phenyl-8,9-dihydra-2 H-pyrido[4,3,2-dephthalazin-

M7 Hyone,

8-(4-(hvdroxymethyl)phenyl)-9-phenyl-8 9-dihydro-2H-pyrido[4,3,2-dephthalazin-3(TH)-
one,

S(3-(4-{cyclopropanecarbony Dpiperazine-t-carbonyDphenyh)-8-(4-
({dimethylaminomethylpheny!)-8,9-dihydro-2 H-pyrido[4,3.2-deIphthalazin-3(7TH)-one,
9-(3-(4-(cyclopropanecarbonyl)piperazine- 1 -carbonyl}phenyl)-8-(4-

(hydroxymethyhphenyl)-8 9-dihydro-2 H-pyrido[4,3.2~dephthalazin-3{7H)-one,
9-(4-(4-isobutyryipiperazine-1 -carbonyphenyl)-8-(4-((methylamino)methyphenyl)-8,9-
diliydro-2He-pyrido[4,3,2-dephthalazin-3(7H)-one,
9-(3-(4-isobutyrylpiperazine-1-carbonyl)phenyl)-8-{ pyridin-4-y1)-8.9-dihydro-2 H-
pyridol4.3,2-de]phthalazin-3(7 H)-one,
9-(3-{({dimethylamino)methyl)phenyl)-8-(pyridin-4-y1)-8 9-dihydro-2H-pyridof4.3.2-
delphthalazin-3¢7 H-one,
9-(3-((methylaminomethyl)pheny1)-8-(pyridin-4-v1)-8,9-dihydro-2 H-pyrido[4,3,2-
de|phthalazin-3(7H)-ong,
9-(4-((dimethylaminoymethylpheay])-8-(pyridin-4-y1}-8,9-dihydro-2 H-pyridof4,3.2-

de jphthalazin-3(7H-one;
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9-(3~(hydroxymethyDphenyD-8~(pyridin-4-y1)-8 9-dihydro-2 H-pyridol4 3 2-dephthalazin-
M7 D-one;
9-(4~({methylamino ymethyliphenyl)-8-(pyridin-4-y1)-8.9-dihvdro-2 H-pyrido[4,3,2-

deiphthalazin-3(7 H)-one,

74

9-(3-((dimethylaminoymethyDphenyD-8-(pyridin-3-y1)-8 9-dihydro-2H-pyrido[4,3,2-
deiphthalazin-3(7H-one,

9-(3-({methylaminyymethy Dpheny)-3-{pyridin-3-y1)-8,9-dihydro-2 H-pyrido[4,3,2-
delphthalazin-3(7H)-one,
9-(4~({(dimethylaminoymethy)phenyh)-8-{pyridin-3-y1)-8,9-dthydro-2 H-pyride[4.3,2-

10 de|phthalazin-3(7 Hy-one,

9-{4-((methylaminomethyl iphenyl}-8-(pyridin-3-y1)-8.9-dihydro-2H-pvrido4,3 .2~
delphtbalazin-3(7H-one,

O 3-(hydroxymethyDphenyl)-8-(pyridin-3-y1)-8.9-dihvdro-2 H-pyrido[4,3,2-de jphthalazin-
I Hrone,

e,
Tt

9-(3~({dimethylamino)methyl)pheny!)-8-(pyridin-2-y-8,9-dihydro-2 F-pyrido{4,3,2-

e lphthalazin-3(7H}-one,
9-(3-{(methylamino)methyl)pheny!)-8-(pyridin-2-y1)-8,9-dihydro-2 H-pyrido{4,3.2-
delphthalazin-3(7H)y-one,

9-(3-(hydroxymethyDphenyD-8-(pyridin-2-y1}-8,9-dihydro-2 H-pyridof4,3 2-de)phthalazin-
20 37 H)y-one,

9-{4-({dimethylamino ymethyl)phenvi)-8-(pyridin-2-v1)-8,9-dihydro-2 H-pyrido[4,3.2-
dephthalazin-3(7H}-one,

O-(4-({methylamino)methy Dphenyl)-8-(pyrid in-2-y1)-8,9-dihydro-2 H-pyrido[4,3,2-
dejphthalazin-3(7H)-one,

b
tn

9-phenyi-8-(pyridin-2-y1)-8 9-dihydro-2 H-pyridof4,3,2-dephihalazin-3(7H)-one,

9-phenyl-8-(pyridin-3-y1)-8,9-dihydro-2H-pyridof4,3,2-de]phihalazin-3{ 7Hi-one,

S-phenyl-8-{pyridin-4-y1}-8,9-dihydro-2 H-pyrido|4,3.2-dephthalazin-3{ 7TH}-one,

5-fluoro-9-phenyl-8-(pyridin-4-y1)-8,9-dihydro-2 H-pyrido{4,3,2-de phthalazin-3( 7 H}-one,

9-(3-{(dimethylamino)methyDphenyl}-3-fluoro-8-(pyridin-4-y1}-8 9-dibydro-2 A~

30 pyrido{d, 3, 2-delphthalazin-3(7H)-one,
3-horo-9-(3-((methylaminoymethyhphenyD)-8-(pyridin-4-y1)-8,9-dihydro-2 H-pyridof4,3,2-
de lphthatazin-3¢7 f-one,
9-{4-({dimethylamino)methyliphenyt)-S-fluore-8-(pyridin-4-y1)-8,9-dihydro-2 H-
pyrido[4.3,2~de¢ | phthalazin-3{ 7 H)-one,

35 S-fluoro-8,9-diphenyl-8,9-dilyydro-2 H-pyrido[4,3,2-de |phthalazin-3(7H)-one,
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9-{4-({dimethylamino)methyphenyl)-3-flusro-8-phenyl-8.9-dihydro-2 H-pyrido]4,3,2-

dejphthalazin-one,

32

5-fluoto-9-{4-({methviamino)methvl)phenyl)-8-pheny!-8,9-dihvdro-2 Fpyrido{4,3,2
delphthalazin-one,
9-(3-((dimethylaminoimethyhphenyl)-5-luoro-8-phenyl-8,9-dihydro-2 H-pyridof4,3,2-
delphthalazin-one.

B-{4-({(dimethvlamino)methyDphenyl)-3-fluoro-9-phenyl-8 9-dihydro-2 Hepyrido[4,3 .2~

e |phthalazin-one,

S-fluoro-9-{3-{{methylamino)methyl)pheny)-8-phenyl-8 9-dihydro-2H-pyrido{4,3,2-
delphthalazin-one,
S-fluoro-8-(4-{(methylamino)methylyphenyl}-9-phenyl-8,¢-dihvdro-2 H-pyridof4,3,2-
delphthalazin-one,

T-methyi-8.9-diphenyi-8,9-dihydro-2 H-pyrido[ 4,3, 2-de Iphthalazin-3( 7 H)-one,
T-ethiyi-8,9-diphenyi-8,9-dihydro-2 H-pyrido[4,3.2-de ] phthalazin-3(7H)-one,
S-fluore-9-(1-methyl- L imidazol-2-y1)-8-phenyl-8,9-dihydro-2 H-pyrido{4,3,2-

de |phthalaan-3(7 M-one,

3-Huoro-8-{4-fluorophenyl)-9-(1-methyl- 1 H-imidazol-2-51) <8,9-dihydro-2 H-pyrido{4,3,2-
delphthalazin-3(7fH)-one,

8~(4-{{diroethylaminoymethyljpheny!)-9-( L-methyl- 1 H-imidazol-2-y})- 8,9-dihvdro-2H-
pyride[4,3,2-de phthalazin-3({7F)-one,

9-( 1-isopropyl-1#H-imidazol-5-y1)- 8-phenyl-8,9-dihydro-2H-pyrido[4,3,2~deIphthalazin-
3{7H)-one,

9-(4-methyl-1 H-imidazol-2-y1)- 8-phenyl-8,9-dihvdro-2H-pyridn{4,3,2-defphthalazin-
3{7H-one,

8-phenyl-9-(thiazol-5-y1)-8.9-dihydro-2H-pyrida{4,3 2 -de Iphthalazin-3( 7 H)-one,
O-{furan-3-y1)-8-phenyl-8, 9-dibydro-2 Hepyridofd.3,2-de |phthalazin-3 (7 Hy-one,
8-{(4-({4-ethylpiperazin-1-ylymethyl}pbenyl)-9-phenyl-8 9-dihydro-2 H-pyridof4,3,2-
delphthalazin-3(7H)-one,

9-phenyl-8-(4-(piperazin-1-ylmethylphenyl)-8,9-dihydro-2 H-pyrido[4,3 2-dephthalazin-
3{7H)yone,

8-(1-methyl-1 H-imidazol-2-v1)-9-phenyl-8,9-dihydro-2 H-pyrido[4,3,2-de|phthalazin-3(7H)-
one,

9-(1-methyl-1 H-imidazol-2-y1)-8-phenyl-8, 9-dihydro-2 H-pyrido[4,3,2-deiphthalazin-3( 7H)-
ong,

8.9-bis(1-methyl-1 H-imidazol-2-y1) -8,9-dihydro-2 H-pyrido{4,3,2-de Jphthalazin-3(7H)-one,
9-(1H-imidazol-2-y1) -8-phenyl-8,9-dihydro-2H-pyridof4,3,2-dephthalazin-3( 7TH)-one,
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9-( I-ethyl- L -imidazol-2-v1} -8-phenyl-8,9-dihydro-2 Fpyrido[4.3,2-delphthalazin-3(7H)-
one,

8-phenyt-9-( L-propyl-1 H-imidazol-2-v1} -8,9-dihydro-2 H-pyrido[4.3,2-de Jphthalazin-3( 7 H)-
one,

S-(1-methvl-1/-imidazol-5-y1} -8-phenyl-§ 9-dihvdro-2 H-pyrido] 4,3, 2-de iphthalazin-
3{7H)-one,
9-(3-({diethylamino)methylipheoyl)-8-{4-({diethylaminoymethyphenyl)-8,9-dihvdro-2 H-
pyridof4,3, 2~ jphthalazin-3(7 H)-one,

9-(3-({4-methylpiperazin-1- yl) methyphenyD)-8-phenyi-8,9-dihydro-2 H-pyridof4,3,2~
delphthalazin-3¢7H)-one,

8-{d-(4-(cyclopropanecarbonyl) piperazine-1-carbonyi)pheny)-0-pheny]-§,9-dihvdro-2 fi-
pyrido]4,3,2-de jphthalazin-3(7 H)-one,
9-phenyl-8-(pyridin-4-y}-8,9-dihvdro-2 H-pyrido[4.3,2-de jphthalazin-3{ 7 H)-one,
9-phenyl-8~(piperidin-4-y1)-8,9-dihydro-2 H-pyrido[4,3,2-dephthalazin-3{ 7 H)-one,
S-phenyl-8-(pyridin-2-y1)-8,9~-dihvdro-2 H-pyrido[4.3 2-dephthalazin-3{ 7 H)-one,
8-{4-{{4-methylpiperazin-1-ylimethyipheayl)-9-phenyl-8,9-dihydro-2 H-pyrido|4,3,2-
delphthialazin-3({7H)-ong,

8,9-bis(4-fluorophenyl)- 8,9-dihydro-2 H-pyridof4,3,2~de]phthalazin-3{7 H)-one,
8-(4-{{dimethylaminoymethyDphenyl)-9-(4-fluorophenyl)- 8,9-dihydro-2 H-pyridof4,3,2~
delphthalazin-3(7TH)-one,

8-{4-fuorophenyl)-9-( 1-methy - LH- imidazol-2-y1)- 8,9-dihydro-2H-pyrido[4,3,2-
dephthalazin-3(7H}-one,

8,9-bis(3~{{dimethylaminoymethy Dphenyl)-8,9-dihydro-2 H-pyridof4,3,2-de|phthalazin-
{7 H)-ome,

9-(3-((cyclopropylaminojmethylipheny!)-8-phenyi-8,9-dihydro-2 H-pyrido[4,3,2-
defphthalazin-3(7H)-one,

B-(3-({dimethylamino)methyl)pheayl)-9-phenyl-8.9-dihvdro-2 H-pyrido{4,3,2-de phthalazin-
3(7H)y-one,

8- 3«{morpholinomethyhphenyl}-9-pheny-8,9-dihydro-2 H-pyrido[4,3 2-de Jphthalazin-
NTH-one,
8-(4-{azetidin-1-ylmethyDphenyl)-9-(4-fluorophenyi)-8,9-dihydro-2H-pyrido{4,3,2-
delphthalazin-3(7H}one,

S-fluoro-8-(4-fluorophenyl }-9-( 1 -methyl- 1H-1,2.4-triazol-3-y1)-8,9-dihydro-2H-
pyridof4,3,2-delphihalaxin-3(7TH)-one,

O T-methyl-1H-1,2,4-triazol-5-y1)-8-phenyl-8,9-dihydro-2H-pyrido[ 4,3, 2-de|phthalazin-
3{(7H)-one,
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8-{4-({dimethylaminojmethyhphenyD-9-( l-methyl-1H-1,2.4-triazol-5-v1)-8,9-dihydro-2 H-
pyrido{4,3,2-delphthalazin-3(7TH)-one,
8-(4-((dimethylaminoymethvhphenyD-5-fluoro-9-(T-methyl- 1 H- 1.2 4-triazol-5-y1)-8.9-
dihydro-2H-pyridol4, 3, 2-dephthalazin-3(7TH)-one,

8-(4-fluoropheny!}-F-methyl-9-(1 -methyl-1H-1,2 4-triazol-5-v1)-8,9-dihvdro-2H-
pyvridoi4.3,2-dejphthalazin-3( 7H)-one,

8-{4-fluorophenyl}-9-(1.4,5-trimethyl-1 H-imidazol-2-y1)-8,9-dibydro-2 Hepyridol4,3 2+
delphthalazin-3{7H}-one,

§-(4-fluorophenyi)-9-( 1 -methy]l-1H-1,2,3-triazob-4-v1}-8,9-dihydro-2H-pyridof4.3 2~
deiphthalazin-3( 7H)-one,

9-(4.5-dimethyl-4H-1,2 4-triazob-3-y1)-B-phenyl-8 9-dihydro-2H-pyridof4.3,2-
deiphthalazin-3(7H)}-one,

9-(4.5-dimethyl-4H-1,2 4-triazol-3-y1)-8-(4-Huoropheny )-8 9-dibydro-2 H-pyrido{4,3.2-
dejphthalazin-3(7H}-one,

8-(4-chiorophenyly-9-( 1-methvl- 1 H-imidazol-2-y1)-8,9-dihydro-2 H-pyrido[4,3,2-
dejphthalazin-3(7H)-one,

9-(1-methyl-1H-imidazol-2-y1}-8-(d-(trifluoromethy Dpheny [}-8,9-dihydro-2 H-pyrido[4,3,2-
de lphthalazin-3{7H)-one,

8-{4-fluorophenyl)-9-(thiazol-2-y1)-8 9-dihydro-2 H-pyrido|4,3,2-defphthalazin-3( 7H)-one,

9-( 1-ethyl-1 H-imidazol-2~-y1}-8-(4-fluoropheny!)-8,9-dibydro-2 Fpyrido[4,3,2-
delphthalazin-3(7H)-one,
8-(4-({4-ethyl-3-methylpiperazin-1-ymethyljphenyD)-9-phenyi-8 9-dihydro-2 H-
pyvrida{4.3 2-delphthalazin-3(7H)-one,

8-(4-({4-cthylpiperazin- 1-yDhmethyDpheny)-9-(4-fluoropheny!}-8,9-dihydro-2 -
pyridof4,3,2-dephthalazin-3(7H)-one.

9-(4-fluorophenyl)-8-(4-((4-methylpiperazin- L -yDmethyl)pheny)-8.9-dihydro-2 H-
pyrido[4,3,2-dephthalazin-3(7H)-one,

9-(4-fluoropheny)-8-(4-(piperazin- 1 -ylmethy Dpheny!)-8,9-dibvdro-2 H-pyrido{4,3,2-
dejphthalazin-3(7TH)-one,
9-{4-thuorophenyl)-8-(4-{(3-methylpiperazin-1-vlmethyDphenyD)-8,9-dikydro-2 F-
pyrido{4,3.2-dejphthalazin-3(7/MN-one,
9-(4-flgorophenyl)-8-(4-(pyrrolidin-1~ylmethyl)phenyl)-8.9-dibvdro-2 Hepyrido[4.3.2-
delphthalazin-3(7H}-one,

9-phenyl-8.9-dihydro-2H-pyrido{4.3,2-dephthalazin-3{ 7H)-one,

N
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8-{4-FluorophenvD-9-(d-methy b4 #-1 2 4-triazol-3-y1}-8 9-dihydro-2 H-pyridof4,3,2-
delphthalazin-3(7H)-one,

8-{4-fluorophenyl)-9-(1-methyl-1 H-1,2,4-triazol-5-y1)-8.9-dihvdro-2 H-pyridofd,3,2-
delphthalazin-3(7H-one,

8-(4-fluorophenyl}-9-( 1-methyl-1 H-tmidazo{4.5-cJpyridin-2-y1}-8,9-dibhvdro-2 F-
pyrido{4.3.2-de]phthalazin-3{7 H)-one,

S-chlore-9-(1-methyi~1 H-imidazol-2-y1)-8-phenyl-8 O-dihydro-2 Hepyrido[4,3,2-
delphthalazin-3(7f}-one,

8-({4-({dimethylamino)methylphenyl)-5 -fluoro-9-(4-fluorophenyl)-8,9-dihydro-2 F-

8.9-bis(4-({dimethylaminojmethyljphenyi)-5-fluore-8,9-dihydro-2 H-pyridof4,3,.2-
delphthalazin-3(7H)-one,
§-{4-({dimethylaminoymethyDphenyl)-S-fluoro-9-phenyl-8,9-dihydro-2 H-pyridof4,3,2-
delphthalazin-3(7Hy-one,

B-(4-((3 4-dimethylipiperazin~-1-yDmethyDphenyl)-9-(4-fluorophenyl)-8 9-dihydro-2 H-
pyrido{4,3.2-deiphthalazin-3(7 H-one,

8-(4-((3.5-dimethylpiperazin- I-yDmethyDphenyt)-9-(4-fluorophenyi)-8, 3-dihydro-2 H-
pyridafd,3,2-deiphthalazin-3(7f)-one,

9-phenyl-8-(4-(pyrrolidin- 1 -ylmethyDphenyh)-8,9-dihydro-2 H-pyrido{4.3,2-de phthalazin-
3(TH-one,

S-phenyl-B-(4-(pyrrolidin-t-ylmethyDpbenyt )-8 9-dihydro-2 H-pyrido]4,3,2-deiphthalazin-
3(7H)-one,

@( L-methyl- TH-imidazol-2-y1)-8-(4-(pyvrrolidin- 1 ~yhmethyDpheny!)-8,9-dihvdro-2 H-

pyridof4,3 2-de|phthalazin-3(7#-one,

9-(4-fluorophenyl}-8-{ 1-methyl- | H-inmdazol-2~y1)-8,9-dihydro-2 H-pyridaj4,3,2-
defphthalazin-3(7 A-one,

9-(4-tluoropheny)-8-(quinolin-6~y1)-8.9-dihydro-2 H-pyrido]4,3,2-dephthalarin-3(7 H)-one;
8-(4-({dimethylamino)methylpheny1}-9-p-tolyl-§ 9-dihydro-2 H-pyrido[4,3.2-de |phthalazin-
37 Hy-one,
9-(4-chlorophenyl)-8-(4-((dimethylamino)methy phenyt)-8, 9-dihydro-2 H-pyrido[4,3,2-
delphthalazin-3(7FH}-one,
8-{4-{(dimethylaminoymethyDphenyl)-9-(4-methoxyphenyl)-8,9-dihydro-2 H-pyrido]4,3,2-
delphthalazin-3(TH}-one,
8-{4-({diethylamino)methyl)phenyl-9-phenyl-8 9-dihydro-2 Hopyridof4,3,2-de|phthalazin-
H 7 Hy-one,
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B-{4-{(diethylaminomethyDpheny D-9-(4-fluoropheny!)-8,9-dihydro-2 Hepyrido[4.3,2-
delphthalazin-3(7H-one,

9« d-chlorophenyly-8-(4-({diethylamino ymethylphenyD-8,9-dilivdro-2 Fl-pyrudo{4,3,2-
deiphthalazin-3(7H)-one,

5 {(Ey-6-fluore-4-({ -methyl-1 H-imidazol-2-yDmethyleneamingisobenzofuran- 1 (3 Hy-one,
S-fluoro-9-(4-flucrophenyl3-8-(1-methyl- | H-imidazol-2-y1)-8,9-dihydro-2 Hpyridoi4,3,2~
delphthalazin-3(7Hy-one,

8-{ 4 {(dimethylaminoymethy DphenyD-94{4-cthy Iphenv)-8 9-dihvdre-2 H-pyrido[4,3,2-
dejphthalazin-3(7H)-one,
190 8-(4-({dimethylaminomethyljphenyl)-9-(4-isopropyipheny!)-8,9-dihvdro-2 H-pyrido[4,3.2~

delphthalazin-3(7 H)-one,

8-(4-({dimethylamino)methyphenyD-9-(4-(trifluoromethyl)phenyl)-8 9-dihydro-2 H-
pyridef4.3,2-de]phthalazin-3{7H}-one,
8~{4-({dsethylamino poethyDpbenyl)-9-p-tolyl-8,9-dihydro-2 H-pyridof4. 3,2 ¢ jphthalazin-
15 3(7Hy-one,
9-(4-fuoropheny)-B-(4-(1 -methylpyrrolidin-2-yDphenyl)-8 9-dihydro-2 H-pyridof4,3.2-
delphthalazin-3(7H-one,
9-{4-fluoropheny}-8-(4-(pyrrolidin-2-vDpheny})-8,9-dihvdro-2 H-pyrido[4.3,2-
delphthalazin-3(7H)-one,
20 B-(4-fluoropheny}-O-methyb-9-(1-methyi-1 Fimidazol-2-y1)-8.9-dihvdro-2H-pyrido[4,3,2-
delphthalazin-3(7#)-one,
9-(4-fluorophenyl)-8-(1 H-imidazol-2-yH)-8, 9-dihydro-2H-pyridof4,3,2-de|phthalazin-3{ TH)-
one,

S-flaoro-9-(1-methyl-1H- 1,2 4-triazol-5-y1)-8-phenyl-8 9-dihvdro-2 H-pvrido|4,3.2-

25 de]phthalazin-3(7TH)-one,
9-{4-fluoropheny!)-9-hydroxy-8-(1-methyl-1 H-imidazol-2-y1)-8,9-dihydro-2 H-pyrida[4,3,2-
dephthalazin-one,
{85.9R)-5-fluoro-9-(1-methyl-1 i-imidazol-2-y1} -8-phenyl-8.9-dikyvdro-2 H-pyrido[4,3 2-
delphthalazin-3(7H)-one,

30 (8R.95)-5-fluorn-9-(1-methyl-1H-imidazol-2-y1) -8-phenyl-8,9-dihydro-2 f-pyrido[4,3,2-
defphthalazin-3(7H)-one,
{85.9K)-5-fluoro-8{4-fluoropheny!}-9~( 1 -methyl-1 H-imidazol-2-y1} -8 9-dihvdro-2H-
pyrido{4.3.2~-de]phthalazin-3(7 Hy-one,
(88 98)-5-fluoro-8-(4-fluorophenyl 19 1 -methyl- L H-imidazol-2-y1) -8,9-dihvdro-2 -

35 pyridef4,3.2-dephthalazin-3(7H}-one,

t2
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{BS,9R}- 8-(4-fluoropheny)-9-(1 -methyl-1 H-imidazol-2-yD) -§,9-dihydro-2 H-pyridoi4,3,2-
delphthalarin-3(7 H-one,
(8R.98)- 8-(4-fluoropheny)-9-(1-methyl-1H-imidazal-2-y1) -8 9-dihydro-2 H-pyride{d,3,2-

delphthalazin-3(7H)-one,

3 {85, 9R)-53-fluoro-9-( 1 -methyl-1H-1.2 4-triazol-5-v1) -8-phenyi-8,9-dihydro-2 #-
pyrido[4,3,2-delphthalazin-3{7H)-one,
{88 95)-5-fluoro-9-{ {-methyl-147-1.2, 4-triazol-S-v1) -8-phenyi-8,9-dihydro-2 H-
pyridol4,3 2-de]phtbalazin-3(7 H-one,
{88, 9R)-5-tlworo-8-{4-fluorophenyl)-9-(1 -methyl-1H4-1.2 d-triazol-S-y1) -8 9-dihydro-2 1~
16 pyrido{4,3,2-de|phthalazin-3(7H)-one,
{8 K, 98)-5-tlvoro-8-{ 4-fluorophenyl)-9-( l-methyl- 1 H-1.2 4-triazol-5-y1) -8 9-dihydro-2 H-
pyrido[4,3,2-dephthalazin-3(7H)-one,
(85,98}~ 8-(4-fluorophenyl}-9-(1-methyl- 1L H-1,2 4-triazol-5-y1) -8,9-dihydro-2 4~
pyridofd.3,2-dejphthalazin-3(7 H)-ong,
15 {8R . 95)- §~(4-fluorophenyl}-90-( L-methyl-1 H-1,2 4-triazol-5-y1) -8,9-dihydro-2H/-
pyridofd,3 2-delphthalazin-3(7 H)-one,
(8S.9R)-8-(4-((dimethylamino)methyDpheny -5 -fluoro-9-( L-methyl-11-1,2 d-triazol-5-y1)-
R 9-dihydro-2 H-pyrido{4.3,2~de }phthalazin-3(7H)-one, and
{8R.95)-8~(4-((dimethylamino)methyDpheny)-5-fluoro-9-( 1-methyl- 1 H-1,2,4-triazol-5-y1)-
20 8.9-dibydro-2H-pyrido{4,3 2-dejphthalazin-3(7TH)-one;
or a pharmaceutically accepiable salt, solvate or prodrug thereof,
53, A pharmaceutical composition comprising a compound of any of claims 1-52 ora
pharmaceutically acceptable salt, pharmaceutically acceptable solbvate, or pharmaceutically
acceptable prodrug and a pharmaceutically acceptable carrier, excipient, binder or diluent thereof.
23 34, Amethod of inhibiting poly{ ADP-ribose)pelvmerase (PARP) in a subject in need of PARP

inhibition comprising administering to the subject a therapeutically effective amount of a compound

of any of claims 1-52.

55, A method of treating a disease ameliorated by the inhibition of PARP comprising administering

to a subject in need of treatment a therapeutically effective amount of a compound of any of claims
300 1-52.

56. The method according to claim 55, wheretn the disease is selected from the group consisting of:

vascular disease; septic shock; ischaemic injury: reperfusion fnjury; neuratoxicity; hemorrhagic

shock; inflammatory diseases; multiple sclerosis; secondary effects of diabetes: and acute treatment

of eyvtoxicity following cardiovascular surgery.
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57. A method of treating cancer, comprising administering to a subject in need of treatment a
therapeutically effective amount of a compound of any of claims 1-52 in combination with ionizing
radiation, one or more chemotherapeutic agents, or a combination thereof,

58. The method of claim 57, wherein the compound according to any of claims 1-52 is
administered simultaneously with onizing radiation, one or more chemotherapeutic agents, or a
combination thereof.

59, The method of ¢laim 57, wherein the compound aceording to any of claims 1-52 is
administered sequentiafly with ionizing radiation, one or more chemotherapeutic agents, or a
combination thercof.

60. A method of treating a cancer defictent in Homologous Recombination (HR)Y dependent DNA
double strand break (DSB) repair pathway, comprising administering to a subject in need of
treatment a therapeutically effective amount of a compound of any of claims 1-32.

61, The method of claim 60, wherein the cancer comprises one or mowe cancer cells having a
reduced or abrogated ability to repair DNA DSB by HR relative to normal cells.

62. The method of claim 61, wherein the cancer cells have a BRCAL or BRCAZ2 deficient
phenotype,

63. The method of claim 62, wherein the cancer cells are deficient in BRCAT or BRCA2.

64. The method of claim 60, whersin the cancer coniprises one or more cancer cells deficient in
proteins involved in DNA DSB repair by HR.

65. The method of claim 64, wherein the cancer cells are deficient in ATM, RadS 1, Rad52. Rad54,
Rads0, MRETL, NBSL, XRCCZ, XRCC3, cABL, RPA, CtP and MBC.

66. The method of claim 60 wherein the subject is heterczygous for a mutation in a gene encoding
a component of the HR dependent DNA DSB repair pathway.

67. The method of claim 60 wherein the subject is heterozygous for a mutation in BRCA and/or
BRCAZ.

68. The method of claim 60 wherein the cancer is breast, ovarian, pancreatic or prostate cancer,
69. The method of claim 60 wherein the treatment further comprises administration of ionizing
radiation or a chemotherapeutic agent.

70, A method of treating a cancer deficient in mismateh DNA repair pathway comprising
administeting to a subject in need of treatment a therapeutically effective amount of a compound of
any of claims 1-52.

71, The method of claim 70 wherein the cancer cells are deficient in MutS, MutH and Mutl..

72. A method of treating a cancer demonstrating microsatellite instability due to reduced or
impaired DNA repair pathways comprising administering to a subject in need of treatment a

therapeutically effective amount of a compound of any of claims 1-52.

227
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73. A method of treating 3 cancer demoustrating genomic instability due to reduced or impaired
DNA repair pathways comprising administering to a subject inneed of treatment a therapeutically
effective amount of a compound of any of claims §-32.

74. Use of a compound of any of claims 1-52 wherein the formulation of a medicament for the
treatment of a poly(ADP-ribose)polvmerase mediated disease or condition.

75, An article of manufacture, comprising packaging material, a compound of any of claims 1-52
and a label, wherein the compound is effective for modalating the activity of the enzyme poly(ADP-
ribosejpolyinerase, or for treatment, prevention or amelioration of one or more symptoms of a
poly{ ADP-ribose)polymerase-dependent or poly( ADP-ribose Jpolymerase-mediated discase or
condition, wherein the compound is packaged within the packaging material, and wherein the label
indicates that the compound, or pharmacestically acceptable salt. pharmaceutically acceptable N~
oxide, pharmaceutically active metabolite, pharmaceutically acceptable prodrug, or
pharmaceutically acceptable solvate thereof, or & pharmaceutical composition comprising such a
compound is used for modulating the activity of polv(ADP-ribose)polymerase, or for treatment,
prevention or amelioration of one or more symptoms of a poly(ADP-ribose)polymerase-dependent

or poly(ADP-ribose }polymerase-mediated disease or condition,
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