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SYNTHESIS AND ANTICANCER ACTIVITY OF ARYL AND HETEROARYL-QUINOLIN
DERIVATIVES

REFERENCE TO RELATED APPLICATION
The present application claims the priority to U.S. Provisional Application Serial No.
5 617364,760, filed July 15, 2010, which is herein incorporated by reference m its entirety,
FIELD OF THE INVENTION
The present invention relates generally to dertvatives and analogues of arvl and
heteroarvi-quinolin, ard more specifically to synthesis and use of aryl and heteroary! ~gquinolin
derivatives and analogues for anticancer activities.
10 BACKGROUND OF THE INVENTION
A series of substituted 2-phenylquinelin-4-ones {2-POQs) have been previously synthesized
and 1dentitied as new anticancer agents, Through the process of structure-activity relationship {(SAR)
establishment, it was discovered that many of these compounds had potent cytotoxicity. In a recent
in vive evaluation of a series of 2-PQds with potent cytotoxicity, excellent antitumor activity was
15 identifed in 2-(2-fluorphenyl)-6,7-methylenedioxyquinolin-4-one (CHM-2133) and its phosphate
derivative (CHM-2133-PY (FIG. 1), See WO2008/070176A1 and Yu-Hsun Chang et al. {2009)
“Design and Synthesis of 2-(3-BenzofbithienyD)-6, 7-methylenedioxyvquinolin-4-one Analogues as
Potent Antitumor Agents that Inhibit Tubulin Assembly™ L Med. Chem. 52, 48834891, each of
which is herem incorporated by reference in its entivety. There is still a need for discovery of maore
20 potential anticancer compounds.

SUMMARY OF THE INVENTION

In one aspect, the mvention relates to a compound of Formula I
Rs OR

Formula |

25 or a pharmaceutically acceptable salt, prodrug, solvate, or metabolite thereof,
wherein
R is hydrogen, P{=0}OH);, P{=0)0O{C-Cialkylene{Ce-Caplaryily, PE=OHOHKOM),
P(=01OM), P=0{0:M), SEONOH ), SEONO(C:-Cjalkviene(Co-Caalarvlia, S(=ONOHKOM),
S{EOOM),
30 M is a monovalent and divalent {ex: Mg, Ca) metal ion, or alkylammonium ion {ex: N*R);
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Wis ((tf(;-ftm\}{ﬁ'yl, {Ce-Canpbeteroaryl, (Ci-CrlalkyH{Ce-Caglarvi,
{Ci-Cidalkvi{Co-Crptheteroaryl, hydroxv(Ca-Crplaryl, hydroxy(Ce-Cantheteroaryl,
{C-Ciatkoxy{Ce-Canlaryl, {C-Cisalkoxy{ Ce-Cagtheteroaryl, (C-Cglalkvlenedioxy{Ce-Caglaryl,
{C1-Cigaltkylenedioxv(Cs-Cantheteroaryl, halo{Cse-Cantarvi, halo{Ce-Cagheteroarvi,
(C-Cishalleyiammo(Ce-Cagdaryl, (C-Cidalkylamino{ Cs-Canheteroaryl,

{C-Ciseveloalkylanino{ Ce-Chodarvl, or {C-Cisleveloatkyiammo{Ce-Chgheteroaryl, and their ORg
substutes:

Rs is (C-Cyadatkoxy, hydrogen, hydroxyl, O-{C-Cradalkyl{(Co-Canlaryl, halo or OR., or Rs
and Rg are ((-Cisddioxy provided that Ry is hydrogen;

Rg 1s hydroxyl, O-(C-Cidalkvl Ce-Crglarvl, halo, ORg, (C-Chialkoxy, (C-Cialkylamino,
or (C-Chigdeyeloalkvlaming, or Rg and Rs are (C-Ciddioxy provided that Rs 1s bydrogen;

R~ is hydrogen, halo or ORg, hydroxyl, or O~(C-Cisdalkvi{Ce-Canjaryl; and

Ry 18 P=OYOH): PEONOCH-Cialkyl{Ce-Cagdarylya, PEOXOHKOM), or PO OM),,
P=0{Q:M}.

In one embodyment of the wvention, the aforementioned class of the compound 1s restricted
with the proviso that if RS is hydroxyl, then R6 is not (Chalkoxy and W is not 3-fluorophenvl.

In antoher embodiment of the invention, RS i3 hydroxyl, R6 13 (CDalkoxy and W is
3-fluorophenyl.

In another aspect, the invention relates to a composition comprising a compound as
aforementioned and a pharmaceutically acceptable carrier.

Further in another aspect, the invention relates to a method for treating a tumor disease
comprising administering to a subject in need thereof an effective amount of a composition as
aforementioned. The administering step may be performed in vivo or in vitro. In one embodiment,
the subject 18 a mammal.

Yet in another aspect, the nvention relates to a process for preparing a compound as

aforementionsd comprising reacting a compound of Formula I

Re o
Ry /L /LL
€ I~ \‘{/, .

==

- ‘Q'\\\ T
R ™

Formuda {I
wherein Rs 1 (C-Cidatkoxy, hydrogen, hydroxyl, O-(C-Cidalkvl{Ce-Candaryl, or OR; or Rs

and Ry are (C1-Cyg)dioxy provided that Ry is hydrogen;
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Re 18 hydroxyl, {C-Cratkoxy, O-(C-CyglalkyHCa-Coplarvl, (Ci-Cigatkylamino, or
{(C-Cisleyeloalkyviamino or Bg and Ry are {T-Cg)dioxy provided that R; s hydrogen;
Ry s hydrogen, hydroxyl, or O-(C-CidalkvH Ce-Caglaryl; and

Ry 1s hydrogen; with a compound of Formula Il
Q

5 W \cz

Formula 11

in the presence of a base; wherein W is 2-fluorophenyl, 3-fluorophenyl, 4-fluorophenyl,

benzofd] [1 3idioxol-4-yi, 2 3-dimethoxyphenyl, 2 S-dimethoxvphenvl, 2-methoxyphenyl,

4-methoxyphenyl, 2-hydroxyphenyl, 3-hvdroxyphenyl, 4-hydroxyphenyl, 2-benzyloxyphenyl,
10 3-benzvioxyphenyl, $-benzyloxyphenvi, 4-benzyvioxy-3-methosyphenyl,
3-benzvioxy-S-methoxyphenyl, 4-hydroxy-3-methoxyphenyl, S-hydroxy-2-methoxyphenyl,
2, 5-dihydroxyphenyl, benzo[bjthiophen-3-yl, benzo[bjthiophen-2-vi, benzo{bifaran-3-yl,
naphtha-1-yl, naphtha-2-yl, quinolin-4-vi, quimolin-3-vl, quinohn-2-vi, quinohn-5-vi, or

authracen-1-y1 to atford a compouad of Formula 1V

Hy J\ JJ\
™~ ,f’ T

Sy
L
=3
]

Formula IV

wherein
R is hydrogen;
20 W is 2-fluorophenyl, 3-fluorophenyl, 4-fluorophenyl, benzo{d] [1,3]dioxol-4-yl,
2, 3-dimethoxvphenyl, 2, 5-dimethoxyphenyl, Z-methoxyphenyl, 4-methoxvphenyl, 2-hydroxyphenyl,
3-hvdroxyphenvl, $-hvdroxyphenyl, 2-benzyloxyphenyl, 3-benzyvloxyphenyl, $-benzyloxyphenvi,
4-benzvioxy-3-methoxyphenyl, 3-benzyloxy-S-methoxyphenyl, 4-hydroxy-3-methoxyphenyi,

S-hydroxy-2-methoxyphenyl, 2,5-dihydroxyphenyi, benzolbithiophen-3-yl, benzofblthiophen-2-vi,

33
L

benzo[bifuran-3-vl, naphtha-1-vl, naphtha-2-vl, quinolin-4-vl, quinolin-3-yl, quinolin-2-vl,
guinolin-5-yl, or anthracen-1-vi;
Rs is hydrogen, methoxy, hvdroxyl, O-benzvl or ORg, or Rs and R are methylenedioxy

provided that Rs is hydrogen;

KFX
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Rs 13 N N-dimethylamino, hydroxyl, O-benzyl , methoxy, N-morpholino, or N-pyrrolindine,
or Rg and R~ are methylenedioxy provided that Rs is hydrogen;

R is hydrogen, hydroxyl, or O-benzyl; and

Ra is hydrogen; and

reacting a compound of Formula IV with a base to afford the compound of Formula L

The process may further comprise deatkylating the compound of Formula 1. The dealkylated
or non~-deatkylated compound of Formula I may hurther react with tetrabenzylpyrophosphate
{Method A) or dibenzyiphosphite (Method B) to afford the compound of Formula 1, wherein R is
P(=0)OCH:Ph),, which treated with alcohol provided monophosphate. The monophosphoric acid
were obtained by catalyvtic hydrogenation of the monophosphate. The monophophoric acid may
further react with a metal carbonate 1o afford the compound of Formula §, wherein R i
P=O)(OHYOM), or P(=0)OM):. s which M is a monovalent metal won.

These and other aspects will become apparent from the following description of the preferred
embodiment taken in conjunction with the following drawings, although variations and modifications
therein may be affected without departing from the spirit and scope of the novel concepts of the
disclosure.

The accompanying drawings illustrate one or more embodiments of the invention and,
together with the written description, serve to explain the principles of the invention. Wherever
possible, the same reference numbers are used throughout the drawings 1o refer to the same or like
elements of an embodiment,

BRIEF BESCRIPTION OF THE DRAWINGS

FIG. 1 shows the structures of substituted 2- phenylquinolin-d4-ones (2-PQs), CHM-2133 and
CHM-2133-P-Na.

FIG. 2 shows the structures of target compounds 16-21 and 37-45,

FIGs. 3A-3C show differential activity patterns for compound 3b against 60 human cancer
cell lines. MG-MID: mean of log X values (X = Glsy, TGI, and LCsy). Delta: logarithm of the
difference between the MG-MID and the log X of the most sensitive cell line. Range: logarithm of
the difference between the log X of the most resistant cell line and the log X of the most sensitive
cell line.

FiGs. 4A-4F show {A) Mean tumor volume-time profiles, (B} Mean tumor weight-time
profiles and (C) Mean body weight-time profiles in Hep3B xenograft nude mice {(n = 11} following
iv dosing of doxorubicin at 3 mg'kg (gd) and compound 49 at 7.5, 15, and 30 mg/kg (id) five days
per week for four consecutive weeks; (D) Mean tumor volame-time profiles, {(E) Mean tumor

weight-time profiles and (F) Mean body weight-time profiles in Hep3B xenograft nude nuce (n = 11)

4
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following oral dosing of doxorubicin at 10 mg/kg (gd) and compound 49 at 7.5, 15, and 30 mg'kg
{bid) five days per week for four consecutive weeks,

FiGs. SA-5F show (A) Mean tumor volume-time profiles (B) Mean tumor weight-time
profiles (C) Mean body weight-time profiles in Hep3B xenograft made mice (7 = 11) following oral
dosing of doxorubicin at 8 mgikg (qd) and 52 at 7.3, 15, and 30 mg'kg (qd) five days per week for
four consecutive weeks; (D) Mean tumor volume-time profiles (E} Mean tumor weight-time profiles
{F} Mean body weight-time profiles m Hep3B xenograft nude mice (r = 11} following intravenous
dosing of doxorubicin at 10 mg/kg (gd) and 52 at 7.5, 15, and 30 mg'kg (gd) five days per week for
four consecutive weeks,

FIGs. 6A-6C show (A) Mean tumor volume-time profiles (B) Mean tumor weight-time
profifes  {C) Mean body weight-time profiles in Hep3B xenograft nude mice (» = 6) following po
dosing of doxorebicin at 10 mg'kg and 147 at 7.5, 135, and 30 mg/kg five days per week for fowr
consecutive weeks.

FiGs. TA-7C show (A) Mean tumor volume-time profiles (B) Mean tumor weight-time
profiles () Mean body weight-time profiles in Hep3B xenograft nude mice (n = 0) following iv
dosing of doxorubicin at 10 myg/'kg and 147 at 7.5, 15, and 30 mg'kg five days per week for four
consecutive weeks.

DETAILED DESCRIPTION OF THE INVENTION

Oue of ordinary skill in the art would readily appreciate that the pharmaceutical formulations
and methods described herein can be prepared and practiced by applying known procedures in the
pharmiaceatical arts. These include, for example, unless otherwise indicated, conventional techniques
of pharmacentical sciences meluding pharmaceutical dosage form design, drug development,

pharmacology, of organic chemistry, and polymer sciences. See generally, for example, Remington;

Y

st

The Science and Practice of Pharmacy, 217 edition, Lippincott, Williams & Wilking, (2005}

DEFINTTIONS

The terms used in this specification generally have their ordinary meanings in the art, within
the context of the invention, and m the specific context where each term 1s used. Certain terms that
are used to describe the mvention are discussed below, or elsewhere in the specification, to provide
additional gaidance to the practitioner regarding the description of the Invention. For convenlence,
certain terms may be highlighted, for example using #talics and/or quotation marks. The use of
highhighting has no influence on the scope and meaning of a term; the scope and meaning of a term
is the same, in the same context, whether or not it is highlighted. It will be appreciated that same
thing can be said i more than one way. Consequently, alternative language and synonyms may be
used for any one or more of the terms discossed hervein, nor Is any special sigruficance to be placed

5
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upon whether or not a term is elaborated or discussed herein. Synonyms for certain terms are
provided. A recital of one or more synonyms does not exclude the use of other synonyms. The use of
examples anvwhere in this specification including examples of any texms discussed herein is
iltustrative only, and in no way limits the scope and meaning of the invention or of any exemplified
term. Likewase, the mvention is not hmted to various embodiments given i this specification.

Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to whach this mvention pertains.
in the case of conflict, the present document, including definitions will control.

As used herein, “around™, “about” or “approximately” shall generally mean within 20
percent, preferably within 1€ percent. and more preferably within 5 percent of & given value or
range. Numerical quantities given herein are approximate, meaning that the term “around”, “about”
or “approximately” can be inferred if not expressly stated.

The term “and/or” refers to any one of the items, anv combination of the items, or all of the
itemms with which this term is associated.

The singular forms “a,” “an,” and “the” include plural reference unless the context clearly
dictates otherwise. The claims way be drafted to exclude any optional element. As such, this
statement is intended to serve as antecedent basis for use of such exclusive terminology as “solely,”
“only,” and the tike in comnection with the recitation of claim elements, or use of a “negative”™
Himitation.

Specific and preferved values listed below for radicals, substituents, and ranges, are for
dlustration only; they do not exclude other defined values or other values within defined ranges for
the radicals and snbstituents.

The term “administration” refers to a method of placing a device to a desired site. The
placing of a device can be by any pharmaceutically accepted means such as by swallowing, retaining
it within the mouoth untii the drog has been dispensed, placing it within the buccal cavity, inserting,
unplanting. attaching, ete. These and other methods of administration are known in the art.

The term “anti-cancer agent” refers to an agent that either inhibits the growth of cancerous
cells, or canses the death of cancerouns cells. Known anti-cancer agents include, e.g., nucleotide and

nucleoside analogs, adjunct antineoplastic agents, alkviating agents, etc. See, Physician’s Desk

Reference, $57 Bdition, Medical Economics, Montvale, NI, USA (2001).

The term “amino™ refers to -NHa. The amino group can be optionally substituted as defined
herein for the fevm “substitated.” The term “alkviamino™ refers to “NR3, wherein at least one R s
alkyl and the second R is alkyl or hydrogen. The term “acylamino” refers to N(RYC{=0R, wherein

each R is independently hvdrogen, alkyl, or arvl.
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The term “alkyl” refers to a C-C 5 hyvdrocarbon containing normal, secondary, tertiary or
cychic carbon atoms, Examples are methyl, ethyl, T-propyl, 2-propyl, =butyl, 2—methyl-1-propyl
(is0-butyl, ~CHCH(CH:)2), 2-butyl (see-butyl, ~CH(CH)CHCH;), 2-methyl-2-propyi

2 3-dimethyl-2-butvl, 3, 3-dimethyb-2-butyl
The alkyl can be a monovalent hydrocarbon radical, as described and exemplified above, or it
can be a divalent hydrocarbon radical (1.e., alkviene).

10 The alkyl can optionally be substituted with one or more alkoxy, halo, haloalkyl, hyvdroxy,
hydroxyalkvl, arvl, heteroaryl, heterocyele, cveloalkyl, atkanovl, alkoxycarbonyl, amino, imino,
alkylaming, acylamino, nitro, trifluoromethyl, trifluoromethoxy, carboxy, carboxyalkyl, keto, thioxo,
alkylthio, alkvisulfinvl, atkyisulfonyl, cvano, acetanudo, acetoxy, acetyl, benzamido,
benzenesulfinyl, benzenesulfonamdo, benzenesutfonyl, benzenesulfonylamino, benzoyl,

15 benzoylamino, benzovioxy, benzvl, benzvioxy, benzvioxvearbonyl, benzylthio, carbamoyl,
carbamate, isocyannato, sulfamoyl, sulfinamoyl, sulfino, salfo, sulfoamino, thiosulfo, NR'RY and/or
COORY, wherein each R" and RY are independently H, alkyl, alkenyl, aryl, heteroaryl, heterocyele,
cycltoalkyl or hydroxy. The alkyl can optionally be interrupted with one or more non-peroxide oxy
{~0-), thio (~S-), imino (-N(H}~-), methylene dioxy (-OCH;O-), carbonyl (-C{=0}-), carboxy

20 (-C=030-), carbonyldioxy (-OCEOYO-), carboxylato (-OCEQ)-), imino (C=NH}, sulfinyl {80)
or sulfonyl (SO;). Additionally, the alkyl can optionally be at least partially unsaturated, thereby
providing an atkenvl.

The term “alkylene™ refers to a saturated, branched or straight chain or eyelic hydrocarbon
raclical of 118 carbon atoms, and having two monovalent radical centers derived by the removal of two

25 bydrogen atoms from the same or different carbon atoms of a pavent alkare. Typical alkylene radicals
mchude, but are not limited to: methylene (+CHa-) 1,2-ethylene (~CH2CH;-), 1,3-propylene
{(~CHzCH:CHz-), 1 4-butvlene (+-CHCHyCHLCHy-), and the like.

The alkvlene can optionally be substitnted with one or more alkoxy, halo, haloalkyl, hydroxy,
hydroxyalkyl, arvl, heteroaryl, heterocyele, cveloalkyl, alkanovl, alkoxycarbonyvl, amino, imino,

30 alkylamine, acylamino, nitro, trifluoromethyl, trifluoromethoxy, carboxy, carboxyalkyl, keto, thioxo,
alkylthio, alkvisulfinvl, atkyisulfonyl, cvano, acetanudo, acetoxy, acetyl, benzamido,
benzenesulfinyl, benzenesulionamido, benzenesulfonyl, benzenesultonviamino, benzoyl,
benzoylamino, benzovloxy, benzyl, benzyloxy, benzyloxyearbonyl, benzylthio, carbamoyl,

carbamate, isocyannato, sulfamoyl, sulfinamoyl, sulfino, sulfo, sulfoamino, thiosulfe, NR*RY andior

7



10

]
LA

30

WO 2012/009519 PCT/US2011/043985

COOR”, wherein each R” and RY are independently H, alkyl, alkenvl, aryl, heteroaryl, heterocyele,
cycloatkyl or hvdroxy. Additionally, the alkylene can optionally be mterrupted with one or more
non-peroxide oxy {(~0-), thio (~S-}, imine (-N{H)-), methylene dioxy (~OCH;0-), carbonyl
{~C{=0})-}, carboxy (-C(=0)0-), carbonvidioxy (-OC=0Y0-), carboxylato (-OC(=0)-}, imine
{(C=NH), sulfinyl (8O} or sulfonyl {SO:). Moreover, the alkylene can optionally be at least partially
unsaturated, thereby providing an alkenylene.

The term “alkenylene” refers to an unsaterated, branched or straight chain or evelie hydrocarbon
radical of 218 carbon atoms, and having two monovalent radical centers derived by the removal of two
hvdrogen atorns from the same or two different carbon atoms of a parent alkene. Typical alkenylene
radicals include, but are not Himited to: 1. 2-ethenylene (- CH=CH-}.

The alkenvlene can optionally be substituted with one or more alkoxy, halo, haloalkyl,
hydroxy, hydroxyalkyl, aryl, heteroaryl, heterocycele, cycloaltkyl, alkanoyl, alkoxycarbonyl, aming,
o, atkylamino, acvlamine, nitro, trifluoromethyl, tifluoromethoxy, carboxy, carboxyalkyl, keto,
thioxo, alkylthio, alkylsulfinyl, alkylsulfonyl, cyano, acetamido, acetoxy, acetyl, benzamido,
benzenesulfinyl, benzenesulfonanudo, benzenesulfonyl, benzenesulfonylamino, benzovi,
benzovlamino, benzoyloxy, benzyl, benzyloxy, benzyloxycarbonyl, benzylthio, carbamoyl,
carbamate, isocyannato, sulfamoyl, sulfinamoyl, sulfine, sulfo, sulfoamino, thiosulfo, NR'R” and/or
COOR’, wherein each R” and RY are independently H, atkyl, alkenyl, arvl, heteroaryl, heterocyole,

cycloatkyl or hvdroxy. Adduionally, The alkenvlene can optionally be interrupted with one or more

{(~C{=0)), catboxy {-CE=0Y0-), carbonvidioxy (-OC{EOH0-), carboxylato (-OC(=0)-}, imine
(C=NH), sudfinyd (SQ) or sulfony! (SO;).

The term “glkoxy™ refers to the group alkylO-, where alkyl is defined herein. Preferred
alkoxy groups include, e.g., methoxy, ethoxy, r-propoxy. iso-propoxy, s#-butoxy, feri-butoxy,
seo-hutory, #-peatoxy, s-hexoxy, 1, 2-dunethylbutoxy, and the ke,

The alkoxy can optionally be substituted with one or more halo, haloalkyl, hydroxy,
hvdroxyatkyl, arvl, heteroaryl, heterocyele, cycloalkyl, alkanovl, alkoxyearbonyl, amino, imino,
alkylamino, acylamino, nitro, triftooromethyl, trifluoromethoxy, carboxy, carboxyalkyl, keto, thioxo,
alkylthio, allyisulfinyl, atkyisulfonyl, cyvane, acetanudo, acetoxy, acetyl, benzanndo,
benzenesulfinyl, benzenesulfonamido, benzenesulfonyl, benzenesulfonviamino, benzoyl,
benzoylamino, benzoyloxy, benzyl, benzyloxy, benzytoxycarbonvl, benzylthio, carbamovl,
carbamate, isocyannato, sulfamoyl, sulfinamoyl, sulfino, sulfo, sulfoamino, thiosulfe, NR*RY and/or
COOR’, wherein each R* and R are independently H, alkyl, alkenvl, arvl, heteroaryl, heterocycle,

eyvcloatkyl, or hydroxy.
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The term “arvl” refers to an unsaturated aromatic carbocyclic group of from 6 to 20 carbon
atons having a stngle ring (e.g., phenyl) or multiple condensed (fused) rings, wherein at least one
ring is aromatic (e.g., naphthyl, dibvdrophenanthrenyl, fluorenyl, or anthrvl). Preferred arvls include
phenvl, naphthvl and the like. The arvl can optionally be a divalent radical, thereby providing an
arviene.

The aryl can optionally be substituted with one or more alkvl, alkenyl, alkoxy, halo,
hatoalkyl, hvdroxy, hvdroxyalkyl, aryl, heteroaryl, heterocvele, cycloalkyl, alkanoyl,
alkoxycarbonyl, amineo, imino, alkvlamino, acylamine, nitro, triffuoromethyl, triffuoromethoxy,
carboxy, carboxyaltkyl, keto, thioxo, alkylthio, alkvisalfinyl, atkvisulfonyl, cvano, acetanudo,
acetoxy, acetyl, benzamido, benzenesulfinyl, benzenesulfonamidoe, benzenesulfonyl,
benzenesulfonylamino, benzovl, benzovlaminoe, benzoyloxy, benzvl, benzyloxy, benzvloxvearbonyl,
benzylthio, carbamoyl, carbamate, 1socyannato, sulfamoyl, sulfinamoyl, sulfino, sulfo, sulfoaming,
thiosulfo, NR*RY andfor COOR?, wherein each R” and R are independently H, alkyl, alkenvl, arvl,
hetercaryi, heterocycle, cycloalkyl, or hydroxy.

The term “carbocyele™ refers 1o a saturated, unsaturated or aromatic ring having 3 to 8 carbon
atoms as a monocyele, 7 to 12 carbon atoms as a bicyele, and up to about 30 carbon atoms as a
polyeyele. Monocyelic carbocyeles typically have 3 to 6 ring atoms, still more typically 5 or 6 ring
atoms. Bicyclic carbocyeles have 7 to 12 ring atonss, e.g., arranged as a bicyclo [4,5], [5.5L [3.6] or
[6,6] system, or 9 or 10 ring atoms arranged as a bicyclo [5,6] or [6,6] system. Examples of
carbocyeles include evelopropyl, cyclobutyl, cvclopentyl, I-cyclopent-1-envl, 1-cvclopent-2-enyl,
f-cyclopent-3-enyl, eyclohexyl, -cyclohex-1-enyl, l-cyclohex-2-enyl, I-cyclohex-3-enyl, phenyl,
spiryl and naphthyl. The carbocyele can be optionally substitnted as described above for alkyl
aroups.

The term “carboxy!” refers to ~COOH.

All chiral, diastereomeric, racemic forms of a structure are intended, unless a particular
stereochemistry or isomernic form is specifically mndicated. Compounds used in the present mvention
can include enriched or resolved optical isomers at any or all asypunetric atoms as are apparent from
the depictions, at any degree of enrichment. Both racemic and diastercomeric mixtures, as well as the
individual optical isomers can be isolated or synthesized so as to be substantially free of theiwr
enantiomeric or diastereomeric partners, and these are all within the scope of the mvention.

The term “chemically feasible™ refers to a bonding arrangement or a compound where the
generally understood rales of organic structure are not violated; for example a structure within a
definition of a claim that would contain in certain situations a pentavalent carbon atom that wounld

not exist in nature would he understood to not be within the claim.
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When a substituent is specified to be an atom or atoms of specified identity, “or a bond”, a
configuration 1s referred to when the substituent 15 “a bond™ that the groups that are immediately
adjacent to the specified substituent are directly connected to each other by a chemically feasible
bonding configuration,

The phrase “compounds of the disclosure™ refer to compounds of Formala I and
pharmaceutically acceptable enantiomers, diastereomers, and salts thereot. Similarly, references to
mtermediates

are meant to embrace therr salts where the context so permits.

>

The term “cycloalkvl” refers to cyelic alkyl groups of from 3 to 20 carbon atoms having a

single cychic ring or multiple condensed rings. Such cyeloalkyl groups include, by way of example,
single ring structures such as cyclopropyl, cyclobutyl, eyclopentyl, cyelooctyl, and the like, or
multiple ring structures such as adamantanyl, and the like,

The cycloalky! can optionally be substituted with one or more alkyl, alkenyl, alkoxy, halo,
haloalkyl, hydroxy, hydroxvalkyl, arvl, heteroaryl, heterocycle, cycloalkyl, alkanovl,
alkoxycarbonyl, anmune, imino, alkylamine, acylamino, nitre, triffuoremethyl, trifluoromethoxy,
carboxy, carboxyalkyl, keto, thioxo, alkvlthio, alkyisulfinyl, alkylsulfonyl, cyano, acetamido,
acetoxy, acetyl, benzamido, benzenesulfinyl, benzenesolfonamido, benzenesulfonyl,
benzenesulfonvlamino, benzoyl, benzovlaminoe, benzovioxy, benzyl, benzyloxy, benzyvloxyearbonyl,
benzyithio, carbamovl, carbamate, socvannato, sulfamoyl, sulfinamovl, sulfino, sulfo, sutfoamino,
thiosulfo, NR*RY and/or COOR”™, wherein each R* and R” are independently H, alkyl, alkenyl, aryl,
heteroarvl, heterocycle, cyvcloalkyl, or hvdroxy.

The cycloalky! can optionally be at least partially unsaturated, theveby providing a
cyvcioatkenyl. Additionally, the cycloalkyl can optionally be a divalent radical, thereby providing a
cycloalkylene.

The term “delivery” refers to the release of a drug from a device comprising that drug into an
environment surrounding the device. The environment into which the drog so released may or may
not be the ultunate site of activity for that drug. In some instances, the released drug may need to be
transported to its ultimate site of activity.

The term “derivative or analogne” of a compound refers to a chemucally modified compound
wherein the chemical modification takes place at one or more functional groups of the compound
and for on an aromatic, alicyche, or heterocyelic structures, when present. The derivative or analogue
however is expected to retain the pharmacological activity of the compound from which it is derived.

The term “an effective amownt” refers to an amoant safficient to effect beneficaal or desired

results. An effective amount can be administered in one or more administrations, applications, or
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dosages. Determination of an effective amount for a given administration is well within the ordinary
skill in the pharmaceutical arts.

The term “exchanged™ s intended to indicate that in between two or more adjacent carbon
atoms, and the hydrogen atoms to which they are attached (e.g., methyl (CHy), methylene (CHa), or
methme (CH)), indicated in the expression using “mterrupted” 1s mserted with a selection from the
indicated group(s), provided that the each of the indicated atoms” normal valency is not exceeded,
and that the mterruption results in a stable compound. Such suitable indicated groups include, eg.,
with one or more non-peroxide oxy (~O-), thio (-8}, imino (-N{H}-}, methvlene dioxy
{(~OCH;0-), carbonyl (-C{=0}-), carboxy (~C(=0)0-), carbonvidioxy (—-OQC{=0)0-), carboxylato
(- QCH=0)-), mino (C=NH), suifinyl (SO} and sulfonyl (SO-).

The term “hale™ refers to tluoro, chlore, bromo, and iodo. Similarly, the term “halogen”
vefers to fluoring. chlorine, bromine, and iodine.

The term “haloalkyl” refers 1o alkyl as defined herein substituted by 14 halo groups as
defined herein, which may be the same or different. Representative haloalky! groups include, by way
of example, trifluoromethyl, 3-fluorododecyl, 12,12,12-wrifluorododecyl, 2-bromooctyl,
3-bromo-6-chloroheptyl, and the hike.

The term “heteroaryl” is defined herein as a monoeyclic, bieychic, or tricvelic ring system
containing one, two, or three aromatic rings and contaimng at least one nitrogen, oxygen, or sultur
atom in an aromatic ring, and which can be unsubstituted or substituted. The heteroaryl can
optionally be a divalent radical, thereby providing a heteroarviene.

Examples of heteroary! groups include, but are not fimited to, 2H-pyrrolyl, 3H-mndolyl,
4H-gquanolizinyl, 4nf-carbazolyl, acridinvl, benzolbithienyl, benzothiazolyl, B-carbolinyl,
carbazolyl, chromenyl, cinngolinyl, dibenzo[b,d]furanyl, furazanyl, furyl, imidazolyl, imidizolyl,
mdazolyl, indolisiyl, indolyl. isobenzofuranyl, isoindolyl, isoquinelyl, isothiaxolyvl isoxazolyl,
naphthyridinyl, napthof 2,3-6], oxazolvl, permmidinyl, phenanthridinyv, phenanthrohinyl,
phenarsazinyl, phenazinyl, phenothiazinyl, phenoxathiinyl, phenoxazinyl, phthalazinyl, ptenidinyd,
purinyl, pyranvi, pyrazinyl, pyrazolyvl, pyridazinyi, pyridvl, pyrimidinyl, pyrimidinyl, pyrrolyl,
guinazolinyl, quinolvl, quinoxahinyl, thiadiazolyl, thianthrenyl, thiazolyl, thienvl, triazolyl, and
xanthenvl In one embodiment the terim “heteroaryl” denotes a monocyclic aromatic ring contaming
five or six ring atoms containing catbon and 1, 2, 3, or 4 hetevoatoms tndependently selected from
the group non-peroxide oxygen, sulfur, and N{Z) wherein Z iz absent or is H, O, atkvi, phenyl, or
benzyl In another embodiment heteroaryl denotes an ortho—fused bievehic heterocycle of about eight
to ten ring atoms derived therefrom, particularly a benz~derivative or one derived by fusing a

propylene, or tetramethylene diradical thereto.
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The heteroarvi can optionally be substituted with one or more alkyl, alkenyl, alkoxy, halo,
haloalkyl, hvdroxy, hvdroxyalkyl, aryl, heteroaryl, heterocvele, oycloalkyl, alkanoyl,
alkoxycarbonyl, amineo, imino, alkvlamino, acylamine, nitro, triffuoromethyl, triffuoromethoxy,
carboxy, carboxyalkyl, keto, thioxo, alkylthio, alkvisulfinyl, alkylsulfonvl, cvano, acetamido,
acetoxy, acetyl, benzamido, benzenesulfinyl, benzenesulfonamido, benzenesulfonyl,
benzenesulfonylamino, benzovl, benzovlamino, benzoyloxy, benzyl, benzyloxy, benzvioxycarbonyi,
benzylthio, carbamoyl, carbamate, isocyannato, sulfamoyl, sulfinamoyl, sulfino, sulfo, sulfoamino,
thiosulfo, NR*RY andfor COOR?, wherein each R” and R are independently H, alkyl, alkenvl, arvl,
heteroaryl, heterocyele, cycloalkyl, o hydroxy.

The term “heterocycle™ or “heterocvelyl” refers to a saturated or partially unsaturated ring
systen, containing at least one heteroatom selected from the gronp oxygen, nitrogen, and sulfur, and
optionally substituted with alkyl, or C(=0)OR", wherein R" is hyvdrogen or alkyl. Typically
heterocycele is a monocyclic, bicyelic, or tricyelic group containing one or more heteroatoms selected
from the group oxygen, nitrogen, and sulfur. A heterocycle group also can contain an oxo group
{=Q) attached to the ring. Non-limiting examples of heterocvele groups include
1 3~dihydrobenzofuran, 1 3-dioxolane, | d—dioxane, | 4-dithiane, 2H-pvran, 2-pyrazoline,
4H-pyran, chromanyl, imidazolidinyl, imidazolinyl, indolinyl, isochromanyl, isoindolinyl,
morpholing, piperazinyl, piperidine, piperidyl, pyrazolidine, pyrazolidinyd, pyrazolinyl, pyrroliding,
pyrroline, quinuclidine, and thiomorpholine. The heterocycle can optionally be a divalent radical,
thereby providing a heterocyclene.

The heterocycle can optionally be substituted with one or more alkyl, alkenyl, alkoxy, halo,
haloalkyl, hydroxy, hydroxvalkyl, arvl, heteroarvl, heterocycle, cveloalkyl, alkanovl,
alkoxycarbonyl, amino, imino, alkylamino, acylamino, matro, friftuoromethyl, triftuoromethoxy,
carboxy, carboxyatkyl, keto, thioxo, alkylthio, alkyisulfinyl, alkyvisulfonyl, cvano, acetamido,
acetoxy, acetyl, benzamido, benzenesulfinyl, benzenesulfonamido, benzenesulfonyl,
benzenesulfonvlamine, benzoyl, benzovlamino, benzovioxy, benzyl, benzyioxy, benzyloxycarbonyl,
benzyithio, carbamovl, carbamate, 1socvannato, sulfamovl, sulfinamoyl, sulfine, sulfo, sulfoaming,
thiosulfo, NR*R” and/or COORY, wherein each R" and R are independently H, alkyl, alkenyl, aryl,
heteroarvl, heterocycle, cyvcloalkyl, or hvdroxy.

Examples of nitrogen heterocycles and heteroaryls melude, but are not limited to, pyrrole,
inidazole, pyrazole, pyridine, pyrazine, pyrinidine, pynidazine, indolizing, isoindole, indole,
mdazole, punine, quinolizine, isoguinoline, quinohne, phthalazine, naphthylpyndine, quinoxatine,
guinazoline, cinnoline, preridine, carbazole, carboline, phenanthridine, acridine, phenanthroline,

isothiazole, phenazine, 1soxazole, phenoxazine, phenothnazine, inidazohdine, imidazoline,
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piperidine, piperazine, indoline, morpholino, piperidinyl, tetrahydrofuranyl, and the like as well as
N-atkoxv-nitrogen containing heterocveles.

The term “hydrate™ refers to the complex where the solvent molecule is water.

The term “include,” “for example,” “such as,” and the like are used llustratively and are not
intended to limit the present invention.

The term “interrupted” indicates that another group is inserted between two adjacent carbon
atoms (and the hvdrogen atoms to which they are attached (e.g., methyl (CHy), methylene (CHy) or
methine (CHY)) of a particular carbon chain being referved to in the expression using the term
“interrapted, provided that each of the mdicated atoms” normal valeacy is not exceeded, and that the
interruption results in a stable compound. Suitable groups that can interrupt a carbon chain include,
e.g., with one or more non~peroxide oxy {-0-), thio (-S+), imino (-N{H)~), methylene dioxy
{~-OCH0-}, carbony! (-C{=0)-}, carboxy (-C(=0)0-}, carbonvidioxy (-OC{(=0)0-), carboxylato
{-OC{=03-), imine (C=NH}, sulfinyl (SO} and sulfonvl (SO}, Alkyl groups can be interrupted by
one ore more {e.g., 1, 2, 3, 4. 5, or about 6) of the aforementioned suitable groups. The site of
interruption can afso be between a carbon atom of an alkyl group and a carbon atom to which the
alkyl group s attached.

As to any of the groups described herein, which contain one or more substituents, it is
understood, of course, that such groups do not contain any substitution or substitution patterns which
are sterically impractical andfor synthetically non-feasible. In addition, the compounds of this
disciosed subject matter include all stereochemical isomers arising from the substitution of these
compounds.

Selected substituents within the compounds described herein are present to a rectursive

deg

3
o

ree. In this context, “recorsive substituent” means that a substituent may recite another instance
of itself. Because of the recursive nature of such substituents, theoretically, a large number may be
present in any given claim. One of ordinary skill in the art of medicinal chemistry and organic
chemistry understands that the total number of such substituents is reasonably limited by the desired
propertics of the compound tntended. Such properties include, by of example and not limitation,
physical properties such as molecular weight, solubility or log P, application properties such as
activity against the intended target, and practical properties such as ease of synthesis,

Recursive substituents are an intended aspect of the disclosed subject matter. One of ordinary
skill in the art of medicinal and organic chemistry understands the versatiity of such substituents. To
the degree that recursive sabstituents are present in a claim of the disclosed subject matier, the total

number will be determined as set forth above.
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The term “metabolite” refers to any compound of the forauda (1} produced in vive or in visro
from the parent drug, or its prodrugs. The term “molecular weight” refers to a weight-average
molecnlar weight, as is well known in the art. The term “oxo” refers to =0,

The term “pharmaceutically acceptable” refers to those compounds, materials, compositions,
andfor dosage forms that are, within the scope of sound medical judgment, suitable for use 1 contact
with the tissues of human bemgs and animals without excessive toxicity, writation, allergic response,
or other problems or complications commensurate with a reasonable benefit/risk ratio. Several
pharmaceuntically acceptable ingredients are known in the ant and official publications such as The

United States Pharmacoepia describe the analvtical oriteria to assess the pharmaceutical acceptability

of numerous ingredients of interest.

The term “pharmaccutically acceptable salts™ refers to ionic compounds, wherein a parent
non-ionic compound is modified by making acid or base salts thereof. Examples of pharmaceutically
acceptable salts include mineral or organic acid salts of basic residoes such as amines; alkali or
organic salts of acidic residues such as carboxylic acids; and the hike. The pharmaceutically
acceptable salts include conventional non-toxic salts and quaternary ammonium salts of the parent
compound formed, for example, from son-toxic morganic or organic acids. Non-toxic salis can
inciude those derived from inorgamc acids such as hydrochlorie, hydrobromic, hydroiodic, sulfuric,
sutfamic, phosphonic, nitric and the hke. Salts prepared from organic acids can include those such as
acetie, 2-acetoxybenzoic, ascorbic, benzenesulfonic, benzoic, citric, ethanesulfonic, ethane
disulfonic, formic, fumaric, gentisinic, glocaronic, ghuconic, glutamie, glycolic, hvdroxymaleic,
wethionic, 1sonicotime, lactic, maleic, malic, mesylate or methanesulfonic, oxalic, pamoic
{1.1"-nmethylene-bis-(2-hvdroxy-3-naphthoate)), pantothenic, phenylacetic, propionic, salicylic,
sulfanilic, toluenesolfonic, stearic, succinie, tartaric, bitartaric, and the bike. Certain compounds can
form pharmacentically acceptable salts with various amino acids. For a review on pharmaceutically
acceptable salts, see, e.g., Berge et al., J Pharm. Sci. 1977, 66(1), 1-19, which is incorporated herein
by reference.

The pharmaceutically acceptable salts of the compounnds described herein can be synthesized
from the parent compound, which contains a basic or acidic moiety, by conventional chemical
methods. Generally, such salts can be prepared by reacting the free acid or base forms of these
compounds with a stoichiometric amount of the appropriate base or acid in water or 1 an organic

solvent, or in a mixture of the two! generally, nonaqueous media like ether, ethyl acetate, ethanol,

isopropasol, or acetomitrile are preferred. Lists of many suitable salts are found in Renungton: The

Science and Practice of Phanmacy, 217 edition, Lippincott, Williams & Wilkins, (2005).
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It will be appreciated by those skilled in the art that compounds useful in the disclosed
subject matter having a chiral center may exist in and be 1solated n optically active and racemic
forms. Some compounds may exhibit polvmorphism. It is to be understood that the presently
disclosed subject matter encompasses any racemic, optically-active, polymorphic, or sterecisomeric
form, or muxtures thereof, of a compound of the presently disclosed subject matter, which possess the
useful properties described herein, it being well known in the art how to prepare optically active
forms (for example, by resolution of the racemic form by recrystaliization techniques, by synthesis
from optically-active starting materials, by chiral synthesis, or by chromatographic separation using
a chiral stationary phase) and how to deternune anticancer activity using the standard tests described
herein, or using other similar tests which are well known in the arnt.

One digstereomer of a componnd disclosed herein may display superior activity compared
with the other. When required, separation of the racemic material can be achieved by HPLC using a

chiral column or by a resolution using a resolving agent such as camphonic chioride as in Tucker et

al., t Med. Chem,, 37, 2437 {1994}. A chiral compound described herein may also be directly
synthesized using a chiral catalyst or a chiral ligand, e.¢., Huffiman et al., J, Org. Chem,, 60:15%0
(1995).

The terms “prevent,” “preventative,” “prevention,” “protect,” and “protection” refer to
medical procedures that keep the malcondition from occurring in the furst place. The terms mean that
there is no or a lessened development of disease or disorder where none had previously occurred, or
no further disorder or disease development if there had already been development of the disorder or
disease.

The term “prodrug” refers to anv pharmaceutically acceptable form of compound of the
formula I, which, upon administration to a patient, provides a compound of the formula L
Pharmaceutically acceptable prodrugs refer 1o a compound that is metabolized, for example
hydrolyzed or oxidized, in the host to form a compound of the formulda L Typical examples of
prodrugs include compounds that have biologically labile protecting groups on a functional molety
of the active compound. Prodrugs include compounds that can be oxidized, reduced, aminated,
deaminated, hydroxvlated, dehydroxvlated, hydrolyzed, dehydrolvzed, alkylated, deatkylated,
acviated, deacviated, phosphorylated, dephosphorvlated to produce the active compound.

The prodrug may be prepared with the objective{s) of improved chemical stability, unproved
patient acceptance and compliance, improved bioavailability, proelonged duration of action, improved
organ selectivity (including mmproved brain penetrance}, improved formulation (e.g., increased
hydrosolubility), and/or decreased side effects (e.g., toxicity). See e g. T. Higuchi and V. Stella,

“Prodrugs as Novel Delivery Svstemis”, Vol, 14 of the A.C.S. Symposium Series; Bioreversible

pa—y
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Carriers in Drug Design, ed. Edward B. Roche, American Pharmaceutical Association and Pergamon
Press, (1987). Prodrugs wnclude, but are not limited to, compounds derived from compounds of
formula I wherein hydroxy, amine or sulthydrvl groups, if present, are bonded to any group that,
when administered to the subject, cleaves to form the free hyvdroxyl, amino or sulfhwdryl group,

5 respectively. Selected examples include, but are not himited to, biohydrolyzable amides and
biohydrolyzable esters and biohydrolyzable carbamates, carbonates, acetate, formate and benzoate
dertvatives of alcobol and amine functional groups.

The prodrug can be readily prepared from the compounds of Formula (1) using methods
known in the art. See, for example, Notari, R, E., “Theory and Practice of Prodrag Kinetics,”

W0 Methods in Ensymology, 112:309 323 (1985); Bodor, N., “Novel Approaches in Prodrug Design,”

Dirugy of the Future, 6(3):165 182 (1981); and Bundgaard, H., “Design of Prodrugs:

Bioreversible-Derivatives for Various Functional Groups and Chemical Entities,” in Design of

Prodrugs (H. Bundgaard, ed)), Elsevier, N.Y. (19853 Burger’s Medicinal Chemistry and Drug
Chemistry, Fifth Ed., Vol. 1, pp. 172-178, 949982 (1995}

vU' T

The term “solvate” refers to a complex of variable stoichiometry formed by a solute (in this
mvention, a compound of formula I, or a salt or physiotogically functional denivative thereof) and a
sofvent. Such solvents, for the purpose of the invention, should not interfere with the biological
activity of the solute. Non-limiting examples of suitable solvents include, but are not Hmited to
water, methanol, ethanol, and acetic acid. Preferably the solvent used is a pharmaceutically
20 acceptable solvent. Non-limiting examples of suitable pharmaceutically acceptable solvents include

water, ethanol, and acetic acid.
The term “stereoisomer™ refers 1o a compound made up of the same atoms bonded by the same
bonds but having different three~-dimensional structures, which are not interchangeable.
The term “substituted” is intended to ndicate that one or more hydrogens on the atom
25 indicated in the expression using “sobstitated” is replaced with a selection from the indicated
group(s), provided that the indicated atomy’s normal valency is not exceeded, and that the substitution
results in g stable compound. Suitable indicated groups inchude, e.g, alkvl, alkenyl, alkylidenvl,
alkenviidenyl, alkoxy, halo, haloalkyl, hvdroxy, hvdroxyalkyl, arvl, heteroaryl, heterocyele,
cycloalkyl, alkanoyl, acvioxy, alkoxvearbonyl, amino, imino, alkylamino, acylamino, nitro,
30 wmfluoromethyl, mifluoromethoxy, carboxy, carboxyalkyl, keto, thioxo, alkyithio, alkylsulfinyl,
alkylsulfonvl, cyano, acetamido, acetoxy, acetyl, benzamido, benzenesulfinyl, benzenesulfonamido,
benzenesulfonyl, benzenesulfonylamino, benzovl, benzovlamino, henzoyloxy, benzyl, benzyloxy,
benzyloxycarbonyl, benzylthio, carbamoyl, carbamate, isocyanato, sulfamoyl, sulfinanmoyl, sulfino,

sulfo, sutfoamine, thiosulfo, NR*RY andéor COOR®, wherein each R* and R are independently H,
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alkyl, alkenyl, aryl, heteroarvi, heterocycle, cycloalkyl, or hydroxy. When a substituent is oxo {(ie.,
=0} or thioxo {t.e., =8) group, then two hydrogens on the atom are replaced. The term “sulfony!”
refers to -SOh-.

The term “tautomer™ refers to a proton shift from one atom of a molecule to another atom of the
same molecule.

The term “therapeutically effective amount” is intended to include an amount of a compound
described herein, or an amount of the combination of compounds described heretn, e.g.. to treat or
prevent the disease or disorder, or to treat the svaaptoms of the disease or disorder, in a host. The
combination of compounds s preferably a synergistic combination. Synergy, as described for

example by Chou and Talalay, Adv, Enzyvime Regul., 22:27 (1984}, occurs when the effect of the

compounds when administered in combination is greater than the additive effect of the compounds
when admmistered alone as a single agent. In general, a synergistic effect is most clearly
demonstrated at suboptimal concentrations of the compounds. Svnergy can be in terms of lower
cytotoxicity, increased activity, or some other beneficial effect of the combination compared with the
individoal components.

The terms “therapy.” and “therapeuntic” refer to etther “treatment” or “prevention,” thus,
agents that either treat damage or prevent damage are “therapeutic.”

The terms “treating” or “reat” or “wreatment” refer to obtaining a desired pharmacologic
and‘or physiologic effect. The effect may be prophylactic in terms of completely or partially
preventing a disease or symptom thereof and/or may be therapeuntic in terms of a partal or complete
care for a disease andfor adverse affect attribwtable to the disease. As used hergin, the term
“treatment,” covers any treatment of a disease in & mammal, particularly i a human, and includes:
{(a) preventing the disease from occurring in a subject which mway be predisposed to the disease but
has not vet been diagnosed as baving it; (b) inhibiting the disease, L.e., arresting its development; and

gression of the disease,

Pe

{c) relieving the disease, 1.e., causing re
I addition, where features or aspects of the invention are described in terms of Markush
groups, those skilled in the art will recognize that the invention is also thereby described in terms of
any individual member or subgroup of members of the Markush group. For example, if X is
described as selected from the group consisting of bromine, chlorine, and iodine, claims for X being
bromine and claims for X being bromine and chlorme are fully described. Moreover, where features
or aspects of the invention are described in terms of Markush groups, those skilled in the an will
recognize that the mvention 13 alse thereby described n terms of any combination of individual
members or sabgroups of members of Markush groups. Thus, for example, 1f X is described as

selected from the group consisting of bromine, chlorine, and 1odine, and Y is described as selected
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from the group consisting of methyl, ethyl, and propyl, claims for X being bromine and Y being
methvl are fully described.

In varions embodiments, the compound or set of compounds, such as are used in the
mventive methods, can be any one of any of the combinations and/or sub-combinations of the
above-hsted embodiments.

Asymmetric carbon atoms may be present in the compounds described. All such 1somers,
meluding diastereomers and enantiomers, as well as the nuxtures thereof are intended 1o be mcluded
in the scope of the recited compound. In certain cases, compounds can exist in tautomeric forms. All
tautomeric forms are intended to be included i the scope. Likewise, when compounds contain an
alkenyl or alkenylene group, there exists the possibility of ¢is- and trans-isomeric forms of the
compounds. Both cis- and trans-isomers, as well as the mixtures of cis~ and trans-isomers, are
conterplated. Thus, reference herem to a compound includes all of the aforementioned someric
forms unless the context clearly dictates otherwise.

Various forms are mcluded wm the embodiments, including polymorphs, solvates, hydrates,
conformers, salts, and prodrug derivatives. A polvmorph is a composition having the same chemical
formula, but a different structure. A solvate is a composition formed by solvation (the combination
of solvent molecules with molecules or lons of the solute). A hvdrate is a compound formed by an
incorporation of water. A conformer s a structure that is a conformational isomer. Conformational
isomerism is the phenomenon of molecules with the same structural formula but different
conformations {(conformers) of atoms about a rotating bond. Salts of compounds can be prepared by
methods known to those skalled in the art. For example, salts of compounds can be prepared by
reacting the appropriate base or acid with a stoichiometric equivalent of the compound. A prodrug is
a compound that ondergoes biotranstformation {chemical conversion) before exhibiting us
pharmacological effects. For example, a prodrug can thus be viewed as a drog containing specialized
protective groups used in a transient manner to alter or to eliminate undesirable properties in the
parent molecule. Thus, reference herein to a compound includes all of the aforementioned forms
unless the context clearly dictates otherwise.

Concentrations, amounts, ete., of various componenis are often presented in a range format
throughout this disclosure. The description in range format is merely for convenience and brevity
and should not be construed as an inflexible lunitation on the scope of the claimed invention.
Accordingly, the description of a range should be considersd to have specifically disclosed all the
possible subranges as well as individual numerical values within that range. For example, description
of a range such as 1% to 8% should be considered to have specifically disclosed subranges such as

190 to 7%, 29 to 8%, 2% to 6%, 3% to 6%, 4% t0 8%, 3% to 8% etc., as well as individual numbers
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within that range, such as, 2%, 5%, 7% etc. This construction applies regardless of the breadth of the
range and in all contexts throughout this disclosure.

In the claims provided herein, the steps specified to be taken in a claimed method or process
may be carried out in any order without departing from the principles of the invention, except when a
temporal or operational sequence is explicitly defined by claim language. Recttation in a claim to the
effect that first a step i performed then several other steps are performed shall be taken to mean that
the first step 15 performed before any of the other steps, but the other steps may be performed in any
sequence unless a sequence is farther specified within the other steps. For example, claim elements
that recite “first A, then B, C, and D, and lastly E” shall be construed to mean step A must be first,
step £ must be fast, but steps B, €, and D may be carried out in any sequence between steps A and B
and the process of that sequence will still fall within the four corners of the claim.

Furthermore, i the claims provided herein, specified steps may be carmned out concurrently
unless explicit claim language requires that they be carried out separately or as parts of different
processing operations. For example, a clauned step of doing X and a claimed step of doing Y may be
conducted simultaneously within a single operation, and the resulting process will be covered by the
claim. Thus, a step of doing X, a step of doing Y, and a step of doing 7 may be conducted
stmultaneounsly within a single process step, or in two separate process steps, or in three separate
process steps, and that process will still fall within the four corners of a claim that recites those three
Steps.

Similarly, except as explicitly required by claim language, a single substance or component
may meet more than a single fanctional requirement, provided that the single substance fulfills the
more than one finctional requirement as specified by claim language.

The compounds described herein can be prepared by any of the applicable techniques of
organic synthesis, Maay such techniques are well known in the art. However, many of the known

techniques are elaborated in Compendiun of Qrganic Synthetic Methods (John Wiley & Sons, New

York) Vol 1, lan T. Harrison and Shuyen Harrison (1971); Vel 2, lan T. Harrison and Shuyen
Harrison {1974}; Vol. 3, Louis S. Hegedus and Leroy Wade (1977); Vol. 4, Leroy G. Wade Ir |
(1980); Vol. 5, Lerov G. Wade Jr. (1984); and Vol. &, Michael B, Smith; as well as March, J,

Advanced Organic Chemistry, 3rd Edition, John Wiley & Sons, New York (1985); Comprehensive

Organic Svothesis, Selectivity, Stratesy & Efficiency in Moderm Oreanic Chemistry, In 8 Volumes,

Barry M. Trost, Editor-in-Chief, Pergamon Press, New York (19931 Advanced Organic Chemisiry,

Part B: Reactions and Synthesig, 4th Ed.; Carey and Sundberg: Kluwer Academic/Plenam

Publishers: New York (2001} Advanced Oreanic Chemistry, Reactions, Mechanisms, and Structure,

2ud Edition, March, McGraw Hidl (1977}; Protecting Groups 1n Organic Synthesis, Ind Edition,
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Greene, T.W ., and Wutz, P.G M., John Wiley & Sons, New York {1991); and Comprehensive

Organic Transformations, 2ad Edition, Larock, R.C. John Wilev & Sons, New York {(1999).

Exemplary methods of making the compounds described herein are described herein in the examples
below.

Obviously, numerous modifications and variations of the presently disclosed subject matter
are possibie n hight of the above teachings. It 15 therefore to be understood that within the scope of
the claims, the disclosed subject matter may be practiced otherwise than as specifically described
herein.

Specific ranges, values, and embodiments provided herein are for ilustration purposes only
and do not otherwise limit the scope of the disclosed subject matter, as defined by the claims.

It should be understood that the presemt disclosure encompasses all stereochemical isomeric
forms, or mixtures thereof, which possess the ability to kil cancer cells and/or inhibit growth of
cancer cells. Enantiomers of the present disclosure mav be reselved by methods known to those skilled
in the art, for example, by formation of diastereoisomeric salts which may be separated by
crystatlization, gas-liguid or liquid chromatography, or selective reaction of one enantiomer with an
enantiomer-specific reagent. It will be appreciated that where the desired enantiomer 1s converted into
another chemical entity by a separation techuique, then an additional step is required to form the
desired enantiomernic form. Ahematively, specific enantiomers may be synthesized by asynumetric
synthesis using optically active reagents, substrates, catalysis or solvents, or by converting ong
enantiomer into the other by asymumetric transformation.

Certain compounds of the present disclosure may also exist in different stable conformationat
forms which may be separable. Torsional asymmetry due to restricted rotation abont an asymmetric
single bond, for example because of steric hindrance or ring strain, may permit separation of different
conformers. The present disclosure includes each conformational isomer of these compounds and
mixtures thereof.

Certain compounds of the present disclosure may exist in zwittertonic form and the present
disclosure includes each zwittertonic torm of these compounds and mixtures thereof.

The starting materials nseful to synthesize the compounds of the present disclosure are known
to those skilled in the art and can be readily manufactured or are commercially available.

The following methods set forth below are provided for illustrative purposes and are not
intended to limit the scope of the claimed disclosure. It will be recognized that it may be necessary to
prepare such a compound m which a functional group is protected using a conventional protecting

group then to remove the protecting group to provide a compound of the present disclosare. The details
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concerning the use of protecting groups in accordance with the present disclosure are known to those
skilled 0 the an.
The mvention relates to synthesis of anticancer compounds of (fluorophenylquinolin-4-one

derivatives of formula

3
Where R2 =
AndRd=Hor G
When R4 = H.
Ry OH
R
Ry R,
Ry .
10 As mentioned above CHM-2133-P exhibited excellent antitumor activity, through both oral

and mtravenous administration, which is very likely related to its unique structure that was made up of
the following three functional groups: Firstly, the phosphate group located on the 4-position of its
guinoline ring. As stated in our previous report that pharmacokinetic study of CHM-2133-P confirmed
its rapid bio-conversion into its active molecule CHM-2133 following admumistration. Alkaline

15 phosphatase is known to over-expressed on the extracelinlar space of specific tumor cells such as
ovarian and hepatoma cells, therefore the introdoction of a phosphate group appears to be a reasonable
stratepy for target delivery.

Secondly, the methylenedioxy moiety bridges the 5- and 6-position of its quinoline ring,

which could form an orthoquinone upon metabolism, and could be subsequently metabolized mto

20 more cvtotoxic metabolites in hypoxia cells. Becaunse severe hypoxia is a common situation of
tocalty advanced solid tumor, the incorporation of methylenedioxy moiety to fight tumors becomes a

meaningful approach.
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Thirdly, the fluorine atom located on the 2-phenyl group. To certain medicines, the
unordinary nature of fluorine was reported to ympart a variety of properties tnchuding enhanced
potency, improved duration of action and attenuation of biliary clearance.

Meanwhile, established SAR indicated the existence of a group with lone pair electrons (for
instance, OQCH;, NRR, (1, F) at both the o-position of quinohine ring and 3 -position of 2-phenyl
group enhanced the cytotoxicity of 2-PQs. Bearng the structural characteristics of CHM-2133-P
mind, the mnventor designed compounds 16-21, 37-48 (FIG. 2) and thewr phosphates as target
compounds based on the following principles: (1) The presence of a O-R group at 6-position of
guinoline ring. {2) The presence of a fluorine atom at the 2-phenyl group. (3) Readiness to be
metabolized into orthoquinone in vivo and (4) should be new 2-PQs that were not synthesized
before. For illustration, methods of synthesizing target compounds 16-21, 37-45 and evaluating their
cytotoxicity are disclosed. Drug candidate compounds may be converted into water soluble, sodium
salt of phosphate derivatives for improved hydrophilicity. All the svathesized phosphate derivatives
may be evaluated for i vive anticancer activity.

EXAMPLES

Without intent 1o linut the scope of the ivention, exemplary insttuwments, apparatus, methods
and their related results according to the embodiments of the present invention are given below. Note
that titles or subtitles may be used in the examples for convenience of a reader, which i no way
should limit the scope of the nvention. Moreover, certain theories are proposed and disclosed herein;
however, in no way they, whether they are right or wrong, should limit the scope of the invention so
fong as the invention is practiced according to the mvention without regard for any particalar theory
ar scheme of action.

General Strurctures of Compounds

A-series (Scheme 1 ~ Scheme 5)
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C-series (Scheme 11 and scheme 12)
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1. A Series
Chemical synthesis

Scheme 1: Synthesis of Compounds 16-24, The synthesis of 5,6,7.2° 3" 4 -substituted
2-phenyiqumolin-4-ones {1624} was illustrated m Scheme 1. First, 3 4,5-substituted
{-amino-2-acetylbenzenes (1-3) were reacted separately with 2,3,4-suhstsituted. benzoyl chlorides
{4-6} to vield the corresponding amides {(7-13) that were subsequently cvclized in t-BuOH, m the
presence of ~BoOK, to afford the desived compounds (16-24).

Scheme 2: Synthesis of Starting Compounds 1-3, The starting compounds 1-3 were not
from conumercial source, and were prepared according 1o Scheme 2. Following a published method,”
2 3-dimethoxvhenzonitrile (25) was subjected to Grignard reaction by reacting with CHiMgBr in

ether to vield 2, 3-dimethoxvacetophenone (26}, Compound26 was then nitrated with 70 % HNO; to

give 2 3-dimethoxy-G-nitroacetophenone {27} which, without purification, was hydrogenated over

Pd/C. The reaction product was purified by column chromatography to afford

6-amino-2 3-dimethoxyacetophenone (1) whose structure was confirmed by 2D-NMR spectra.
6~Amino-2,3-dimethoxyacetophenone {2) was also prepared according to published methods.

The starting catechol {28} was acetylated, i microwave oven set at 300 Watt power, by reacting with

mixture of acetic acid {29) and BF:.  Et;0O to vield 2 3-dihvdroxyacetophenone (30) which was

further reacted with diiodomethane in DMFE | in the presence of KoCOs, to afford

2, 3-methylenedioxyvacetophenone (31). Subsequent mitration of compound 31 with 70 % HNO;

[
s
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afforded 2,3-methylenedioxy-6-nitroacetophenone (32). Without purification, compounds 32 was
hydrogenated, and purified with column chromatography to provide

-amino-2, 3-methylenedioxyacetophenone (2).'° Another published method was followed in
preparation of 6-amino-3-methoxy-4-benzyloxvacetophenone (3). First, the benzvlation of the
starting acetovamlione (33) with benzylbromide (34) gave 4-benzyloxy-3-methoxyacetophenone
(35) which was nitrated to vield 4-benzyloxy-3-methoxy-6-nitroacetophenone (36)." The
so~-obtained compound 36 was redaced with SaCl; to afford compound 3.

Scheme 3: Synthesis of Compounds 37-45, Scheme 3 illustrated the preparation of
designed compounds 37-45. As shown, compounds 16-18 were selectively demethviated by treating
with BCly in CH2Cls, to afford the corresponding
2-(fluorophenyl)-S-hydroxy-6~methoxyvquinolin-4-ones (37-39) whose structures were confirmed by
213-NMR spectra. Catalvtic hydrogenation of compounds 19-21 vielded
2-(fluorophenyl)-5,6-dihydroxyquinotin-4-ones (40-42), and similarly, hydrogenation of
7-benzvioxy-2-{ fluorophenyl}-6~-methoxvquinolin-4-ones {2224} gave
2-{fluorophenyl)-7-hydroxy-6-methoxyquinolin-d-ones (43-45).

Schemes 4-5: Phosphorylation of Compound 38, The phosphorylation of
2-{3-fluorophenyl)-5-hydroxy-6-methoxyquinoline-4-one (38 was iHustrated in Schemes 4 and 5.
Compound 38 was first reacted with tetrabenzylpyrophosphate (46) in THF in the presence of NaHl
or dibenzyiphosphite (47} to vield 2-(3-fluorophenvh-6-methoxvquinoline-4,5-diyl bis(dibenzyl
phosphate) (48). Compound 48 was then subjected to catalytic hydrogenation in MeOH to give its
diphosphoric acid (49}, Finally, compound 49 was converted into water soluble sodium salt {(50) by
treatment with NaHCO:. In the process of punifying compound 48, the coexistence of its
dephosphorylated derivative was found. Presamably as tHlustrated 1 Scheme 5, the indoctive effect
by the nitrogen atom on the 1-position of quinoline ring facilitated the selective elimination of
phosphate moiety on the 4-position of the same ring. Upon testing several conditions of reaction led
to selective 4-phosphate elimmnation of compound 48, it was found that stirring at room temperature
of compound 48 dissolved in MeOH resulted in precipitation of its monophosphate dertvative 51
whose structure was confinmed by the "H-NMR chemical shift of its proton on the 3-position (3
6.27). Finally, using the same synthetic procedure for compound 50, the hydrogenation of compound
51, followed by treatment with NaHCOs, resulted n desired water soluble, sodiun salt of

monophosphate derivative (823
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Examples

General Experimental Procedures, All of the reagents and solvents were obtained
commercially and used withont further purification. Reactions were monttored by thin-layer
chromatography, using Merck plates with fluorescent indicator (TLC Silica gel 60 Fazq). The
following adsorbent was used for column chromatography: sitica gel 60 (Merck, particle size
0.063-0.200 mm}. Melting points were determined on a Yanaco MP-500D melting point apparatus
and were uncorrected. IR spectra were recorded on Shimadzn IR Prestige-21 spectrophotometers as
KBr pellets. NMR spectra were obtained on a Bruker Avance DPN-200 FT-NMR spectrometer in
CDCL; or DMSO. The following abbreviations are used: s, singlet; d, doublet; t, wiplet; g, quartet;
dd, double doublet and m, multplet. EI-MS spectra were measured with an HP 5995 GC-MS
instrument. ESI-MS spectra were measured with a Finnigan LCQ ion-trap mass spectrometer {TSQ
Quantum, Thermo Finnigan Corporation, San Jose, CA). Elemental analyses {(C, H, and N} were
performed on a Perkin-Elmer 2400 Series 1 CHNSAD analvzer, and the results were within +:0.4% of
the calenlated values.

N-(2-Acetyl-3 4-dimethoxyphenyl)-2-fluorobenzamide (7). To a solution of
2-fluorvobenzovl chloride (4), 0.48 g, 2.46 mumol) in 40 mL of dry toluene were added triethylamine
(0.3 mL) and compound 1 {0.70 g, 443 mumol). The mixture was stivred at 35— 60 °C for 30 min,
and then poured tito crushed ice, extracted with EtOAc, The organic laver was washed with brine,
dried over MgSQ; and evaporated. The crude product was purified by colunmn chromatography
{Silica gel, EtOAc/m-hexane) to give 7 (0.5 ¢, 1.58 mmol) as a yellow solid. Yield: 64.1 % mp

106-108 °C: MY (EL 70 eVY: méz 317 (M), "H-NMR {DMSO-de 200 MHz): 8 2.45 (3, 3H), 3.76

W
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{5, 3H}, 3.81 {5, 3H), 714 {d. ./ = 2.6 Hz, 2H}, 7.24-7 34 (m, 2H), 7.52-7.63 (m, 2H), 10.07 (s, 1H);
BCNMR (DMSO-ds, 50 MHz): 8 31.91, 56.52, 6142, 114.52, 116.70, 121,43, 124.16, 125.06,
12681, 130.52, 131,50, 133.35¢d, ./ == 8.0 Hz), 145,98, 13047, 15961 (. J = 247.5 Hz}, 163,19,
201.38; Anal. caled for CsH,;FNOy: €, 64.35; H, 5.68; N, 4 41. Found: C, 6431 H, 5.10;
N, 4.43.

N-(2-Acetyl-3.4-dimethoxyphenvi)-3-fluorebenzamide (8) was obtained from 1 and
3-fluorobenzovl chloride (3), Yellow solid; Yield: 65.0 % mp 98-99 *C; MS (EL 70 V) miz 317
(M3 "H-NMR (DMSO-d; 200 MHz): & 2.43 (5, 3H), 3.76 (5, 3H), 3.81 (v, 3H), 7.03-7.15 (m, 2H),
7.39-7.71 (m. 4H), 1018 (5, TH), VC-NMR (DMSO-d;, 50 MHz): 8 31.74, 56,45, 61.38, 114.30,

11073 (d, J = 23 Hz), 11904 (d, J = 21 Hz), 12198, 124,13, 12691, 13112 (4, /= 7.5 Hz),
13227, 136.89 {(d. ] = 6.5 Hz), 145.90, 150.65, 162.40 (¢, = 243 Hz), 164.67, 201.22: Anal.
caled for C-HsFNO. €, 6435, H, S.08; N, 4.41. Found: C, 64.34: H, 5.06; N, 4.44,

N-(2-Acetyl-3 4-dimethoxyphenyl)-4-Huorobenzamide (9) was obtained from T and
4-fluorobenzoyl chloride (6). Yellow solid; Yield: 64.7 %6, map 146147 °C; MS(EL 70 eV} iz
317 (M) H-NMR (DMSO-ds 200 MHz): 8 2.43 {5, 3H), 3.76 (s, 3H), 3.81 (s, 3H), 7.03~7.14 {m,
2H), 7.26~7 .35 (i, 2H), 7.88~7.95 (m, 2H), 10.14 {5, 1H); VC-NMR (DMSO-dq, 50 MHz): 8 31.76,
S6.48, 61.38, 114.33, 11583 ¢4, J= 22 Hz), 121.91, 12717, 130,65 {d, ./ = 9.0 Hz), 131.06, 132.21,
145,90, 150.53, 16457 (. J = 247 Hax), 164.94, 201 25; Anal. caled for C-H FNOQy: C, 64.35;
H, 5.08. N, 4.41. Found: , 64.36, H, 53.11; N, 4.40.

N-(2-Acetyl-3 4-methylenedioxyphenyl)-2-fluorobenzamide (18) was obtained from 2 and
4. Yellow solid; Yield: 90.0 % mp 165—166 “C; MS (EL 70 eV} iz 301 (M) 'H-NMR
{DMSO-ds 200 MHz): § 2.53 (5, 3H), 6.13 (5, 2H), 7.12(d, J = 8.6 Hz, 1H), 7.28-7.38 (., 2H),
7.56-7.61 (m, 1F, 7.72-7.82 (m, 1H), 7.85(d, J = 8.8 Hz, 1H), 11.50 (s. 1H); PC-NMR
{DMSO—»:!@ SO MHz)Y § 32,53, 10257, 111,92, 112.52, 114.74, 116,94 {d, ./ = 22.5 Hz}, 12355 {4,

J = 125 Hz)y, 12541 13098, 13191, 134.04 (¢, J = 8.5 Hz), 144,46, 149.00, 15718, 162.22,

199.61; Anal. caled for CiaH 2 FNQy: €, 63.79; H, 4.01; N, 4.63. Found: C, 63.75; H, 4.03;
N, 4.67.

N-(2-Acetyh-34-methylenedioxyphenyh-3-fluorobenzamide (11) was obtained from 2 and
5. Yellow solid; Yield: 95.0 %; mp 170171 °C; MS(EL 70 eV): miz 301 (M), 'H-NMR
{DMSO-ds 200 MHz): 6 2.56 (s, 3H), 6.14 {5, 2H), 713 (d, ./ = 8.4 Hz, I1H}, 743 {r, /= 8.6 Hz,
TH), 7.52-7.68 (m, 2H), 7.72(d.J = 8.6 Hz, 2H), 11.56 (5, 1TH), VC-NMR (DMSO-d. 30 MHz): 8
3248, 102,61, 112,48, 112,62, 11448 (d, J = 23 Hz), 114.89, 11930 ¢d, J = 21.5 Hz), 123,56,
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13132 (d, J= 8.0 Hz}, 131.96, 13732, 144.61, 14888, 162.61 (¢, J = 2435 Hz), 163.97, 199.88&;

Anal. caled for C¢H :FNGy €, 6379 H, 4061 N, 4.65. Found: C, 63.67, H, 4.00; N, 4.63.
N-2-Acetyl-3,4-methvienedioxyphenyl)-4-fluorobenzamide (12) was obtained from 2 and

6. Yellow solid; Yield: 84.0 %; mp 185—186 “C; MS (EL 70 eV): sz 301 (M”); 'H-NMR
{(DMSO-ifs 200 MHz): 8§ 251 (s, 3H)Y, 613 {5, 2B, 712 (@, J = 8.6 Hz, 1H), 7.20-7.40 (m, 2H),
777 (d, J= 8.6 Hz, 1H), 7.80-7.97 (m. 2H}, 11.58 (s, 1H); "C-NMR (DMSO-d;. 50 MHz): §
32,55, 102.55, 111.20, 112,61, 114.54, 116.26 (d,.7 = 22 Hz), 130.22 (d, ./ = 7.0 Hz), 131 .47,
13241, 144.36, 148,97, 162.22, 164.67 {4, . = 248 Hz), 200.04; Anal. caled for C;eHFNOy: C,
63.79; H, 4.01; N, 465 Found: C, 63.84; H, 388, N, 4.65.

'u;

N-2-Acetyl-5-benzyloxy-4-methoxyphenyl)-2-fluorobenzamide (13) was obtained from 3
and 4. Yellow solid; Yield: §9.0 % mp 142—143 °C; MS (EL 70 V) sz 393 (M’ O H-NMR
{DMSO-d; 200 MHz): & 2.00 {s, 3H), 3.82 {5, 3H}, 516 (s, 2H}, 7.10-7.50 (im, 8H), 7.56-7.67 {m,
FH), 7.80-7.89 (m, 1H), 8.57 {5, 1H), 12.45(d, J= 4.0 Hz, iH) —V\iR(DMSQﬂ( S0 MHzy: 6
2008, 56,42, 7041, 10531, 11528, 116,05, 117.08 (d, J = 22 Hz), 12327 (. J = 12.5 Hz),
125,60, 128.58, 12895, 131.20, 13445 (J, J= 8.5 Hu), 13577, 136.50, 144 46, 152.98, 15726,
162.35, 201.78; Anal. caled for CoalaFNOy €, 7022 H, S.12; N, 3.56. Found: C, 70.18; H,

A0 N, 355,

N-(2-Acetyl-3-benzyioxy-4-methoxyphenyl)-3-fluorobenzamide {14) was obtained from 3
and 8. Yellow solid; Yield: 86.6 %; mp 162163 °C; MS (EL 70eV): miz 393 (M'): H-NMR
(DMSO-dds 200 MHz): § 2.62 (s, 3H), 3.81 (s, 3H), 5.15 (s, 2H), 7.26~7.52 (m, TH), 7.54~7.78 (m,
3H), 851 {5, THD), 12.70 (s, TH);, VC-NMR (DMSO-de, 50 MHz): § 20,10, 56.42, 70,40, 104.74,
P14.45 11529 11583, 119.59 {aﬂ J= 218 He), 12336, 12853, 12895, 13174 (4, J = 7.5 Ha},
13628, 13645 137304, J = 6.5 Hz), 14443 15326 16271 (4 J= 244 Hz), 163 91, 202 48;
Anal. caled for CoaHaoFNOy €, 7022, HL 512 N, 3.536. Fouand: €, 70.20. M, 5.14; N, 3.32.

N-{2-Acetyl-5-benzyloxy-4-methoxyphenyl)-4-fluorobenzamide {15) was obtained from 3
and 6. Yellow solid: vield: 67.1 %; mp 168169 °C; MS (B 70 eV sz 393 (M); TH-NMR
{DMSO~d; 200 MHz): 6 2.63 (s, 3H), 381 {5, 3H), 315 {5, 2H), 7.2-7.5 (m, TH), 7.9-8.1 (n, 3H),
.54 {x, 1H), 12,69 (s, 1H); VC-NMR (DMSO-de, 30 MHz): § 29,11, 56.47, 7041, 104.73, 11530,
1583, 11627, 116,72, 128.53, 12894, 13017 (¢, ./ = 9.0 Hz), 13254 (4, J = 9.5 Hz), 13048,
136,58, 144.33, 15333, 16424, 166,82, 202 48; Anal. caled for CoaHoFNOy: €, 70.22; H, 512
N, 3.56. Found: C, 70.24; H, 5.12; N, 3.39.

2-2-Fluorophenyl}-5.6-dimethoxyquinolin-d-one (16). To a suspension of 7{0.50 ¢, 1 58

mmol) in ~-butyt alcohol {30 mi.) was added potassuum #-butexide (1.0 g, 8.93 mmeol}. The mixture
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was refluxed under argon for 20 h and evaporated. The residue was treated with a 10 % ammonium
chloride solution (30 mL). The sohd precipitate was collected and washed with #-hexane and
Me,CO. The crude product was recrystallized from MeOH afforded yellow needle of 16 {(0.27 g, 0.9
mmol). Yield: 57.1 %; mp 215-217 7C; MS (EL 70 eV iz 299 (M), IR (KBr): 1628 (C=0)
e’ TH-NMR (DMSO-ds, 200 MHEz): 8§ 3.72 (5. 3H), 3.81 (5, 3H), 6.06 (s, 1H), 7.3-7.6 {m, SH),
7.60-7.71 Un, 1H);, Anal. caled for Ci+HFNOy C, 68.22; H, 471 N, 4 68, Found: C, 68.24;
H,4.67, N, 471

2-(3-Fluorophenyl)-5,6-dimethoxyquinolin-4-one {17} was obtained from 8. Yellow
needle; yield: 33.1 % mp 190-192 °C; MS (EL 70 V) miz 299 (M) IR (KBr): 1599 (C=0) em’:
TH-NMR {(DMSO-ds 200 MHz): 8 3.73 {5, 3H), 3.81 {5, 3H), 6.35 {y, 1H), 7.28-7.40 (m, 1H),
7.46-7.60 (m, 3H), 7.64-7.76 (m, 2H}); Anal. caled for C-HGGFNOG C, 6822 H, 471, N, 4.68.
Found: C, 68.17; H, 4.68; N, 4.66.

2-{(4-Fluorophenyl)-5,6-dimethoxyquinolin-4-one (18) was obtained from 9. White needle;
vield: $4.6 %, mp 227-229 °C; MS(EL 70 eV s 299 (M), IR {(KBr): 1607 (C=0) cm™
"H-NMR {DMSO-d; 200 MHz): 6 3.72 (5, 3H), 3.80 {5, 3H), 6.26 (s, 1H), 7.31-7.40 (m, 2H),
7 44-T A4 {m 2HD, 7.83-7.90 (m, 2H); Avnal caled for Cp:HGFNO €, 6R822; H 471 N, 468
Found: C, 68.16; H, 4.68; N, 4.65.

2-(2-Fluorophenyl)-8 6~-methylenedioxyguinolin-4-one {19} was obtained from 10, Yellow
solid; vield: 47.6 %, mp 282283 °C: MS (EL 70 eV): ariz 283 (M) IR (KBr): 1605 (C=0y em™;
"H-NMR (DMSO-ds 200 MHz): 8 5.92 (s, 1H), 6.11 {5, 2H), 7.09 (d.J = 8.8 Hz, iH}, 7.27-7.38
{m, 3HY, 7.85-7.70 (m, 2H), 1171 {5, 1H); Anal. caled for CigH L oFNOs €, 67840 H, 3.56; N,
4.94, Found: C, 67.82: H, 3.53: N, 4.91.

2-(3-Fluorophenyl}-5,6-methylenedioxygquinolin-d-one (20) was obtamned from 11. White
solid; vield: 44.9 %, mp 286--288 “C1 MS {EL 70 eV): miz 283 (M) IR {KBr): 1609 (C=0) ey’
YH-NMR (DMSO-d, 200 MHZ)Y: § 6.11 (5, 2H), 6.19 (s, 1H), 7.19 ~7.36 (m, 3H), 7.55-7.67 {m,
3H), 1171 (5, 1H), Anal. caled for CieH16FNOs: €, 67.84; H, 3. .56, N, 4.94. Found: C, 67.90;
H.3.52: N, 4.95.

2-(4-Fluorophenyl)-5,6-methylenedioxyguinolin-4-one (21) was obtained from 12, White
solid; vield: 45.9 %, mp 286-288 °C: MS (EL 70 eV): ariz 283 (M) IR (KBr): 1613 (C=0y em™;
"H-NMR (DMSO-ds, 200 MHz): & 610 (s, 3H), 717731 {m, 2H), 7.32-7.41 (m, 2H), 7.78-7 85
{m, 2H), 11.46 {5, 1H), Anal. caled for CioHjoFNGOy: €, 67.84; H, 3.56; N, 4.94. Found: C,
67 88, H, 351N, 4.97.

7-Benzyloxy-2-{2-fluorephenyl)-6-methoxvquinelin-4-one (22) was obtained from 13.
White solid; vield: 60.5 %; mp 132~134 °C; MS (EL 70 eV} m/z 375 (M} "H-NMR (DMSO-d;,

i
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200 MHz): 8 3.82 (5. 3H). 5,16 (5. 2HL 6.21 (5. TH), 7.20-7.80 (s, 11H), "C-NMR (DMSO-ds, 50
MHz): § 56.02, 70.40, 101.86, 104,14, 10880, 116.77(«, J = 21.5 Hz), 118.86, 12330 (4 J = 13
Hz), 12543, 128,50, 12897, 131.24, 132,56 {(d,.J = 8.0 Hz), 136538 137.08, 144.73, 147.73,
152.52, 159,64 {(d, .J = 247 Hz), 174.57. Anal. caled for CoalH(FNOa2 €, 7359, H, 483 N,
3.73 Found: €, 7335, H. 481, N, 3.71.
?—Benzyloxv-z—(ﬁic-ﬂimrophenvl)-ﬁ-meﬂmxvqtzinnlin~4~0ne {23) was obtained from 14.
White solid; vield: 64.3 %; mp 154185 “C; MS (EL 70 eV): vz 375 (M7); TH-NMR (DMSO-ddy,
200 MHz): 8 3.83 {5, 3H), 5.17 (s, 2H), 6.56 {5, 1H), 7.30-7.50 {m, 8H), 7.55-7.60 (m, 1H),
7.60-7.80 (m, 2H); VC-NMR (DMSO-ds,, 50 MHz): § 56.07, 70.45, 102.27, 103.72, 106.03, 114.71
(. /=235 Hz), 117.56(d,.J = 20,5 Hz}, 11844, 12395, 128.56, 128.99, 131.50, 136,49, 13741,
148.02, 14844, 152,72 165,13, 173.61; Anal. caled for O H(FNQ €, 73.59; H, 4.83; N,
373, Found: C, 73,61 H, 4.80; N, 3.72.
7-Benzyloxy-2-{(4-fluorophenyl}-6-methoxyquinolin-4-one (24) was obtained from 15.
White solid; yield: 64.4 % mp 248-249 °C; MS (EL 70 eV): miz 375 (M) "H-NMR (DMSO-ds,
200 MHz): 8 3.80 {5, 3H), 5.13 (s, 2H), 6.26 {5, 1H), 7.20~7.60 (m, SH), 7.80-8.00 {m, 2H);
PCNMR (DMSO-ds, 50 MHz): 8 §5.96, 70.36, 101,41, 104.51, 106.61, 116,30 (d, J = 21.5 Hz),
1927 128,56, 12899, 130.05 {d, ./ = 8.0 Hz), 136.60, 14730, 148.06, 152,19, 163.03(d, J =
246,53 Hz), 176.10; Anal. caled for CoaH i FNQOa: €, 73.59; H, 4.83; N, 3.73. Found: C, 73.5¢;
H, 4.83; N, 3.75.
2.3-Dimethoxyacetophenone (26). To a stirred solution of
2.3-dimethoxybenzonitrile (25)5.0 g, 30 mmol) in BE;O (12.5 wl) under N; atmosphere
was added methylmagnesium bromide (37 % in EGOMWIZ.5 mi, 37 mmol}. The mixture was
stirved for 16 h, and then 50 % AcOH (20 mL) was added. After it was stirred for 30 min,
the solution was poured into crushed ice. extracted with CHCls, washed with 18 % NaxCO;
and then with water, dried over MgSQOy and concentrated. The crude was purified by column
chromatography {(510;, n-hexane: EtOAc¢ = 4:1) to give 26, Ligquid; yvield: 92.5 %; "H-NMR
(CDCE; 200 MHz): & 2.36 (v, 3H}, 3.82 {5, 3H), 3.85 {5, 3H}, 6.99-7.02 {m, 2H), 7.13-7. 18 {m, 1H)
BCNMR (CDCH:, 50 MH2): 8 31,18, 55,98, 61.29, 115.83, 120.80, 123.94, 133.62, 148.63, 153.04,
200.26; Anal. caled for CipH 1202 €, 66.65; H, 6.71. Found: C, 66.60, H, 6.73.
6-Amine-2.3-dimethoxyacetophenone {1). Compound 26 (5.0 g, 27.8 mmol) was
stirred at -3 & 1 °C and 70 % HNQ; (60 mL) was added dropwise. After it was stirred at -5 &
§ °C for 10 min, the reaction mixture was poured mnto crushed ice, extracted with CHCl;
The extract was washed with 10 % Na,CQ; and then with water, dried over MgSQ, and
concentrated. The crud intermediate (27) was directly 1n the next step.
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A solution of 27 (1.85 g, 8.22 mmol) in anhydrous MeOH (40 mL) was hydrogenated
in the presence of 10 % PA/C (0.5 gy at 25 £ 2 °C for 2 h. The Pd/C was filtered off and the
filtrate was evaporated. The residue was purified by column chromatography (510,
n-hexane: EtOAc = 251} to give 1. Liquid; vield: 43.7 %; "H-NMR (DMSO-ds 200 MHz): &
241 {3, 3H), 3.66 (5, 3H), 3.74 (5, 3H), S 88 (s, 2HL 041 {7 = 9.0 Haz 1H), 698 (d, ] = 9.0
Hz 1HY PC-NMR (DMSO-ds, 50 MHz): & 33.09, 57.58, 61,}4, 11182, F1682 12115, 142.62,
14422, 14987, 201 .88; Anal. caled for CioHsNGs: C, 6153 H, 6.71; 718, Found: C,
61,51 H, 6,74, N, 7.22

2,3-Dihvdroxyacetophenone (30). To a solution of 1 2-dihydroxybenzene (28){2.0
2, 18.2 mmol} in AcOH (1.3g, 21.7 mmol) was added boron trifluoride diethyl ether (98 %
in Et;Q, 2 mL}. The mixture was reacted under microwave irradiation {300 W) for 1.5 min
and then cooled to 25 °C. The reaction mixture was dissolved in dichoromethane {10 mi.}
and H,O (about 20 mL). The organic lay was washed with 10 % NaHCO; and then with
water, dried over MgSOy and concentrated. The crude was purified by column
chromatographyv (3102, CHaCla) to give 30, Yellow solid; yield: 10.4 % mp 76-77 °(C;
YH-NMR (CDCLs, 200 MHz): § 2.58 (s, 3H), 5.79 (s, 1H), 6.79 (¢, J = 8.0 Hz, 1H), 7.10(d.J = 8.0
Hz, 1H), 7.26 (d, J = 8.0 Hz, 1H), 12.45 (s, TH); PC-NMR (CDCls, 50 MH2): § 26.73, 118.79,
1952, 120,39, 121 .44, 145,40, 149,50, 205.08; Anal. caled for CoHyO4: €, 63,150 H, 5.30.
Found: C, 63.10; H, 333,

2,3-Methylenedioxyacetophenone (31). To a suspension of K2CO: (1.24 g, 9.0 mmeol) m
DMF (10 mL) was added ditodomethane {2 .4 g, 9.0 mmol). The mixture was heated to 100110 *C
and added a solution of 15 (1.0 g, 6.6 mmol) in DMF (5 mL) dropwise. The reaction mixture
was stirred at 110 °C for 1 b and poured into crushed ice, extracted with CHyCly. The extract
was washed with brine, dried over MgSQs and evaporated. The crude was purified by
column chromatography {(S§i0:, n-hexane: EtOAc = 4:1) to give 31. White solid; vield: 61.0 %;
mp 89-91 °C; 'H-NMR (CDC1: 200 MHz): & 2.58 (s, 3H), 6.07 (s, 2H), 6.87 (9,7 = 7.8 Hz, 1H),
6.95 (dd, J = 8.0, 1.5 Hz, 1H), 7.35 (dd, J = 8.0, 1.5 Hz,1H); "C-NMR (CDCls, 50 MHz): §
3020, 10158, 112,51, 120.27, 121.25, 12143, 148.00, 148,60, 1953 58; Anal. calcd for CoHOx: C,
6585 H, 4.91. Found: €, 63.75; H, 4.93.

6-Amino-2,3~-methyvlenedioxyacetophenone (2), Compound 31 (0.63 g, 3.7 mmol) was
allowed to react in the same manner as described in the preparation of compound 1 to give
compound 2, YVellow solid; vield: 48.2 %; mp 102~104 °C; "H-NMR (DMSO-dde, 200 MHz): §
2.44 (s, 3H), 5.92 (s, 2H), 6.14 (d, J = 8.6 Hz, LH), 6.72 (s, 2H), 6.89 (d..J = 8.6 Hz, 1H) C-NMR
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(DMSO-cd, 30 MHz): § 32.63, 101.08, 10544, 107.71, 11575, 136.77, 146.80, 148.78, 198.02;
Anal. caled for CoHoNOy: C, 60.33; H, 5.06; N, 7.82. Found: C, 6031 H, 5.09; N, 7.83.

4-Benzyvloxy-3-methoxyacetophenone (35). To a solution of acetovanillione (33) (4.70 g,
28.3 mmol} in MeCN (60 mL) was added KoCO; (8.05 g, 38.3 mmol) and KI (0.20 g, 1.2 mumol).
The mixture was stirred wnder N; atmosphere and benzyl bromide (34) (4.0 mL, 34 mmol) was
added dropwise. The reaction mixture was reflux for 24 h and then cooled to 25 °C, then resulting
precipitate was filtered off. The filtrate was evaporated and purilied by column chromatography
(Si0s, n-hexane: CHaCl = 1:2) to give 38, White solid; vield: 70.3 %, mp $7-88 *C; '"H-NMR
{CDCEH 200 MHz): & 251 (5, 3H), 3.91 (3, 3H), 520 (s, 2H), 6.86 (., J = 8.2 Hz, 1H), 7.21-7.55
(m., 7H), PONMR (CDCE, 50 MHz): 8 26,19, 56.05, 70.79, 110.53, 112.13, 123.07, 127.18,
128,10, 128,68, 130.72, 136.28, 14949, 152,41, 196 80; Anal. caled for C\¢H 0w €, 7498, H,
6.29, Found: €, 75.02; H, 6.25,

4-Benzyioxy-3-methoxy-6-nitroacetophenone (36}, To a solution of 358 (1.24 g, 4.83 mmol)
i AcOH {15 mL} was added /7 HNQO; (1.5 ml., 36 mmol} dropwise at 0 © & 1 “C. The mixture was
stirred at 25 °C for 24 b and then poured into crushed ice. The precipitate was collected and
washed with HaO. The crude was porified by column chromatography (5:0;, n-hexane:
EtQAc = 2:1) to give 36. Yellow solid; vield: 68.8 % mp 142143 °C; "H-NMR (CDCl; 200
\in) & 2.46 (s, 3H), 3.95 (5, 3H), 519 {5, 2H), 6.74 (s, TH), 7.30-7 48 (m, SH), 7.64 {5, 1H);

PCNMR (CDCH;, 50 MHz): § 3041, 56,67, 71.39, 108.78, 127.56, 128.56, 128.84, 133.08, 135.19,

138.21, 148,54, 15453, 200.13; Anal. caled for CioHisNOo €, 63.78; H, 5.02; N, 4.65. Found:
C,63.82: H, 5.00: N, 4.63.

2-Amino-4-benzyloxy-S-methoxyacetophenone (3). To a solution of 36 {1.0 g, 3.32
mmol) in anbydrous EtOH (100 mL) was added Tin chloride dibhydrate (3.7 g, 16 4 mmol).
The mixture was reflux for 2 h and then cooled to 25 °C, and poured in 5 % NaHC(O;
sohution. The precipitate was collected and washed with H;O and then extracted with
EtOAc, The extract was wash with H2O, dried over MgSQy and evaporated. The crude was
purified by column chromatography (S510,, #-hexane: EtOAc = 1:1} to give Te. Yellow solid;
yield: 72.2 %; mp 135~137 “C "H-NMR (DMSO-d; 200 MHz): & 2.39 (s, 3H), 3.66 (s, 3H),
5.03 {5, 2H), 638 (5, 1H), 7.08 (5, 2H), 7.10 (s, 1H), 7.30--7.50 {m, SH)Y; VC-NMR (DMSO~ds. 30
MHz): & 2821, 56.94, 6987, 100.05, 109.70, 11540, 128.34, 128,49, 128.93, 136.83, 139.45,
{48.74 154 64, 198.06; Anal. caled for Uy o NGOy €, 70.83; H, 6.32; N, 53.16. Found: C,
70.82; H. 6.30; N, 5.20.

2-(2-Fluorophenyl)-5-hydroxy-6~-methoxyquinolin-d-pne (37). To a solution of 16
{0.2 g, 0.67 mmel} in CH;Ch (3 mL) was added 5 mb of BCl solution {1 M 1 CH.Cly)
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dropwise at 0 ° = 1 °C. The mixture was stirred at 25 2 } °C for 2 h and then poured into
crushed ice, extracted with EtOAc. The organic layer was washed with H;O, dried over
MgSOy and evaporated. The crude was purified by column chromatography (Si0,, CHCly
MeOH = 15:1) and recrystailized from MeOH to give 37. Yellow solid; vield: 24.1 %6, mp
268-270 € MS (BL 70 VY sz 285 (M) IR (KBr): 1604.77 (C=O0) cm‘j; "H-NMR (DMSO-ds,
200 MHz): 6 3.78 (s, 3H), 6.11 {5, 1H), 7.01 {d, ./ = 7.4 Hz,1H), 7.36-7 48 (m, 3H), 7.534-7.72 {m,
2H), 12.25 (5. 1H), 14.54 (s, TH)Y PC-NMR {(DMSO-dy, 50 MHz): § 55.80, 106.22, 106.43, 112.88,
116.36 (d,J = 23 Hz), 120.81, 121.96 (d. J = 13.5 Hz), 125.04, 130.85, 132.67 (d,.J = 8.6 Hz),
13309, 141,02, 14627, 149.29, 153892 (d, J= 2477 Hz), 181.97; Anal. caled for € H:FNOx
C, 67.36; H, 424 N, 4.91. Found: €, 6732, H, 4.26; N, 489
2-(3~-Fluorophenyl}-S-hydroxy-6-methoxyquinolin-d-one {38) was obtained from
17 and BCls. Yellow solid; vield: 26,7 % mp 274276 °C; MS (Ef, 70 eV m/iz 285 (M), IR
(KBr): 1606.70 (C=0) em™' 1 'H-NMR (DMSO-dy 200 MHz): 8 3.77 {5, 3H). 6.33 (s, 1H), 7.11 (d. ./
= 8.8 Hz, 1H), 7.33-7.48 (. 2H). 7.51-7.76 (m, 3H), 12.00 (5, 1H), 14.56 (s, 1H): "C-NMR
{DMSO-elg, S0 MHz): 8 57.19, 104.82, 10697, 11339, 115.09(d .J= 23 Hz), 118.06 {d, /= 21
Hz), 121.07.124.32, 131,64 (4, J = 9.0 Hz), 13561, 136.16 (4. J = 8.0 Hz), 141 4914964,
15012, 162.04 (Jd,.7 = 242.5 Hz), 182.69; Anal. caled for CisHpFNOs: C, 67360 H, 4.24, N,
491, Found: C, 67.35; H, 4.24; N, 4.92.
2-{4-Fluorophenyi}-S-hydroxy-6-methoxvquinelin-4-one (39) was obtained from
18 and BCl;. Yellow solid; yield: 23.0 %; mp 307-309 *C; MS(EL 70 eV) sz 285 (M ); IR
{(KBr) 1610.56 (C=0) e’ THANMR {DMSO-ed; 200 MHz): § 3.76 (¢, 3H), 6.25 (5, 1H), 7.08 {dJ, J
s 90 Flz, VH), 7.34-7 43 (m, 3H). 7.82-7.89 (m, 2H), 12.01 (v, 1H), 14.60 (s, 1H); "C-NMR
{DMSO-efg, 50 MHz): 6 5719, 104,53, 10684, 11323, 11647 {d. ./ =22 Hz), 12099, 130.55(d. J
= 9.0 Hz), 13562, 141.45, 149.69, 130,64, 164.02 (] = 247 Hx), 182.59; Anal. caled for
CloH-FNO;: C. 67.36; H, 4.24; N, 4.91. Found: C, 67.36; H, 4.24: N, 4.92.
2-(2-Fluorophenyl)-§,6-dihvdroxyguinolin-4-one (46). To a solution of 19(0.1 g,
0.35 mmol) in anhvdrous MeOH {30 mL) was hvdrogenated in the presence of 10 % Pd/C
{0.2 gy at 25 & 2 °C for 40 h. The catalyst was [iltered off and the filtrate was evaporated.
The crude was purified by column chromatography {Si(};, EtOAc: MeOH = 30:1) to give 40.
White solid; yield: 13.7 %; mp 152-154 °C; MS(BL 70 eV) iz 271 (M3 IR (KBry: 1622.13
(C=0) e HANMR (DMSO-ds, 200 MH2): § 6.03 (s, 1H), 715 (¢, ./ = 8.8 Hz,1H), 7.30-7.70
(m, 6H), 9.72 (s, TH), 11.76 (5, 1H); PC-NMR (DMSO-dy, 50 MHzy: 3 107.67, 108.57, 116,75 (d, J
= 218 Hz), 120,54, 122.67, 12336, 12542 126,70, 13122, 132,49 13435, 144 .30, 154.29, 15943
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{o J = 2485 Hz}, 176.82; Anal. caled for CisHoFNOs: €, 66.42; H, 3.72; N, 5.16. Found: C,
66.38; H, 3.70; N, 3.15.

2-(3-Fluoerophenyl}-5,6-dihydroxyquinolin-4-one (41) was obtained from 20. White
solid; yield: 15.0 %; mp 307-308 *C; MS(EL 70 eV miz 271 (M); IR (KBr): 1608.63 (C=0)
c:vmij; YHONMR (DMSO-ds 200 MHzY: § 6.25 (5, 1H}, 715 (d, /= &8 Hz, 1H), 7.30-7.50 (m, 2H},
7.50--7.80 (m, 4H), 9.72 (s, 1H), 11.60 {5, 1H); PC-NMR (DMSO-cfs, 50 MHz): § 106,38, 107.57,
PRGOS (o J = 23 Haz), 1738, J = 21.5 Hz), 12091, 122.62, 12391, 12681, 131.52(d, J= 8.5
Hz), 134,45 13717, 147.66, 15436, 16270 (d_J = 242 Hz), 176.82: Anal. caled for
CisHipFNQs: C, 66,42 H, 3.72; N, 5.16. Found: €, 66.43; H, 374, N, 5.13.

2-(4-Fluorophenyl)-5,6-dihyvdroxvquinolin-d-one (42) was obtained from 21 White
solid; yield: 13.9 %; mp 332-334 °C; MS(EL 70 eV miz 271 (M), IR (KBr): 1614.42 (C=0)
e’ TH-NMR (DMSO-ds 200 MH2): 8 6.18 (s, TH), 7.14 (dd. J = 9.0, 2.8 Hz, 1H), 7.33-7.42 (m,
3H), 759 (d J = R 8 Hz, 1H), 7.79-7.86 (m, 2H), 9.70 (x, 1H), 1159 (s, TH}, BONMR {DMSO-d,
SO MHz): 6 106.24, 107,68, 11639 (¢, J = 21.5 Hz), 12071, 12248, 126,73, 130,19 (4, ./ = &5
Hz), 131.38, 13442, 14824, 154.20, 16370 (d, J = 247 .5 Hz), 176.81; Anal. caled for
CiaHWPNO: €, 66.42; H, 372, N, 5.16. Found: C, 66.47; H, 3.69; N, 5.14.

2-(2-Fluorophenyl)}-7-hydroxy-6-methoxyquinelin-d-one {43). Compouond 22 {0.3 g 0.80
mimol) was allowed to react i the same manner as described in the preparation of compound 46 to
give 43, White solid; yield: 61.3 % mp 277-279 °C; MS (EL 70 eV} m/z 283 (M), IR (KBr):
1622.13 (C=0) em’™'; THAINMR (DMSO-ds, 200 MHz): 8 3.82 {5, 3H), 6.04 {5, 1H), 7.01 {5, 1H),
7.32~7.50 (m, 3H), 7.50-7.67 {m, 2H), 10.22 (5, TH), 11.68 (5, 1H); PC-NMR (DMSO-ds, 50 MHz):

8 5552, 10272, 10537, 10820, 116.28 (o, J = 22.5 Hz), 11807, 122,94, 124.92, 130.75, 13199 (4,

J =795 Hzy, 136,45, 143,61, 146,38, 151.89, 15898 (4, J = 24069 Hz), 175.30; Anal. caled for

CraHFNQy C, 67,36, H, 4.24; N, 491, Found: (, 6737  H, 4.26; N, 4.90.
2-(3-Fluorophenyl}-7-hydroxy-6-methoxyquinolin-4-one (44} was obtained from 23,
White solid; vield: 44.8 %; mp 326328 “C; MS (EL 70 eV): miz 285 (M) IR (KBr): 1606.70
(C=Oy e "TH-NMR (DMSO-ds, 200 MHz): 8 3.81 {x, 3H), 6.24 (5, TH), 7.12 {s, 1H), 7.27-7.42
(m, 2H), TA7-7.70 (. 3H), 10.20 (s, TH), 11.44 (s, 1H) PO-NMR (DMSO-d, 50 MHz): 5 55.92,
HOR.35, 104,70, 106,67, 11459 («f, J =23 Hz), 11726 (d, ./ =21 Hz), 118,85 123.85, 13147 (/ J
= § 0 Hz), 136.85, 13716, 146,94, 147.33, 151,93, 162.69 (/. ./ = 242.5 Hx), 17637 Anal. calcd
for CigH 1 FNOy €, 6736, H, 424 N, 4.91. Found: C, 67.32; H, 4.22; N, 4.93.
2-(4-Fluorephenyl)-7-hydroxy-6~-methoxyquinolin-d-one {(458) was obtained from 24.
White solid; vield: 42.5 % mp 352--354 °C; MS (EL 70 eV} m/iz 285 (M) IR (KBr): 1610.56
(C=0) em™; "H-NMR (DMSO-ef;, 200 MHz): § 3.80 (s, 3H), 6.19 (s, 1H), 7.11 {x, 1H), 7.20-7.50
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(m. 3H), 7.70-7.90 (m, 2H); VC-NMR (DMSO-ds, 50 MHz): 8 53.89, 103.50, 104.55, 106.18,

116,30 (¢ J = 21.5 Ha), 11841, 130.03 (¢, J = 8.5 Hz), 131,57, 137.22, 147.00, 148.01, 15221,
16358 (d, J = 246 Hz), 175.93; Anal. caled for CiH»FNOs: €, 67.36; H, 4.24; N, 4.91.
Found: C, 67.39; H, 420, N, 4 .89,

2-(3-Fluorophenyl)-6-methoxyquinoline-4,5-diyl bis(dibenzyl phosphate) (48).

Method A: To a stured solution of 38 {0.12 g, 0.42 mmol) in dry THF (20 mbL) was added
NaH (96 mg, 4 mmolyat 0 ¥ & 1 °C. After 1t was stured for 1 b, tetrabenzyl pyrophosphate
{46) (430 mg, 0.8 mmol) was added and stiring was continned for 25 min. The reaction
wikture was filtered and washed with CH,Cl. The filtrate was concentrated under vacuum
at a temperature below 30 °C. The residue was purified by column chromatography {S10s,
n-hexane: EfQAc) to give 48, Ligquid; yield: 95.0 %; Method B: To a stirred solution of of 38
{1.85 g, 6.5 mmol) in acetonitrile (50 ml) was added CCly (10 eq.) at - 10 °C.
N, N-diisopropylethylamine (DIPEA }(4.2 eq.) followed by N, N-dimethylaminopyridine (DMAPY0.2
eq.) were added. One ninute later, dropwise addition of dibenzyl phosphate (47) was begun. When
the reaction was complete as determined by TLC, 0.5 M aqueous KH; PO, was added and the
mixture was allowed to warm to room temperature and extracted with EtOAc. The organic layer
was washed with H.O, dried over MgSO, and evaporated. The crude was purified by column
chromatography {EA: n-hex = 1:1) 1o give 48, Liquid; yield: 96.0 %. Compound 48: MS (Ei,
70 V) miz 805 (M), "H-NMR (DMSO-d; 200 MHz): 8 3.87 {5, 3H), 5.10 (s, 2H), 5.14 (s, 2H),
S8 (s, 2H), 5.22 (s, 2H), 7.20-7.36 (m, 21H), 7.47-7.60 (m, 1H), 7.72-7.84 (m, 4H), §.01 (d, J=
9.4 Hz, 1H): DC-NMR {DMSO-de, 30 MHz) & 37.27,69.63, 6974, 7012, 70.23, 11420, 113
PI4.03, 116,23, 11692, 11735, 119,48, 123.28, 128,10, 128.38, 128.70, 12879, 128.85, 128.95,
P31.35, 131,51, 135,79, 135.94, 136.32, 136.47, 140.41, 140.56, 14539, 149.74, 14982, 153 .44,
153,57, 15392, 160.71, 165.56; Anal. {CaaHasFNQoPy CL H, N

2-(3-Fluorephenyvl)-6-methoxyquinoline-4,5-diyl bis(dihydrogen phosphate) (49). A
suspension of 48 (153 mg, 0.19 mmotl) in anhydrous MeQOH (10 mi) was hydrogenated in the
presence of 10 % PA/C (R0 mg) at 25 *C for 15 min. The catalyst and precipitate were collected
and dissolved in 10 % NaHCO; solution and then filtered. The filtrate was acidified with dil
ag HCI and the precipitate was then collected and washed with acetone to give 49. Yellow
solid; yield: 87 % mp >300 °C; MS (ESD: ms 444 (M-H)Y ' TH-NMR (D:0, 200 MHz): &
3.85 (s, 3H), 7.29 {5, J= 8.0 Hz, 1H), 7.43-7.68 {m, 4H), 7.72-7.92 (m, 2H); Anal.
{CleHFNOGP:) C, H, N,

2-{3-Fluorophenyl)-6-methoxyquinoiine-4,5-divi bis{disodium phosphate} (30). Toa
stitred solution of NaHCO, (0.67 g, 8.0 numol) i HO (20 mL) was added 49 (0.89 g, 2.0 mmol) at 0

el
)

"..;J



20

Tad
o

WO 2012/009519 PCT/US2011/043985

© 4 | *C. After the addition was complete, the reaction mixture was removed from the ice bath,
stiered at 25 *C for 10 min and the filtered though celite, after no dissolution from the solid
was observed. The resulting filtrate (15 mL) was poured into acetone (60 mL), and kept it in
an ice bath for | b, The precipitate was collected and washed with ice-cooled acetone (10
mL>S8). The solid was dried under vacuuam to give 80, Whte sohid; vield: 52.3%; mp >300 °{;
MS(EST): mAz 534 (M + H)Y TH-NMR (D20, 200 MHz): 8 3.81 (s, 3H), 7.10 (¢, /= 8.2 Hz,
1H), 7.34-7.52 (o, 2H), 7.60-7.72 {m, 4H); Anal. (Cy¢HoFNNa,O,P) C, H N

Dibenzyl 2-(3-fluorophenyl)-6-methoxy-4-oxe-1,4- dihydroquinolin-5-vl phosphate (51).
A suspension of 48 (2.42 mg, 3.0 mmol} i anhydrous MeOH (10 mL) was stirred at 25 °C for 24 h.
The reaction mixiure was concentrated under vacuum at & temperature below 30 °C. The
residue was purified by column chromatography {510, #~-hexane: EtQAc) to give 51.
Yellow solid; yield: 80.0 %, mp 136-138 “C; MS (ESI): m/r 544.5 (M-H)"; "H-NMR
{DMSO-ds 200 MHz): & 375 (5, 3H), 5.28 (3, 2H), 5.31 (5, 2H), 6.27 (5, 1H), 7.26-7.50 {m, 1IH),

7.50-7.78 (m, 6H): VCNMR (DMSO-ds, 50 MHz): § 57.19, 69.32, 69.44, 10851, 114.46, 114.93,
1074, 11738, 119.24, 123.92, 128.04, 12851, 12882, 131.49, 131.65,136.74, 137.07, 13723,
147.00, 160.29, 176.88; Anal. (CioHa:sFNOGP)Y C, H N,

2-(3-Fluorephenyl)-6-methoxy-4-oxo-1,4-dihydroquinolin-S-yl dihydrogen phosphate
{52). Compound 51 (0.25 g, 0.46 mmol) was allowed to react i the same manner as described in the
preparation of compound 49 to give 82. Yellow solid; vield: 63.7 % mp 179181 °C; MS{ESI):
miz 366 (M + H)'; "H-NMR (D;0 + NaOD, 200 MHz): 8 3.76 {5, 3H), 6.53 {5, 1H), 7.05 (4, J
=84 Hz, 1H), 7.24-7.60 (m, SH), Anal. (G ENOGP) C, H N

Sodivm 2-(3-fluerophenyi}-6-methoxy-4-oxo-14-dibhydroquinelin-5-yi phosphate {83).
Compound 52 (0.73 g, 2.0 mmeol) was allowed 1o react in the same manner as described m the
preparation of compound 58 to give 83, Yellow solid; vield: 48.0 % mp »300 “C; MS(ESD): m/t
410 (M + H)Y'; "H-NMR (D20, 200 MHz): 8 3.72 {3, 3H), 6.54 (5, 3H), 6.99 (1, J = 7.8 Hz,
PHY, 715755 (m, SHY;, Apal, (CaH FNNaQgP)y O H, N

1-2. Anticancer activity

In vitro tests of compounds

MTT (3-(4,5-Dimethylthiazel-2-v1)-2,5-diphenyltetrazolium bromide) assays.”" ** HL-60,
HCT-116, Hep 3B, H460, Detrott 551 and HT29/FuR cells were treated with tested compounds for
the indicated periods. After treatment, cells were washed once with PBS and incubated with MTT
{Sigma, St. Louis, MO, USA} for 2 h. The formazan precipitate was dissolved tn 150 ull of DMSO,

and the absorbance was measured with an ELUISA reader at 370 nm.
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Results
The cytotoxicity of 5,6-(6,7-) disubstitated 2-(fluorophenyliquinolin-4-ones (16-21, 37-45)
and CHM-2133, were screened against HL-60, HCT-116, Hep3B, H-460 and Detroit 5531 normal
human cell, and the results were summarized in Table 1. Among 5, 6-dimethoxy derivatives
5 {16-18), the 3-fluoro derivative (17} exhibited the strongest cytotoxicity, though refatively weaker
than that of owr positive control CHM-2133. Meanwhiie, both compounds 19 and 20, having
methvienedioxy entity bridging the S.6-position of their quinoline ring, demonstrated significant
cytotoxicity, although weaker than CHM-2133. Then, while all of the three S-hydroxy-6-methoxy
derivatives (37-39) showed significant cyvtotoxicity, compounds 37 and 38, with 27- or
10 3'-fluorosubstituent on 2-phenyl group, demonstrated greater cytotoxicity, but lower toxicity toward
Detroit 551 normal human cell than CHM-2133. Following the same trend, it was found that, among
S 6-dihydroxy (40-42) and 7-hvdroxy-6-methoxy {43-45) derivatives, those with 2”-fluoro (40,43}
and 3 -fluoro group (41, 44) demonstrated greater cyvtotoxicity. In general, the cytotoxicity of
4" -fluoropheny! derivatives (18, 21, 39, 42 and 45} was found to be weaker than 2 -fluorophenyl
15 derivatives {16, 19, 37, 40 and 43) and 3 -fluorophenyl derivatives (17, 20, 38, 41and 44). Among
them, compounds 37 and 38 are considered the wost promising anticancer agents. None of the tested
compounds showed noticeable cytotoxicity toward the Detroit 351 normal human cells. Below and

Table 1 shows structures and cytotoxicities of CHM-2133 and target compounds 1648

20
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CHM-2Y - -« 0.08 0.15 0.13 0.14 82 ~

33

16 FH H 37 > 20 =20 »20 > 20 2.03
17 H F H 1.3 1.2 2.6 35 100 1.96
18 H H F 2.0 > 20 =20 »20 > 2 202
19 ¥F H H 1.0 2.1 1.9 4.5 > 10 0.69
20 H F H 0.7 2.3 2.4 3.2 >3 (.82
21 H H F =10 e =10 » 10 > 10 0.53
37 FoH H 0067 (.05 0.05 0.11 10 0.20
38 H F H 0039 §.073 0.078 0.088 = 50 0.26
39 H H F 1.3 2.4 114 8.8 > 25 0.33
49 F H H 0.5 0.6 39 4.1 = 106 1.63
41 #H ¥ H 0.3 82 6.9 6.1 > 100 0.53
42 H H F 38.6 > 100 100 160 > 100 NA®
43 ¥ H H L3 8.8 53 4.4 297 0.29
44 H F H 0.9 i1 53 4.8 10 0.30
43 H H F 38.2 = 100 > 100 > 100 > 100 0.37

Human tumor cells were treated with different concentrations of samples for 48 h

® Data was presented as 1Cse (uM, the concentration of 50 % proliferation-inhibitory effect).
" NA = Not assaved.

in vivoe antitumor activity assay.

The Hep-3B tumor cell line was purchased from Awmerican Type Culture Collection
{ATCC™ HB-8064, human ovarian carcinoma cells). The culture medium contained DMEM, 90 %
Fetal Bovine Serum, 10 %5 and 1 % penicillin-streptoryein. The tumsor cells were incubated i an
atmosphere containing § % CO2at 37 C.

Balb/c Nude mice used in this study were male, 4-6 weeks age, weighing 18-20g and
provided by National Animal Center. All animals were housed in Individually Ventilated Cages
Racks (IVC Racks, 36 Mini Isolator system) under Specific Pathogen-Free (SPF) condition
throughout the experiment. Each cage (incm, 26.7 length x 20.7 width = 14.0 height) was sterilized
with autoclave and contained 8 mice, and then the animals were maimntained in g hygienic
environment under controlled temperature {20-24 C) and humidity (40 %-70 %) with 12 hour
Hght/dark cvele. The ammals were given free access to sterilized lab chow and sterilized distilled
water ad Hbimm. Al aspects of this work, 1 e, housing, experimentation and disposal of amimals
were performed in general accordance with the Guide for the Care and Use of Laboratory Animals
{National Acadenty Press, Washington, D. €., 1996).

In the xenograft tumor model of human ovarian carcinoma cell lines (Hep-3B, ATCC
HB-8064) in male Balb/c Nude mice, the compounds 30 at doses at 7.5, 15 and 30 mgfkg (v, or
0., bid) was administered five days per week for four consecutive weeks by p.o. or Lv. and ceased at
Day 28. The compounds 53 at doses at 7.5, 15 and 30 mg/kg (i.v. or p.o., gd) was administered five
days per week for four consecutive weeks and ceased at Day 28, The tumor size, body weight was
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monitored and recorded for 28 days. Human ovarian carcinoma cells (HEP-3B, ATCC HB-8064)
with 2 x 10 cells in 0.1 ml were mjected subcotaneously into the right flank of the mice. When the
tumor growth reached 100 mum’ in volume (assumed as day 0), the tumor-bearing animals were
asstgned into several groups (8 antmals 1 each group) for study.

The body weight and tumor size were measured and recorded every 7 days during the
expertmental periods of 28 days. Twmor volume (vm’) was estimated according to the formula of
fength x {wid,thf % 0.5 in mm . Tumor growth inhibition was calculated as T/C (freatiment/control) by
the following formala: T/C = (To - To)y{Ca ~ Co} x 100% {Te: Tumor volume of wreated group in
Day 0; Tn: Tumor volame of treated group m Day n; Co: Tumor volume of control group in Day O]
Cr: Tumor volume of control group in Day n).

Results

In vive antitumor activity of compounds 50 and 33. The water soluble diphosphate of 38
{50) was evaluated v Hep3B xenograft nude mice model administrated hy poo. and v routes.
Results in FIG. 4 (A-F) indicated that the antitumor activity of compound 50 followed dose- and
time-dependent muanner, and at 7.5 mgtkg (Lv. or p.o., bid) its antitumor activity exceeded that of
doxorubicin (5 mafkg, tv., qdi 10 mg'kg, p.o., qd). During the course of antitumor evaluation, no
significant body weight changes were detected either in tested or control mice {FIGs. 4C and 4F). At
the same time, the antitumor activity of monophosphate derivative of compound 38 {83) was
evaluated with the same animal model by oral route at the dose of 7.5, 15, 30 mg/kg/day. As shown
by the results in FIG. SA| compound 83 induced dose~ and time-dependent mhubition of Hep3B
turnor growth. Significant tumor growth suppression, at an extent exceeding that observed after 10
mg'kg/day oral dosing of doxorubicin, was detected after 7.5 mg'kg/day oral dosing of compound
53. Near complete tumor suppression was observed after 30 mg/kg/day oral dosing. Again during the
course of antitumor evaluation, no significant body weight changes were detected in either the tested
or the control mice. Similarly, the dose- and time-dependent antitumor test result by i.v.
administration, summarized in FIG. 5B, resembled that administrated through p.o. route, and showed
stight better antitumor activity i general.

1. B Series
Chemical synthesis

The mtermediates, S-alkylamino-2-aminocacetophenones {68-62) were prepared according 1o
the methods reported before. As shown in Scheme 6, the starting 3-chloroacetophenone (54} was first
nitrated with HNO/H:S0¢ to form the S-chloro-2-nitroacetophenone (35} and
S-chioro-4-nitroacetophenone (86). Compound 35 was reacted separately with vanous atkylanunes

to vield the corresponding S-alkylamino-2-nitroacetophenones {(37-59). Catalytic hydrogenation of
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compounds §7-59 vielded the corresponding S-alkylamino-2-aminoacetophenones (68--62). L. L1, K.
K. Wang, S, C. Kuo, T. 5. Wu, D Lednicer, C. M. Lin, E. Hamel and K. H. Lee, 1. Med. Chem., 37,
1126-35. {1994), which is herein incorporated by reference in its entirety.
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Scheme 6

The synthesis of other intermediated, substituted benzoyl chlorides (83-91) is illustrated in
Scheme 7 and Scheme 8. Esterification of substituted benzoic acids (63-67) vielded the
corresponding ester (68-72). Compounds 68-71 were treated with benzy! bronude to yield the
corresponding benzyloxy derivatives {73--76). On the other hand, compound 72 was treated with
diiodomethane to afford ethyl §,6-methyienedioxobenzoate (77). When compounds 73-77 were
hydrolvzed with NaOH to yield the corresponding acids {78-82) which were allowed to react with
SOCH; to afford the corresponding acid chlorides (83-87).

Finally, as shown in Scheme 8, S-alkvlamino-2-aminoacetophenones (60—62) were reacted

separately with substituted benzoyl chlorides (83-91) to yield the corresponding amides (92112},
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which were subsequently cyclized in dioxane in the presence of NaOH, to afford the target

compounds ({(113-133).

The compound 138 was derived into a phosphate (147) following the synthetic method in

Scheme 10. As illustrated, compound 138 was first reacted with tetrabenylpyrophosphate 46 in THF,

in the presence of NaH, to give bis{dibenzylphosphate) (148} which, without further panification,

was subsequently dissolved in MeOH and stirred at 25 °C to vield a monophosphate {146). The

structure of compound 146 was confinmed by the chemical shift of #s proton on the 3-position (8

.39} in the 'H-NMR spectrum. Subsequently, compound 146 was debenzylated catalvtically to

afford a stable monophosphoric acid (147},
A
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General Experimental Procedures. All of the solvents and reagents were obtained

commercially and used without further purification. The progress of all reactions was monitored by

TLC on 2 % 6 cm pre~coated silica gel 60 Fas plates of thickness 0.25 mm (Merck). The

chromatograms were visuslized under UV 234366 nm. The following adsorbent was used for

column chromatography: silica gel 60 (Merck, particle size 0.040-0.063 mum). Melting points were

determined with a Yavnaco MP-S00D melting point apparatus and are uncorrected. IR spectra were

recorded on Shumadzu IR-Prestige-21 spectrophotometers as KBr pellets. NMR spectra were

abtained on a Bruker Avance DPX

C200 FT-NMR spectrometer in CDCl: or DMSO. The following

abbreviations are used: s, singlet; d, doublet; t, triplet; q, quartet; dd, double doublet; and m,

multiplet. MS spectra were measured with an HP 5995 GC-MS instrament. Elemental analyses (C,

OBn
OBn

H, and N} were carried out at the instruments center of National Chung Hsing University, Taichang,

Tawwan and performed on a Perkin-Elmer 2400 Series

Heraeus CHNOS Rapid FOO2 and the results were within +0.4% of the calaulated values,

S-Chiloro-2-nitroacetophenone {83}, 65%HN(: (80 mi) was stived at -5 °Cx1 °C and

98%HS04 (10 miIx10) was added dropwise. To the stirring solution of HNO/H5Q, was added

3-chiorcacetophenone (54} {12 .0g,

Lo

77.6 mmol). The mixture was stirred at -3

poared into crushed ice, and extracted with CHyCly. The extract was dried over MeSOy and

[I CHNS/O analyzer or Elementar vanie EL 1

evaporated. The crude product was puritfied by column chromatography {silica gel, n-hexane/EtOAc

=15:1)

(CDCLa,

to give 55 as vellow solid (9.3

3H), 7.32

200 MHz): 6 2.48 (s,

{d, J =

L]

g, 46.6 mmol).Yield: 55.8%; mp 47-49 °C; "H-NMR
24 He, THY, 7.49 (dd, J =

8822 Mz 1H),
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8.00{d. J=88Hz | H} - NMR (CDCly, 50 MHz) 57 198.27, 143.78, 141.05, 139.44,
130,55, 127.36, 125,91, 30.06; Anal. Caled for CeHCINO:. €,48.14; H,3.03; N.7.02.
5-Morphelino-2-nitroacetophenone (37). To a solution of 85 (3.0g, 15.0mumol) in DMF {25

mi) were added K2CO4 (8.3g, 60 1lmmol) and morpholine (3.2g, 3

i

Smmol). The mixture was
refluxed for 3h and then poared nto crushed ice. The precipitate was collected and washed with
H:O. The crude product was purified by colomn chromatography{silica gel, CHaCly: n-hexane = 2:1)
to give 87 as vellow solid (3.4 g, 13.6 mmol).Yield: 90.4%; mp 124-126 °C; "H-NMR (CDCls,
200 MHz): 0 2,45 (v, 3H), 3.33-338 (m, 4H), 3.78-3.82 (m, 4H), 6.53 (/. J = 2.8 Hz, 1 H),
6.78 (dd, J = 9.4, 2.8 Hz, 1H), 8.02 (d, ./ = 9.4 Hz, 1H); C- NMR {CDCl;, 50 MHz) J; 201.30,
154.60, 141.53, 134.90, 127.04, 112.88, 109.83, 66.20, 46,84, 30.52; Aunal. Calcd for CiaHiaN2Os
C,87.59;: H 564; N 1119,

8-Pyrrolidino-2-nitroacetophenone (38) was obtained from 30 and pyrrolidine, using the
same synthetic procedure as for 57 to give 58 as vellow solid (3.2 g, 13.7 mmeol); vield 90.9%; mp
119-121 °C TH-NMR (CDCL, 200 MHz): § 2.04 (m, 4H), 2.45 (v, 3H), 3.37 (n, 4 H)., 6.19
{d, J=2.6Hz 1H), 6.44 {'a:z'a’_, J+94.2.6Hz 1H), 8.02 (d, J =94 Hz, 1H); "C- NMR (CDCls,
200 MHz) 0: 201 80, 1 142 16, 132 54 12737 111 .08, 107 87, 48.07 3058, 25 37; Anal.
Caled for CppHsN2Oy C61.53 H6.02; N 1196,

S-Dimethylamino-2-nitroacetophenone (59) was obtained from 30 and dimethylamine
hydrochloride, using the same synthetic procedure as for 37 to give 59 as vellow solid (2.3 ¢, 11.0
mmol); vield 88 2% mp 125-127 °C; "H-NMR (CDCls, 200 MHz): 8 2.45 (5, 3H), 3.08 (s,
6H), 6.31 (d, J= 2.8 Haz, 1H). 6.58 (dd, J= 9.4, 2.8 Hz 1 H), 8.02 {d, J= 9.4 Hz, 1H); PC- NMR
{CDCly, 50 MHz) 02 201,76, 153.98, 141.88_ 133,02, 127.19, 110.83, 107.06, 40.30, 30.56

S-Morpholino-2-amincacetophenone (60}, A solution of 87 (1.5g, 5 9mmeol)in CHOU{30
mi) was hydrogenated in the presence of 10% PA/C (0.4¢) at 25°C for 8h. The catalyst was filtered
off and the filtrate was evaporated to give 60 as vellow sohid.{1.23 g, 5.68 mmol); yield 94.6%;
"H-NMR (CDCL, 200 MHz): 88 2.458 (5, 3H), 2.9 (m, 4H), 3.68 (m, 4H), 6.67 (4. J = 8.8 Hz,
1H). 6.78 (br, 2H), 7.02-7.11 {m, 2H); "C~ NMR (CDCls. 50 MHz) §: 200.44, 145.61, 141 51,
12637, 119.26, 118,40, 118.22, 66.96, 51.57, 27.93; Anal. Caled for CioH (N2 O, €,65.43;
H.7.32. N12.7

S-Pyrrolidino-2-aminoacetophenone (61) was obtained from 38, using the same synthetic
procedure as for 60 to give 61 as orange solid (1.2 gz, 5.9 mmel); vield 91.8%; 'H-NMR
{(CDC-eds, 200 MHz): 8 1.86 (m, 4H), 2.45 (s, 3H}, 3.10 (i, 4H), 6.42 {br, 2H), 6.62-6.77
{m, 3H); PO- NMR (CDCls, 50 MHz) & 200.56, 143,11, 139.23, 121.91, 118.59, 117.86, 113.03,
48.57, 28.47, 25.9; Anal. Caled for CiaHyeN O C70.56; H,7.90; N, 13.71.

~ ¥,
3
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S5-Dimethylamine-2-aminoacetophenone {(62) was obtained from 59, using the same
synthetic procedure as for 60 to give 62 as orange solid (1.8 g, 10.1 mmol); vield 91.5%; 'H-NMR
{DMSO-ef, 200 MHz): 8 2.45 (v, 3H), 2.71 (&, 6H), 6.64-6.69 (m, 2H), 6.96-7.00 (m, 3H),;
PO NMR (DMSO-dy, 50 MHz) 6: 20049, 144.66, 141.42, 124,49, 118.46, 117.37, 115.79, 4234,
2842

Ethyl 2-hvdroxybenzoate {68). To a solation of 2-hydroxybenzoic acid (63)(5 .0g,

30, 2mmol) in anbydrous BtOH (150 mi) was added 98%H:S04 {4 mi). The mixture was refluxed for
4h and concentrated. The residue was extracted with CHxCl dried over MgSO, and evaporated. The
crude was purtfied by distillation to give 68 as colorless liqud. (5.85 g, 35 2Immeol). Yield:
97.25%:; MS (EL 70 eV): miz 166.2 (M"): "H-NMR (CDCl5, 200 MHz): & 1.39 {1, J = 7.2 Hz,
3HY. 437 (g J=T72,7T0Hz 2H), 6 81 (#, 7~ 606 Hz 1H), 689 (d J~80Hz 1H), 742 (. J
= 72 Hz, YTHY, 7.82 (dd, Jy = 8.0, 1.8 Hz, 1H), 10.83 (5, 1H); PC- NMR (CDCh, 50 MHz) &
170.20, 161.64, 135.56, 129.89, 119.06, 117.53, 61,40, 14.18; Angl. Caled for CoM0q: €,65.05;
H,6.07.

Ethyl 3-hydroxybenzoate (69) was obtained from 64, using the same svathetic procedure as
for 38 to give 39 as white sohd. (3.4 g, 20.5 mmol}); vield 94.2%; mp 60-62 °C; MS {(EL, 70 eV):
miz 166.2 (M), "H-NMR (CDCls, 200 MH2): 8 1.36 (1, J= 7.2 Hz, 3H), 4335 (g. J = 72, 7.0
He, 2H), 555 (s, 1HY, 707 (dd, J = 2.6, 1.2 He, 1HY, 7.27 {d, J = 78 Hz, 1H), 7.55 -7.62 (m.
2H); PC-NMR (CDCl, 50 MHz) 6: 167.15, 156,07, 131.50, 129,69, 121 .36, 120.36, 116.36, 61 .43,
14.23; Anal. Caled for CoH 004 C.65.05, H.6.07.

Ethyvl 4-hvdroxybenzeate (70) was obtained from 65, using the same synthetic procedure as
for 68 to give 70 as white solid (5.3 g, 31.9 numol); vield 88.2%; mp 105-107 °C; MS (EL 70 eV}
miz 166.2 (M), "TH-NMR {CDCls, 200 MHz): 8 1.36 (1,J = T2 Hz, 3H), 4.33 (¢../ = 7.2,7.0
Hz, 2HY, 684 (4, J = 1 8 Hz [H), 6884, J= 1.8 Hz 1H), 790, J=18Hz 1 H),795(d,J
= 1.8 Hz, 1H); PC- NMR (CDCl;, 50 MHz) 8: 167,13, 16038, 131.91, 122,44, 115.26, 61.01,
14.30; Anal. Caled for CoHpOs: C.65.05; H.6.07.

Ethyl 3-methoxy-4-hydroxyhenzoate {71) was obtained from 66, using the same svnthetic
procedure as for 68 to give 71 as brown liguid. (6.3 g, 32.1 mmol}y; vield 90.9%; MS (E1, 70 eVY):
miz 1962 (M"Y, "TH-NMR {CDCl;, 200 MHz): 8 1.35 (1, J = 7.2 Hz, 3H), 3.93 (s, 3H), 4.32 (¢,
Je= 72,70 Hz, 2H)Y, 690 (¢, J =82 Hz, 1H), 753 (¢, /= 18 Hz, 1H), 7.62 {(dd, J= 82, 18 Hz,
TH); BC- NMR (CDCl, 50 MHz) & 166.44, 14991, 146,13, 124,10, 122.62, 113.99, 111.70, 60.79,
56.09. 14.37: Anal. Caled for CioHO4: C.61.22: H.6.16.

Ethyl 2,3-dihydroxvbenzoate (72) was obtained from 67, using the same svuthetic

procedure as for 68 to give 72 as white solid. {5.4 g, 29.6 mmol); vield 91.4%: mp 92-94 °C; MS

ried
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(FI, 70 eV)y: miz 182.2 (M'); "H-NMR (CDCiy, 200 MHz): 6 1.40 (1, J = 72 Hz, 3H), 438{q. ./
«7.2,7.0 Hz, 2H),5.18 (br, TH), 6.70-7.40 (m, 3H), 10.97 (br, 1H), “C- NMR (CDCl, 50
MHz) &: 17038, 148.90, 14500, 120.55,119.71, 11945, 119.10, 112.63,61.61, 14.13; Anal. Caled
for CloH 204 C,59.34: H,5.53.

Ethyl 2-(benzyvioxyibenzoate (73). To a solution of 68 (5.8 ¢, 34.9 mmol) in CHON
{150ml} was added K,CO5(10.6 g » 76.8 mmol}. The mixture was added benzy} bromide (6.37g,

38 3%mmo!) and refluxed for 8h under N;

atmosphere. The reaction mixtare was cooled 1o 25 1 and
poured tnto HaO (500mi), and then extracted with CHyCly. The organic layer was washed with HO,
dried over MgSOy and evaporated. The crude products were purified by distillation to give 73 as
colorless liquid. (8.3g. 33.2 mmol). Yield: 93.71%; MS (EL 70 V) miz 256.3 {M"); '"H-NMR
{CDCH;, 200 MH2Y: 8 133 (1, J=T2Hz 3, 435 {¢,J =72 70Hz 2H), S.15{y, 2H), 700
{d,J =80 Hz 2H), 7.32-7.45 (m, 5H), 749 (d. /=82 Hz, 1H), 7.82 {dd, J = 82, 1.8 Hz, 1H);
PO NMR (CDCE, 50 MHz) 4 166.60, 158,01, 136,77, 133.25, 131.69, 128,49, 127.80, 126.99,
121.20, 120,56, 113.75, 70.57, 60.93, 14.29; Anal. Caled for CgH 15050 €,74.98; H,6.29.

Ethyl 3-(benzyloxy)benzoate {74} was obtained from 69, using the same synthetic procedure
as for 73 to give 74 as colorless liquid. {(4.03 g, 15.80 mmol); vield 77.3%; MS (EL 70 V) iz
256.3 (M"); '"H-NMR (CDCls, 200 MHz): 8 1.39 (4, J = 7.2 Hz, 3H), 437 (g, J = 7.2, 7.0 Hz,
2H), 5.08 {5, 2H), 7.37-7.72 (., OH): PO NMR {CDCE, 200 MHz) 6:166.42, 158.76, 136.66,
131.90, 129,48, 128,67, 12814, 127.62, 122.24, 11996, 115.26, 70.14, 61.09, 14.38; Anal. Calcd
for CioHic0s C,74.98; H.6.29,

Ethyl 4-(benzyloxyjbenzoate {(75) was obtained from 70, using the same synthetic procedure
as for 73 to give 78 as colorless hiquad, (7.6 g, 29.6 mmol); vield 92.5%; MS (EI 70 VY miz
256.3 (M) "H-NMR (CDCL, 200 MHx): 8 1.35 (7. J = 7.2 He, 3H), 432 (¢, J = 7.2, T.0 Hz,
2H), 5.09 (s, 2H), 6.95(d. J = 2.0 Hz 1H), 6.98 (d, ./ = 2.0 Hz, 1H}, 7.31-7.41 {m, SH}, 7.935
(e, J= 2.0 Hz, THY, 7.99 (¢, J = 2.0 Hz, TH), 7C- NMR (CDCly, 30 MHz) & 166.36, 162.39,
136.28, 131,55, 129.02, 128,67, 128,19, 127 48, 123,18, 114.41, 70.08, 60.65, 14.37; Anal. Caled
for CielH 60y C74.98, H,6.29,

Ethyl 4-(benzyloxy)-3-methoxybenzoate (76) was obtained from 71, using the same
synthetic procedure as for 73 to give 76 as brown solid. (8.5 g, 29.7 mmol); yield 81.53%; mp
73-75 °C: MS (EL 70 eV miz 286.4 (M), '"H-NMR (CDCls, 200 MHz): 88 1.35 (4, J =
3H), 391 (s, 3H), 432 (¢, /= 72,70 Hz, 2H), 518 {5, 2H), 6.85 {d,J = 8.4 Hz, 1 H),
7.27-7.62 (m, 7!1} NMR (CDC, 50 MHz} 00 166,38, 152,01, 14912, 136,40, 128.64, 128.05,
127.22,123.29, 112,46, 70.77, 60.79, 56.07, 14.39; Anal. Caled for C+H:04: C,71.31; H.6.34,

e

2 Hz,
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Ethyl 2,3-methylenedioxybenzoate (77) was obtained from 72 and dilodomethane, using the
same synthetic procedure as for 73 to give 77 as colorless Hquid. (2.8 g, 14,4 mmol); vield 87.6%;
mp 90-92 °C; MS (EL 70 eV) miz 194.1 (M), "H-NMR (CDCls, 200 MHz): & 1.35 (1, J =
Hz, 3H), 4.34 (g, J =72, 7.0 Hz, 2H}, 6.04 (5, 2H), 6.80 (v, J =78 Hz, 3H), 6.92 (fd.J = 7.8
1.4 Ha, 1H), 7.37 {dd, J = 7.8, 1.4 Hz, 1H): BC- NMR (CDCl, 50 MHz) J: 164,42, 148.68,
14841, 122,006, 121,10, 113.28, 112,12, 101.83,60.98, 14.30; Anal. Caled for CieH1004:C .61 .85;
H,5.19.

2-{Benzyloxy}benzoic acid (78). To a suspension of 73 {4.0g, 15.6mmol) in H20 (150mi)
were added NaOH(3.1g, 78.0 mumol) and EtOH (5 ml). The muxture was reflux for 12k, and cooled to
25 9. The solid was filtered out and the filtrate was acidified with 2N HCIL The precipitate was
collected and washed with H;O. The crude product was recrystaliized from to give 78 as white solid.
(3.0 g, 13.2 mmol). Yield: 84.6%; mp 73-75 °C; MS (EL 70 eV): miz 228.3 (M), "H-NMR
(CDCl;, 200 MHz): § 5.27 (v, 2H), 7.08-7.54 (m, SH), 6.93 (dd. J = 80, 1.8 Hz, 1H); "C-
NMR (CDCls, 50 MHz) & 165,43, 157,40, 135.02, 13434, 133 88, 12816, 127.92, 122 44, 118.09,
113,11, 72.23; Anal. Caled for C14H:04 €,73.67; H,5.30.

3-(Benzvioxyibenrzoic acid (79) was obtained from 74, using the same synthetic pmcedure
as for 48 to give 49 as white solid. (3.1 g, 13.6 mmol). Yield: 87.4%; mp 120-1 MS (EL 70
eV miz 228.3 (M7 "H-NMR (DMSO-dq, 200 MHz): § 3.37 {br. 1H), 5.12 (s, 2H), 7.19-7.50
{m, OH); VC- NMR (DMSQO-ds, 50 MHz) 07 167.55, 18.77, 137.26, 132.69, 130.19, 128.90, 128.33,
12810, 122.25, 120,15, 115.36; Anal. Caled for CaHnO0s: C73.67; H,5.30.

4-(Benzyloxy)benzoic acid (88) was obtamned from 75, using the same synthetic procedure
as for 78 to give 80 as white solid. (6.2 g, 27.2 mmol). Yield: 92.0%: mp 195-197 °C; MS (EL 70
eV iz 228.3 (M7); THENMR (DMSO-d,, 200 MHz): 8 5.10 (s, 2H), 6.96 {(d, J = 2.0 Hz, 1H),
7.00 (d, J=2.0Hz, 1H), 7.28-7.44 (m, SH), 7.82 (4, J = 2.0 Hz, 1H)}, 7.86 (4, /= 2.0 Hz, 1HY;
BC- NMR (DMSO-de, 50 MH2) & 168.50, 161,37, 137.20, 131.53, 128.91, 128.37, 128.21, 127.00,
11455, 69.78; Anal. Caled for CH 0. €73.67; H,5.30.

4-{Benzyloxy)-3-methoxybenzoie acid {(81) was obtained from 76, using the same synthetic
procedure as for 78 to give 81 as white solid. (7.6 g, 29.4 mmol}.Yield: 99.5%; mp 159-162 °C;
MS (BL 70 eV): iz 2583 (M), "H-NMR (DMSO-ds, 200 MHz): 8 3.76 (5, 3H), 5.11 (s, 2H),

710 (d,J = 8.4 Hz, 1H), 7.29-7.43 (n, 6H), 7.50 (dd, J = 8.4, 1.8 Hz, 1H); "C- NMR

{DMSO-ds, 50 MHz} 4: 167.53, 152.03, 149,01, 13699, 128.92, 128.38, 123,68, 123,47 112.86,
112 .58, 70.30, 55.94; Anal Caled for CysH,.04: €,69.76; H 5 46.

2,3-Methylenedioxybenzoic acid {82} was obtained from 77, using the same synthetic

procedure as for 78 to give 82 as white solid. (2.3 g, 13.8 mmol} Yield: 96.0%; mp 188-190 °(;

49
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MS (EL 70 eV) miz 166.2 (M), "H-NMR {DMSO-dq, 200 MHz): § 6.07 (s, 2H), 7.05 (d, J
=32 Hz, 1H 3, 7.25 (1, J =76 Hz, 1H), 7.06 (dd, J=76, V2 Hz, 1H), 723 (dd, J=7.6,12 Hz,
TH), 12.95 (br, 1HY, PC- NMR (DMSO-dl, 50 MHz) §: 16556, 148.91_ 14851, 122.94, 121 58,
113,80 112,46, 102.11; Anal. Caled for CaHsOy C,57.84; H,3.64.

2-Bengyloxybenzoyvl chloride (83). To a suspension of 78 (3.1g, 13.6mmol} in dry toluene
{150 mbwas added SOCH (12.9g, 109 Immol). The mixture was reflux for Sh and evaporated to give
83 as yellow Liquid to use divectly in the next step. (2.55 g, 10.3 munol ). Yield: 79.07%.

3-Benzyloxybenzoyl chloride (84) was obtained from 79, using the same synthetic
procedure as for 83 to give 54 as yellow higuid to use directly in the next step. (2.5 g, 10.1
mmot ). Yield: 74.2%

4-Benzyloxybenzoyl chloride (85) was obtained from 80, using the same svnthetic
procedure as for 83 to give 88 as vellow liquid to use divectly in the next step. (2.4 g, 9.7
mmol). Yield: 79.5%.

4-Benzyloxy-3-methoxybenzoyl chloride (86) was obtained from 81, using the same
synthetic procedure as for 83 to give 86 as brown liquid to use divectly in the nextstep. (4.5 g, 16.3
mmol) Yield: 84.6%.

2,3-Methylenedioxybenzoyl chloride (87) was obtammed from 82, using the same synthetic
procedure as for 83 to give 87 as white solid to use directly in the next step. (1.7 g, 9.2
mmol). Yield: 76.5%.

2, 3-Dimethoxvbenzoyl chloride (88) was obtained from 83, using the same synthetic
procedure a3 for 53 to give 88 a3 vellow liquid to use directly mn the next step. {2.8 g, 14.0
mol). Yiekd: 84 8%.

2, 5-Dimethoxybenzoyl chloride (89) was obtained from 84, using the same synthetic
procedure as for §5 to give 59 as vellow liquid to use divectly in the next step. {2.3 g, 11.3
mmol}. Yield:83.5%.

N-(2-Acetyl-4-morpholinophenyl)-2-benzyloxybenzamide (92). To a solution of 60 (1.3,

5 S9mmol) in THF {150 mi) was added Et:N (8 ml}. The mixture was stirred ot 0 °C and 83 (1.7, 7.1
mmol) was added dropwise. The reaction mixture was stirred at 25 °C for 2 h and poured into
crushed ice and extracted with CHaCly The extract was washed with HO, dried over MaSO4 and
evaporated. The crude product was purified by column chromatography (silica gel, CHCl) to give
92 as vellow solid. (2.1 g, 4.9 mmol}. Yield: 83.3%; mp 144-146 °C; MS(EL 70 V) miz 430.2
(M7} THANMR (CDCL, 200 MHz): 8 2,51 (5. 3H), 3,14 (m, 4H), 3.87 (m, 4H), 5.46 (s, 2H),
6.95-7.058 (m, 2H), 715 {dd, J =92 3.0 Hz, 1H}, 7.22-7.44 (m, TH}, 8.10 {Jdd,.J = 7.6, 1.8 Hz,
FH), 837 {d, J = 9.2 Hz, 1H), 12.25 (5, TH); PC- NMR (CDCl, 50 MHz) 4 201,16, 164.61,

LS
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150,37, 136,77, 132,69, 132,11, 12854, 127.79,126.98, 125.30, 123,69, 122.22, 12116, 117.82,
113.28, 70,46, 66.78, 49.94, 28 538; Anal. Caled for CogMigNoQy €C.72.54; H, 6,09 N6.51.
x\—(Z—AQetyl_:&-pyrmhdumphenyl}—z-benzyioxybenzmmde {93} was obtained from 61 and
83, using the same synthetic procedure as for 92. The crude product was purified by column
chromatography (silica gel, CHClL; / s-hexane =101 }to give 93 as vellow sohd. {1.6 g, 3.9 mmol);
vield 76.4%; mp 160-161 °C: MS(EL 70 V) miz 414.2 (M), "H-NMR (CDCly, 200 MHz): &
202 (m, 4H), 2281 (5, 3H), 3.30 (m, 4H),5.45 (s, '?H}_ 6.85-7.4S8(m, 10H), 8.1 (dd, J =78, 1.6
Hz, 1H), 8.67 (d.J = 92 Hz,1H), 12.07 (s, 1H); “C- NMR (CDCl, 50 MHz) 4: 201,71, 16415,
150,31, 143,73, 136,68, 132.02, 128,52 12774, 12,700, 12589, 124.04, 121.10, 117.30, 113.25,
112.63, 7045, 47.89, 28.62, 25.44; Anal. Caled for CagHasN:Oy; €,75.34; H.0.32; N,6.70.
N-(2-Acetyl-4-dimethylaminophenyl)-2-henzyloxybenzamide {94) was obtained from 62
and 33, using the same synthetic procedure as for 92, The crude pmduct was purified by column
chromatography (silica gel, CHCh) to give 94 as yvellow solid. (2.2 g, 5.7 mmol); vield 77.7%; mp
132-134 °C; MS (BL 70 eV): miz 388.2 (M) TH-NMR (CDCL, 200 MHz): § 2.51 {s. 3H).
2.95 (s, 6H), 5.46 (s, 2H), 7.00 (dd. J = 92, 2.6 Hz, 1H), 7.05-7.45(m, OH), 8.10 (dd. J = 78,
{8 Hz 1HY, 871 (4, ] =92 Hx 1H), 1213 {5, I1H), L NMR (CDCl, 50 MHZ) §: 201 85,
164,34, 156.34, 146.04, 136.83, 132.49, 132.05, 13031, 12853, 127.77, 127.01, 12503, 123.95,
12385, 121,12, LIBSL, 114,34, 11328, 70.47, 41.03, 28.59; Anal. Caled for CrHa N O3,
C,74.21 H,6.23; N7.21.
N-(2-Acetyl-4-morpholinophenyl)-3-benzyloxybenzamide (95} was obtained from 68 and
84, using the same synthetic procedure as for 92. The crude product was purified by colummn
chromatography (silica gel, CHCLY n-hexane =8:1) to give 95 as yvellow solid. (1.15 g, 2.67 mmol};
vield 84.1%; mp 140-142 °C; MS (EL 70 eV): sz 430.2 (M) "TH-NMR (CDCLs, 200 MHz2): 8
2,67 (s, 3H), 313 {m, 4HD), 3.9 (o, 4HD, 5013 {5, 2H), 6.95 (m, 1H), 7.05 (s, 1H), 7.22 (i,
TH), 7.23-7.41(m, 7TH), 8.10 (m, 1H), .37 (ga J =92 Hz, 1H), 12.35 (5, 1H); C- NMR
{CDCL, 50 MHz) 07 203,05, 16546, 159,14, 136.66, 136,48, 13456, 128.82, 128.60, 128.06,
127.61, 12338, 12284, 12204, 11947 11909, 11841, 113,44 7014, 66.75, 49 87, 28 58; Anal.
Caled for CogHaeNaOy: €.72.54; H,6.09; N.6.51.
N-(2-Acetyl-d-pyrrolidinophenyi)-3-benzyloxybenzamide (96) was obtained from 61 and
84, using the same synthetic procedure as for 92, The crude product was purified by column
chromatography (silica gel, CH:ClL/ n-hexane =5:1) to give 96 as vellow solid. (1.05g, 2.53 mmol);
vield 74 1% mp 131133 °C: MS(EL 70 eV): miz 414.2 (M), HAONMR (CDCL, 200 MHz): 8
2.02 (m, 4H), 2.67 {5, 3H), 330 (m, 4H), 5,14 (s, 2H), 6.83-7.67 (m, 11H), 8.78(d. J =92
Mz, 1H}, 12.20 (5, TH); C- NMR (CDCls, 50 MHz) 8: 203.51, 165.07, 159.12, 143.54, 136.88,
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130,75, 12971, 128,59, 128.02, 127.62, 12332, 12233, 119.41, 118.85, 118.54, 11334, 110.89,
70,13, 4799, 28 57, 25.42; Anal. Caled for CaeHaeN:O5; €,75.34; H,6.32; N.6.76.
N-2-acetyl-d-dimethylaminophenyl)-3-(benzyloxy)benzamide (97) was obtained from 62
and 84, using the same svathetic procedure as for 92. The crude product was purified by column
chromatography (sihica gel, CH:CE) to give 97 as vellow solid. {(1.6g, 4.1 mmol}; vield 73.4%; mp
147-149 °C: MS (EL 70 V) m/z 388.2 (M) "H-NMR (CDC};? 200 MHz): & 2.66 {5, 3H),
2.94 {5, 6H), .14 {5, 2H), 6.83 {d, J= 6.4 Hz, 1H), 7.13-7.69 (m, 10 H), 7.57-7.67 (m, 2H),
8.80 (d, J= 9.2 Hz, 1H), 12.26 (s, 1H):; "C- NMR (CDCly, 50 MHz) &: 203,43, 165.18, 159.12,
140,03, 136,74, 131.68, 12975, 128,60, 128.04, 127.63, 12311, 122,11, 119.78, 11943, 118.90,
14,71, 11338, 70,12, 40.88, 28.57; Anal. Caled for CaaHagN: 05 €,74.21; H6.23 N,7.21.
N-(2-Acetyl-4-morpholinophenyl)-d-benzyloxybenzamide {98) was obtained from 60 and
85, using the same synthetic procedure as for 92, The crude product was purified by column
chromatography (silica gel, EtOA¢/ CH:ClL =1:2) to give 98 as vellow solid. (1.5 g, 3.5 mmol});
vield 64.0%; mp 172-175 °C; MS (EL 70 eV): iz 430.2 (M), H-NMR (CDCls, 200 MHz): 8
2.67 {s. 3H). 3.14 (m, 4H), 3.88 (m, 4H). 5.05 (s, 2H), 6.99-7.43 (m, OH), 7.97 (. J + 2.0 Hz.
TH), 8.00 (d, J = 2.0 Hz.1H), 8.86 (o, J = 9.2 Hz. 1H), 12.30 {x. 1H); PCo NMR (CDCly, 50
MHz) 4 203,13, 16527, 163.55, 161.60, 14000, 136.37_ 13519, 132,83, 129.28, 128.67, 128.17,
127 48, 123,68, 12271, 122,01, 118,62, 114.86, 70.13, 66.70, 530.09, 28.63; Anal. Calcd for
CasHpeN; O C72.54; H6.09 N,6.51.
N-(2-Acetyl-d-pyrrolidinophenyl)-4-benzyloxybenzamide (99) was obtained from 61 and
85, using the same synthetic procedure as for 92. The crude product was purified by colummn
chromatography (silica gel, EtOA¢/ CH:Cl =1:4) to give 99 as vellow solid. (1.6 g, 3.9 mmol};
vield 71.7%; wop 175178 °C; MS(EL 70 eV miz 4142 (ME‘}; "HANMR {(CDCY;, 200 MHz): 8
2.03 (mn, 4H), 2.606 {5, 3H), 3.29 (m, 4H), 5.12 (s, 2H)Y, 6.84 {d, J = 9.2 Hz, 1H), 7.07 -6.97
(me, 3H), 740-7.33 (m, ST, 798 {d, J = TOHz 1H), S 01 (¢, J =32 Hz, 1H)L 78 (d, /=92
Hz, 1H), 1215 (&, TH); BLONMR {CDCE, 50 MHz) 07 203.62, 16490, 162.20, 161 40, 143 3§,
136,46, 13003 12914, 12866, 12813 12702 12749 123 11 12227 1IR68, 11476 11323,
70.10, 4795, 28,63, 25.42; Anal. Caled for CagHzeN2O4; €,75.347 H,6.32; N,6.76.
N-(2-Acetyld-dimethyvlaminophenyl)-4~(benzyloxy)benzamide (100) was obtained from
62 and BS, using the same synthetic procedure as for 92. The crude product was purified by column
chromatography (silica gel, CHaCl:) to give 100 as yeiiow solid. (1.7g, 4.4 mmol); yield 65.0%,;
mp 139-140 °C; MS (EL 70 eV): a2 388.2 (M) "H-NMR (CDCly, 200 MHz): 8 2.66 (s, 3H),
2.94 {5, 6H), 5.10 (s, 2H). 7.00-7.06 (m, 3H). 7.17 (d. J = 2.8 Hz, 1H), 7.33-7.44 (m. 5H),
7.97 {d, J= 1.6 Hz, 1H), 8.00 (d, J = 1.6 Hz, 1H), 8.80 (d, /= 0.2 Hz, 1H), 12.19 (s, 1H); PC-
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R {CDCls, 50 MHz) & 203.50, 165.00, 161,49, 14580, 136,44, 132.21, 129.19, 128.66, 128.14,
{27.78, 127,49, 122,91, 122.06, 120.06, 114,80, 70.11, 40.97, 28.60; Anal. Caled for CouHa:aN- Oy
C.74.21; Ho.23; N,7.21.
N-(2-Acetyl-4-morpholinophenyl}-d-(benzvioxy)-3-methoxybenzamide (101} was
5 obtained from 60 and 86, using the same synthetic procedure as for 92, The crude product was
purified by column chromatography (silica gel, CHaCly £ n-hexane =5:1) to give 101 as vellow solid.
{1.9 g, 4.1 mmol); vield 82.6%; mp 192-194 °C; MS (EL 70 eV} m/z 460.2 (Mf}; "H-NMR
{CDCl;, 200 MHz): 8 2.67 (s, 3H), 3.13(m, 4H), 3.860m, 4H), 5.22(s, 2H). 6.93 (d. J = 8 4
Hz, TH)L7.54 (dd, J =92, 28 He, 1 H), 7.30-7 45 (m,6H), 7.54 (dd, J = 8.4, 2.0 Hz, 1H), 7.61
10 (o, J =20 Hz, TH), 8.84 (4. J = 9.2 Hz, 1H), 12,15 €5, 1H) PC- NMR (CDCh, 50 MHz) ¢
203.09, 16526, 151,16, 14939 136.52, 134.94, 128.65, i:;’:’%ﬂ:;’, 12790, 12721, 12358, 12272,
121,90, 120,03, 11843, 112,91, 11114, 70.88, 66,77, 56.08, 49.95, 28.59; Anal. Caled for
CarHaaN2Os; C,70.42; H,6.13; N 6.08.
N-(Z-Acetyl-d-pyrrolidinophenyh-d-(benzyloxy)-3-methoxybenzamide (102) was
15 obtained from 61 and 86, using the same syathetic procedure as for 92. The crude product was
purified by column chromatography {silica gel, CHCh /n-hexane =3:1) to give 102 as vellow sold
(2.0 g. 4.5 mmol); vield 83.6%; mp 152-154 °C; MS (EL 70 eV) miz 444.6 (M), "H-NMR
{CDCL;, 200 MHz): & 2.04 (s, 4H), 2,66 (5, 3H), 3.30 {m, 4H), 3.98 (5, 3H), 5.22 {5, 2H},
6.84 (fd, J =92, 28 Hz, 1H), 6.92 (., J=84 Hz 1H), 7.97 (m, 1H), 7.24-7.45 (m, 5H), 7.533
20 (dd.J=84.20Hz, tH), 7.63 (4. J=20Hz, 1H), 8.77(d, J=92Hz 1H). 12.17 {5, 1H); “C-
NMR (CDCLs, 50 MHz) 52 203.09, 165.26, 151,16, 14959 136.52, 134.94, 12865, 128.02, 127.90,
1272112358, 12272, 121.96, 120,03, 11843, 11291, 111,14, 70.88, 66.77, 56.08, 49.95, 28.59;
Anal. Caled for CorHeN2Oy €C72.95; H.6.35; N.6.30.
N-(2-Acetvi-4-morphelinophenyhbenzo|d][1.3]dioxole-4-carboxamide (103) was obtained
25 from 60 and 87, using the same synthetic procedure as for 92, The crude product was puorified by
column chromatography {silica gel, CHCl: / n-hexane =10:1) to give 183 as vellow solid. (1.06 g,
{8 mmeol); vield 79.3 % mp 150-152 °C; MS(EL 70 eV miz 368 5 (M) 'H-NMR (CDCE,
200 MHz) 6 2.62 (s, 3H), 3.13 (m, 4H), 3.89 (m, 4H), 6.17 (s, 2H), 6.90-6.96 (m, 2H}, 7.50
(dd, ] = 92,28 Hz, 1H), 7.50 (dd, J = 0.6, 2.8 Hz, 1H), 7.38 {(m, 1H), 8.70 (4. J = 92 Hz, 1 H),
300 1ER7 (s, THY UC-NMR {CDCE, 50 MHEz) 07 2201.77, 162.60, 148,12, 145.80, 133.50, 124.69,
123.63, 122,57 12195, 121,78, 118.29, 116.95, 111.51, 101.79, 66,60, 50.07, 28.59; Anal. Caled
for CagHoaaNyOs: C.65.21; H 547 N, 7.60.
N-(2-Acetyl-4-pyrrelidinophenyvlibenzold}{13]dioxole-4-carboxamide (104) was obtained

from 61 and 87, using the same synthetic procedure as for 92, The crude product was purified by
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columu chromatography (silica gel, CHyCly /p-hexane =8:1) 1o give 104 as vellow solid. (0.8 g, 2.3
mmol); vield 57.9%; mp 139-141 °C; MS(EL 70 eV} iz 352.1 (MY); TH-NMR (CDCLs, 200
MHz): 5 2.01 (m, 4H), 2.61 (s, 3H), 3.31 (m, 4H). 6.17 (s, 2H), 6.81-7.01 (m, 4H), 7.50 (dd,

J =632, 32 Ha, 1H), 8.60(d, J=92Hz, 1H), 11.87 (s, 1H); “C- NMR (CDCl, 50 MHz) §

20225, 16221, 148.06, 14567, 12524, 12401, 12198, 121068, 11732, 111.22, 101.70, 48.37,
48.56, 25.38; Anal. Caled for CapHaeNo Oy C68.17; H5.720 N,7.95,

N-(2-Acetyl-4~-morpholinophenyi)-2,3-dimethoxybenzamide (105) was obtained from 60
and 88, using the same svathetic procedure as for 92. The crude product was purified by column
chromatography (silica gel, CHCL /r-hexane =10:1) to give 108 as yellow sohd. (1.5 g, 3.9
mmol); vield 782 % mp 146-148 °C; MS (EL 70V miz 3845 (M 'y, TH-NMR (CDCs, 200
MHz): 8 2.61 (5, 3H), 3,15 (s, 4H), 3.87 {m, 4H), 3.99 {5, 3H}, 4.05 (5, 3H), 6.99- 7.62 (m,
SH), 8.78 (d, J =9.2 Hz, 1H), 12,15 (5, THY VG- NMR (CDCl, 200 MHz) 6 201,30, 1645
152.94, 147,73, 14629, 13320, 12839, 125,43, 124,01, 123,71, 122.50, 122,19, 117.98, 11551,
66.67, 61.61, 56.09, 30.03, 28.58; Anal. Caled for o HauN2Os; C65.61; H,6.29; N.7.29.

N-(2-Acetyl-d-pyrrolidinophenyl)-2,3-dimethoxybenzamide (106) was obiained from 61
and 88, using the same synthetic proceduore as for 92. The crade product was punified by colunm
chromatography (silica gel, CH.Ch /n-hexane =10:1) o give 186 as vellow sohid. (1.4 g, 3.8
mnol); vield 77.6 % mp 137-140 °C; MS (EL 70 eV} miz 368.5 (M) "H-NMR (CDCls, 200
MHz): & 2.00 (m, 4H}, 2.59 (s, 3H), 3.28 (m, 4H), 3.86 (5, 3H}, 3.98 (5, 3H), 6.74 (m, 4H),
7.14-6.92 (m, 3H), 7.59 (dd, ] =7.6, 1.8 Hz, 1H), 8.63(d, J=9.0 Hz. 1H}, 11.96 (5. 1Hy V¢
NMR {CDCLs, 50 MHz) 0 201 83, 164.07, 152.92, 147.66, 143,71, 128.76, 125.96, 124.00, 123.94,
12246, 117.32, 11524, 112.79, 61.58, 536,08, 48.03, 28,59, 2539 Anal. Caled for CoiHuaN-Og
C.68.46; H.6.57; N7.60.

N-(2-Acetvi-d-morphelinophenyl)-2,5-dimethoxybenzamide {107) was obtained from 60
and 89, using the same syathetic procedure as for 92. The crade product was purified by column
chromatography (stlica gel, CHClL /EtOAc =8:1) to give 107 as vellow solid. {1.67 g, 4.3 mmol);
vield 79.7%: mp 172-174 °C; MS (EL 70 eV): m/z 384.5 {M"); '"H-NMR (CDCl;, 200 MHz): §
2.61 {5, 3H), 3,15 (m, 4H), 3.80 (v, 3H), 3.87 (m, 4H), 4.07 {5, 3H), 6.95-7.32 {m, 4H), 7.73
(d. J=2.8 Hz, 1H), 8.78 (d/, J= 9.2 Hz, 1H), 12.25 {5, 1H); "C- NMR (CDCl;, 50 MHz) o
20121, 164.08, 153,63, 151,95, 146,52, 132.80, 12575, 123.96, 122.95 122,01, 119.69, 117.66,
11569, 112.79, 66.79, 56,12, 5583, 49.86, 28.70; Anal. Caled for sy HagN:Os; € 65,61 H,6.29;
N,7.29.

N-(2-Acetyl-4-pyrrolidinophenyi)-2,5-dimethoxybenzamide (108) was obtained from 61

and 89, using the same syathetic procedure as for 92. The crude product was purified by column
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chromatography {silica gel, CHCh / n-hexane =8:1) to give 108 as yellow solid. (1.6 g, 4.3 mmol};
yield 73.8 %; mp 137-140 °C; MS (BL 70 eV} miz 368.5 (M} 'H-NMR (CDCls, 200 MHz): 6
2.01 (m, 4H), 2.60 (5, 3H), 3.29 (m, 4H), 3.80 (s, 3H), 4.06 (s, 3H), 6.77 {(dd. J= 9.2, 3.0
Hz, 1H), 6.89-6.97 (., 3H). 7.74 (d. J = 2.8 Hz, 1 H). 8.64 (. J= 9.2 Hz, 1H), 12.08 (s, 1H);
e NMR (CDCH, 200 MHzY S 20175, 163.61, 133.61, 151.91, 143.69, 128.64, 12630, 12432,
12330, 11936, 117.20, 115.62, 112,78, 56.15, 35.83, 47.94, 28,77, 25.42; Anal. Caled for
CaHzaN2 Oy €.68.46; H,6.57; N.7.60,
N-(2-Acetyl-4-morpholinophenyl)-2-methoxybenzamide (109) was obtained from 60 and
90, using the same synthetic procedure as for 92, The crude product was purified by column
chromatography (silica gel, CH2Ch /n-hexane =10:1) to give 109 as yvellow solid. (1.4 ¢, 3.9
mmol); vield 72.6 %; mp 158-160 °C; MS (EL 70 eV oz 354.5 (M) TH-NMR (CDCYy, 200
MHz): 8 2.60 (5, 3H), 3.12 (m, 4H), 3.85 (m, 4H), 4.09 (5, 3H), 6.96-7.07 (m, 2H), 7.13 {(dd,

J=92 30 Hz, 1H), 734-7.43 {m, 2H), 814 (dd, J= 7.6, 1.8 Hz, 1H}, 880(d, /=92 Hz,

THY, 12.23 {5, TH): PC- NMR (CDCls, 50 MHz) 8 201.25, 164.33, 157.56, 14618, 133.01, 132.25,
125,46, 123,83, 122,63, 122,18, 12089, 117.92, 111.31, 66.69, 5558, 49.98, 28.76; Anal. Calcd for
CaoHaa N2 Oy C67 .78 H 6 26; N.7.90

N-(2-Acetyl-4-pyrrolidinophenyl}-2-methoxybenzamide (110} was obtaised from 61 and
90, using the same synthetic procedare as for 92, The crude product was puxiﬁed by column
chromatography (silica gel, CHChL) to give 110 as yellow solid. (1.1 g, 3.3 mmol); vield 83.1%;
mp 168-170 °C; MS (EL 70 eV): miz 338.5 (M) "H-NMR (LI‘DCI;;S 200 MHz): o 1.96 (n, 4H),
2.64 {3, 3H), 3.27 (m, 48, 4.05 (5, 3H), 6.81 {dd, J= 9.0, 2.6 He, 1H), 7.00-7.53 (m, 4H),
7.96 (dd, J= 7.8, 1.8 Hz,1H), 8.50 (¢, J= 9.0 Hz, 1H), 11.87 {s. 1H): PC- NMR (CDCls, 56
MHz) 202,81, 163.21, 15744, 14408, 133.51, 131.70, 127.89, 126.64, 123.70, 122.76, 121.13,
117.04, 113,42, 11251, 56.17,47.94, 2937, 25 38; Anal. Caled for CopHzaN2O;y; C,70.99,
H,0.55; N .8.28.

N-Q2-Acetyl-4-morpholinophenyl)-2-methoxybenzamide (111} was obtamned from 60 and
91, using the same synthetic procedure as for 92. The crude product was purified by column
chromatography (silica gel, CH.Ch /7 EtOAc =15:1) to give 111 as vellow solid. (1.1 g, 3.1 mmwl);
yield 76.0 % mp 185-187 °C; MS (EL 70 eV} m/z 354.5 (M), 'H-NMR (CDCls, 200 MHz): 8
2.67 (s, 3H), 3.13 (m, 4H), 3.84 (5 3HD 386 (m, 4H), 695 (i, J= 2.0 Hz, 1H), 698 (d. J=
20Hz, 1H), 7.21 (dd, /=92, 2.8 Hz, 1H), 738 (d, J= 2.8 Hz, IH), 7.97 (d,.J = 2.0 Hz,
TH), 8.00 (. J = 2.0 He, 1H), 8.85(d,.J= 9.2 Hz, 1H), 12.20 (v, 1H); VC-NMR {(CDCL, 50
MHz}o 203,11, 16530, 162 48, 146.21, 13501, 122924, 127.29, 123,61, 122.72, 121.99, 11839,
113.95, 66.78, 5542, 49.95, 28.61; Anal. Caled for ChpHaaNz Oy C.67.78; H,6.26; N7.90.
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N-(2-Acetyl-4-pyrrelidinophenyl}-4-methoxybenzamide (112) was obtained from 61 and
91, using the same synthetic procedure as for 92, The crude product was purified by columm
chromatography (silica gel, CH:ClL: /p-hexane =10:1) to give 112 as vellow solid. (1.2 g, 3.5
mmol); vield 72.5%; mp 174-175 °C; MS (EL 70 eV} /2 338.5 (M), "TH-NMR (CDCly, 200

MHzy: CH:Cl: / r-hexane =1001; B NMR (CDCls, SO MHe) 4 203,60, 164.95, 162.25, 143.27,
13219, 129,12, 127,67, 123,10, 12224, 118.74, 113.87, 55.39, 48.02, 28.60, 23.38; Anal. Calcd for
Caalzz N2 Oy CL70.99; H,6.55; N.8.28.

2-(2-Benzyloxyphenyi}-6-morpholinoguinolin-4-one (113}, To a solution of 92 (1.2 g,

2. 7amol) in 1.4 dioxane (150ml) was added NaOH (0.9g, 21 dmmol). The mixture was refluxed for
5 b, concentrated and added 10% NHCl (100ml). The precipitate was collected and washed with
H,0 and acetone. The crude product was purified by column chromatography (silica gel,

CHCL;: MeOH=25:1) to give 113 as vellow solid {1.3 g, 3.2 mmol). Yield: 65.4%; mp 281-283
o0 MS (EL 70 eV): miz 412.4 (M) "H-NMR (DMSO-ds 200 MHz): 8 3.15 (m, 4H), 3.77 {m,
4H), 5.12 (s, 2H), 6.30 {5, 1H), 7.36-7.50 (m 1 1H), 7.66 (d, J = 9.2 Hz_ 1H), 11.57 (s, 1H);
Anal. Caled for CogHaNoO4; C,75.71; H5.86. N6.79.
2-(2-Benzyloxyphenyl)-6-pyrrolidinogquinolin-d-one (114) was obtained from 93, using the
same synthetic procedure as for 113. The crude product was purified by column chromatography
{silica gel, CHCILMeOH=25:1} to give 114 as yellow solid. (0.7 g, 1.8 mmol). Yiekd: 61.1%; mp
93-295 °C; MS (EL 70 eV): ar/z 396.4 (M) "H-NMR (DMSO-ds, 200 MHz): § 1.99 (m, 4H),
3.34 (m, 4H), 521 (s, 2H). 633 (s, 1H), 7.00-750 (m, 1 1H), 7.68(d, J=90 Hz, 1H), 11.63
{s. 1H): Anal. Caled for CacHlagN:0s: C,78.76: H,6.10: N.7.07.
2-(2-Benzyloxyphenvh-6-dimethyviaminoguinolin-4-one (115) was obtained from 94, using
the same synthetic procedure as for 113. The crude product was partfied by colunm chromatography
{silica gel, CHCL:MeOH=25:1) to give 115 as vellow solid. (1.2 g, 1.8 mmol). Yield: 61.1%; mp
210-212 °C; MS (EL 70 eV): o1 370.2 (M™); "H-NMR (DMSO-ds, 200 MHz2): § 2.91 (5. 6H),

S13 (s, 2H), 6.02 (5, 1H), 7.07 {5, /= T4 He, 1H), 717 (d. J= 2.6 Hz, 1 H), 7.22-7.48
(m.OH). 7.53 {d. J= 9.2 Hz, 1H), 11.67 {s, 1H); Anal. Caled for CuuHaaNaOy: C.77.81;
H,3.99. N,7.56.

2-(3-Benzyloxyphenyl)-6-morpheolinoguinelin-d4-one (116) was obtained from 93, using the
same synthetic procedure as for 113. The crude product was purified by column chromatography
{silica gel, CHCL:MeOH=25:1) 1o give 116 as yellow solid. (0.8 g, 1.9 mmol).Yield: 61.1%; mp

283.285 °C; MS (EL 70 eV) miz 412.4 (M), TH-NMR (DMSO-ds, 200 MHz}: 8 3.15 (m, 4H),
3.77 (m, 4HY, 512 (5, 2H), 6.30 (s, 1H), 7.36-7.50 (m, 1 IHD,7.66 (d, =92 Hz 1H), 11.57 (x,
{H); Anal. Caled for CogHaaNaOs; C75.71; H 5 860 N,6.79.
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2-(3-Benzyloxyphenyi)-6-pyrrolidinoguinolin-d-one (117) was obtained from 96, using the
same synthetic procedure as for 113, The ¢rude product was purified by colanmn chivomatography
{silica gel, CHCIL:MeOH=25:1) 1o give 117 as yellow solid. (0.38 ¢, 0.95 mmol}. Yield: 66.3%; mp
320-322 °C; MS (EL 70 eV} m/z 396.4 (M), "H-NMR (DMSO-ds, 200 MHz): § 2.07 {m, 4H),
3.34 (e, 4, 821 (5. 2H), 6.35 (s, 1H), 6.87-7.49 (m, 10H),7.70 (d, J=9.0 Hz, 1H), 7.78 (d,
J=8.6Hz, TH), 11.50 (v, 1H); Anal. Caled for CogHauNsOy C.78.76; H.6.10: N, 7.07.

2-(3-Benzyloxyphenyl)-6-dimethylaminogquinolin-4-one (118) was obtained from 97, using
the same svathetic procedure as for 113, The crude product was parified by columin chromatography
{silica gel. CHClL:MeOH=25:1) to give 118 as yellow solid. (1.3 g, 3.5 mmol). Yiekd: 65.6%; mp
307-308 °C; MS (EL 70 eV) miz 370.2 (M), "H-NMR (DMSO-ds, 200 MHz): 85 2.91 (5, 6H),
513 {5, 2H), 6.02 (s, 1H), 7.07 (¢, J=7 4 Hz,’_H}, T17{d, J=2.6 Hz,1 HY}, 7.22-7 48
{(m 9H),7.53(d, /=9.2 He, 1H), 11.67 (s, 1H); Anal. Caled for CouHp N0z €77 .81 H5.99;
N,7.56.

2-(4-Benzyloxyphenyl)-6-morpholinoguinolin-4-one (119) was obtained from 98, using the
same synthetic procedure as for 113, The crude product was purified by column chromatography
{silica gel, CHCL: MeOQH=25:1) to give 119 as vellow solid. (0.5 g, 1.2 mmol) Yield: 52.2%; mp
320-323 °C; MS (EL 70 eV): miz 412.4 (M'); 'H-NMR (DMSO-dy, 200 MHz): § 3.14 (m, 4H),

3.77 (e, 4HY, 521 (v, 2H), 6.24 {5, 1HL,7.16-7.49 (m 9H),7.66 {d, /=9.0 Hz,1H), 7.76 (d,

J=8.6Hz, 1H)}, 1148 (s, 1H}; Anal. Caled for CogHaaN:O4 C75.71; H5.86; N,6.79.

2-(4-Benzyioxyphenyl)-6-pyrrolidinoquinolin-4-one (120} was obtained from 99, using the
same synthetic procedure as for 113. The crude product was purified by column chromatography
{silica gel, CHCluMeOH=25:1) to give 128 as yellow solid. (0.6 g, 1.5 mmol). Yiekl: 57.5%; mp
330-332 °C; MS (BL 70 eV): iz 396.2 (M), TH-NMR (DMSO-dy, 200 MHz): 8 1.99 (m, 4H),
3.34 (am, 4H), 5.21 (v, 2H), 6.33 (5, 1H), 7.00-7.50 (m, 11H), 7.68 {(d, J= 9.0 Hz, 1H), 11.63
(5. THY), Anal. Caled for CoaaaNz O, C78.76; H,6.10; N.7.07.

2-{4-Benzyloxyphenyl)-6-dimethylaminoguinelin-4-ene {121} was obtained from 104,
using the same synthetic procedure as for 113, The crude product was purified by column
chromatography (silica gel, CHCluMeOH=23:1) 1o give 121 as yellow solid. (1.2 g, 3.2
mmol). Yield: 78.7%; mp 283-285 °C; MS (EL 70 eV miz 370.2 (M3, 'H-NMR {DMSD-Jﬁ
200 MHz): § 2.92 (s, 6H), S17 (&, 2HY, 6,17 {5, TH), 714 (¢, J=8.6 Hz,2 H), 7.24 {dd,

J=88 2.4 Hz, 1H), 7.29-7.46 (m6H)},7.53 (¢, /=9.0 Hz, 1H), 7.73 {d, /=8.6 Hz,2 H), 11.38

{s, 1H}; Anal Caled tor CoqHypx NGO04 €77 .81, H.5.99: N7 .56,
2-(4-(Benzyloxy)-3-methoxyphenyl)-6-morpholineguinolin-4-one (122) was obtained from
101, using the same synthetic procedure as for 113, The crude product was purified by colunmn

el
)
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chromatography (silica gel, CHCloMeOH=25:1) to give 122 as vellow solid (0.5 g, 1.1
mmol). Yield: 52.1%; mp 300-301 °C; MS (EL 70 eV} iz 442.2 (M™y: TH-NMR (DMSO-ds, 200
MHz): 8 311 (m, 4H), 3.74 (m, 4H), 5.15 (s, 2H), 6.28 {5, 1H), 716 (4, /=82 Hz, 2H),
7.25-7.45 (m, 9H}y, 7.08 (d_./=9.0 Hz, 1H), 11.48 {(hr, 1H); Anal. Calcd for CorbaeN:Oy;
C,72.28: H.5.92: N.6.23.

2-{4-{Benzyloxy)-3-methoxyphenvl-6-pyrrolidinoquinolin-4-one {123) was obtained from
102, using the same synthetic procedure as for 113, The crude product was purified by colunm
chromatography (silica gel, CHCL:MeOH=25:1} to give 123 as vellow solid. (1.3 g, 3.1
nmol).Yiekl: 65.2%; mp 304-306 °C: MS (EL 70 eV miz 426.6 (M), "H-NMR (DMSO-d;,
200 MHz): 6 1.99 (m, 4H), 3.33 (m, 4H), 3.89 {5, 3H), 518 {5, 2H), 6.25 (¢, 1H), 7.02-7.09
(m2H),7.19 (¢, J=8.2 Hz, 1H), 7.33-7 .45 (m 2H), 7.64 {J, /=R §Hz, 1H), 11.34 {5, 1H)};
Anal. Calcd for CaHagNaOy, C,76.03; H,6.14; N.6.57.

2-{Benzold}]1,3]dioxol-4-yh-6~-morpholinequinolin-4-one (124} was obtained from 103,
using the same synthetic procedure as for 113. The crude product was purified by column
chromatography (silica gel, CHCluMeOH=235:1) to give 124 as vellow solid. (0.5 g, 1.4
mmol) Vield: 52.6%: rap 350-352 C; MS (EL 70 eV miz 3505 (M) "H-NMR {(DMSO-ds,
200 MHz): 8 3.16 (m, 4H), 3.77 (m, 4H), 6.15 {5, 2H), 6.43 (5, 1H), 7.04 (¢, J=7.8 Hz 1H),

7.09 {dd, J=7.8, 1.8 He, 1H), 7.28 (d, /=70 Hz, 1H), 7.40 (d, /=2 8 Hz 1H), 7.50 {dd,

J=9.2 28 Hz, I1H), 7.67 (d, /=92 Hz,1H), 11.54 (s, 1H); Anal. Caled for CioHiaN204;
C,68.56: H,5.18; N.8.00.

2-(Benzo|dl]1,3]diexol-4-v1)-6-pyrrolidinequinolin-4-one (128) was obtained from 104,
using the same syathetic procedure as for 113, The crude product was purified by column
chromatography (silica gel, CHCL: MeOH=25:1} to give 125 as yellow solid. {0.2 ¢, 0.6
mmol ). Vield: 52.6%; mp 330-332 °C;, MS(EL 70 eV miz 334 .4 (M) YH-NMR (DMSO-s,
200 MHz): 6 1.93 (m, 4H}, 3.16 (o, 4HD), 6,11 (5, 2H), 6.25 (s, 1H)}, 6.96-7.06 (m,2H),

TA9{d, =68 Hz 1H), 7.57 {d, /=9.0Hz, 1H), 11.39 {5, 1H); Anal. Caled for CoHaN:Oy;

C.71.84; HS43: N.83%

2-(2,3-Dimethoxyphenyl)-6-morpholinoguinelin-4-one (126} was obtained from 105, using
the same synthetic procedure as for 113. The crude product was purified by column chromatography
{silica gel, CHClL:MeOH=25:1} to give 126 as vellow solid. {0.5 g, 1.4 mmol}.Yield: 52.5%; mp
235-236 °C; MS (EL 70 eV sz 366.5 (M), H-NMR (DMSO-d;, 200 MHz): & 3.11 {m, 4H),
3.60 (s, 3H), 3.83 {m, 4H), 3.96 (5, 3H}, 598 {5, 1H), 6.96 -7.447 (m 5H}, 7.54 (d, J=9.6
Hz 1H), 11.63 {5, TH); VC- NMR (DMSO-dy, 50 MHz) 8 176.63, 153,13, 147.90, 147.02,

LS
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140,60, 134.72, 129.90, 126.00, 124.84, 123.01, 121.98, 119.96, 114.93, 108.72, 107.52,

66.53, 61.13, 56,43, 49.47; Anal. Caled for GoiHaaN; Oy C.68.84; H. 6,05, N,7.65.
2~(2,3-Dimethoxyphenyh)-6-pyrrolidinoquinolin-4-one (127) was obtained from 106, using

the same svathetic procedure as for 113, The crude product was parified by columin chromatography

{silica gel, CHCL: MeOH=251) to give 127 as vellow sohd. (0.3 g, 0.9 mmol} Yield: 32.5%; mp

258-260 °C; MS (EL 70 V) m/z 350.3 (M) "H-NMR (D\ISO—J 200 MHz): 6 1.95 (m, 4H),

3.23 {m, 4H). 3.60 (5, 3H), 3.84 {5, 3H), 592 {», 1H}, 6.97 -7.19 (m SH), 7.54 {d, /=84

Hz 1H), 1148 {5, 1H); P NMR {(DMSO-ds, 50 MHz) & 176.49, 153,13, 146.67, 146.07,

144 85, 132,10, 126,71, 124.78, 122,02, 11999, 11912, 114.77, 107 83, 10318, 61.10,

56.43, 48,11, 25.44; Anal. Caled for CnHaN:Oy; C,71.98; H 6,330 N,7.99.

Uu

2-(2.5-Dimethoxyphenyi}-6-morpholinoguinolin-4-one (128) was obtained from 167, using
the same synthetic procedure as for 113, The crude product was purified by column chromatography
{silica gel, CHCL:MeOH=25:1) 1o give 128 as yellow solid. (0.7 g, 1.9 mmol).Yield: 61.2%; mp
TR 00T MS (EL 70 V) iz 366.2 (M THANMR (DMSO-ds, 200 MHz): 8 3.14 (m, 4H),
3.75 (m, 10H), 6.03 (s, 1H), 7.03 -7.49 (m.5H), 7.67 {d, J=9.0 Hz IH), 11.57 (s, 1H);
NMR {(DMSO-~dds, SO MHz) & 176.67_ 153 49 15098, 147 80, 147 .00, 134 68 12597 124 87,
122,80, 119,92, 116.57, 113.71, 108.93, 107.46. 66.53. 56.64, 49.45; Anal. Caled for
CaHaaN2Oy €68 .84 H,6.05; N,7.65,

2-(2.5-Dimethoxyphenyl}-6-pyrrolidinoquinolin-4-one {129} was obtained from 108, using
the same synthetic procedure as for 113. The crude product was purified by column chromatography
{silica gel, CHCL:MeOH=25: 1) to give 129 as vellow solid. {0.9 g, 0.9 mmol}.Yield: 39.2%:; mp
272-274 °C; MS (FL 70 eV): mfz 350.2 (M) IR (KBr): 1606.77 (C=0), 297822 (-NH) em™;
"H-NMR (DMSO-ds 200 MHz): 8 1.95 (e, 4}-_}}, 3.25 (e, 4HD), 371 {5, 3H). 3.72 {5, 3H), 5.94
{5, 2H}, 6.99-7.11 (mn, SH), 7.49 (d, /=8.6 Hz, 1H), 11.43 (s, I1H}; Anal. Caled for
CaHaN2Qy C71.98; H 6,33, N,7.99

2-(2-Methoxyphenyl)-6-morpholinoguinolin-4-one {130} was obtained from 109, using the
same svnthetic procedure as for 113. The crude product was purified by column chromatography
{silica gel, CHCL: MeOH=25:1} to give 138 as vellow solid. (0.6 g, 1.8 mmol}. Yield: 57.5%; mp
262-264 °C: MS (EL 70 eV): iz 336.5 (M) "H-NMR (DMSO-ds, 200 MHz): 8 3.10 (m, 4H),
3.74 (m, 4H), 3.76 (s, 3H), S.97 (o, THDY, 708 (7, J=7.6 Hz 1H), 716 {d, /=82 Hz 1H),
7.40-7.54 (m, SH1L.55 (s, 1HY, YOLNMR {DMSO-cls, S0MHz) 0 176,61, 156.96, 147.79,
147 42 13482, 131.73, 130.69, 12389, 124 39 12289, 121.06, 119.97, 11234, 10885,
107.44, 66.54, 56.16, 49.48; Anal. Calcd for CueHaNaOy C71.417 H,5.99; N.8.33.
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2-(2-Methoxyphenyl}-6-pyrrolidinoguinolin-4-one (131) was obtained from 110, using the
same synthetic procedure as for 113, The ¢rude product was purified by colanmn chivomatography
{silica gel, CHCIL:MeOH=25:1) 10 give 131 as yellow solid. (0.7 g, 2.2 mmol). Yield: 62.3%; mp
312-313 °C; MS (BL 70 eV): iz 320.2 (M'); 'H-NMR (DMSO-dy, 200 MHz): § 1.98 (m, 4H),
3.25 (e, 4, 3,77 (5. 3H), 591 (5, 1H), 7.00-7.510m,7H). 11.43 {s. 1H); "C- NMR
{DMSOQ-cls, S0 MH2z) 0 176.58, 156.97, 146.43 14475, 132,13, 131.00, 130.09, 126.65,
124,53, 121.04, 11993, 119.05, 112.33, 108.03, 103,16, 56.15, 48.09, 25.45; Anal (Caled
for CanHaoNaOn: C74.98; H,6.29; N .8.74.

2-{4-Methoxyphenyl)-6-morpholinogquinolin-4-one {132) was obtained from 111, using the
same synthetic procedure as for 113, The crude product was purified by column chromatography
{silica gel, CHCL: MeOH=25:1) to give 132 as vellow solid. {0.5 g, 1.8 mmol}).Yield: 65.9%; mp
302-304 °C; MS (EL 70 eV iz 336.2 (MY); "H-NMR (DMSO-dys, 200 MHz): § 3.10 {m. 4H),
3.74 (m, 4H), 3.80(s, 3H), 6.22 (s, LH), 7.06 (d. J/=8.8 Hz.2H), 7.38 {d, J=2.4 Hz,1H), 7.43
(dd, F=9.2.2.8 Hz, TH), 7.64 (J, J=9.2 Hz 1H), 7.74 (¢, /=88 Hz 2H), 11.45 (s, 1H); Anal
Caled for CopHaoNaOy C71.41; H 5,99 N8 33,

2-(4-MethoxyphenyhD-6-pyrrolidinoguinolin-4-one (133) was obtained from 112, using the
same synthetic procedure as for 113. The crude product was purified by column chromatography
{silica gel, CHCL:MeOH=25:1) to give 133 as yellow solid. (0.4 g, 1.2 mmol) Yiekd: 74.0%; mp
312-313 °C; MS (EL 70 eV): a2 320.2 (M'); Anal. Caled for CauHaoNo0p; €,74.98; H,6.29;
N, 874

2-(2-Hydroxyphenyl}-6-morpholinoquinolin-4-one (134). To a suspension of F13 (3.4 g,
1.0 mmol) in MeOH (400 ml) was hydrogenated in the presence of 10%Pd/C (0.1} at 250 for 3 h
The catalyst was filtered off and the filtrate was evaporated. The crude product was purified by
cotunn chromatography (S10:,CHCH: MeOH=25:1) to give 134 as vellow solid. {0.3¢, 0.9
mmol). Yield: 81.5%; mp 290-291 C; MS (EL 70 eV): m/z 322.2 (M7); IR (KBr): 1612.56 (C=0),
296954 (-NH) em'; TH-NMR (MeOD-dy 400 MHz) 8 3.30 (n, 4H), 3.87 {m, 4H), 4.48 (5, 1H),
6.64 (s, 1H), 7.02 (d, J=8.8 Hz, 1H). 7.04 (d, J=8.8 Hz. 1H). 7.40 (1, J=8.0 Hz, 1H), 7.60 (d,
J=8.8 Hz, 2H), 7.65 (¢, J/=2.0 Hz, 1H)}, 7.72 (d, /=9.2 Hz, 1H)}; Anal. Caled for CpH N0y
C,70.79. H,5.63; N.8.6%.

2-(2-Hydroxyphenyi)-6-pyrrolidinoguinolin-4-one (1335) was obtained from 114, using the
same synthetic procedure as for 134, The crude product was purified by column chromatography
{silica gel, CHCL: MeOH=25:1} to give 135 as vellow sohid. (0.2 g, 0.7 mmol} Yield: 86.6%; mp
304-306 °C; MS (EL 70 eV a2 306.2 (M), IR (KBr): 1612.56 (C=0), 2969.54 (-NH) comn™;
"H-NMR (MeOD-d; 400 MHz): § 3.25 (m, 4H), 3.87 (m, 43), 6.29 (s, 1H), 6.87 (d. J=3.2

o
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Hz 1H), 6.91 {dd, /=88 3.2 Hz, 1H), 7.03 (d, /=88 Hz,1H), 745 {d, /=2.8 Hz 1H}, 7.48
(dd, J=9.2, 2.8 Hz, 1H), 7.61 {d, J=9.2 Hz, 1H), 9.45 (hr  1H), 11.72 (&r, 1H}); Anal. Calcd
for CroHeNyO €,74.49; H,5.92; N.O.14.

2-(2-Hydroxyphenyl)-6-dimethylaminoquinolin-4-one (136) was obtained from 115, using
the same synthetic procedure as for 134. The crude product was parified by colummn chromatography
{silica gel, CHCl:MeOH=25:1} to give 136 as vellow solid. Yield: 86.6 % mp 296-298 °C; MS
(EL 70 eV): a2/ 280.1 (M), IR (KBr): 1597.13 (C=0), 2908.78 (-NH) em™'; 'H-NMR (MeOD-d,,
200 MHz) 0 3.02 (v, 6H), 6.56 (s, 1H}, 6.92-6.99 (m,  2H), 7.27-7.38 (m, 3H), 7.50 {Jd,

J=820 1.8 Hz 1H), 7.60 (d, J=8.2 Hz 1H); Anal. Caled for CibigNaOy; C,72.84; H 5.75;

N.9.99,

2-(3-Hydroxyphenyvl}-6-morpholinoguinolin-d-one (137) was obtained from 116, using the
same synthetic procedure as for 134, The crude product was purified by column chromatography
{silica gel, CHCL:MeOH=25:1) 1o give 81a as yellow solid. (0.3 g, 0.9 mmol). Yield: §9.7%; mp
357-360 °C MS (EL 70 eV iz 322.2 M7y, THENMR (DMSO-ds, 200 MHz) 8 3.13 (m, 4H),
3.75 (mm, 4H), 60.20 {5, 1H), 6.81 (J, /=78 Hz,1H), 7.15-7.22 m 2H), 7.33 (d, =78
Hz, 1H).7.43 (d, J=2 6Hz, 1H), 7.48 {dd. J=9.0.2.6 Hz. 1H), 7.69 (¢, J=9.0 Hz,1H), 0.86 (5.
THY, 1156 (s, 1H); B NMR (DMSO-cl;, SOMHz) & 176.78, 158.20, 149,47, 147.95, 136.28,
134,96, 130,59, 12597 12295, 12039, 118,36, 117.63, 11438, 107.24, 106.22, 66.532,
4932, 43 .47; Anal. Caled for CoHgNzO5 C,70.79; H, 5,63 N 8.69.

2-(3-Hydroxyphenyl)-6-pyrrolidinoquinolin-4-one {138} was obtained from 117, using the
same synthetic procedure as for 134, The crude product was purified by column chromatography
{silica gel, CHCluMeOH=25:1) to give 138 as yellow solid. (0.14 g, 0.45 mmol). Yield: 90.9%; np
364-367 °C; MS (EL 70 V) iz 3063 {M‘V}; HAONMR (DMSO-dy. 200 M Hz) 6 1.80 {m, 41,
3.29 (m, 4H), 6,14 (v, 1HD), 6.92 (d, J=7.0 Hz 1H), 7.02 {d, J=7.0 Hz, 1 H), 7.09 {dd,

J792.2.4 He 1HY), 705721 (m, 2H), 7.34 (¢, S=7.8 Hz, TH), 765 (. ./=9.2 Hz 1H), 9.84 (5,

THD, 11,46 (s, TH); O NMR (DMSO-ds, S0 MHz) 3 176,78, 158.20, 149.47, 147.95, 136.28,
134 96, 13059, 12597 122,95, 12039, 118.36, 117.63, 114.38, 107.24, 10622, 66 51,
4932, 43.47; Anal. Caled for CoHpNyO- C,74.49; H5.92; N9, 14,
2-(3-Hydroxyphenyl}-6-dimethylaminoquinolin-4-one (139) was obtained from 118, using
the same synthetic procedure as for 134, The crude product was purified by column chromatography
{silica gel, CHCluMeOH=25:1) to give 139 as yvellow solid. (0.4 g, 1.4 mmol). Yiekd: 75.6%; mp
342344 °C: MS (EL 70 V) iz 280.1 (M), "HINMR (DMSO-d,, 200 MHz) 6 2.93 (5, 6H),
6.23 {5, 1H), 6.92 {d, J=8.0 Hz 1H}L7.16-7.35 (m, 6H), 7.70 (d, /=9.2 Hz,1H), 9.93 (s, 1H},
11.46 (5, TH); VC- NMR (DMSO-ds, 50 MHz) 8 175.86, 158.25, 148.99, 147.63, 136.34,

o}
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133,33, 130.52, 12609, 120.64, 12022, 118.32, 117.58, 114.39, 105.55, 103.94, 38.69;
Anal. Caled for CisHyeN2O-; €72.84; H 575, N, 8.99,

2-{4-Hydroxyphenyl)-6-morpholinoquinolin-4-one {148} was obtained from 119, using the
same synthetic procedure as for 134, The crude product was purified by column chromatography
{silica gel, CHCL: MeOH=25:1) to give 140 as vellow sohd. (0.1 g, 0.3 mmol} Yield: 64.5%; mp
340-342 °C: MS (EL 70 eV m/z 322.2 (M™): "H-NMR (DMSO-ds, 200 MHz) § 3.16 {m, 4H),
3.74 {m, 4H). 6.24 (5, 1 H), 6.95 {d, J=8.6 Hz 2H), 740 (4, J=2.6 Hz 1 H}, 7.45 (dd,

J=9.0.2.6 Hz,1H), 7.69 (d, J=9.0 Hz,3H), 10.05 (s, 1H), 11.50 (br &, 1H); "C- NMR

{DMSO-ds, SOMHz) 6 176.38, 15990, 14938, 14781, 135.04, 129,15, 125,76, 12531,
122,78, 12023, 116,18, 107.35, 10534, 66.54, 4937, Anal. Caled for CpHNOy C,70.79;
H.5.63; N.§.69.

2-{4-Hvdroxyphenvi)-6-pyrrolidinoguinolin-4-one (141) was obtained from 120, using the
same synthetic procedure as for 134, The crude product was purified by column chromatography
{(silica gel, CHCL: MeOH=25:1) to give 141 as vellow solid. (0.1 g, 0.7 mmol} Yield: 64.9%; mp
304-306 °C; MS (EL 70 eV): sz 306.3 (M) IR (KBr): 1613.52 (C=0), 3132.53 (-NH), 343826
(~OH) e’ TH-NMR (DMSO-dds 400 MHz) § 2.02 (m, 4H), 3.37 (m, 4H), 6.93 (s, 1H), 7.04
{d, /=84 Hz, 2H), 742 {dd. =92, 2.0 Hz, 1H), 7.76 (d, /=8 4 Hz, |H), 7.83 (d. /~8.4 Hz,
2H), 814 {d, J=9.2 Hz, 1H), 10.48 (5, 1H); Anal. Calcd for CioHsNOx: C.74.49; H.5.92;
N9 14,

2-(4-Hydroxyphenyl}-6-dimethylaminoquinolin-4-one (142) was obtained from 121, using
the same synthetic procedure as for 134, The crude product was purified by column chromatography
{silica gel, CHClL:MeOH=25:1) to give 142 as yellow solid. Yield: 74.2 % mp 321-323 °C; MS
(EL 70 eV) miz 28001 (M), IR (KBr): 161738 (C=0), 3132.53 (NH) em™; H-NMR (DMSO-d;,
200 MHz) 6 3.03 (s, 6H), 7.01 {J, J=8.6 Hz, 2H), 7.08 (d, J=2.8 Hz, 1H), 740 {d, J=6.0 Hz,
1), 7.64 {dd. /=94, 2.6 Hz 1H), 7.84 (4, J=8.8 Hz, 2H), 8§22 {d, J=9.4 Hz, TH), 11.30 (br,
FPH), 14.35 (Ar, THY Anal Caled for CiaHeNaOy C,72.84; H 5,75, N,9.99.

2-{4-Hydroxy-3-methoxyphenylh)-6~-morpholinequinolin-4-one (143) was obtained from
122, using the same svathetic procedure as for 134, The crude product was purified by colunmn
chromatography (silica gel, CHClL:MeOH=25:1) 1o give 143 as vellow solid. (0.15 g, 0.3
mmol).Yield: 63.0%; mp 297-299 °C: MS(EL 70 eVy: miz 352.1 (M'y; "H-NMR (DMSO-ds, 200
MHZ) 8 3.15 (m, 4H), 3.77 (m, 4H), 3.88(s. 3HL6.28 (s, 1H). 6.92 (d, J=8.2 Hz.1H), 7.27
(ddd, F=8 2 VR Wz 1,733 (d, J=1 8 Hz, 1H), 743 (d, =26 Hz, 1H), 747 (dd, J=8.8,2.6
Hz, 1H), 7.67 (d, /=8.8 Hz.1H), 9.60 (5, 1H), 11.40 (5, 1H); "C- NMR (DMSO-d; 50 MHz) 8
176,85, 14922, 14829, 147,75, 137,15, 134,84, 12598, 125.064, 122,71, 120.63, 120.00,

62
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116,13, 111.65, 107.50, 105.68, 66.55, 56.31, 49.37; Anpal. Caled for CapHauNaQy; C68.17;
H,5.72: N,7.95.

2-{(4-Hydroxy-3-methoxyphenyl)-6-pyrrolidinoguinolin-4-one (144) was obtained from
123, using the same synthetic procedure as for 134. The crude produoct was purified by column
chromatography {silica gel, CHCL:MeOH=25:1} to give 144 as vellow solid. Yield: 63.7 %; mp
310-312 °C: MS (EL 70 eV): mi/z 336.2 (M) IR (KBr): 1605.81 (C=0), 316339 (-NH) ey
"H-NMR (DMSO-d; 200 MHZ) § 2.04 (m, 4H), 3.25 (m, 4H), 3.85 (s, 3H), 6.19 {5, 1H). 6.89
{d, J=8.2 Hz, 1H), 6.98 {J, /=2.6 Hz 1H), 7.03 (J, J=8.2, 2.6 Hz, 1H), 7.22 (Jd, =88, 2.6
Hz, TH), 730 {d, J=2.6 Hz, 1H), 7.61 (4, J=8.8 Hz, 1H), 9.53 (v, 1H), 11.27 {5, 1H}); Anal
Caled for CopHaoNaOy; C,71.41; H 5,99 N, 8.33.

Dibenzyl 3-(4-0x0-6-(pyrrolidin-1-yi)}- 1 4-dihvdroquinelin-2-yDphenyl phosphate (146).
To a stirred solution of 138 {(6.61 g, 2.0 mmel} in dry THF {20 mL} was added NaH (300 mg, 12.5
mmol) at 0 = 1 °C. After the mixture was stirred for | h, tetrabenzyl pyrophosphate (46}
(2.15 g. 4.0 mmol) was added and stirring was continued for 30 min. The reaction mixture
was filtered and washed with CH;Cl,. The filtrate was concentrated under vacnum at a
temperatore below 30 °C to give crode product (1458}, Then, the crude product in anhydrous
MeOH (50 mL) was stirred at 25 °C for 24 h. The precipitates were collected and purified by
column chromatography (510;, CHCly EtOAc = 3:7) to give 146 (().3‘? g, 0.65 mmol}.
Yellow solid; vield: 32.7 % mp 169~171 °C; MS (ESI): mdéz 5674 (M + "H-NMR
{CDCEH, 200 MHz): 6 1.97 {(m, 4H), 3.27 (e, 4H), 5.04 {5, 2H), 5.09 (s, 2H), 6.39 (s, iH})
6.93 (dd, J=9.0, 2.6 Hz, 1H), 7.05 {d, J=7.8 Hz, 1H), 7.19-7.46 (m, 14H), 7.52 (d, /=8.8 Hz,

PHY: Anall (CalNGOsPY C) HON,

3-(4-Oxo-6-(pyrrolidin-1-vI}-1 4-dihydroguinolin-2-vl}phenvl dihydrogen phosphate
(147). A suspension of 146 (200 myg, 0.36 mmol} in anhydrous MeQH (10 mL) was hydrogenated 1o
the presence of 10% PA/C (100 mg) at 25 °C for 20 min. The catalyst and precipitate were
collected and dissolved in 10% NaHCO;: solution and then filtered. The filtrate was
acidified with dil aq HC and the precipitate was then collected and washed with acetone to
give 147 (97 mug, 0.25 mmol). Yellow solid; yield: 69.8 %; mp »300 °C; MS{ESI): m/z 3871
(M -+ HY D THAINMR (D0 + NaOQD, 200 MHz): 8 1.78 (m, 4H), 3.08 (m, 4H), 6.70 (s, 1H),
T 2720 {m, 3HY, 728 {4, J=T8 He, 1H), 740 {d, J=7.6 Hz, 1H), 7.49 {», 1H}, 7.61 {d,

J=0 8 Hz, 1H); Anal. {(CuHoN0PYC, HUNL

11-2. Anticancer activity

In vitro test
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HI-60, Hep 3B, H460, MES-SA, MES-8A/D <8 and Detroit 551 cells were treated with

vehicle or test compounds for 48 h. The cell growth rate was determined by MTT (3-(4,5-dimethyl-

thiazol-2-yH-2 5-diphenyitetrazolion bromide) reduction assay. After 48 h incabution, the cell growth

rate was measured by scanning with an ELISA reader with a 570 nm filter and the ICss values of test

compounds were calculated.

Resulis

The B-1 series of compounds has the following formula:

i@

Table 2 shows the B-1 series of compounds inhibited proliferation of human cancer cells,

Table 2
1C.,(eM)
Cpd R Ry Ry R HE~60 | Hep 3B | H4o60 | MES-S | MES- | Rato Of | Detrost
A SADx SAINS 331
)
124 OCH O H W] 672 | 15 | 233 [ 235 |21 GRGTTTTERS
126 | OCH | OCH | H H | 522 | 98 | 1745 | 5.0 | 17465 | 3.49 S50
128 | OCH, | H CF R 7o N T R WE U W S B XE S I XY {66
130 QC H,; H H H 2.45 NA 36 25 9708 385 =2}
137 | H H |OCH | H | 535 | =25 |25 | N& |NA NA S2A
134 OH H H H 2.1 R.78 83 238 10.419 438 > 1)
37 | H OH | H H | 023 | 115 | 248 | 261 73 202 10
140 | H H | OH H | 164 | »10 | 510 | NA | NA NA =10
143 | H [ OCH, | OH H 39 50 50 NA | NA NA 50
1432 | OCH | H H OH | 938 | »100 | 848 | NA | NA NA 100
143 | OH H H OH | 562 | 5931 | =100 | NA | NA NA | 100

¥ Cancer cell were treated with test compound for 48 brs.

The B-2 series of compounds has the following formula:
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Table 3 shows the B-2 sertes of compounds inhibited proliferation of human cancer cells.

Table 3

Cpd. Ry Ra Ry Ry’ HL-60 | Hep 3B | Hdo0 | MES-S | MES- Ratio Of | Detrot

A SADXS | SADxS 1t 55]
125 1 OCH O H H .08 .2 02 0.1 L1583 183 =28
127 C}C}-i; QC H ot H H 0.53 1.2 178 10802 1.71 213 »20
128 JOCH | H H OCH, [ 0006 022 019 | 0.229 68216 0.94 3.0
13t 1OCH, | H H H 13 03 0.57 | 0.445 (451 1.01 =14
133 1 H H OCH, | H >10 (>140 =10 | NA NA NA > 1.0
133 {OH H H H 0.36 1.31 08¢ | 0,846 1.0 {18 23
138 1 H OH H H 0009 | 028 0.4 0.734 0.32 0.23 1.39
14t | H H OH H .04 I 1,36 | NA NA NA =28
144 | H QCH_ | OH H 038 | 038 036 | NA NA NA >2.5
f4da 1 OCH 1 H H OH 1.62 738 6.3 369 25 6. 78

144b

OH

H

"

OH

NA

NA

NA

o
‘;I;. ot }-‘__‘)

*: Cancer cell were treated with test compound for 48 hrs.

The B-3 series of compounds has the following formula:

Table 4 shows the B-3 series of compounds ihibited proliferation of human cancer cells.

Table 4

Cpd.

Ry’

"

Hi 60

Hep
iB

H4e4

MES-S
A

MES-
SAINS

Ratio OF
SA/DRS

Petrast

351

3.02

NA

NA

NA

106

OH

(106

1.9

6.2

0.931

0.852

(.92

ity

OH

H

G.64

2.4

.36

MA

‘N--‘!\

75

03




10

:!J'l

20

P2
e

Tad
o

WO 2012/009519 PCT/US2011/043985

*: Cancer cell were treated with test compound for 48 hrs.

In vivo antitumor activity assay

The Hep-3B tumor cell line was purchased from American Type Culture Collection (ATCC
HB-8064, human ovarian carcinoma cells). A calture mediom of 90% DMEM, 10% Fetal Bovine
Serum, supplemented with 1% penicilin-streptomycin, was used. The tumor cells were incubated in
an atmosphere coptaining 5% COvat 37 °C.

Balbdc Nude mice used in this study were male, 4 - 6 weeks age, weighmng 18 - 20 g and
provided by National Animal Center. Alf animals were boused in individoally ventilated cages racks
{IVC Racks, 36 Mint Isolator system) under specific pathogen-free (SPF) conditions throughout the

experiment. Bach cage (in cm, 26.7 length % 20.7 width * 14.0 height) was sterihzed with

autoclave and contained eight nuce. The animals were mamtained in a hygienic environment under
controfled temperatare (20 - 24 °C) and humidity (40% - 70%) with & 12 hour light/dark cyvcle. The
animals were given free access to sterihized lab chow and stenilized distilled water ad Iibinum. All
aspects of this work, 1.e., housing, experimentation and disposal of animals, were performed in
general accordance with the Guide for the Care and Use of Laboratory Anumals {National Academy
Press, Washington, D. €., 1996).

In the xenograft tumor mode! of human ovaran carcinoma cell lmes (Hep-38, ATCC HB-8064} in
male Balb/c Nude mice, compound 147 prepared in 9 % (w/v)} NaHCOQ; solution at doses of 7.5, 15
and 30 mgikg (iv or po, gd) was administered five davs per week for four consecutive weeks and ceased
at Day28. The tumor size and body weight were monitored and recorded for 28 days, Homan ovarian
carcinoma cells (HEP-3B, ATCC HB-8064) with 2 x 10%cells in 0.1 mL were injected
subcutaneously into the right flank of the mice. When the tumor growth reached >100 mm’ in
volume (assumed as day 0), the tumor-bearing antmals were assigned into several groups (six
animals in each group) for study.

The body weight and tumor size were measured and recorded every seven days during the
experiment periods of 28 days. Tumor volume (mm’} was estimated according to the formula of
tength x {width) x 0.5 in mm". Tumor growth inhibition was calculated as T/C {treatment/control)
by the following formula: T/C = (To ~ Te}{Cn ~ Co) x 100% (Te: Twmor volume of treated group in
Day 0; Tn: Tumor volume of treated gronp in Day n; Cor Tamor volume of control group in Day ¢;
Cn: Tumor volume of control group in Day n).

Results
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The monophosphate (147) of 138 was evaluated in the Hep3B xenograft nude mice model by
oral route (po) at dosages of 7.5, 15 and 30 ma'kgddav. As shown by the results in FIG. 6 {A-C),
compound 147 induced dose- and time-dependent inhibition of Hep3B wmor growth. At the 7.5
mg'kg dose, the Hep3B inhibitory activity of 147 was found to exceed that of 10 mg'kg doxorubicin,

5 and at the 30 mg/kg dose of 147, the weight of Hep3B tumor was reduced to 26.3% of that of the

control (FIG. 6B). During the course of antitumor evaluation, no significant body weight changes
were detected in either the tested or the control group (FIG. 6C). Comparison of the antitumor
activity of 147 administered through two different routes showed that the iv route yielded slightly
greater activity than the po route (FIQ. 7A~7C),

10 HL C series
Chemical svathesis

The synthetic procedure of target compounds 183 is Mlustrated in Scheme 11, The starting
2-amino-4,5-methylenedioxy-acetophenone (148) was first reacted with naphthalene-1-carbonyl
chioride (149} to give N-(6-Acetyl-1,3-benzodioxol-5-ylinaphthalene- 1 -carboxamide {158}, Then,

15 the intermediate (1503 was subjected to cychization in dioxane, in the presence of NaOH, to afford
2-( I-Naphthalenyh-6, 7-methylenedioxyguinolin-4-one (181}, Compound 1581 was first reacted with
tetrabenzylpyrophosphate in THF, in the presence of NaH, 1o vield Dibenzyl
2-(1-naphthaleny)-6, 7-methylenedioxvgainolin-4-y1 Phosphate (152}, Compound 152 was then

subjected to catalytic hvdrogenation in MeOH to give its diphosphoric acid (153).

g 0y Ct I\I CH, 2
CA e a A

£

b O™ P
\ ‘OO O OO
G‘ \‘;-i'" ~NH2 :\v . \\#4] \ o \N.«» \(ﬁ
H |
et

Yy
148 149 L~

151 (JMC-39)
150

Reagents and conditions: (3) tolueneftriethylamineg, 22-25 °C; (b} {-BuOK/{-BuOH, reflux
20 {c} tetrabenzyi pyrophosphate, NaH/THF {d) H,, PdiC, MeOH

Scheme 11
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The synthetic procedure of target compounds 158 is illustrated in Scheme 12, The starting
2-amino-4 S-methvlenedioxy acetophenone (148) was first reacted with benzofA{furan-3-carbonyvl
chloride (154) to give N-(6-Acetyl-1,3-benzodioxol-5-yi)-1-benzofuran-3-carboxamide (185). Then,
the intermediates (158) was subjected to cvelization in dioxane, in the presence of NaOH, to afford
2-{3-Benzoldituryi}-0, 7-methylenedioxyquinolin-4-one (156). Compound 156 was first reacted with
tetrabenzylpyrophosphate in THF, i the presence of NaH, to vield dibenzyl
2-(3-benzo{bifuryl)-6, 7-methylenedioxyquinolin-d4-vi phosphate (187). Compound 187 was then

subjected to catalytic hydrogenation in MeOH to give its diphosphoric acid (158).

b O ow’ S eH, 9

M Nt

0\«.,‘-"’% CH '_J' a A b e, % "

< 2 g 3 - G i 1 IR — - F\(/‘ =N,
s g NHQ ’ E . ~0\) 0}\\{{”}‘\;{!{? K{3 = Tglx f‘g \f'

148 154 "0
156 {JMC-37)
155
O
[5 L0OBn ‘g;-OH
0 OB o "o
/ d ; O™ "}\: -
K \/\[‘ ’ . j§\ ﬁj,\ § 1'}
o \L :’ R
L
O
157 158

Reagents and conditions: (8) toluene/triethylamineg, 22-25 “C; (b} -BuOK/A-BuOH, reflux;
{c} tetrahenzyi pyrophosphate, NaH/THF(d) H,, Bd/C, MeOH

Scheme 12

Examples

General Experimental Procedures. All of the reagents and salvents were obtained
commercially and used without farther purification. Reactions were monitored by thin-layer
chromatography, using Merck plates with fluorescent indicator (TLC Silica gel 60 Fisy). The
following adsorbent was used for column chromatography: sihica get 60 (Merck, panticle size
0.063-0.200 mm). Meltig pomnts were determined on a Yanaco MP-500D melting point apparatus
and were uncorrected. IR spectra were recorded on Shimadzu IR Prestige-21 spectrophotometers as
K8r peliets. NMR spectra were obtained on a Broker Avance DPX-200 FT-NMR spectrometer in
CDCls or DMSO. The following abbreviations are used: s, singlet; d, doublet; t, triplet; g, quartet;
dd, double doublet and m, multiplet. EI-MS spectia were measured with an HP 5998 GC-MS

mstrument. ESI-MS spectra were measured with a Finnigan LCQ ton-trap mass spectrometer {5Q
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Quantum, Thermo Finnigan Corporation, San Jose, CA). Elemental analyses (C, H, and N} were
performed on a Perkin-Elnter 2400 Sevies I CHNS/O analvzer, and the results were within £0.4% of
the calculated values.

N-{6-Acetyl-1,3-benzodioxol-5-yhnaphthalene-1-carboxamide (150). Into solutions of 149
(5.0 mmol} m 200 mL of dry toluene were added triethylamine (4 mlL) and
2-amino-4, S-methylenedioxy acetophenone (148} (5 mmol). The mixtures were stured at 204 2 °C
for 24 h and then evaporated, The residues were washed with acetone and EtOH and then
recrystallized from acetone or EtOH to form 158, Obtained as a grayish-white solid; mip 143-144 °C;
ESI-MS (Positive mode): sz 334 [MAH]T TH-NMR (400 MHz, DMSO-de, 8): 2.59 (3H, 5). 6.20
{2H, 5}, 7.60-7.68 (4H, m), 7.87 (1H, d, J =7 2Hz}, 8.05-8.07 (1H, m), 8.15(1H, d. /= 8.0 Hz),
8.33-8.38 (2H, m), 12.52 (1H, 8); IR (KRBr): 1647, 1672 (C=0) o™

2-(1-Naphthalenyl)-6,7-methyvlenedioxyquinolin-d-one (151). Into a suspension of 150
{2.95 mumeol) in -butyt alcohol {100 mL) was added potassium butoxide (1.66 g, 14.7 mmol). The
nuxture was refluxed under argon for 12 b, cooled, and poured into a 10% ammonium chioride
sofution (100 mL). The solid precipitate was collected and washed with EtOH. The crude product
was purified by flash chromatography (sihica gel, CHRCIZ:EtOH 16:1-10:1). Yield 52% from 158 as
a grayish-white solid; mp 350 °C; ESI-MS (Positive mode): m/z 316 [M+HT'; 'H-NMR(DMSO-d;.
8): 6,08 (1H.5), 6.15 (2H, 8), 7.03 (1H, 8), 7.46 (1H, ), 7.56-7.63 (2H, m),7.63-7.70 (2H, m), 7.83
(IH, d, /= 7.6 Hz), 806 {(1H. d, ./ =76 Hzy, 8.11 (1H, d, /=7.6 Hz), 11.90 (1H, s). IR {KBr):
1653(C=0) em’™'; Anal. Caled for CooHiNQx C, 76,18, H, 4.16; N, 4.44. Found: C, 75.60; H, 3.94;
N, 4.29.

Dibenzyl 2-(1-naphthalenyl}-6, 7-methylenedioxyquinolin-4-yi Phosphate (152}, A
suspension of 151 (1.20 g, 3.81 mmol) in anhydrous MeOH (10 mL) was stirred at 25 *C for 24 h.
The precipitates were collected and purified by silica gel column chromatography eluted by
r-hexane and EtOAc to give 182, Orange oil; vield: 63.7%; ESI-MS (Positive mode). ms 576
IMAHT ) TH-NMR (CDCH 500 MHz)Y: § 521 (4H, dd, J= 830, 8.15 Hz), 6.17 (QH, ), 723 (UK,
5), 7.28-7.37 (SH, my), 7.40-7.60 (TH, m). 7.95 (2H, m), 8.09 (1H, d. /= 8.20 Ha).

2-(1-Naphthalenyl)-6.7-methylenedioxyquinolin-4-vl Dihvdrogen Phosphate (183). A
suspenston of 152 (894.8 mg, 1.55 mmwol) in anhydrous MeOH {40 mL} was hvdrogenated in the
presence of 10% PA/C (456.7 mgyat 25 “C for 1S min. The catalyst and precipitate were
collected and dissolved in 10% NaHCO; solution and then filtered. The fHiltrate was
acidified with dil ag HCY and the precipitate was then collected and washed with acetone to
give 183 Yellow solid; yield: 94.1%; ESL-MS (Negative mode): m/r 394 [M-HT: "H-NMR
(D0 + NaOD, 500 MHz): § 6.13 (2H, ), 7.26 (1H, 5), 7.50 (1H, ddd, /=8.23, 7.33, 1.20 Hz),
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7.55-7.58 (2H, m), 7.62-7.70 (3H, m), 7.98 (1H, d,.J=8.53 Hz), 8.02 {1H, d../ =8.96 Hz); "C-NMR
(D;0 + NaOD, 125 MHz) & 98.65, 10215, 103.54, 109,80, 110.00, 118.35, 125.66, 126.37,
126.84, 127,40, 12834, 12897, 130.89, 133.50, 138,15, 146,58, 14734 15127, 158,15, 158.23.
N-{6-Acetyl-1,3-benzodioxol-5-y1)-1-benzofuran-3-carboxamide (135). Into solutions of
154 {5.0 mmol} i 200 mL of dry toluene were added triethylamine {4 mb.) and
2-amino-4, S-methylenedioxy acetophenone (148} (5 mmol). The mixtures were stured at 204 2 °C
for 24 h and then evaporated, The residues were washed with acetone and EtOH and then
recrystaliized from acetone or F1OH to form 155, Obtained as a pale-yellow solid; mp 144-145°C,
ESI-MS (Positive mode): m/z 324 [M+HT T HANMR (400 Mz, DMSO-de): 8 2.63 (3H, 5), 6.19
2H, 5),7.41-750 (2H, m), 768 (1H, ), 775 (1H, dd. J= 1.6, 6.8 Hz), 8.15 (1H, dd, J= 2.0, 8.8 Hz),
827 (1H.3), 871 (1H., ), 12.63 (1H. 8): IR (KBr): 1635, 1677 (C=0) em’™.
2-{3-Benzojhifuaryl)-6,7-methylenedioxyquinolin~-d4-one (156}, Into a suspension of 188
{2.95 mmol} in ~baiyl alcobol (100 ml} was added potassium f-butoxide (1.66 g, 14.7 mmol). The
mixture was refluxed under argon for 12 h, cooled, and poured into 8 10% ammonium chloride
sohution {100 mL). The solid precipitate was collected and washed with EtOH. The crude product

was purified by flash clwvomatography (silica gel, CHLCla: EtOH 16:1-10:1). Obtained as a
pale-yellow solid from 155; vield 17%; mp >315°C; ESI-MS (Positive mode): m4 306 [M+H]

'H-NMR (400 MHz, DMSO-di): 8 6.12 (2H, 8), 6.49 (1H, 8), 7.13 (1H, s}, 7.36-7.45 (3H, m), 7.69
(1H,d,/= 8.0 Hz), .14 (1H, 5), $.52 (1H, ), IR {KBr}: 1626 (C=0} om”; Anal. Caled for
CiHpNOg: €, 70.82; H, 363, N, 4539, Foand: C, 70.52; H, 3.95; N, 4.21.

Dibenzyl 2-(3-benzoibifuryl}-6,7-methylenedioxyvquinolin-4-yl Phosphate (157). Toa
stirred solution of 15¥ (0.04 ¢, 0.13 mmol) m dry tetrabydrofuran (40 ml.) was added NaH 60% in
mineral oil (48,0 mg, 2.0 mmol} at 0 217, After the mixture was stirred for 1 b, tetrabenzyl
pyrophosphate (1398 myg, 0.26 mmoel) was added and stirvmg was continued for 60 min. The
reaction mixture was filtered and washed with tetrahydrofuran. The filtrate was concentrated under
vacuum at a temperature below 30 °C. The residue was purified by column chromatography {$:0:,
n-hexane/EtOAC) to give 187, Obtained as a white solid from 156; yield: 86.8%,; ESI-MS (Positive
mode): /2 566 [M+H]"; TH-NMR (500 MHz CDCh): & 524 (4H, dd, /= 9.5, 9.5 Hz), 6.15 (2H,

716 (1H, 8), 7.34-7.42 (12H, m), 745 (1H, 5), 7.58 (1H, d. J= 9.5 Hz), 7.59 (1H. 5), 8.02 (1H. s),
8.47 (1H, d,J = 7.5 Hz), "C-NMR (D,0 + NaOD, 125 MHz): § 70.67, 70.63, 97.30, 100.00,
10187, 10593, 10672 11148 11694 121.76, 12262 12351, 12482, 125,66, 12B20, 12872,
128.96, 134,98, 144.59 14792 14843, 150.97_ 15143, 153 47, 156.06.
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2-(3-Benzolbifuryl)-6,7-methyienedioxyquinolin-4-yi Dihvdrogen Phosphate (158). A
suspension of 137 (80.1 mg, 0.14 mmol} in anhydrous MeOH (40 mL) was hydrogenated in the
presence of 10% PA/C (40.0 mg) a1 25 7C for 15 min. The catalyst and precipitate were
collected and dissolved in 10% NaHCO: solution and then filtered. The filtrate was
acidified with dil aq HC and the precipitate was then collected and washed with acetone to
give 158, Obtained as white solid; vield: 46.3%; ESI-MS (Positive mode), mz 386 [M+H]", 408
[M+Na]"; ESI-MS (Negative mode): sz 384 [M-H]: H-NMR (D;0 + NaOD, 500 MHz}): o
A2 (RH, ), 732 (1H, 5), 742 (QH, m), 756 (1M, 5), 7.63 (1H, 4, /=80 Hz), 7.78 (1H, s}, 8.29 (1H,
d, /=70 Hz), 840 (1H, 5).

-2, Anticancer activity
1o vitro test

MTT (3-(4,5-Dimethyithiazol-2-v1)-2,5-diphenyltetrazohium bromide) assays. HL-60,
HOT-116, AS49, Hep 3B, KB, Kb-VIN and DU4S cells were treated with tested compounds for the
indicated periods. After treatment, cells were washed once with PBS and incubated with MTT
{Sigma, St. Louis, MO, USA} for 2 h. The formazan precipitate was dissolved in 150 yL of DMSO,
and the ahsorbance was measured with an ELISA reader at 370 am.
Results

Table 5 shows ICsg (uM) Values trom In Firro Cytotoxacity Tebtinn of 151 and 156

S

151 (JMC-39) 156 {JMC-37)

Table 8

Compound HE-60 HOT-116 AS49 Hep 3B KB Kb-VIN DUL4S
151 0.07 0.07 0.13 0.07 0.13 0.19 0.13
156 0.03 0.05 2.98 0.09 1.05 0.59 1.87

* Not assayed
IV. D series

Chemical synthesis

The compound 159 was derived into a phosphate (169} following the synthetic method m
Scheme 13, As tlustrated, 3-(Benzvioxyi-3-methosybenzoyl chloride (163) obtained from 189 with

steps a~d was reacted with Z-amino-4 S-methylenedioxy acetophenone (148) in THE/triethylanune,
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to give N-(6-acetytbenzo[d}{1 3ldioxol-5-y1}-3-{benzyloxy}-5-methoxybenzamide (164). Compound
164 was further refluxed in NaOH/ L 4-dioxane to yield 168, Subsequently, by following the steps g1,

target compound 169 was afforded as white solid.

o o o Q a
3 a HOL_ oA HaGO A, HCO_ ., Hy 00 oA
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ou oBn O8n o8n O8a
188 180 161 152 163
o Q
0*5 Mg ,JO“E’\V CH, o g
ey [
o \1{ NH, o TR NH § /0 1{1 g /’t\‘ g \UV %‘_.,/ \ﬁ\
e 0"2‘ Ao OO o \/;"\N A ¢ OCHs oo ﬁ \f\\}lﬂoma
\‘\‘y "\ . <>“ \\?,(»
: oBn OH
69 OBR 185 156
Q OB
? O‘Brs i:" i
h U“\—«’ \.E Sy, i <0».,§,-’\\E\ \E § /0"‘:}".‘.1\\“*\"( ~
m———— \,éy N&*\\{ ,«\\V,OCH. TS Nyt H \T',K JOCH, e \0’*&\«”‘&&&\,{"‘7{’05”3
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Reagents and conditions: {2} benzy! bramide, KLO,, acetons; (b} indomethane, K,C04, acelone; (o) NaOH, H:0,
ethanol; {d} thionyl chloride, dimethy! formanide, {oluens te) THF tristhylamine, 22-25 “C; T} NaOH, 1 4-dicvane, raflux;
{q) H2, P4/, MeOH (h) telrabanzyl pyrophosphate, NaH/THF, (i} MeOH, 48hrs; {{} H2, PJ/C, MellH

Scheme 13
Examples
General Experimental Procedures. All of the reagents and solvents were obtained
commercially and used without further purification. Reactions were monitored by thin-layer
10 chromatography, using Merck plates with fluorescent indicator (TLC Silica gel 60 Faoy). The
following adsorbent was used for column chromatography: stlica gel 60 (Merck, particle s
0.063-0.200 mm}. Melting points were determiined on a Yanaco MP-300D melting point apparatus
and were uncorrected. IR spectra were recorded on Shimadzu IR Prestige-21 spectrophotometers as
K8r pellets. NMR spectra were obtained on a Bruker Avance DPX-200 FT-NMR spectrometey in
15 CDCl; or DMSO. The following abbreviations are used: s, singlet; d, doublet; t, triplet; g, quartet;
dd, double doublet and my, mltiplet. ER-MS spectra were measured with an HP 5995 GC-MS
mstrument. ESI-MS spectra were measured with a Finnigan LCQ ion-trap mass spectrometer {TSQ
Quantam, Thermo Finnigan Corporation, San Jose, CA). Elemental analvses (C, H, and N) were
performed on a Perkin-Elmer 2400 Sertes I CHNS/O analvzer, and the results were within £0.4% of
20 the calculated valuss.

Methyl 3-(benzyloxy)-S-hydroxybenzoate (160)
72
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A puixture of 8.40 g (0.05 mmol) methyl 3, S-dihvdroxybenzoate (159) and 7.60 g (0.035 mmaol)
of potassiiun carbonate 1n 250 mL of acetone was stirred at room temperatuwe for 30 min, Then 8.55
¢ {0.05 mmol) of benzyl bromide dissolved in 100 mL of acetone was added. The suspension was
refluxed for 24 h. The solid was filtered, and the filirate was evaporated. The residue was purified
by column chromatography (810, CH2CL/ EtOAc = /1) to give 168,

Obtained as a white solid from methy! 3.5-dihydroxvbenzoate (159); vield 34%: "H NMR (400
MHz, CDCL): 83.92 (3H, 8), 5.05 (3H, 5), 6.77 (1H, dd, /= 235, 220 Hz), 7.13 (1H, %), 7.27-7.28
(2H, m), 7.34-7 45 (SH, m); "C-NMR (50 MHz, CDCl:): § 52.34, 70.27, 107.44, 10808, 109.48,
127.53 (2C), 128,11, 128,60 (2C), 131.99, 136,41, 13745, 156.80, 160,00,

Methyl 3-(benzyloxy)-S-methoxybenzoate (161)

A suspension of 4.0 g (0.0165 mmol) methvl 3-(benzvloxy)-S-hvdroxybenzoate (160}, 6.84 ¢
{0.0493 munol} potassium carbonate, and 11.71 g (0.0825 mmol) iodomethane in the 200 mL. of
acetons was stirred at room temperature for 24 h. Afier the mixture was filtered and evaporated, the
residue was washed with water. The methyl 3-{benzyloxy)-S-methoxybenzoate (161} was obtained
as a white solid.

Obtained as a white sohd from methyl 3-{benzvioxy-S-hydroxvhenzoate (160); vield 85%:

'H NMR (200 MHz, CDCLy): $3.83 (3H, ), 3.92 (3H. 5), 509 (2H., 5), 6.74 (1H. . J= 245 Hz). 7.2
(1H, dd, J = 245, 1.22 Hz), 7.29 (1H, dd, J = 245, 1.22 Hz), 7.34-7 48 (5H, m); "C-NMR (50 MHz,
CDCl3): 652,22, 55,55, 70.24, 106,33, 107.47, 10798, 127.54, 128.09, 128.59, 131.99, 136.44,
15975, 160,61,
3-(Benzyloxy)-S-methoxybenzoic acid (162)

4.45 g (0.0174 mmol) of methyl 3<(benzyloxy}-S-methoxybenzoate (161} was suspended i
120 il of 95% ethanol and Sml. water. An amount of 2.00 g (0.05 mmol) of sodivm hydroxide was
added. The mixture was heated at reflux for 1 h. After the mixture was evaporated, the residue was
guenched with 150 mi. of water. The solution was neutralized with dil aq HCY and then the
precipitate was collected and washed with water and acetone to give 162,

Obrtained as a white solid from methyl 3-(henzyloxy)-5-methoxybenzoate {161} yield 90 %%,

"H NMR (DMSO-d, 200 MHz): & 3.81 (3H, 5), 5.09 (2H, s}, 6.74 (1H, t, J= 2.45 Hz), 7.25 (1H, dd,
J=245 135 Hz), 7.20 - 7.46 (6H, m); "C-NMR (DMSO-ds, 50 MHz): 8 5589, 69.94, 106.19,
FOT.57, 10817, 128,12, 128,33, 128,90, 13334 13722, 138,78, 159.88, 160.80, 167 36, 176.99.
3-(Benzyvloxy)}-5-methoxybenzoyl chioride (163)
3-(Benzyloxv}-3-methoxybenzoic acid {162} {2.57 g, 0.01 mmol) and thionyi chioride (4.80g,

0.04 mmol} were suspended in 200 mL of dry toluene. The reaction mixture was stirred for 30 min
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and then dimethyl formamide (3 drops) was added. The mixture was stirred for 24 h and then
evaporated to dryness. The residue was divectly used for the next step without further purification.
N-{6-acetylbenzo|d}}1,3{diexol-5-y1)-3-(benzyloxy)-S-methoxybenzamide {164)

Into solutions of 163 (2.77 g, 0.01 mmol) in 200 ml of dry tetrahydrofuran were added
triethylamune (10 ml) and 2-amino-4 5-methylenedioxy acetophenone {148) {1.79 g, 0.01 mmol).
The mixtures were stirred at room temperature for 24 h and then evaporated. The residue was
purified by colamn chromatography (S10:, CHCLY EtOAe = 3/1) to give 164,

Obtained as a gravish white solid from 3-(benzyloxy)-5-methoxybenzoyl chloride (163) and
2-gmino-4, S-methylenedioxy acetophenone (148); yvield 75 %5; ESI-MS {Positive mode): /s 442
[M+Na] T H NMR (DMSO-ds, 500 MHz): 82.64 (3H. 8), 3.84 (3H, 8}, 5.20 (2H, 5), 6.19 (2H, s),
687 (1H,s), 709 (1H, &), 716 {1H, ), 737 (1M, d, /=743 Hz), 743 (1H, 1, ./ = 743 Hz), 749 (1H,
/= 7.43 Ha), 7.68 (1H, 8), 8.34 (1H, 8), 13.06 (1H, 8); PC-NMR (DMSO-dy, 125 MHz): § 20.32,
5599, 70.12, 98.96, 100.77, 102.91, 105.03, 105.67, 106,45, 111.25, 116,53, 12828, 128.30, 128.95,
136.90, 137.05, 138.27, 143,11, 152,68, 160.28, 161.20, 164.99, 200.00.
2-{3-Benzviexy-S-methoxyphenyl)-6,7-methylenedioxyquinolin-4-one (165)

Into a suspension of 164 {3.33 g 0.0072 mmol) in 200 mb of 1 d-dioxane was added sodium
hvdroxide {2.50 g, 0.0635 mmol}. The mixture was refluxed for 24 h. After the reaction mixtare was
evaperated, 100 mL of 10% ammonium chloride solution was added. The mixtare was stirred tor 12
h, and then the precipitate was collected and washed with water and acetone.

Obtained as a grayish white solid; vield 75 %; mp 233-238°C; ESI-MS (Positive mode): mié
402 [M+HT" BSI-MS (Negative mode): a0/ 400 [M-HT 'H NMR (DMSO-d, 500 MHz): § 3.85
(3H, 5}, 522 (3H, 5}, 6.16 (2H, s), 631 (1H, s, br), 6.79 (1H, 8}, 6,95 (1H, ), 7.04 (1H, 8). 721 (1H,
s), 7.36 -7.50 (6H, m), 11.50 (1H, s, br); VC-NMR (DMSO-ds, 125 MHz): § 56.04, 70,10, 97.72,
101,76, 102.40, 103,14, 105.95, 106,60, 107,15, 110.00, 120.46, 12825, 12842, 12896, 137.27
137.82, 145.66, 151.57, 160.31, 161,23, 175.40.

>

2-(3-Hydroxy-S-methoxyphenyl)-6,7-methylenedioxyguinelin-4-one (166)

A suspension of 0.5 g (1.245 mmol} of 165 and 0.25 ¢ of palladivm (10 wi % on activated
carbon} i 60 mL of methanol was stured at room temperature under hydrogen gas atmosphere for
24 h. The precipitate were collected and dissolved in 10% NaOH solution and then filtered.
The filtrate was acidified with dil ag HCY and the precipitate was then collected and washed
with acetone and water {0 give 166

Obtamed as white solid; yield: 7796 mp > 300 °C; ESI-MS (Positive mode): m/z 312
[M+H]", 408 [M+Na]"; ESI-MS (Negative modey: m/z 310 [M-HT: 'H NMR (DMSO-ds, 500
MHz): 8 3.80 (3H, s}, 6.16 (2H, 3}, 6.24 (1H, 5. br), 6.32 (1H, s), 6.77 (1H, 5), 6.78 {11, ), 7.22

74



]
LA

30

WO 2012/009519 PCT/US2011/043985

(1H.8), 7.40 (1H.8), 9.91 (1H. 5), 11.56 (1H, 5, bry; "C-NMR (DMSO-dg, 1235 MHz): 8 55.77, 97.83,
10152, 102,39, 103,29 104.31, 106.74, 107,17, 120.79, 136.78, 137.77, 145,69, 14927, 151.57,
15938, 161.24, 17593,

Dibenzyl 2-(3-([bis-{(benzyhoxy]]phosphorvljoxy-S-methoxyphenyi}-6,7-
methylenedioxyquinolin-4-yl phosphate (167)

A suspension of 203.9 my {0.65 mmol) of 166, 131.0 mg of NaH 60% in mineral oil and 705 4
mg (1.31 mmol} of tetrabenazyl pyrophosphate n 20 ml. of dry tetrabydroforan. The mixtare was
stirred at room temperature for 10 min. The reaction mixture was filtered and washed with
tetrabiydrofuran. The filtrate was concentrated under vacoum at a termperature below 30 °C

Obtained as a yellow oil; ydd §3 9% RSI-MS (Positive mode): m/z 832 [M+H]": "H-NMR
{CDCH, 200 MH2):6 3.77 (3H, s), 512 (dH. d, /=831 Hz), 517 (4H, d, /= 9.54 Hz)}, 6.09 (2H,
5), 6.78 (1H, m), 7.10 (1H, ), 7.23 (1H, 5), 7.27-7.40 (22H, m), 7.52 (1H, d, ./ = 0,98 Hz); "C-NMR
{(CDCH, 30 MHz): 8 3364, 70.04, 70.12, 70.53, 70.65, 9716, 101.90, 106.07, 106,62, 110.04,
PRLAL, TEES2, 11739, 117,53, 128.09, 128,14, 128,59 128,67, 128.90, 13491, 135.02, 13538,
13552, 141,49, 151,49, 151.64, 151,78, 153,74, 15387, 154.86, 160.82.
2-(3-(bis-[(benzyhoxy}jphosphorvhoxy-S-methoxyphenyl}-6,7-methylenedioxyquinolin-4-one
{168)

A suspension 0f .92 g (1.11 mumol} of 167 in 100 mL of methanol was stirred at 23 °C for
48 h. The precipitates were collected and purified by colump chromatography (Si(Qy,
EtOAC) to give 168,

Obtained as a white solid; vield: 45 %5; ESI-MS (Positive mode): sz 572 [M+H]",
$94]M+Nal'; ESI-MS (Negative mode): mdz $70 [M-HT: THNMR (CDCL, 500 MHz): § 3.64
(3H, 3, 5.07 (4H, 4. J =920 Hz), 5.99 (2H, 5), 6.37 (1H, 5), 6.79 (1H, 53, 7.09 (1H, 53, 7.18 (1H, s).
7.27-7.29 (22H, m), 7.59 (1H, sy, "C-NMR (CDCly, 125 MHz): 8 55,57, 70.39, 70.43, 97.35,
101,83, 102,25, 107.57, 107.76, 107 .82, 10993, 110,00, 110.80, 110.90, 121.03, 128.09,
128,66, 128.87, 134,98, 134.02, 14592 148.07, 151.35, 151,40, 151.91, 160.90, 177.41.
2-{3~{dihydrogen}phosphate-S-methoxyphenyl)-6,7-methylenedioxyquinolin-4-one {169}

A suspension of 38.9 mg (0.068 mumel) of 168 and 20 mg of palladium (10 wit % on activaied
carbon} in 20 mL of anhydrous methanol was stirred at voom temperature under hydrogen gas
atmosphere for 15 min. The precipitate were collected and dissolved in 10% NaHCO; solution
and then filtered. The filtrate was acidified with dil ag HCH and the precipitate was then
collected and washed with acetone to give 169,

Obtained as white solid; vield: 80 %; ESI-MS (Negative mode) m/z 390 [M-H}: 'H
NMR {20 + NaQD, 300 MHz): 0 3.88 (3H, s}, 6.01 (2H, 1), 6.78 (1H, 5), 6.93 (1H, ), 7.14

7
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(1H.s), 7.15 (1H, 5). 7.25 (1H. 5), 7.44 (1H, s); "C-NMR (D20 + NaOD, 125 MHz): § 55.74,
00 41, 101.53, 103,57, 105.41, 106.64, 10714, 112.32, 120.87, 14231, 14541, 147.13,
15033, 15524, 157.79, 159.78, 172.61.

1V-2. Anticancer activity

In vitro tests

MTT (3-(4.5-Dimethvithiazol-2-v1)-2,5-diphenyltetrazolium bromide) assays. HL-60, Hep
38, H460, A498, Colo205 and Detroit 551 cells were treated with tested compounds for the indicated
periods. After treatment, cells were washed once with PBS and incubated with MTT (Sigma, St
Louts, MO, USA) for 2 h. The formazan precipitate was dissolved in 150 ub of DMSO, and the
absorbance was measured with an ELISA reader at 570 nim.
Resuits

Table 6 shows 1Cs; (uM) Values from f» Firo Cytotoxicity Testing of 166.

Table 6

Compound HL-60 Hep 3B H460 A498 Colo208  Detroit 551

166 0.4 > 50 > 50 > 50 > 50 > 50

Representative compounds of the present tnvention are shown in Table 7 below.

Tabie 7

R: OR
R{S =
f ¥
Ry N W {Formula I}
Comp’d | Structure Nanie Substituent on
Formula |
16 §ots OB 2-(2-Fluorophenyl)- | R=H

§,6-dimethoxyguinol
m-4-one

W = 2-fluorophenyl

. H RS = methoxy
y -~ i N <
i R6 = methoxy

‘Q\\\\(,,f/ \H
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R7 = hydrogen

17 ocH;  oR 2-(3-Fluorophenyl)- | R=H
00 5,6-dmmethoxyquinol
‘ﬂaf‘_,O‘\ PNy /’g o - q A5 o '%, O YT
PN r T " inedeone W= 3-fluorophenyl
- J, . ,[ F RS = methoxy
H‘f/ Ry \\\N,f N S
1 R& = methoxy
\1.\\-:),, - \\H
R7 = hydrogen
I8 FOH: /C[Q 2-{4-Fluorophenyl)- | R=H
o 5, 6-dimethoxyguinol
MO T ~ N
e - o . ’::::-'_,,"“ AT
‘\]:;,,f \ﬂ,/ ‘Q:\\\l . f-d-one W == 4-fluorophenyl
l R3 = methoxy
A ~ RN e H
i NN N N
l R6 = methoxy
™ ~g R7 = hvdrogen
19 2-(2~-Fluorophenyl)- | R=H
5, 6-methylenedioxy W = 3 fuorophenyl
quinolin-4-one )
RS, Ro =
methyienedioxy
R7 = hydrogen
20 2-(3-Floorophenyl) | R=H
5,6-methylenedioxy W = 3-fluorophenyl
quinolin-d-one i
RS, R =
methylenedioxy
R7 = hydrogen
21 2-(4-Flyorophenyl)- | R=H
3,6-methylenedioxy {7z
inolin-4-one .
quinolin-4-one 4-Fluorophenyl
RS, R =
methyienedioxy
R7 = hvdrogen
22 7T-Benzyloxy-2-(2-f1 | R=H

Hy00 p
A
2

PRH,COT

-1

uorophenyh)-6-meth
oxvauinolin-d-one

W= 2-fluorophenyl

RS = hydroxyl

R6 = methoxy

R7 = O-benzyl

R7 = hydrogen
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43 [ OR .
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HyGO i ‘ N -
6 S \[’”\“‘\j\ " uorophenyl}-6-meth | W = 3-fluorophenyl
‘ oxyquinolin-4-one —
D e _F ) RS = hydroxyl
aco” T Ny ‘vz”/'/ \L 4 ¥
N R& = methoxy
N,
R7 = O-benzyl
24 H OR 7-Benzvioxy-2-(4-f1 | R=H
HyCOL /ﬁK )~§\ uompi.}er;si_}«@——iﬂﬁth. W = 4-fluorophenyl
H oxyquinolin-d-one
| ] RS = hydroxyl
| \f\\\w . R7 = OQ-benzyl
37 i‘"‘ en 2-{2-Fluorophenyly | R=H
0 PN N " —:s~hyd.mx?'~ﬁ~meth W = 2-fluorophenyl
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¥q
RS = hydroxyl
i -~ ,-/';‘ - H v -
3‘1/ NGy \'\N/ s ~ — .
H Ro6 = methoxy
AP
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3R T\H o 2-(3-Fluorophenyl) | R = H
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41 i T\R 2-{3-Fluorophenyl) | R=H
RN NP " -3,6-dihydroxyqui I 3-fluorophenyl
[ \” 1 l nolin-4-one
o \\\R\\»,/" \"\N,’fﬁ NS /’F RS = |".t}’d£‘0>€}-’|
I[ R6 = hydroxyl
ST N R7 = hydrogen
42 e TR 2-(4-Fluorophenyl) | R=H
-5 6-dihv Y 1 e
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I | R& = hydroxyl
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N N ,,,/;L ,H RS = hydroxyl
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SN P F .
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1 | RS = hydroxyl
N
TN - .
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R7 = hydroxyl
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49 (HORLPEOH0 QPE=OYNOH), 2~(3-Floorophenyl)- | R= PO{OH)2
t-methoxyquinoline- W= 3-fluotophenyl
&o-dy] REToRs
e | bistdibydrogen N '
R7 = hydrogen
RE =~ P(=0)}OH),
S0 NRIJPL=Q0 2~{3-Fluorophenyl)- | R= PO{(ONa)2
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dmx.{ﬁ& 1 ﬁ.y}}*?ﬂn““ W= benzofd]
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te R3= hydrogen
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R7 = hydrogen
125 2-{benzol{d} [1,3] R=H
dioxolebe-6-pyTol |
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R5= hydrogen
R6 =
N-pyrrolindino
R7 = hydrogen
126 O/\l OR 2-(2 3-dimethoxyphe | R=H
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molin-4-one 2 3-dimethoxyphen
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R5= hydrogen
R6 = N-morpholino
R7 = hydrogen
127 2-(2,3-dimethoxyphe | R=H
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R5= hydrogen
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N-pyrrofindino
R7 = hydrogen
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129 C\ OR 2-(2 S-dimethoxyphe | R = H
N nyikO-pyrrolidinoqu "
7 OCHy inolin-4-one W_m )
’ ' 2. 5-dimethoxvphen
vi
R5= hydrogen
OCH o
Ly N-pyrrotindino
R7 = hydrogen
130 2-(2-methoxyphenvl | R=H
y-6-morpholinoguino W
kin-4-one 2-methoxyphenyl
RS+ hydrogen
R6 = N-morpholino
R7 = hydrogen
131 2-(2,5-dimethoxyphe | R=H
uyvh-G-pyrrohidinogu W
molin-4-one 2.methoxyphenyl
R5= hydrogen
RG =
Nepyrrofindino
R7 = hydrogen
132 2-(4-methoxyphenyl | R=H
»-G-morpholinoquino W
lin-4-one 4-methoxyphenyl
R5= hydrogen
OCH, R6 = N-morpholino
R7 = hydrogen
133 2-(4-methoxyphenvl | R=H
>-e-pyrrolidinoguino
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4-methoxyphenyl
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R 6 s
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R3= hydrogen
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R7 = hydrogen
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hoxyphenyl)-
S-morpholinoguinoli
n-4-one

2-(3-hydroxyphenyl} | R=H
~G-dimethviammogu | W=
inolin-4-one 3-hvdroxyphenyl
R3= hydrogen
R6 =
N, N-dimethylamino
R7 = hyvdrogen
140 2-(4-Hydroxyphenyl | R=H
-6-morpholinoguine W
tin-4-one 4-hydroxyphenyl
RS= hydrogen
R6 = N-morpholino
R7 = hvdrogen
141 2-(4-hydroxyphenyl} | R = H
~G-pyrrolidinoquinoel .
mn-4-one 4-hydroxyphenyl
RS= hydrogen
Rﬁ o
N-pyrrotindino
R7 = hvdrogen
142
2-{4-hydroxyphenyl) | R=H
-6-dimethvlaminoqu | W=
molin~-4-one 4-hydroxyphenyl
R5= hydrogen
RO =
N N-dimethyiamino
R7 = hydrogen
143 2-(4-hvdroxy-3-met | R=H

Was
4-hydroxy-3-metho
xyphenyl

R5= hvdrogen

R& = N-morpholino

R7 = hydrogen
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143a 2-{5-hydroxy-2-met | R=H
hoxyphenyl}- W
s-morpholinoquinoli | S-hyvdroxy-2-metho
n-4-one xypheayl
R5= hydrogen
R6 = N-morpholing
R7 = hydrogen
143b 2-{5-hydroxv-2-met | R=H
hoxyphenyl)- W=
-6-pyrrolidinoguinot 5-hvdroxy-2-metho
m-4-0ne xyphenyt
R 5= hydrogen
Ro =
N-pyrrohndino
R7 = hydrogen
144 2-{d-hvdroxy-3-met | R=H
hoxyphenyl)-6-pyrro We
Lidinoguinolin-4-one 4-hydroxy-3-metho
xyphenyl
R5= hyvdrogen
Ro =
Ne-pyrrofindino
R7 = hvdrogen
{4da 2-(2,5~dihydroxy-ph | R, RS and R7 = H
enyl)- W
&-morpholinogquineh 2.5-dihydroxyphen
n-d-one
yt
R6 = N-morpholino
{44b 2-(2.5-dihydroxy-ph | R, RSand R7=H

eayl)-
~G-pyrrolidinoguinot
in-4-one

2,5-dihydroxyphen
vi

Ré =
N-pyvrrolindino
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Dhbenzyt R=H

146 <“1

3-(4-oxo-6-(pyrrolid | W= 3.ORE-phenyl

OF{(=ONOCH,PhY! in-t-vl}-1 d-dihvdro | RS=h ydrogen

quinolin-2-vl)phenyl | R6 =N-pyrrolindino

phosphate RY =
P(=0)}O-benzvlj2

147 3-{4-Oxo-6-(pyrrohd | R=H
in-1~yl}-1 4-dibydro | W= 3-OR8&-pheny!
NN quinolin-2-yiphenyl | R5= hvdrogen
OR(=0)(OH}, L
dibydrogen R6 =N-pyrrolindino
phosphate RR = P(=0YOH)2
151 ' 2-(1-Naphthalenyl)- | R=H
{(IMC-3 N /J\\\ A 6,7-methylenedioxy
) / - [ l - ” quinolin-4-one W= naphtha-1-vl
\
N “‘\,\_ e ,}.’// W,./"\\\,\ 7
© i i \]/ R5= hvdrogen
o

methylenedioxy

152 Dibenzyl R=
2-(1-naphthalenyh)-6 | P=0X0-benzy)2
J7-methvlenedioxyg | W= naphtha-1-vi
ainelin-4-yl
phosphate R5= hvdrogen
R6and R7 =
7 methylenedioxy
153 OP{(=O}(OH), 2-(1-Naphthalenyl}- | R = P(=0)OH)2
6,7-methylenedioxy
quinolin-4-vi W= naphtha-1-vl
dihydrogen
phosphate R5= hvdrogen
R6 and R7 =
methyienedioxy
156 TR 2-(3-Benzo[s]fary}~ | R=H
i:?vi-c*ﬁ PR N (}jﬁ-mtfth}r'ienedmxy W=
¢ I H Iir:.::n\\ quinphn-4-one benzofbifuran~3-vi
N S N x_,f\ P R5= hydrogen
" Il N, R6 and R7 =
\0;/ methylenedioxy
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157 OP{=0}0OCH,Ph}, Dibenayt R =
2-(3-benzofblfuryl)- | PEONO-benayly2
6,7-methylenedioxy | W
quinolin-4-yl benzo{biforan-3-yl
phosphate R5= hvdrogen
Ré and R7 =
methylenedioxy
158 2-(3-Benzo[blfaryl)- | R = P(=O}0OH)2
6. 7-methyvlenedioxy | W=
quinobin-d-vi benzo[bifuran-3-vl
dihydrogen R5= hydrogen
phosphate Ro and R7 =
methylenedioxy
166 2-(3-Hydroxy-S-met { Rand RS =H
hoxyphenyl}-6,7-met | W=
hylenedioxyquinolin | 3-OR8&-S-methoxyp
-4-one henyl
Roand R7 =
methyienedioxy
ta7 Dhbenzyt Rand R§ ==
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S-methoxyphenyl}-6, | 3-OR8-5-methoxyp
7- henyt
methylenedioxyquin | R$= hydrogen
olin-4-yi phosphate | R6 and R7 =
methylenedioxy
OH 2-(3-{[bis-{{benzyl}o | R and RS = H
168 O Xy xyiiphosphoryloxy- | W=
<0 Nx OCH;4 iwmeth(m};rph?xtxyli}aé, 3-ORB-5-methoxyp
O 7-methylensdioxyqu | henvi
molin-d-one Réand R7 =
OP{=0)}0OCH,Ph), methylenedioxy
R¥=
P(=0O)O-benzyl)2
169 2-3-{dihydrogeryph | Rand RS =H

OP(=0)OH),

osphate-S-methoxyp
henyh-6, 7-methylen
edioxyquinolin-4-on

[

3-OR&-5-methoxyvp
henyl

Roand R7 =

methylenedioxy

R§= P(=0}OH)2
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IMCA1 o 2-(3-Benzofbthieny | R and R3 = H
W A % S JUUNR I
N N\ 11-6,7-methylenediox T
e . I F:::\\ yguinolin-4-one o
\, N . / ) benzofblthiophen-3
S S /’_,:-, ~ e 7
Q ol \N \ [{/ "\;"I
l Nyl T
L/ RO aml R7 =
v methylenedioxy
IMC-36 ix 2-(2-BenzofAithieny | Rand RS =H
N NN, -6, 7-methvienediox
/’ ® ' B . - \.\,":z:
{ l J\ yquinolin-4-one ‘ o
N NP NG benzofblthiophen-2
W -yl
G 4 b ;
A R6 and R7 =
Y .
Ve methyienedioxy
IMC-38 I‘j 2-(2-Benzo{blfuryl)- | Rand RS =H
N N W 6,7-methylenedioxy Ty
< ‘{ I } quinolin-4-one v )
N N N benzo{bifuran-2-yi
= I Iaad -\ - ——
L Van R6 and R7 =
I G methylenedioxy
\‘-:::r.:z/
IMC-40 P 2-(2-Naphthalenvl)- | Rand R5=H
e NN &, 7-methylenedioxy
P . « fo= ] —’?— K
\ \L 1 quinolin-4-one W= naphtha-2-yl
i e W Nt c N ; "
BT N T R6 and R7 =
NN methylenedioxy
IMC-41 . 2-(4-Quinolinyl}-6,7 | Rand RS =H
N N, P ~-methylenedioxyqui
P S ~ - ’ W= quinolin-4-yl
C J l nolin-4-one ; Y
N e, N . (,,_.;" ~ ) e, f'_.,/ -
™Y \Hj = R6 and R7 =
o methylenedioxy
IMC42 5 2-(3-Quinolinyl3-0,7 | Rand Ry =H
o e ~-methyienedioxyquil —
T T TR . W= goinolin-3-yl
I H nolin-4-one - :
N S s e Ré and R7 =
[0 R S, N‘I-’" R \\{)\ T TN X
n L } methylenedioxy
\\\ ’}‘;"{’l e, 1::';"})
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R ;:;‘,’- S - \\\'}Q‘_ i W il Fo . [N
‘< /[ B L nolin-d-one W= quinolin-2-yl
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IMC.44 oR 2-(5-Quinolinyl}6,7 | R=H
N -methyienedioxyqui
S NP N e FY S T
<j \l ]I/ J I " nohin-d-one W= quinolin-S-yl
\o.f‘ Ny~ \\N.;f" e SN R3= hvdrogen
l\ L Réand R7 =
\\:’f" .
methylenedioxy
IMC-45 2-(I-Anthracenvi)-6, | R=H
. N T-methvlenedioxyqu
o i orvs by
J [ D i.n()i in~4-()lle \’\’ anthral.en ; } l
D‘\; y ;;f:;\\\ /,/ i\\‘ {fj’ Ay o -
s l I H’ R3= hydrogen
L )
\0""' \\\”\\\J' \\- = \\\ °d o \\\’} .f"/ -
* N i T Reand R7 =
g methylenedioxy

The foregoing description of the exemplary embodiments of the invention has been presented
only for the purposes of tHustration and deseription and is not intended to be exhaustive or to limit
the invention to the precise forms disclosed. The embodiments and examples were chosen and
described in order to explain the principles of the invention and their practical application so as to
enable others skilled in the art to utilize the invention and various embodiments and with various
modifications as are suited to the particular use contemplated. Accordingly, the scope of the present
invention is defined by the appended claims rather than the foregoing deseription and the exemplary

embodiments described therein.
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CLAIMS

What is claimed i

t. A compound of Formula I

Formula |

or a pharmaceutically acceptable salt, prodrug, solvate, or metabolite thereof]
wherein

R is hydrogen, P(=0OX0OH),, PEONO(C-Cirdatkylene(Ce-Chglarylly, PEONOHKOM),
PE=OYOM),, P=0O(O:M), S(=0)0OH);, S{=0}O{C-Cialkylene(Ce-Coplarylls SO OHKOM),
SEOWOM )%

M 1s a monovalent or divalent metal jon, or alkylammonium ton,

W is {CeCanlarvl, (Ce-Candheteroaryl, (Ci-Cig)alkvi{ Ce-Coglaryl,
{Cy-Cialkvl{ Ca-Cagheteroaryl, hydroxy(Co-Uagdaryl, hvdroxy(Ce-Captheteroarvl,
{C-Cidatkoxy{Ce-Caparvl, (C-Ciglatkoxy(Ce-Cagheteroaryl, (C~Chglalkylenedioxy{Ce-Canlaryl,
{C1-Cindaltkyvienedioxw({Ce-Captheteroaryl, halof{Ce-Captarvl, halo{Ce-Condheteroarvi,
{(C-Cishatkyiamino(Ce-Caolarvl, (C-Ciglalkylamine{ Co-Capheteroaryl,
{C-Cisieveloalkylamino{Ce-Cradaryl, or {C-Cisleveloatkylamino{ Ce-Cogtheteroaryl, and their ORy
substutes;

Rs is {C)-Cigdatkoxy, hydrogen, hydroxyl, O-{C-Cidalkyl{(Ce-Caplarvl, halo or ORg, or Rs
and Ry are ((U-Cyg)dioxy provided that Ry is hydrogen;

R 13 hydrogwl, O-(C-Cigdalk i Ce-Caglaryl, balo, ORg, (C-Chdatkoxy, (GCi-Chgatkylamino,
or {C-Chgleycloalkylamino, or Ry and Ry are (C-Cysddioxy provided that Rs is hydrogen;

Ry is hydrogen, hvdroxyl, halo or ORy, or O~(C-Cidalkyl{Ce-Caplarvl; and

Ry is PEONO0H ), P(=0HO(C -CQalkv i Ce-Caglaryl)z, PE=OXOHNOM), or P{=0)XOM),.

P=Q(0M}); M is a monovalent or divalent (ex: Mg, Ca) metal jon, alkyvlammonium ion {ex: N'R).

2. The compound of claim 1, wherein:

R is hydrogen, Pe=0OHYONa}, or P(=0)}ONa);;
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M is sodium;

W s 2-fluorophenyl, 3-fuorophenvl, 4-fluorophenyl, benzofd] [1.3]dioxol-4-yl,
2. 3-dimethoxyphenyl, 2,5-dimethoxyphenyl, 2-methoxyphenyl, 4-methoxyphenvl, 2-hydroxyphenvl,
3-hydroxyphenyl, 4-hydroxvphenyl, 4-hydroxy-3-methoxyphenyl, S-hvdroxy-2-methoxyphenyi,
2, 5-dihydroxypheny!, benzolbithiophen-3-yl, benzo{bfthiophen-2-vi, benzo[bfuran-3-vl,
naphtha-1-yl, naphtha-2-yl, quinolin-d-yl, quinolin-3-vi, quinoln-2-vi, quinolin-5-vi, or
anthracen-1-yl, and their OR substates;

Rs is hydrogen, methoxy, hvdroxyl, halo or OR, or Rs and R¢ are methylenedioxy provided
that Ry s hydrogen;

Ry is N N-dimethylamino, hydroxyl, halo or ORg, methoxy, N-morpholino, or
Nepyrrolindino, or R;; and R; are methyvlenedioxy provided that Ry is hydrogen;

Ry is hydrogen, hydroxyl, halo or ORg, or O-benzyl; and

Ry is P(=ONOH ). P(=0)XO-benzyl, PEOWOHNONa), or PEOKONa).

3. The compound of claim 2, wherein:
R s hydrogen:
W is 2-fluorophenyl, 3-fluorophenyl, 4-floorophenyl;
Rs is hydrogen, methoxy, hydroxyl, or ORy;
Ry 1s hydroxyl or methoxy;
R 1s hydrogen, hydroxyl, or O-benzyl; and

Ry s hydrogen.

4. The compound of claim 2, wherem:

R is hydrogen;

W is benzofd] {1.3]dioxol-4-yi, 2 3-dimethoxyphenyl, 2,S-dimethoxyphenyl,
2-methoxyphenyl, 4-methoxyphenyl, 2-hydroxyphenyl, 3-hydroxyphenyl, 4-hvdroxyphenyl,
4-hydroxy-3-methoxvphenyl, 3-hydroxy-2-methoxyphenyl, or 2 S-dihyvdroxyphenyl;

Ry is hydrogen, methoxy, bydroxyl, or ORg;

Ry 1s hydroxyl or methoxy;

R> is hydrogen, hydroxyl, or O-benzyl; and

Ra is hydrogen.

Ly

The compound of claim 2, wherein:

R is hvdrogen;
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W is 2-fluorophenyl, 3-fluorophenyl, 4-flucrophenyl;
Rs and R are methvlenedioxy provided that R; is hydrogen; and

Ry is hydrogen.

The compound of claim 2, wheremn:

R is hydrogen;
W is benzo{bithiophen-3-vi, benzolbithiophen-2-vl, benzofbiforan-3-vi, naphtha-1-vi,
naphtha-2-y1, quinolin-4-yl, quinolin-3-y1, quinolin-2-vl, quinolin-5-vi, or anthracen-1-vl; and

R and Ry are methylenedioxy provided that Rs is hvdrogen.

The compound of claim 2, wherein:

R is hydrogen, P(=0)}OH}; P(=0¥O-benzyl),

W is naphthalene, dibenzyl-3-pheny! phosphate, 3-phenvl dihydrogen phosphate,

3-{{bis-{{benzyhoxy]iphosphoryoxy-S-methoxyphenyl, 3-(dihydrogen)phosphate-S-methexyphenyl;

R« and Ry are methyvlenedioxy provided that Rs is bydrogen.

The compound of claim 1, wherein the compound is selected from the group consisting of)

2-(2-Fluorophenyl}-5,6-dimethoxyquinolin-4-one,
2-(3-Fluorophenyl}-5,6-dimethoxyquinolin-4-one,
2-{4-Fluorophenyl}-5.6-dimethoxyquinolin-4-one,
2-(2-Fluorvopheny)-5 o-methylenedioxvquinolin-4-one,
2-(3-Fluorophenyi)-S 6-methylenedioxyquinohin-4-one,
2-(4-Fluorophenyi)-3,6-methylenedioxyquinclin-4-one,
2-(2-Fluorophenyl)-S-hydroxy-6-methoxyguinolin-4-one,
2-(3-Fluorophenyi}-S-hydroxy-6-methoxyguinolin-4-one,
2-{4-Fluorophenvl)-S-hydroxy-6-methoxvquinolin-4-one,
2-(2-Fluorophenyl)-5,6-dihydroxyguinolin-4-one,
2-(3-Fluorophenyl)-3,0-dihyvdroxvgquinolin-4-one,
2-{4-Fluoropheny!)-3 6-dihvdroxyquinolin-4-one,
2-(2-Fluorophenvi)-7-hydroxv-6-methoxvguinolin-4-one,
2-(3-Fluovophenyi - 7-hydroxy-6-methoxyquinolin-4-one,
2-(4-Fluorophenyi}-7-hydroxy-O-methoxyquinolin-4-one,

7-Benzyloxy-2-(2-fluoropheny-6-methox yquinolin-4-one,
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sodium 2-(3-fluoropheny}-6-methoxy-4-ox0-1 4-dihydroquinohin-5-vi phosphate,

2-{benzo {d] {1.3] dioxol-4-v13-6-pyrrolidinoguinolin-4-one,
2-(2,3-dimethoxyphenyl)-6-morpholinoguinolin-4-one,

202, 3-dimethoxyphenyh-6-pyirolidinoquinolin-4-one,

22 5-dimethoxvphenyh-6~-morpholinoquinolin-d-one,
2-(2,5-dimethoxyphenyl}-o-pyrrolidinoguinolin-4-one,
2-(2-methoxyphenyl}-6-morpholinoquinohin-4-one,
2-(2,5-dimethoxyphenyl}-6-pyrrolidinoguinolin-4-one,
2-{(4-methoxyphenvh-6-morpholinoguinolin-4-one,
2-{4-methoxyphenyh)-6-pyrrolidinoquinolin-4-one,
2-(2-HydroxyphenyD-6-morpholinoguinolin-4-one,
2-(2-hydroxyphenyl}-6-pyrrolidinoquinolin-4-one,
2-(2-hydroxyphenyl)-6-dimethylaminoquinolin-4-Qone,
2-(3-Hydroxyphenyl}-6-morpholinogquinolin-4-one,
2-{3-hydroxyphenyl)-6-pyrrolidinoguinolin-4-one,
2-(3-hydroxyphenyl}-6-dimethylaminoguinolin-4-one,
2-{(4-Hydroxyphenvl-6-morpholinoguinolin-4-one,
2-(d-hydroxyphenvh)-6-pyrrolidinoguinolin-4-one,
2-{4-hydroxyphenyh)-6-dimethylaminoquinelin-4-one,
2-{4-hydroxy-3-methoxvphenyl}-6-morpholinoquinclin-4-one,
2-(4-hydroxy-3-methoxyphenyl}-6-pyrrolidinoquinelin-4-one,
2-(5-hydroxy-2-methoxyphenyl-6-morpholinoquinolin-d-one,
2-(S-hydroxy-2-methoxyphenyl}-6-pyrrolidinoquinolin-4-one,
22 S~dihydroxy-phenyl)-6-morpholinoquinolin-d-one,

22 S-dihivdroxy-pheny!)-6-pyrrolidinoquinolin-4-one,
2-(3-Benzofhithienyl)-6, 7-methylenedioxyquinolin-4-one,
2-(2-Benzofhithieny]}-6, 7-methylenedioxyquinolin-4-one,
2-{3-Benzofblfuryl)-6, 7-methylenedioxyquinetin~-4-one,
2-(2-Benzofblfuryl)-6,7-methylenedioxyquinolin-4-ong,
2-{1-Naphthalenyl}-6, 7-methylenedioxyquimnolin-4-one,
2-(2-Naphthalenyl}-6, 7-methylenedioxyquinolin-4-one,

2-{4-Quinotinyi)-6, 7-methylenedioxvguinolin-4-one,
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2-(3-Cuinolinyl)-6,7-methylenedioxyquinolin-4-one,
2-(2-Quinolinyh)-6, 7-methylenedioxvguinolin-4-one,
2-(5-Quinolinyl}-6,7-methylenedioxyquinolin-4-one,
2-{1-Anthracenyl)-6, 7-methylenedioxyquinotin-4-one,
5 Dibenay! 2-{ -naphthalenyl}-6, 7-methylenedioxyquinolin-4-yi phosphate,
2-{1-Naphthaleny}-6, 7-methvlenedioxyquinoln-d-vi dihydrogen phosphate,
Dibenzyl 2-(3-benzobifurvl)-6,7-methylenedioxyquinolin-4-vi phosphate,
2-(3-Benzofbifteyl)-6,7-methvlenedioxyquinelin-4-vl dihydrogen phosphate,
Dibenzyl 3-{4-ox0-6-{pyrrohdin-1-yD-1 4-dibydroguinolin-2-yliphenyl phosphate,
10 3-{4-Oxo-6-(pyrrolidin-1-v)-1 4-dibydroguinolin-2-ylphenvl dibhydrogen phosphate,
Dibenzyl 2-(3-({bis-{{benzvhoxy}iphosphoryljoxy-S-methoxyphenyl}-6,7-
methvlenedioxyquinolin-4-yl phosphate,
2-(3-([bis-{(benzyljoxviiphosphoryhloxy-5-methoxyphenvl}-6, 7-methylenedioxvquinolin-4-o
ne, and
5 2-(3-{dihvdrogen)phosphate-S-methoxyphenvl)-6, 7-methylenedioxvquinolin-4-one, or a

pharmaceutically acceptable salt, prodrug, solvate, or mewbolite thereof.

9. The compound of claim 1, wherein the compound is selected from the group consisting of
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wherein R = H, or a pharmaceutically acceptable saly, prodrug, solvate, or metabolite thereof,

10, The compound of claim i, wherein the compound is selected from the group consisiting of

)
PROHLOROPO (3 {HENLOPO
H,CO.
ERNAAN : P AN
{PR{HLOLO0PO OPO(OCH-Ph), (NaO)ROPO OPO(ONa)
H3CO H,CO
. and .
or a pharmaceutically acceptable salt, prodrug, solvate, or metabolite thereof.
10

tl. The compound of claim 1, wherein the compound s selected from the group consisting of
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and

wherein R = H, or a pharmaceutically acceptable salt, prodrug, selvate, or metabolite thereof.

12, The compound of claim 1, wherem the compound 1s selected from the group consisting of

O
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,and

wherein R = H, or a pharmaceutically acceptable salt, prodrog, solvate, or metabolite thercof.

13, The compound of claim 1, wherem the compound is selected from the group consisting of

“wozzzz b
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The compound of claim 1, wherein the compound is

2-(3-Fluorophenyvl)-6-methoxy-4-oxo-1 4-dihydroguinolin-S-yl dibydrogen phosphate, or

Ty

Sodium 2-G-fluorophenyl-6-methoxy-4-oxo-1 4-dihydroquinolin-5-vl phosphate.

15, The compound of claim I, with the proviso that if RS 1s hydroxyl, then R6 i3 not {Clalkoxy

and W is not 3-fluorophenyl.

10 16, The compound of claim 1, wheremn RS is hydroxyl, RS is (Chalkoxy and W is 3-fluorophenyl.

17. A composition comprising an effective amount of a compound according o any of clgims 1-16

and a pharmacentically acceptable carrier.

L
o0

A composition comprising an effective amount of a compound according to any of claims 1-16,

for use in treating a tumor disease m a subject m need thereof.

19, A process for preparing a compound of Formula i

W

20 Formula I;
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wherein

R is hvdrogen;

W is 2-fluorophenyl, 3-fluorophenyl, 4-fluorophenyl, benzo{d] [1,3]dioxol-d-vi,

2, 3-dimethoxyphenyl, 2,5-dimethoxyphenyl, 2-methoxyphenyi, 4-methoxyphenyl,
2-hydroxyphenyl, 3-hydroxyphenyl, 4-hydroxyphenyl, 2-benzyvloxyphenyl,
3-benzyloxyphenyl, 4-benzyloxyphenyvl, 4-benzyloxy-3-methoxyphenyl,
3-benzyloxy-S-methoxyphenyl, 4-hydroxy-3-methoxyphenyl, S-hydroxy-2~-methoxyphenyi,
2, 5-dihydroxyphenyl, benzofbithiophen-3-vl, benzofblthiophen-2-v1, benzo[blfuran-3-vl,
naphtha- -yl naphtha-2-yl, quinohin-4-vi, guinolin-3-vl, quinolin-2-yl, quinolin-5-yi, or
anthracen-1-vl;

Ry is hvdrogen, methoxy, hydroxyl, or ORg, or Rs and Ry, are methylenedioxy provided that
Ry is hydrogen;

Rg is N, N-dimethylamino, hvdroxyl, methoxy, N-morpholino, or N-pyrrolindine, or Ry and
R~ are methylenedioxy provided that R is hydrogen;

Ry 1s hydrogen, hydroxyl, or O-benzyl; and

Ry 1s hydrogen; or a pharmaceuntically acceptable salt, prodrug, solvate, or metabohite thereof,
COMPLisIng:

reacting a compound of Formula I

Ry o
I
WU
Ry S NH,

Formula I1;

wherein Rs is {C-Ciglatkoxy, hvdrogen, hydroxyl, O-{C-Cigdalky i Ce-Caplarvd, halo or ORy
or Rs and Ry ave (C-Cyg)dioxy provided that Rs is hydrogen;

R 1s hvdroxyl, O~(C-Cialkyi{Ce-Canlaryl, halo, ORy, (C)-Cigaltkoxy, (C;-Cigalkylamino,
or {(C;-Cigleyeloatkvlamino or Ry and Ry are (C-Cig)dioxy provided that Rs 15 hvdrogen;

Ry 15 hydrogen, halo or QR hvdroxyl, or O-(C~-Csdalkyi{Ce-Canaryl; and

Ry is hydrogen; with a compound of Fornuula 1T

Q

W e

Formula HI;
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in the presence of a base; wherein W is 2-fluorophenyl, 3-fluorophenyi, 4-fluorophenyl,
benzofd] [1 3ldioxol-4-yi, 2, 3-dimethoxyphenyl, 2, S-dimethoxyphenvl, 2-methoxyphenyl,
4-methoxyphenyl, 2-hydroxvphenyl, 3-hydroxyphenyl, 4-hydroxyphenyl, 2-benzyloxyphenvl,
3-benzvioxvphenyl, 4-benzyloxyphenyl, 4-benzvloxy-3-methoxvphenyl,
3-benzyloxy-3-methoxyphenyl, $-hydroxy-3-methoxyphenyl, S-hydroxy-2-methoxyphenyl,
2 5-dihydroxyphenyl, benzolblthiophen-3-yvl, benzo{blthiophen-2-vi, benzofbifuran-3-yl,
naphtha-1-yl. naphtha-2-yl. quinolin~d-vi, qumelin-3-vl, quinohn-2-vi, guinohn-3-vi, or

anthracen-1-y1 to afford a compound of Formula IV

Fornmda IV

wherein

R is hydrogen;

W is 2-fluorophenyl, 3-fluorophenyl, 4-Huorophenyl, benzo{d] [1,3]dioxol-4-vl,
2 3-dimethoxyphenyl, 2. S-dimethoxyphenyl, 2Z-methoxyphenyl, 4~-methoxyphenyl, 2-hvdroxyphenyl,
3-hydroxyphenyl, 4-hvdroxvphenyl, 2-benzyloxyphenyl, 3-benzyvloxyphenyl, 4-benzyloxyphenyi,
4-benzyvioxy-3-methoxyphenyl, 3-benzyloxy-S-methoxyphenyl, 4-hydroxy-3~-methoxyphenyl,
S-hydroxy-2-methoxyphenyl, 2,5-dihydroxyphenyi, benzolbithiophen-3-yl, benzofblthiophen-2-vi,
benzofbifuran-3-yi, naphtha-1-yl, naphtha-2-vl, quinolin-4-yl, quinolin-3-yi, quinolin-2-yl1,
guinolin-3-yl, or anthracen-1-vi;

Rs is hydrogen, methoxy, hvdroxyl, or ORg, or Rs and R, are methvienedioxy provided that
Ry is hydrogen;

Ry is N N-dimethylamino, hydroxvl, methoxy, N-morpholine, or N-pyrrolindino, or Ry and
Ry are methyvienedioxy provided that Rs s hyvdrogen;

R is hydrogen, hydroxyl, or O-benzyl; and

Ry 1§ hydrogen; and

reacting a compound of Formula IV with a base to afford the compound of Formuda L

20. The process of claim 19, farther comprising dealkyiating the compouend of Formula I to afford

the compound of Formula I
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Formula |

wherein

R is hydrogen;

W s 2-fluorophenyl, 3-fluorophenvl, 4-fluorophenyl, benzofd] [1.3]dioxol-4-yl,
2. 3~dmmethoxyphenyl, 2.S-dimethoxyphenyl, 2-methoxyphenyl, 4-methoxyphenyl, 2-hvdroxyphenyl,
3-hydroxyphenyl, $-hydroxyphenyl, 2-benzyloxyphenyl, 3-benzyloxyphenyvl, 4-benzvloxyphenyl,
4-benzyloxy-3-methoxyphenyl, 3-benzyloxy-S-methoxyphenyl, 4-hydvoxy-3-methoxyphenyl,
S-hydroxy-2-methoxyphenyl, 2, 5-dihvdroxyphenyl, benzofblthiophen-3-vl, benzo{blthiophen-2-y1,
benzofbifuran-3-yl, naphtha-1-yl, naphtha-2-vi, quinolin-4-yl, quinolin-3-yl, qunolin-2-yl,
guinolin-5-vl, or anthracen-1-yi;

Rs 15 hydrogen, hydroxyl, or methoxy;

Rg 1s N N-dimethyvlamino, hydroxyl, methoxy, N-morphotmo, or N-pyrrolindino, or Ry, and
R; gre methyienedioxy provided that Rs is hydrogen; and

Ry 1s hydrogen.
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AMENDED CLAIMS
received by the International Bureau on 9 December 2011 (09.12.2011)

What 1s claimed is:

1. A process for preparing a compound of Formula I
R, OR
Rg S
=
R, N w
Formula;
wherein
R is hydrogen;

W is 2-fluorophenyl, 3-fluorophenyl, 4-fluorophenyl, benzo[d] [1,3]dioxol-4-yl, 2,3-
dimethoxyphenyl, 2,5-dimethoxypheny!, 2-methoxyphenyl, 4-methoxyphenyl, 2-
hydroxyphenyl, 3-hydroxyphenyl, 4-hydroxyphenyl, 2-benzyloxyphenyl, 3-benzyloxyphenyl,
4-benzyloxyphenyl, 4-benzyloxy-3-methoxyphenyl, 3-benzyloxy-5-methoxyphenyl, 4-
hydroxy-3-methoxyphenyl, 5-hydroxy-2-methoxyphenyl, 2,5-dihydroxyphenyl,
benzo[b]furan-3-yl, or naphtha-1-yl;

Rs is hydrogen, methoxy, hydroxyl, or ORg, or Rs and R¢ are methylenedioxy
provided that R7 is hydrogen;

R¢ 1s N,N-dimethylamino, hydroxyl, methoxy, N-morpholino, or N-pyrrolindino, or
R¢ and Ry are methylenedioxy provided that Rs is hydrogen;

R7 is hydrogen, hydroxyl, or O-benzyl; and

Rg is hydrogen; or a pharmaceutically acceptable salt, or solvate thereof, comprising:

reacting a compound of Formula II

Rs 0

Re

Ry NH,
Formula II;
wherein Rs is hydrogen, hydroxyl, methoxy, or ORg or Rs and R are methylenedioxy
provided that R7 is hydrogen;
Rgis hydroxyl, N,N-dimethylamino, methoxy, N-morpholino, or N-pyrrolindino or R
and R, are methylenedioxy provided that Rs is hydrogen;
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R7 is hydrogen, halo, ORg, hydroxyl, or O-benzyl; and
Rg 1s hydrogen; with a compound of Formula III
O

A

w Cl
Formula III;
in the presence of a base; wherein W is 2-fluorophenyl, 3-fluorophenyl, 4-

fluorophenyl, benzo[d] [1,3]dioxol-4-yl, 2,3-dimethoxyphenyl, 2,5-dimethoxyphenyl, 2-
methoxyphenyl, 4-methoxyphenyl, 2-hydroxyphenyl, 3-hydroxyphenyl, 4-hydroxyphenyl, 2-
benzyloxyphenyl, 3-benzyloxyphenyl, 4-benzyloxyphenyl, 4-benzyloxy-3-methoxyphenyl, 3-
benzyloxy-5-methoxyphenyl, 4-hydroxy-3-methoxyphenyl, 5-hydroxy-2-methoxyphenyl,
2,5-dihydroxyphenyl, benzo[b]furan-3-yl, or naphtha-1-yl;

to afford a compound of Formula [V

Rs o)
Re
o]
Formula IV;
wherein
R is hydrogen;

W is 2-fluorophenyl, 3-fluorophenyl, 4-fluorophenyl, benzo[d] [1,3]dioxol-4-yl, 2,3-
dimethoxyphenyl, 2,5-dimethoxyphenyl, 2-methoxyphenyl, 4-methoxyphenyl, 2-
hydroxyphenyl, 3-hydroxyphenyl, 4-hydroxyphenyl, 2-benzyloxyphenyl, 3-benzyloxyphenyl,
4-benzyloxyphenyl, 4-benzyloxy-3-methoxyphenyl, 3-benzyloxy-5-methoxyphenyl, 4-
hydroxy-3-methoxyphenyl, 5-hydroxy-2-methoxyphenyl, 2,5-dihydroxyphenyl,
benzo[b]furan-3-yl, or naphtha-1-yl;

Rs is hydrogen, methoxy, hydroxyl, or ORg, or Rs and R¢ are methylenedioxy
provided that Ry is hydrogen;

R¢ is N,N-dimethylamino, hydroxyl, methoxy, N-morpholino, or N-pyrrolindino, or
R¢ and Ry are methylenedioxy provided that Rs is hydrogen;

R5 is hydrogen, hydroxyl, or O-benzyl; and

Rg is hydrogen; and

reacting a compound of Formula IV with a base to afford the compound of Formula I.
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2. The process of claim 1, further comprising dealkylating the compound of Formula I to
afford the compound of Formula I
Rs
R¢

OR
X
=
N W

Rj
Formula I
wherein

R is hydrogen;

W is 2-fluorophenyl, 3-fluorophenyl, 4-fluorophenyl, benzo[d] [1,3]dioxol-4-yl, 2,3-
dimethoxyphenyl, 2,5-dimethoxyphenyl, 2-methoxyphenyl, 4-methoxyphenyl, 2-
hydroxyphenyl, 3-hydroxyphenyl, 4-hydroxyphenyl, 2-benzyloxyphenyl, 3-benzyloxyphenyl,
4-benzyloxyphenyl, 4-benzyloxy-3-methoxyphenyl, 3-benzyloxy-5-methoxyphenyl, 4-
hydroxy-3-methoxyphenyl, 5-hydroxy-2-methoxyphenyl, 2,5-dihydroxyphenyl, or
benzo[b]furan-3-yl, naphtha-1-yl;

Rs 1s hydrogen, hydroxyl, or methoxy;

R¢ 1s N,N-dimethylamino, hydroxyl, methoxy, N-morpholino, or N-pyrrolindino, or
R¢ and R7 are methylenedioxy provided that Rs is hydrogen; and

R7 i1s hydrogen.
3. A compound of Formula I:
R; OR
Ry N
=
R, N W
Formula I

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

R is hydrogen, PO(OH),, P(=0)(O-(C,-C)g)alkylenephenyl)),, P(=O)}OH)YOM), or
P(=0)(OM);

W is 2-halophenyl, 3-halophenyl, 4-halophenyl;

Rs is hydrogen, (C;-Cjg)alkoxy, hydroxyl, or ORg;

R 1s hydroxyl or (C;-Cjg)alkoxy;

R7 i1s hydrogen, hydroxyl, or O-(C;-Cjs)alkylenephenyl;
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Rg is hydrogen, PO(OH),, P(=0)(O-(C,;-C)s)alkylenephenyl),, P(=O)}(OH)(OM), or
P(=0)(OM),, and

M is a monovalent or divalent metal ion, or alkylammonium ion.

4. The compound of claim 3, wherein:
R is hydrogen, PO(OH),, P(=0)(O-benzyl),, P(=O)(OH)(OM), or P(=0)(OM),;
W is 2-fluorophenyl, 3-fluorophenyl, 4-fluorophenyl;
Rs is hydrogen, methoxy, hydroxyl, or ORg;
R¢ 1s hydroxyl or methoxy;
R7 is hydrogen, hydroxyl, or O-benzyl;
Rg is hydrogen, PO(OH),, P(=0)(O-benzyl),, P(=O)(OH)(OM), or P(=0)(OM), and

M is a sodium 10n.

5. The compound of claim 4, wherein the compound comprises
2-(2-Fluoropheny})-5,6-dimethoxyquinolin-4-one,
2-(3-Fluorophenyl)-5,6-dimethoxyquinolin-4-one,
2-(4-Fluoropheny})-5,6-dimethoxyquinolin-4-one,
7-Benzyloxy-2-(2-fluorophenyl)-6-methoxyquinolin-4-one,
7-Benzyloxy-2-(3-fluorophenyl)-6-methoxyquinolin-4-one,
7-Benzyloxy-2-(4-fluorophenyl)-6-methoxyquinolin-4-one,
2-(2-Fluorophenyl)-5-hydroxy-6-methoxyquinolin-4-one,
2-(3-Fluorophenyl)-5-hydroxy-6-methoxyquinolin-4-one,
2-(4-Fluorophenyl)-5-hydroxy-6-methoxyquinolin-4-one,
2-(2-Fluorophenyl)-5,6-dihydroxyquinolin-4-one,
2-(3-Fluorophenyl)-5,6-dihydroxyquinolin-4-one,
2-(4-Fluorophenyl)-5,6-dihydroxyquinolin-4-one,
2-(2-Fluorophenyl)-7-hydroxy-6-methoxyquinolin-4-one,
2-(3-Fluorophenyl)-6-methoxyquinoline-4,5-diyl bis(dibenzyl phosphate),
2-(3-Fluorophenyl)-6-methoxyquinoline-4,5-diyl bis(dihydrogen phosphate),
2-(3-Fluorophenyl)-6-methoxyquinoline-4,5-diyl bis(disodium phosphate),
Dibenzyl 2-(3-fluorophenyl)-6-methoxy-4-oxo-1,4-dihydroquinolin-5-yl phosphate,
2-(3-Fluorophenyl)-6-methoxy-4-oxo-1,4-dihydroquinolin-5-yl dihydrogen
phosphate, or
Sodium 2-(3-fluorophenyl)-6-methoxy-4-oxo-1,4-dihydroquinolin-5-y1 phosphate.
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The compound of claim 4, wherein the compound comprises

OCHj, OR
OCH;  OR
H,CO AN HsCO
F x H
/ H F
H N H e ‘
H H

3 b

H OR
HaCO H,CO
AN 9y AN .
/ R / H
H N O PhH,CO N O
F H
H OR
H OR GO
3
HyCO X H
O S
S H
- F
PhH,CO N O PhH,CO N
F

H, )
OH OR OH OR
H;CO HsCO
X F X "
/ H / F
H N O H N
H H
3 bl
OH OR
OH OR
HO
HyCO.
s AN Y AN F
= H P H
H N O H N
F H

3 b
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OH OR oH R
HO.
" ‘ X H ~ i
F / H
H e O H N
H’ F 3
H OR
H OR
H3CO
HCO
CI H
H F
HO N O HO N
H, F,
(PhCH,0),P(=0)0 OP(=0XOCH,Ph), (HORP(=0)O QOPEONOH),
H,CO
X
Z F
N
(Na0),P(=0)0 QPEO)ONa), (PhCH,0),P(=0)0 OH
H3CO H,CO .
F = P
N

b 3

(HORLP(=O)O OH

H,CO
AN
F
) O
, or

(Na0),P(=0)0 OR
H3CO
AN H
= F
H N O
H,
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7. A compound of Formula I:

(@]
AN /R

R;
Formula I

or a pharmaceutically acceptable salt, or solvate thereof,

wherein:

R is hydrogen, PO(OH),, P(=0)(0O-(C,-Cs)alkylenephenyl)),, P(=O)}OH)OM), or
P(=0)(OM);

W is benzo[d] [1,3]dioxol-4-yl, 2,3-di(C;-Cs)alkoxyphenyl, 2,5-di(C;-
Cig)alkoxyphenyl, 2-(C;-Cig)alkoxyphenyl, 4-(C,-Cs)alkoxyphenyl, 2-hydroxyphenyl, 3-
hydroxyphenyl, 4-hydroxyphenyl, 4-hydroxy-3-(C;-C,g)alkoxyphenyl, 5-hydroxy-2-(C;-
Cig)atkoxy phenyl, 3-(0-di(C,-Cyg)alkylenephenyl))phenyl, 3-(0-dihydrogen
phosphate)phenyl, or 2,5-dihydroxyphenyl;

Rs is hydrogen;

R is hydroxyl, (C,-Cig)alkoxy, N,N-di(C,-C;s)alkylamino, or N-(C,-
Cig)cycloalkylamino;

Ry is hydrogen.

8. The compound of claim 7, wherein:

R is hydrogen;

W is benzo[d] [1,3]dioxol-4-yl, 2,3-dimethoxyphenyl, 2,5-dimethoxyphenyl, 2-
methoxyphenyl, 4-methoxyphenyl, 2-hydroxyphenyl, 3-hydroxyphenyl, 4-hydroxyphenyl, 4-
hydroxy-3-methoxyphenyl, 5-hydroxy-2-methoxyphenyl, 3-(O-dibenzylphosphate)phenyl, 3-
(O-dihydrogen phosphate)phenyl, or 2,5-dihydroxyphenyl;

Rs is hydrogen;

Rg is hydroxyl, methoxy, N,N-dimethylamino, N-morpholino, or N-pyrrolindino; and

R7 is hydrogen.

9. The compound of claim 8, wherein the compound comprises

2-(benzo[d] [1,3] dioxol-1-yl)-6-morpholinoquinolin-4-one,
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2-(benzo[d] [1,3] dioxol-4-yl)-6-pyrrolidinoquinolin-4-one,
2-(2,3-dimethoxyphenyl)-6-morpholinoquinolin-4-one,
2-(2,3-dimethoxyphenyl)-6-pyrrolidinoquinolin-4-one,
2-(2,5-dimethoxyphenyl)-6-morpholinoquinolin-4-one,
2-(2,5-dimethoxyphenyl)-6-pyrrolidinoquinolin-4-one,
2-(2-methoxyphenyl)-6-morpholinoquinolin-4-one,
2-(2,5-dimethoxyphenyl)-6-pyrrolidinoquinolin-4-one,
2-(4-methoxyphenyl)-6-morpholinoquinolin-4-one,
2-(4-methoxyphenyl)-6-pyrrolidinoquinolin-4-one,
2-(2-Hydroxyphenyl)-6-morpholinoquinolin-4-one,
2-(2-hydroxyphenyl)-6-pyrrolidinoquinolin-4-one,
2-(2-hydroxyphenyl)-6-dimethylaminoquinolin-4-one,
2-(3-Hydroxyphenyl)-6-morpholinoquinolin-4-one,
2-(3-hydroxyphenyl)-6-pyrrolidinoquinolin-4-one,
2-(3-hydroxyphenyl)-6-dimethylaminoquinolin-4-one,
2-(4-Hydroxyphenyl)-6-morpholinoquinolin-4-one,
2-(4-hydroxyphenyl)-6-pyrrolidinoquinolin-4-one,
2-(4-hydroxyphenyl)-6-dimethylaminoquinolin-4-one,
2-(4-hydroxy-3-methoxyphenyl)-6-morpholinoquinolin-4-one,
2-(5-hydroxy-2-methoxyphenyl)-6-morpholinoquinolin-4-one,
2-(5-hydroxy-2-methoxyphenyl)-6-pyrrolidinoquinolin-4-one,
2-(4-hydroxy-3-methoxyphenyl)-6-pyrrolidinoquinolin-4-one,
2-(2,5-dihydroxy-phenyl)-6-morpholinoquinolin-4-one,
2-(2,5-dihydroxy-phenyl)-6-pyrrolidinoquinolin-4-one,
Dibenzyl 3-(4-0x0-6-(pyrrolidin-1-yl)-1,4-dihydroquinolin-2-yl)pheny! phosphate, or
3-(4-Oxo0-6-(pyrrolidin-1-yl)-1,4-dihydroquinolin-2-yl)phenyl dihydrogen phosphate.

The compound of claim 8, wherein the compound comprises
0/\| OR C OR
N N
> O ~
g g
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QPPN
N SN
= [ OP(=0)(OCH,Ph),
or

SPWN
N X
> ! OP(=0)(OH),

11. A compound of Formula I:
Rs OR
R¢ X
=
R, N~ Tw
Formula I

or a pharmaceutically acceptable salt, or solvate thereof,
wherein:
R is hydrogen;
W is 2-halophenyl, 3-halophenyl, 4-halophenyl;
Rs and Rg are (C;-Cig)alkylenedioxy provided that R; is hydrogen; and

Rg is hydrogen.
12.  The compound of claim 11,
wherein:

R 1s hydrogen;

W is 2-fluorophenyl, 3-fluorophenyl, 4-fluorophenyl;
Rs and R¢ are methylenedioxy provided that Ry is hydrogen; and
Rg is hydrogen.

13.  The compound of claim 12, wherein the compound comprises
2-(2-Fluorophenyl)-5,6-methylenedioxyquinolin-4-one,
2-(3-Fluorophenyl)-5,6-methylenedioxyquinolin-4-one, or
2-(4-Fluorophenyl)-5,6-methylenedioxyquinolin-4-one.
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10€ CompounlQ 01 Claim 1.2£, wierein 1€ Compouna Comprises
I e T2 A2 [N ) Wl

\/\ H
> 2 H /J\/\// . '
Hmu H N \</\<H -
H
H
O F.

/
o
(1
S
H N
A compound of Formula I:
Ry OR
R¢ SN
Z
R; N~ ~w
Formula I
or a pharmaceutically acceptable salt, or solvate thereof,
wherein:
R is hydrogen, P(=0)(OH),, P(=0)(0-(C,-C3)alkylenephenyl),,

W is naphtha-1-yl, benzo[b]furan-3-yl, 3-([bis-[(C,-

Cig)alkylenephenyl)oxy]]phosphoryl)oxy-5-(Ci-Cg)alkoxy phenyl, 3-

(dihydrogen)phosphate-5-(C,-Cg)alkoxy phenyl; and

16.

R¢ and Ry are (C;-C,3g)alkylenedioxy provided that Rs is hydrogen.

The compound of claim 15,

wherein:

R is hydrogen, P(=0)(OH);, P(=0)(O-benzyl),,

W is naphtha-1-yl, benzo[b]furan-3-yl, 3-([bis-[(benzyl)oxy]]phosphoryl)oxy-5-

methoxyphenyl, 3-(dihydrogen)phosphate-5-methoxyphenyl; and

Rg and R7 are methylenedioxy provided that Rs is hydrogen.
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17.  The compound of claim 15, wherein the compound comprises
Dibenzyl 2-(1-naphthalenyl)-6,7-methylenedioxyquinolin-4-yl phosphate,
2-(1-Naphthalenyl)-6,7-methylenedioxyquinolin-4-y! dihydrogen phosphate,
Dibenzyl 2-(3-benzo[b]furyl)-6,7-methylenedioxyquinolin-4-yl phosphate,
2-(3-Benzo[b]furyl)-6,7-methylenedioxyquinolin-4-y1 dihydrogen phosphate,
2-(3-Hydroxy-5-methoxypheny!l)-6,7-methylenedioxyquinolin-4-one,
Dibenzy! 2-(3-([bis-[(benzyl)oxy]jphosphoryl)oxy-5-methoxyphenyl)-6,7-

methylenedioxyquinolin-4-yI phosphate,
2-(3-([bis-[(benzyl)oxy]}phosphoryl)oxy-5-methoxyphenyl)-6,7-

methylenedioxyquinolin-4-one, or

2-(3-(dihydrogen)phosphate-5-methoxyphenyl)-6,7-methylenedioxyquinolin-4-one.

18.  The compound of claim 15, wherein the compound comprises

OP(=0)(OCH4,Ph), OP(=0)(OH),

(
cevVelevole
SARAA®

b b

OP(=0)(OCH,Ph), OP(=0)(0OH),

(
O )
coeV¥ylesoVe
0 )

3 >

OP(=0)(OCH,Ph),

OR o) N
06 A
OCH
Py ™
OH ,

OP(=0)(OCH,Ph);
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OH
oL,
O OCHj o) N> O OCHjs

OP(=O)(OCH2Ph)2’ or OP(=0O)(OH),

OH
0O A
.S0®
O N

19. A composition comprising an effective amount of a compound according to any of

claims 3-18 for use in treating cancer in a subject in need thereof.

20. The composition of claim 19, wherein the cancer is lung cancer, colon cancer, breast
cancer, liver cancer, prostate cancer, ovarian cancer, leukemia, lymphoma, pancreatic cancer,
skin cancer, brain tumor, kidney cancer, bladder cancer, esophagus cancer, gastric cancer,
head and neck cancers cervical cancer, endometrial cancer, thyroid cancer, bone cancer, or

soft tissue sarcoma.
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STATEMETN UNDER ARTICLE 19

Claims 1-18 have been canceled. Claims 19-20 (currently claims 1 and 2) have been
amended to more clearly point out and distinctly claim the present invention. In addition, new
claims (currently claims 3-20) have been added. As a result, claims 1-20 are now pending in
this application.

The basis for new claims 3-6 appears in, for example, the specification, page 1, line 27,
page 2, line 13 and original claims 1-2, and compound Nos. 16-18, 22-43 and 45-53 in Table 7
in the Specification from pages 76, line 15 to page 89, line 2.

The basis for new claims 7-10 appears, for example, in the original claims 1-2 and
compound Nos. 124-147 in Table 7 in the Specification from pages 76, line 15 to page 89, line
2.

The basis for new claims 11-14 appears, for example, in the original claims 1-2 and in
compound Nos. 19-21 in Table 7 in the Specification from pages 76, line 15 to page 89, line 2.

The basis for new claims 15-18 appears, for example, in the original claims 1-2 and in
compound Nos. 152-153, 156-158 and 166-169 in Table 7 in the Specification from pages 76,
line 15 to page 89, line 2.

The basis for new claims 19-20 appears, for example, FIGs. 3A-3C.

No new subject matter is introduced by this Amendment.

It 1s respectfully submitted that none of the cited references disclose the subject matter of
the claimed invention. Thus, the amended claims and new claims are novel and non-obvious
over the cited references.

It is thus believed that the application is in condition for allowance at least for the above
reasons and such allowance is respectfully requested.

If there are any errors or irregularities in this Amendment, the Authorized OfficerI s
respectfully requested to notify the undersigned by telefacsimile at (650) 472-9153 or by
telephone at (650) 557-4464/
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