-1- METHODS FOR SYNTHESI ZI NG QUI NCLI NONE COMPOUNDS

FI ELD OF THE | NVENTI ON [ 0001] This invention pertains
w@emsnaishy to net hods of synthesizi ng qui nol i NPEEUS2004/037051

conmpounds. More specifically, the invention described

herein pertains to inproved nmetthods of synthesizing

am no qui nol i none conpounds, and to nethods for

synt hesi zi ng am no qui nol i none conpounds and

conpositions that contain |ow quantities of Iithium
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(see, e.g. WO 01/55114), antisense compounds (see, e.g. WO 01/52904),
peptidomimetics (see, e.g. WO 01/562875), quinazoline derivatives (see, e.g.
U.S. Patent No. 6,258,951) monoclonal antibodies (see, e.g. EP 1 086 705
A1), various 5,10,15,20-tetraaryl-porphyrins and 5,10, 15-triaryl-corroles (see,
e.g. WO 00/27379), heterocyclic alkanesulfonic and alkane carboxylic acid
derivatives (see, e.g. DE19841985), oxindolylquinazoline derivatives (see,
e.g. WO 99/10349), 1,4-diazaanthracine derivatives (see, e.g. U.S. Patent No.
5,763,441), and cinnoline derivatives (see, e.g. WO 97/34876), and various
indazole compounds (see, e.g. WO 01/02369 and WO 01/53268).

[0003] The synthesis of 4-hydroxy quinolone and 4-hydroxy quinoline
derivatives is disclosed in a number of references. For example, Ukrainets et
al. have disclosed the synthesis of 3-(benzimidazol-2-yl)-4-hydroxy-2-oxo-1,2-
dihydroquinoline. Ukrainets, I. et al., Tetrahedron Lett. 42, 7747-7748 (1995);
Ukrainets, I. et al., Khimiya Geterotsiklicheskikh Soedinii, 2, 239-241(1992).
Ukrainets has also disclosed the synthesis, anticonvulsive and antithyroid
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[0006] Quinolone and coumarin derivatives have been disclosed as
having use in a variety of applications unrelated to medicine and
pharmaceutical formulations. References that describe the preparation of
quinolone derivatives for use in photopolymerizable compositions or for
luminescent properties include: U.S. Patent No. 5,801,212 issued to Okamoto
et al.; JP 8-29973; JP 7-43896; JP 6-9952; JP 63-258903; EP 797376; and
DE 23 63 459.

[0007] A plethora of substituted quinolinone compounds including
quinolinone benzimidazolyl compounds and 4-amino substituted quinolinone
benzimidazoly! compounds such as 4-amino-5-fluoro-3-[5-(4-methylpiperazin-
1-yl)-1H-benzimidazol-2-ylJquinolin-2(1H)-one have recently been disclosed in
references such as WO 02/22598 and WO 2004/043389. Such compounds
are disclosed as inhibiting VEGF-RTKs. Such compounds are also disclosed
in published United States patent applications U.S. 2002/0107392 and U.S.
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[0008] Although various methods have been disclosed for synthesizing
quinolinone compounds, new methods which optimize yields of these
compounds are needed because of their important applications in

pharmaceutical formulations and applications.

SUMMARY OF THE INVENTION

[0009] The present invention provides methods of synthesizing
quinolinone compounds such as amino substituted benzimidazolyl
quinolinone compounds. The invention further provides amino substituted
benzimidazolyl quinolinone compounds and formulations with reduced
quantities of lithium and methods for synthesizing such compounds and
formulations that do not require the use of or include lithium salts.
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where:

R' R? R® and R* may be the same or different and are
independently selected from H, Cl, Br, F, I, -OR™ groups, -NR"'R" groups,
substituted or unsubstituted primary, secondary, or tertiary alkyl groups,
substituted or unsubstituted aryl groups, substituted or unsubstituted alkenyl
groups, substituted or unsubstituted alkynyl groups, substituted or
unsubstituted heterocyclyl groups, or substituted or unsubstituted

heterocyclylalkyl groups;

R® R® R’, and R® may be the same or different and are
independently selected from H, Cl, Br, F, I, -OR™ groups, -NR"R® groups,
-SR'® groups, substituted or unsubstituted primary, secondary, or tertiary alkyl
groups, substituted or unsubstituted aryl groups, substituted or unsubstituted

alkenyl groups, substituted or unsubstituted alkynyl groups, substituted or



where: Rl, R2 R3, and R4 may be the sane or different
and are independently selected fromH, d, Br, F, |,
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substituted or unsubstituted al kynyl groups,
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groups, or substituted or unsubstituted heterocyclyloxyalkyl groups;

R"" and R may be the same or different and are independently
selected from substituted or unsubstituted alkyl groups, substituted or

unsubstituted aryl groups, or substituted or unsubstituted heterocyclyl groups;

R'™ and R may be the same or different and are independently
selected from substituted or unsubstituted alkyl groups, substituted or
unsubstituted aryl groups, or substituted or unsubstituted heterocyclyl groups;
and

R is selected from substituted or unsubstituted alkyl groups,
substituted or unsubstituted aryl groups, or substituted or unsubstituted
heterocyclyl groups.



unsubstituted aryl groups, substituted or
unsubstituted heterocyclyl groups, substituted or
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unsubstituted al koxyal kyl groups, substituted or
unsubstituted aryl oxyal kyl gre@ps, or substituted or
unsubstituted heterocyclyl oxyal kyl groups; R11l and Rl14
may be the sane or different and are independently
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[0012] n sone enbodi nents, the nmet hod further includes
reacting the substituted or bstituted
4- am no- 3- benzi m dazol yl qU|n none conpound or a
{aut onrer Of whidfe TR ¢ bha KO WGugh Rete niluSE TailBS
described above.

[0012] In some embodiments, the method further includes reacting the
substituted or unsubstituted 4-amino-3-benzimidazolyl quinolinone compound
or a tautomer of the compound with lactic acid, wherein the lactic acid salt of
the 4-amino-3-benzimidazolyl quinolinone compound or the tautomer is
obtained.

[0013] Further objects, features and advantages of the invention will be
apparent from the following detailed description.
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[0015] The following abbreviations and definitions are used throughout

this application:

[0016] “bFGF” is an abbreviation that stands for basic fibroblast growth
factor.
[0017] “bFGFR”, also referred to as FGFR1, is an abbreviation that

stands for a tyrosine kinase that interacts with the fibroblast growth factor
FGF.

[0018] “PDGF” is an abbreviation that stands for platelet derived growth
factor. PDGF interacts with tyrosine kinases PDGFRa and PDGFRB.

[0019] “RTK” is an abbreviation that stands for receptor tyrosine kinase.

[0020] “VEGF” is an abbreviation that stands for vascular endothelial

growth factor.

[0021] “VEGF-RTK” is an abbreviation that stands for vascular

endothelial growth factor receptor tyrosine kinase.



factor. PDGF interacts with tyrosine ki nases PDGFRa
and PDGFRb. [0019] "RTK" is an abbreviation that
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an abbreviation that stands for vascul ar endot heli al
growt h factor. [0021] "VEG- R¥& is an abbreviation
that stands for vascul ar endothelial growh factor
receptor tyrosine kinase.-8- [0022] Cenerally,
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includes cyclic alkyl groups such as cycloalkyl groups such as cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, and cyclooctyl and such rings
substituted with straight and branched chain alkyl groups as defined above.
The phrase also includes polycyclic alkyl groups such as, but not limited to,
adamantyl norbornyl, and bicyclo[2.2.2]octyl and such rings substituted with
straight and branched chain alkyl groups as defined above. Thus, the phrase
unsubstituted alkyl groups includes primary alkyl groups, secondary alkyl
groups, and tertiary alkyl groups. Unsubstituted alkyl groups may be bonded
to one or more carbon atom(s), oxygen atom(s), nitrogen atom(s), and/or
sulfur atom(s) in the parent compound. Preferred unsubstituted alkyl groups
include straight and branched chain alkyl groups and cyclic alkyl groups
having 1 to 20 carbon atoms. More preferred such unsubstituted alkyl groups
have from 1 to 10 carbon atoms while even more preferred such groups have
from 1 to 5 carbon atoms. Most preferred unsubstituted alkyl groups include
straight and branched chain alkyl groups having from 1 to 3 carbon atoms and

include methyl, ethyl, propyl, and —CH(CHs3)..



adamantyl norbornyl, and bicyclo[2.2.2]octyl and such

rings substituted with straight and branched chain
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unsubstituted al kyl groups includes primary al kyl

groups, secondary al kyl groupsg-and tertiary alkyl

groups. Unsubstituted al kyl groups may be bonded to

one or nore carbon atonm(s), oxygen aton{(s), nitrogen
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substituted alkyl group is the trifluoromethyl group and other alkyl groups that
contain the trifluoromethyl group. Other alkyl groups include those in which
one or more bonds to a carbon or hydrogen atom is replaced by a bond to an
oxygen atom such that the substituted alkyl group contains a hydroxyl, alkoxy,
aryloxy group, or heterocyclyloxy group. Still other alkyl groups include alkyl
groups that have an amine, alkylamine, dialkylamine, arylamine,
(alky!)(aryl)amine, diarylamine, heterocyclylamine, (alkyl)(heterocyclyl)amine,

(aryl)(heterocyclyl)amine, or diheterocyclylamine group.

[0025] The phrase “unsubstituted aryl” refers to aryl groups that do not
contain heteroatoms. Thus, by way of example, the phrase includes, but is
not limited to, groups such as phenyl, biphenyl, anthracenyl, and naphthyl.
Although the phrase “unsubstituted aryl” includes groups containing
condensed rings such as naphthalene, it does not include aryl groups that
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Thus, the phrase “substituted aryl” includes, but is not limited to groups such

as tolyl, and hydroxyphenyl among others.

[0027] The phrase “unsubstituted alkenyl” refers to straight and
branched chain and cyclic groups such as those described with respect to
unsubstituted alkyl groups as defined above, except that at least one double
bond exists between two carbon atoms. Examples include, but are not limited
to vinyl, -CH=C(H)(CHgs), -CH=C(CHg)2, -C(CH3)=C(H)2, -C(CH3)=C(H)(CHa),
-C(CH3CH3)=CH,, cyclohexenyl, cyclopentenyl, cyclohexadienyl, butadienyl,
pentadienyl, and hexadienyl among others. In some embodiments,

unsubstituted alkenyl groups have from 2 to 8 carbon atoms.

[0028] The phrase “substituted alkenyl” has the same meaning with
respect to unsubstituted alkenyl groups that substituted alkyl groups had with
respect to unsubstituted alkyl groups. A substituted alkenyl group includes
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[0031] The phrase “unsubstituted heterocyclyl” refers to both aromatic
and nonaromatic ring compounds including monocyclic, bicyclic, and
polycyclic ring compounds such as, but not limited to, quinuclidyl, containing 3
or more ring members of which one or more is a heteroatom such as, but not
limited to, N, O, and S. Although the phrase “unsubstituted heterocyclyl”
includes condensed heterocyclic rings such as benzimidazolyl, it does not
include heterocyclyl groups that have other groups such as alkyl or halo
groups bonded to one of the ring members as compounds such as 2-
methylbenzimidazolyl are substituted heterocyclyl groups. Examples of
heterocyclyl groups include, but are not limited to: unsaturated 3 to 8
membered rings containing 1 to 4 nitrogen atoms such as, but not limited to

pyrrolyl, pyrrolinyl, imidazolyl, pyrazolyl, pyridinyl, dihydropyridinyl, pyrimidyl,
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isothiazolyl, thiadiazolyl (e.g. 1,2,3-thiadiazolyl, 1,2,4-thiadiazolyl, 1,3,4-

thiadiazolyl, 1,2,5-thiadiazolyl, etc.); saturated 3 to 8 membered rings

containing 1 to 2 sulfur atoms and 1 to 3 nitrogen atoms such as, but not
limited to, thiazolodinyl; saturated and unsaturated 3 to 8 membered rings
containing 1 to 2 sulfur atoms such as, but not limited to, thienyl,
dihydrodithiinyl, dihydrodithionyl, tetrahydrothiophene, tetrahydrothiopyran;

unsaturated condensed heterocyclic rings containing 1 to 2 éulfur atoms and 1

to 3 nitrogen atoms such as, but not limited to, benzothiazolyl,

benzothiadiazolyl, benzothiazinyl (e.g. 2H-1,4-benzothiazinyl, etc.),

dihydrobenzothiazinyl (e.g. 2H-3,4-dihydrobenzothiazinyl, etc.), unsaturated 3

to 8 membered rings containing oxygen atoms such as, but not limited to furyl;

unsaturated condensed heterocyclic rings containing 1 to 2 oxygen atoms

such as benzodioxolyl (e.g. 1,3-benzodioxoyl, etc.); unsaturated 3 to 8

membered rings containing an oxygen atom and 1 to 2 sulfur atoms such as,

but not limited to, dihydrooxathiinyl; saturated 3 to 8 membered rings

containing 1 to 2 oxygen atoms and 1 to 2 sulfur atoms such as 1,4~
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t %5@1%%& rmd%%{yﬂrh-chIorobenzthlazolyl, N-alkyl piperazinyl groups such
as 1-methyl piperazinyl, piperazine-N-oxide, N-alkyl piperazine N-oxides, 2-
phenoxy-thiophene, and 2-chloropyridinyl among others. In addition,
substituted heterocyclyl groups also include heterocyclyl groups in which the
bond to the non-hydrogen atom is a bond to a carbon atom that is part of a
substituted and unsubstituted aryl, substituted and unsubstituted aralkyl, or
unsubstituted heterocyclyl group. Examples include but are not limited to 1-
benzylpiperidinyl, 3-phenythiomorpholinyl, 3-(pyrrolidin-1-yl)-pyrrolidinyl, and
4-(piperidin-1-yl)-piperidinyl. Groups such as N-alky! substituted piperazine
groups such as N-methyl piperazine, substituted morpholine groups, and
piperazine N-oxide groups such as piperazine N-oxide and N-alkyl piperazine
N-oxides are examples of some substituted heterocyclyl groups. Groups such
as substituted piperazine groups such as N-alkyl substituted piperazine
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WhiHele P8e adubBtifte @ hetditcydlylalkyl group also includes groups in which
a non-hydrogen atom is bonded to a heteroatom in the heterocyclyl group ‘of
the heterocyclylalkyl group such as, but not limited to, a nitrogen atom in the
piperidine ring of a piperidinylalkyl group. In addition, a substituted
heterocyclylalkyl group also includes groups in which a carbon bond or a
hydrogen bond of the alkyl part of the group is replaced by a bond to a
substituted and unsubstituted aryl or substituted and unsubstituted aralkyl
group. Examples include but are not limited to phenyl-(piperidin-1-yl)-methyl
and phenyl-(morpholin-4-yl)-methyl.

[0035] The phrase “unsubstituted alkoxy” refers to a hydroxyl group
(-OH) in which the bond to the hydrogen atom is replaced by a bond to a
carbon atom of an otherwise unsubstituted alkyl group as defined above.
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group of the alkyl group of the aryloxyalkyl group is bonded to a non-carbon
and non-hydrogen atom as described above with respect to substituted alkyl
groups or in which the aryl group of the aryloxyalkyl group is a substituted aryl
group as defined above.

[0041] The phrase “unsubstituted heterocyclyloxyalky!” refers to an
unsubstituted alkyl group as defined above in which a carbon bond or
hydrogen bond is replaced by a bond to an oxygen atom which is bonded to

an unsubstituted heterocyclyl group as defined above.

[0042] The phrase “substituted heterocyclyloxyalkyl” refers to an
unsubstituted heterocyclyloxyalkyl group as defined above in which a bond to
a carbon or hydrogen group of the alkyl group of the heterocyclyloxyalkyl
group is bonded to a non-carbon and non-hydrogen atom as described above
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a carbon bond or a hydrogen bond to the alkyl moiety of the group may be
substituted with one or more additional substituted and unsubstituted
heterocycles. Examples include but are not limited to pyrid-2-ylmorpholin-4-

yimethyl and 2-pyrid-3-yi-2-morpholin-4-ylethyl.

[0045] The phrase “unsubstituted alkoxyalkyl” refers to an
unsubstituted alkyl group as defined above in which a carbon bond or
hydrogen bond is replaced by a bond to an oxygen atom which is bonded to

an unsubstituted alky! group as defined above.

[0046] The phrase “substituted alkoxyalky!” refers to an unsubstituted
alkoxyalkyl group as defined above in which a bond to a carbon or hydrogen
group of the alkyl group and/or the alkoxy group of the alkoxyalky! group is
bonded to a non-carbon and non-hydrogen atom as described above with

respect to substituted alkyl groups.



above. [0038] The phrase "substituted heterocyclyl oxy"
refers to a hydroxyl group (-OH) in which the bond to

w0 b@sloydrogen atomis replaced by a bond to a PCHYSHDOM7051
of an otherw se substituted heterocyclyl group as
defi ned above. [0039] The phrgge "unsubstituted
aryl oxyal kyl" refers to an unsubstituted al kyl group
as defined above in mhich a carbon bond or hydrogen

b hS rep Yo rd
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bonded to a non-carbon and non-hydrogen atom as
ngnmelsesd Grbene, WWh WetspBcB. b, doi Ita)'t&ﬁomsmew York, NY,

%ﬁg—fqhﬁo% &%t"\’ hlﬁl% ggn ryI 0% O%fgregio@a%ﬁﬁ %@c@ﬂjres set
[ fiMthlinef&ia. EAaSles W%t&tébﬂeﬁmwldomgwwmbwdexbat fne tot
refers to an unsubstituted al kyl
abitedite, silyl ethess suebas thesriobial w@ gemtleargi 3 lg,vdroxyl group
C
[ L findmt BuBORE bk R IHKACH, RoBFIRCRY | chictagHAe,

ah@ﬁéthyld?ﬂbkb]snlé’ﬂim thisoprpylchidresilane, ddethylchlorosilane; substituted
het er ocycl yl oxy subs itute

fpaiAviaft 91%9@%%:511@5 S it URTea S RS ey sther
o fin PidhnE PR bENAIAGRTLIEYI BRe bubs Rty anet-

roup is
nmetha@nihomyrdemym eﬂ?ﬁdxteg'ehy‘gwmam | gthars, bethoxyethyl ether,

gr,tbrvégtngétgpg iq:r%losué bSt 'bgrhsﬂlérﬁ'té(é’ bo, YePYB5ifétmate,

h%ﬁr’ié’(@}’ébé’tla%%ﬁ&ﬂﬂ&ﬂo&éwé arsd ﬁlf@bl’r@dstét@t eEkamples of protected
heterocyclyl group as defi ned above.

amine groups include, but are not limited to, amides such as, formamide,

acetamide, trifluoroacetamide, and benzamide; imides, such as phthalimide,

and dithiosuccinimide; and others. Examples of protected sulfhydryl groups

include, but are not limited to, thioethers such as S-benzyl thioether, and S-4-

picolyl thioether; substituted S-methyl derivatives such as hemithio, dithio and

aminothio acetals; and others.

[0048] A “pharmaceutically acceptable salt” includes a salt with an
inorganic base, organic base, inorganic acid, organic acid, or basic or acidic
amino acid. As salts of inorganic bases, the invention includes, for example,
alkali metals such as sodium or potassium; alkaline earth metals such as
calcium and magnesium or aluminum; and ammonia. As salts of organic
bases, the invention includes, for example, trimethylamine, triethylamine,
pyridine, picoline, ethanolamine, diethanolamine, and triethanolamine. As
salts of inorganic acids, the instant invention includes, for example,
hydrochloric acid, hydroboric acid, nitric acid, sulfuric acid, and phosphoric

acid. As salts of organic acids, the instant invention includes, for example,



[0043] The phrase "unsubstituted heterocyclyl al koxy"

refers to an unsubstituted al kyl group as defined
W@bwsme4d5m0 whi ch a carbon bond or hydrogen bondP¢BUS2004/037051

repl aced by a bond to an oxygen atom which i s bonded

to the parent conpound, and ingwhi ch another carbon or

hydr ogen bond of the unsubstituted al kyl group is

bonded to an unsubstituted heterocyclyl group as

dg e fcd id, tartar

et TG Aok AeRfip ot dinpBacitic¥icia, faabie dekt ali acid, tartaric

hetoixt, cmgflelc;m;id:l klezlyc gcndu pitricsacidf surminialasice nalic adidlcha

bond,to a carbon. o dro rou of , the al k

o e aSuEie 96k, bentets i PatE orbdfuppediirsHic 8. As
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with respect to subst'i t ut ed al kyl groups or in which

t reeginines lysine Rpd agnithipe oAcidie aniie peids dngivde iiox gxamelp

is a ubstlt clyl group as defined above.

Fﬁppﬁ géﬂygﬁégégﬁgterocyclylalkoxy group al so

|ncludes groups in which a carbon bond or a hydrogen

bqog49p t he Géharallypthetipvartionhrovides pnethpdbsor synthesizing

bstituted with ddi tional sub
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Leubshmted bemnadamdylaqmnycblinanefmnmtmmmdwmmmtcmsetbat have

nyibugeh SpuaTs b fi B sinada s Rak e Shar et Rlines
V\k‘%rﬁj’]cérﬁ pB&ifgRs to an unsubstituted al kyl group as
defi ned above. [0046] The phrase "substituted

al koxyal kyl" refers to an unsubstituted al koxyal
grl@OEth deflnrne aspad: the RIASH IRVedion Rravides B@#Qﬂf or

B e T R il

noquifelineme eordpoend byd cogerositionsthat idelsidei suel) aabowpound. The

W rtngthod includes reacting a first compound having the formula 1 with a second
compound having the formula Il in a suitable solvent in the presence of a
sodium or potassium salt of a base. In some embodiments, the method
includes reacting the first compound with the second compound in the
suitable solvent in the presence of the potassium salt of the base. The
reaction of the first compound with the second compound produces the
substituted or unsubstituted 4-amino-3-benzimidazolyl quinolinone compound.

Formula | and formula Il have the following structures:

R? R®
o)

R2 CN Z‘<_<N R6
R NH, N R
R4 Rg

I II

where:



respect to substituted al kyl groups.-17- [0047] The
term"protected” with respect to hydroxyl groups,

wa@piose4ggpoups, and sul fhydryl groups refers toP¢DUSBOEH37051

these functionalities which are protected from

undesirabl e reaction with a pggiecting group known to

those skilled in the art such as those set forth in

Pr ot ect [ ve Groups in Organic Synthesis, G eene,
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"phar maceuti cal » acceptable salt” includes a salt wth

arunnsnbwgataddmiamycwcg@ﬁilwl gEXPS; | nor gani ¢ aci d,
organic acid, or basic or acidic amno acid. As salts

~of i norgani & Rasgsued ionh DT gRSLdS 6l WIRSR gfoups;

exanpl e,

Hgroups,

R% is an unsubstituted alkyl group having from 1 to 8 carbon

atoms and is ‘absent if Z is a -NR®R® group;

R%® and R are independently selected from unsubstituted alkyl

groups having from 1 to 8 carbon atoms or are both absentif Z is a ~OR®

group;

R0 and R may be the same or different and are independently
selected from substituted or unsubstituted alkyl groups, substituted or
unsubstituted aryl groups, substituted or unsubstituted heterocyclyl groups,
substituted or unsubstituted heterocyclylalkyl groups, substituted or
unsubstituted alkoxyalkyl groups, substituted or unsubstituted aryloxyalkyl
groups, or substituted or unsubstituted heterocyclyloxyalkyl groups;



al kali nmetals such as sodi um or potassium alkaline
earth nmetal s such as cal ci um and magnesi um or

wW@bkwsioming and ammoni a. As salts of organi c baBe&BUS100£037051
i nvention includes, for exanple, trinethylam ne,
triethylam ne, pyridine, picold0ie, ethanol am ne,
di et hanol am ne, and triethanolam ne. As salts of
i norgani c acids, the instant invention includes, for

exanpl e, hyq:{ﬁcdﬂd%“ﬁné? b, thBXsahaber Hﬁfe?é‘ﬁt%nd”ékﬁh&ependently
acid, sulfuric acid, and phosphoric acid. As salts of

orsgdented fomisubstitutedrertunsubstitlited atiyl gr@@padwstmded or

SRRt 20 BBRos Bt Bt @ffed otildnsbed FRITRGRM Groves;

acid, lactic acid, citric acid, succinic acid, malic
aci d, net harR@antidR P amay be, thé sarmnesdiffemritanacire, indepsendently
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Gamelt al |y, the invention provides nethods for
synt hesi zi ng benzi m dazol yl qui noli none conmpounds such

as am no subsisi. imdazol.vl i.nol i,none

conpounds. % '% ﬁ%%% %)Ogﬁ&bu?t{%éfu%?ggﬁ @E%}ﬂ\"ﬁg alkyl groups,

s udistituiée dr basabstitatadalryll graups b SUREtLASOHPE UAEEbStiGted
formul ati ons that have reduced anmounts of |ithium and
neteiewsyely! 8ip8PEesi zi ng such compounds and

conposi tions. [0050] n one aspect, the present

[ on pr f n .
SJBEBH] O e B RS cpeRiriofis) fip SUARSHL: MsBbsiiticd -amino
qud- behzmudazaiydrqnmmm\oaacbommmmi Bla)cmnpbamd havingdbe formula I,
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h%ﬁnﬁ‘ﬂodﬁtﬁhé\ﬂﬁmﬁ@fdrhdlé‘ 1R o4 b%‘é‘lt%f&ﬁé Yélﬁbm‘e‘ﬁ of fie compound
presence of a sodi um or potassi um sal a base. n

s dravingrihedionwutas!]1. tFme*péa Hbhas the followmg structure

RG
R5
R7
R! NH, N
R2 \ N - RB
\ N
R® N (o}
H
R4
III

where R through R® and R'® through R have the values described above.

[0052] In some embodiments of the method, R' is selected from H, Cl,
Br, F, or I. In some such embodiments, R' is F. In some specific
embodiments, R is F and each of R?, R® and R* is H such that the first



i ncludes reacting the first conpound with the second
conpound in the suitable solvent in the presence of

wo b@spoatsassi um salt of the base. The reacti on PET/UR®04/037051
first conpound with the second conpound produces the
substituted or unsubstituted 4%mnm no-3-benzi nm dazol yl

gui nol i none conpound. Fornmula and fornmula Il have the
following structures: Il where:-19- Rl, R2, R3, and R4
mecpniyeo uritbisssaoempound hbeingthe den@aeAividien fadend IfcMIowmg
selected fromH d, Br, F, , -OR10 groups, -NR

gﬁ% resubstltuted or unsubstltuted primary,
secondary, or tertiary al kyl groups, substituted or
unsubstituted aryl groups, substituted or
unsubstituted al kenyl groups, Fsubstituted or
unsubstituted al kynyl gr oups, subsaltuted or
unsubstituted heterocycly Otsy or substituted or
unsubstituted heterocyclyla groups R5, R6, R7,
and R8 may be the sane or e ere(t and are

i ndependent |y sel ected fflom H] O, F, , -OR13
groups, -NR R15 groups, -SRlGngoups "substituted or
unsubstituted primary, secondary, or tertiary alkyl
groups, substituted or unsubsiftuted.aryl groups,
substituted or unsubstituted al kenyl grou

s§0@53} ut ed lnrotherserhboditmerds! aillkast)dnegmfcm‘ger R is a substituted or

subst unsubstituted heteroc rou
sisubptifn BrelRSiehlorad ol svg oy erfrodliopnione sy R® or
SYYSiki l:c G QU
sﬁs'%.% oS! ?‘“ﬁi%"?‘? ety P o some,
SlﬂmeCDdIm&EﬂiS anewfRibet Rt lﬂaebet&roeycmdmbyp 6ELwt€bqfrom a
sel e d. from

o D3 Rtuts pEudSueidibe pindlidiyT PRS- RIPSEEHAGITHP: OF om

1 nﬁ@rp&oﬁﬁyl@aup. In some such embodiments one of R® or R’ is an N-alkyl
piperazinyl group such as an N-methyl piperazinyl group or the like and, in

some such embodiments, the other of R® or R” is a H. In other such
embodiments, Z is an —-OR* group. Therefore, in some embodiments, the
second compound is a compound having the formula IIA or lIB and has one of
the following structures where R% R?, and R% have the values described

above for compounds having the formula Il.

RS RS N/
o} o] \)

Rs N Rs
ITA IIB
[0054] In some further embodiments, the second compound is a

compound having the formula IIA or IIB and both R® and R® are H such that



atons and is absent if Zis a - NRRgroup; Rand R

are i ndependently selected fromunsubstituted al kyl
wQ@er@apssshavi ng from1l to 8 carbon atons or ar ep@DUB2004/037051

absent if Zis a - R group; RLO and R13 nay be the

same or different and are independently selected from

substituted or unsubstituted al kyl groups, substituted

unsubstituted aryl groups, substituted or

u r

uEﬁﬁﬁét?tttéﬁpﬁétér%%;‘?‘éttﬁ°gﬁﬁy| g BRI 0, 1D, and has

ursebaftthe dolawing lstrughures.! groups, substituted or

unsubstituted aryl oxyal kyl groups, or substituted or

unsubstituted heterocyclyl oxyal kyl groups; -20- Rll -
R14 may be the sanetor different ang are independently

sel ected grom substijtuted or unsubgtituted al yI
gr oup®, bst i e OwUnsubsfiPT :
substitute : j tuted heteroc g, R12

and R15 may be exs#TE ifferent an N
i ndependent |y del ectled ffom Substituted:or
unsubsti t ut ed aIkyIngouLs\/suQ§t|tuted or H
unsubstituted aryl groups, or substituted or
unsubstituted heterggyclyl groups; and R16 isggsel ected
fromsubstituted or unsubstituted al kyl groups,
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uted or unsubstitu eterocyc gr oups.
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t at heb
qut{tﬂoﬁbuﬁée lﬁ;ﬁg@%ﬁﬁﬁ%%‘t’é{ g f'c:\:r fo@'R?Ub?é helthyii éth?l or
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formula Ill. Formula Il has the foll ow ng structure:

[0056] In some embodiments of the method, the method includes

reacting the first compound with the second compound in a solvent such as a

dialky! ether such as, but not limited to, diethyl ether or the like; a cyclic ether
such as, but not limited to, dioxane, tetrahydrofuran or the like; an aromatic
solvent such as toluene, o-xylene, m-xylene, p-xylene, mixtures thereof, or the
like: or combinations of these solvents. Other suitable solvents include polar
aprotic solvents such as DMF (N,N-Dimethylformamide) and the like. In some
such embodiments, the solvent is tetrahydrofuran. In other embodiments, the
solvent is toluene. In some embodiments, the concentration of the first
compound is greater than or about 0.10 M or is greater than or about 0.15 M
based on the amount of the solvent when the first compound and the second
compound are reacted. In some such embodiments, the concentration of the
first compound ranges from 0.10 M to 0.30 M based on the amount of solvent
when the first compound and the second compound are reacted. In some
such embodiments, the concentration of the first compound ranges from 0.15
M to 0.25 M based on the amount of solvent when the first compound and the

second compound are reacted. In some such embodiments, the



R8 RII1l where R1L through R8 and R10 through R16 have

t he val ues descri bed above. [0052] n sone enbodi nents
wotoosiessaet hod, RL is selected fromH d, Br,PE/USL004/037051

n sone such enbodinents, RL is F. n some specific

enbodi ments, Rl is F and each.ogfl R2, R3 and R4 is H

such that the first-21- conpound is a conmpound havi ng

the forrmula I A which has the foll ow ng structure
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sgﬁg enbodi nents, Zis an - group. Therefore,
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] ST st o B 54 oy ranges o
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f % H%e second compound are reacted. In some such embodiments, the
concentration of the first compound and/or the second compound ranges from
0.25 M to 0.45 M based on the amount of solvent when the first compound
and the second compound are reacted. In some embodiments, the
concentration of the second compound is greater than 0.10 M based on the
amount of the solvent when the first compound and the second compound are
reacted. In other such embodiments, the concentration of the second
compound is greater than about 0.15 M, whereas in other embodiments, the
concentration of the second compound is greater than about 0.20 M based on
the amount of solvent when the first compound and the second compound are
reacted. in some embodiments, the concentration of the second compound
ranges from 0.15 M to 0.30 M based on the amount of solvent when the first
compound and the second compound are reacted. In some embodiments,
the concentration of the second compound ranges from 0.18 M to 0.26 M
based on the amount of solvent when the first compound and the second
compound are reacted. In some embodiments, the concentration of the
second compound ranges from 0.20 M to 0.24 M based on the amount of
solvent when the first compound and the second compound are reacted. In
some embodiments, the concentration of the second compound is about 0.22
M based on the amount of solvent when the first compound and the second
compound are reacted. In some embodiments, the solvent is dried prior to
use in the reaction. In some such embodiments, the solvent of the reaction



[0054] n sone further enbodiments, the second conpound

is a conpound having the fornmula A or B and both R5
w@nse&sa0 e H such that-22- the second conpounPCT/ESH04/037051

conmpound having the fornmula C or HD and has one of the

foll ow ng structures. ,0 R |I-24D [0055] n sone

enbodi nents of the nethod, R, R, and R are straight

chai n al kyl groups selected fromnethyl, ethyl,
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enolate anion, WhICh, in s\é(rer?e embodiments, may be a sterically-hindered
base. As used herein, the term “base” refers to a chemical compound that
deprotonates another compound when reacted with it. In some such
embodiments, the sodium or potassium salt of the base that may be used to
generate an enolate anion is a base such as, for example, NaH, KH, Na,COs,
K,COs3, sodium and potassium alkoxides such as, but not limited to, sodium
and potassium t-butoxide, propoxide, i-propoxide, ethoxide, methoxide, and
the like, sodium amide (NaNHy), potassium amide (KNHy), and the like. In
some embodiments, the base is sodium or potassium t-butoxide, and in some
such embodiments, the base is potassium t-butoxide in a solvent such as
THE. In some of these embodiments the base is potassium t-butoxide (20%
in THF). In some embodiments, the sterically hindered base is an amide
anion and in some such embodiments, the amide nitrogen is bonded to two
trialkylsilyl groups. In some such embodiments, the sodium or potassium salt
of the base is selected from a sodium or potassium bis(trialkylsilyl)amide. In
some such embodiments, the sodium or potassium bis(trialkylsilyl)amide is
sodium bis(trimethylsilyl)amide (NaHMDS) or potassium



when the first conpound and the second conpound are
reacted. n sone such enbodi nents, the concentration of

W b@s0easse conpound ranges from 0.15 Mto 0. 25p¢d/0s3e4037051
on the anmount of solvent when the first conpound and
the second conpound are reacte2b- n sone such
enbodi nents, the-23- concentration of the first
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arsiggitimethyasilypantidevIaMDD). flhisoing empRdifeRItHd Method further
second conpound are_reacted. n sone such enbodi nents,

t Hecligge @%m thgrpogiurn 98 potassiurs saiafide basa e atmixture of the

M filr

6 CoBOuAS End TR Stodtid SANEENNA I fe SUlfaele, S8ivet, o some

S LmhbedfdGMtgfthesspdtUm oc potz&!simntsbﬁdmf the bhse ;s' pn@sgntl ig al\?

co oun r the secon conpoun ranges romdo. )

t ATHOYHE BAl X todh SOMEERAG AT SO0 S RIGRAmENts 1n an
fidmbuf Ci.@ftsistéa%i\éﬁérﬁt : BOR TR &R ﬁ%ﬁg&@gkpgﬁd. In still

sone such ennodi nents, concentration of t
c otheuathbadiments: the sastiumdrqoipssinm saihafdbe fiasmi® passekt in an

to 0.45 d h t of I t ] h,

¢ farBpUt A RRE Saiyeldhis ettt 30et MotiFanls B an qmount of
S OREM3US o @'@&Wé@ﬁt‘s?with h@sﬁé&ﬂ‘i@ﬂié 8bésHy @cfmbbﬁné.i [PSome
conpound and/or the second conpound ranges fromO0.25 M

t cerobadimariastba sesondt sompsund ispresantdmangmaeuntiad from 1 to 2

SRR SRl B TR o BB o S TelsiR difbodimens.

C ahp@atdnd Togipaindris phegef il GnMrhawetdbf dront Hetoan® equivalents
t he  sol vent when the first conmpound and the second
coMiby [prpest bo thefirskepmpowither such enbodi nents,. t he

oncentration of the second conpound is greater than

C
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centration of the second conpound is greater than
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COBPHSssium salt of the base to a mixture comprising the first compound, the
second compound, and the suitable solvent at a temperature of from 20°C to
50°C. In some such embodiments, the potassium salt of the base is added to

the mixture and the temperature of the mixture is from 25°C to 45°C, from
35°C to 45°C, or from 38°C to 42°C when the potassium salt of the base is
first added to the mixture. In some embodiments, the internal temperature is
40°C or about 40°C when the potassium salt of the base is first added to the
mixture. The internal reaction temperature generally increases, for example
up to 62°C or 65°C upon addition of the potassium salt of the base to the
reaction mixture. However, in some embodiments, the internal temperature is
maintained at 30°C to 52°C, 36°C to 52°C, or in some embodiments from
38°C to 50°C during addition of the potassium salt of the base. In some such
embodiments, the potassium salt of the base is added to the mixture over a '
period of from 2 to 20 minutes. In some such embodiments, the potassium
salt of the base is added to the mixture over a period of from 3 to 10 minutes



ranges fromO0.15 Mto 0.30 M based on the anmount of
sol vent when the first conpound and the second

W@ o0pouiseh are reacted. n sonme enbodi ments, thePCT/US2004/037051
concentration of the second conpound ranges from 0. 18
Mto 0.26 M based on the anoupg- of sol vent when the
first conpound and the second conpound are reacted. n
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[0060] In some embodiments, the method further includes (a) adding
an aromatic solvent such as toluene to a reaction flask to provide a reaction
mixture comprising the first compound and the second compound; (b) distilling
at least a portion of the aromatic solvent from the reaction flask, and (c)
repeating (a) and (b) until the water content is less than 0.1 percent, 0.05,
0.04 percent, or 0.03 percent which may be determined using Karl Fischer
analysis. In some embodiments, the distillation may be conducted under
reduced pressure. In some embodiments, the second compound is dried by
(a) mixing the second compound with a suitable organic solvent such as THF,
toluene, ethanol, or the like to form a solution, (b) concentrating the second
compound by removing at least a portion of the solvent, and (c) optionally
repeating steps (a) and (b) one or more additional times. In some such
embodiments, (a) and (b) are repeated until the water content of the solution
is less than 0.5%, less than 0.4%, less than 0.3%, less than 0.25%, less than



enol ate anion, which, in sone enbodi nents, may be a
sterically-hindered base. As used herein, the term

wO baseiessef ers to a chem cal conpound that depPCL/OSBEE37051
anot her conpound when reacted with it. n sone such
enbodi nents, the sodi um or papgassium salt of the base
that nmay be used to generate an enolate anion is a
base such as, for exanple, NaH KH K CO, sodium and
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In sone Suc nts

artheBEcond Eompoling tb @ Wateqlevehbleiss thaw 616 penqeetby weight prior
the first co ound. n still othe rrt{(%dlrrent
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embodiments, the second compound is dried to a water level of less than 5
percent by weight, less than 4 percent by weight, less than 3 percent by
weight, less than 2.5 percent by weight, less than 2 percent by weight, less
than 1 percent by weight, or less than 0.5 percent by weight. In some such
embodiments, the second compound may be dried by mixing the hydrated
second compound with an organic solvent such as THF, toluene, or ethanol to
form a solution, concentrating the solution by solvent removal, and drying the
resulting composition under vacuum with heating. In some such
embodiments, the second compound is dried by: (a) mixing the hydrated
second compound with an organic solvent such as THF, toluene, or ethanol to
form a solution, (b) concentrating the second compound by removing at least
a portion of the solvent, (c) optionally repeating steps (a) and (b) one or more
additional times, and then (d) drying the resulting composition under vacuum

with heating.



from2.5 to 3 equivalents, with respect to the second

compound. n sone enbodi ments, the second conpound is
w@e@sents90 n an anount of from1 to 2 equi val enPGT/VE1004/037051

respect to the first conpound. n sone such

enbodi nents, the second conpaggd is present in an

anount of from1l to 1.5 equivalents with respect to
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The quenched reaction product mixture is typically filtered and washed with
water providing the 4-amino-3-benzimidazolyl quinolinone compound, and in
some embodiments, the quenched reaction product may be cooled to a
temperature of 5°C to 10°C prior to filtration although this is not necessary. In
some embodiments, the collected product may be dried under vacuum to
produce a yield of greater than 30 percent, greater than 40 percent, greater
than 50 percent, greater than 60 percent, greater than 70 percent, or greater
than 80 percent of the 4-amino-3-benzimidazolyl quinolinone compound.
Some embodiments of the method may further include: (a) mixing the
collected product with ethanol; (b) heating the ethanolic mixture for a period of
from 10 minutes to 180 minutes, of from 30 minutes to 120 minutes, or of
about 60 minutes at a temperature of from 40°C to 78°C, of from 45°C to
78°C, of from 60°C to 78°C, or a reflux temperature; (c) cooling the mixture to
etemperature of less than 40°C, less than 35°C, less than 30°C, or less than

20°C; (d) and filtering the cooled mixture. However, it is not necessary that



over a period of 5 mnutes. [0059] n sone enbodi nents
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In some such embodiments, the compound having the formula IV has the

formula IVA.

HoN H

H,N @ ;
IVA

In some such embodiments, the compound having the formula V has the
formula VA.



conmpound by renoving at |east a portion of the
solvent, and (c) optionally repeating steps (a) and
W@ bjosonsodr nore additional tinmes. n some suchPCT/US2004/037051
enbodi nents, (a) and (b) are repeated until the water
content of the solution is |legg than 0.5% |ess than
0.4% less than 0.3% less than 0.25% |ess than-27-
0.20% less than 0.10% |ess than 0.05% or |ess than
0. 03% whi ch may be determ ned bynKacl Fi scher
anal ysis. n sone enbodi nent stgps (a) and (b) are
acconpl i shed at | east four sone enbodi nent s,
the second conpound nmay®fe dri ed i PR reaction vessel
and when the desired quantity of drying is achieved,
such as a water |evel of |ess Vaan 0.25% or |ess t han
0.20% the first conpound and the potassi um or sodi um
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in other embodiments a 1M HCI solution. A base such as NaOH, for example

a 30% NaOH solution, may then be added in one portion or gradually such
that a precipitate forms. In some embodiments, the reaction product may be
mixed or dissolved with water, in some embodiments deionized water, that is
neutral with respect to pH. In such embodiments, the resulting mixture is
typically cooled to about 0°C and then is made basic by addition of a base
such as NaOH. In some such embodiments, the pH is brought to about 9.2
by addition of 20% NaOH. In some embodiments, the resulting mixture is
stirred for a period of about 1 to 5 hours, for example, for 4 hours or the like,
and is then filtered, washed with water and dried in a vacuum oven or the like.

[0064] In some embodiments of the method for synthesizing a
substituted or unsubstituted 4-amino-3-benzimidazolyl quinolinone compound
and compositions that include such a compound, a compound having the
formula VIA, VIB, or mixtures thereof is reduced, typically catalytically as



enbodi nents, the second conpound may be dried by

m xi ng the hydrated second conpound with an organic
waologens9such as THF, tol uene, or ethanol to fRPCTHUS2004/037051

solution, concentrating the solution by sol vent

renmoval , and drying the resulL${ng conposition under

vacuum wi th heating. n sonme such enbodi nents, the

second compound is dried by: (a) mxing the hydrated
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enbodi nents, solvent may be renoved under vacuum after

water is added and then additional water is added
wW@ri0s1044580 col | ection of the solid by filtrati oPCT/Ukm®04/037051

quenched reaction product mxture is typically

filtered and washed wi th wat ec3qarovi di ng the
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t f®m 4 to 8 hours, or of 6 hours. In some embodiments, the reduced
compound having the formula IV is directly reacted with the compound having

the formula V in the same reaction vessel without further purification.

[0065] In some embodiments of the method for synthesizing a
substituted or unsubstituted 4-amino-3-benzimidazolyl quinolinone éompound '
and compositions that include such a compound, a compound having the
formula VIl is reacted with a compound having the formula HR” or a salt
thereof to produce the compound having the formula VIA where the variables
R® R® and R® have the values set forth above with respect to the second
compound having the formula Il and Y is selected from Cl or F.



formula V to provide the second conpound where the
variables R5, R6, R7, R8, and R have the val ues set
wo eooslo4@Ebove wWith respect to the second conpouPdI/bs2004037051

the formula Il and X is a hal ogen atom such as F, O,
Br, or , or is the conjugate bgge of an acid. o N X R
R HN YV n sone such enbodi nents, the conpound having
the formula IV has the fornula IVA. HN n sone such
enbodi nents, the conpound having the fornula V has the
formula VA -30- N HCO EtO Ot A n some enbodi nents,

t he conpound having the f&Y RS reacted with the
compound having the fornmul a A sol vent such as an
al cohol such as, but not |im , ethanol at an
internal tenperature of fPdm 30 C td 70 C, of from 35C
to 60 C, or of from40 Cto 50Gsfor a period of tine
of from45 mnutes to 240 m nutes, of from 60 m nutes
to 0 minutes, or of from60 m¥Wltes to 120 minutes. n

sgrre enbodi rrent S,. the reaction product fromthe :
BSPMMSYh emBodisARIdE niereamprUnchbayiag fg formulaiitis a
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t
'is Iselec dt fe 5r?1 su ﬁlltlgd or unsubstituted piperidinyl groups, piperazinyl

groups, or morpholinyl groups. In some such embodiments, R’ is an N-alkyl
piperazinyl group such as an N-methy! piperazinyl group such that HR? has
the formula HR(a) shown below.

H H
O;N H O,N H
HyN Ci HyN F
H H
VIIA VIIB
N
H
HR'(a)

In some embodiments, the compound having the formula VIl is reacted with
the compound having the formula HR, such as N-methylpiperazine at a
temperature of from 70°C to 120°C or of 80°C to 110°C, of from 85°C to
105°C, or of 100°C for a period of from 2 hours to 24 hours, of from 4 hours to
12 hours, or of from 6 hours to 10 hours. A variety of suitable solvents such
as, but not limited to, ethanol may be employed in the reaction of the

compound having the formula HR” with the reaction of the compound having



filter nmediumsuch as Celite. n sonme enbodi nents, the
filter medium nmay be washed with a solvent such as

werdvanedss and the filtrate may be concent r at edP@US2004/037051

sol vent renoval. The concentrated product may then be
m xed with an aqueous HCl solgyion, in sone
enbodi nents, a 0.37 percent HCl solution and in other
errbodi ments a 1M HCl solution. A base such as NaOH,

Vi A@%fl@?% §8|\/éh}199% %%tﬁé}?tﬂ t@‘ﬂg@%&%oh helps to
one por I'on or gradua suc at a precipi
f premntrsoﬂduﬁeaimrboﬂhhaﬁeastlort hin s@ae endrodimedts; anyeof the
m xe solvdvvlt wat er,. | one  enbod
QeRSHioTe RS Srethon Bré Fulied b PLRT AT BB Sendiced for g period
S ¢ infenilith® Bfa?tm%h%tér%é”a"ré BBSQNéHLtbQ\d I@ngépbé présent in any
cooled to about O and then is nmade basic Dy addition
ofaparegigleamouris. NaOH. n some such enbodi nents, the
pH i s brought to about 9.2 by addition of 20% NaCH n
S nbodl [ - -
Tg@?@o 4 of a%éﬁ}e %ﬁ?o&@%ﬂ)t%,rt@% géilg{’(tgd 'of uﬁg?&tﬁgtequf amino
h@ubengimiddm iy igkinolinode icontpotimdfis lat mmploumﬂlabmdgwm formula

wat er and dri ed |n a vacuum oven e |
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qU|n I none” co ound and conp 03|t|ons t I ncl ude

S lmmpmwummum\gi theafocmmizoliAda MR rig) atsubstituted oa unsupstituted

tures thereof is reduced, typically

céF%?$¥WEMF$V“QS 31- described below, with Hto

produce the conpound having the fornula IV where the

vari ables R5, R6, R7 and R8 have {he vafues set forth

above with respect to the second csegpouynd having the

formula Il. HN O N n sone such enb S

VIF. n sone such

IITA

In some such embodiments, R’ is a substituted or unsubstituted heterocyclyl
group that is selected from a substituted or unsubstituted piperidinyl group,
piperazinyl group, or morpholinyl group. In some such embodiments, R'isa
substituted or unsubstituted N-alkyl piperazinyl group such as an N-methyl
piperazinyl group, an N-ethyl piperazinyl group, or a N-propy! piperazinyl
group.

[0067] In some embodiments, the substituted or unsubstituted 4-amino-
3-benzimidazolyl quinolinone compound is a compound having the formula
1B, is a tautomer of the compound having the formula 1lIB, is a salt of the
compound having the formula llIB, or is a salt of the tautomer of the

compound having the formula Il1B



enbodi nents, R6 or R7 is a substituted or

unsubstituted heterocyclyl group, that, in sone
weedpsaigsemt s i s sel ected from substituted or PCT/US2004/037051

unsubsti tuted piperidinyl groups, piperazinyl groups,

or norpholinyl groups. n somegguch enbodi nents, one of

R6 or R7 is an N-al kyl piperazinyl group such as an

Nmet hyl pi perazi nyl group such that the conpounds

having the formula VIC, VID, VIE, yand VIF have the

formula VIGor VIH ONONWNHNH ONO

A 1

N-32- ON ON H N H N n sone easdi nent s, E/bonpound
reduced by is a conpound havi y o fOrmuld VIH. n

ot her enbodi nent s, gduced Dby His a
conmpound having the f & onme enbodi nent s,

t he compoun , i rToa VIAT VIB, or mixtures
thereof is red in 8n al cohol solvent such
as et hanol usiRkg k{ion netal hydrogenation
catal yst su¢h as oallﬁdiU'oon carbon (Pd/C). n sone
enbodi nents, the Pd/C is 5 percent Pd/C and in sone
enbodi nents, the "Pd/ C i's 5 percent Pd/C with 50

percent water on a wei ghtII wei ght basis. n sone
enbodi nents, the reaction is conducted at an i nternal

IR S s R e ARE e st e

5§(Do§tttute&i peunsubstifutéd W%rﬁfnof-ii-b@hilrﬁ|dai<ﬂymuﬁélmd?fe compound
from3 to 10 hours of from4 to hours, or ho

n O% BriuiamRy R iBR comravadatiylastic %wbmhﬁﬂewamed@cttqmd salt of
Lgfﬂlfmw -3-BefLinfiGaloly'RATIRDNY ddhmp AL R_Ydiomer is

obtained. In some such embodiments, the compound having the formula 111B

or a tautomer thereof is reacted with lactic acid to produce the lactic acid salt
of the compound or tautomer. In some such embodiments, the compound or
tautomer is reacted with D,L-lactic acid in water and ethanol and the
monolactate salt is produced as a crystalline solid.

[0069] The use of a sodium or potassium salt of a base such as, but
not limited to, NaHMDS, KHMDS, sodium t-butoxide, or potassium t-butoxide,
rather than a lithium salt such as LIHMDS in the reaction of the first compound
with the second compound provides a method of producing compositions that
include reduced amounts of lithium and in some embodiments may not
include any lithium. Furthermore, the use of a base such as potassium t-
butoxide results in increased yields of the benzimidazolyl quinolinone
compound. Consequently, in some embodiments, the invention provides a
composition that includes a benzimidazoly! quinolinone compound having the
formula lll, a tautomer of the benzimidazolyl quinolinone compound, a salt of
the benzimidazolyl quinolinone compound, a salt of the tautomer of the
benzimidazolyl compound, or mixtures thereof, wherein the benzimidazoly!
quinolinone compound is a compound having the formula Il



the formula V in the same reaction vessel w thout

further purification. [0065] n sone enbodi nents of the
woreihodhspor synt hesi zing a substituted or unsubSTL/US200€087051

4- am no- 3- benzi m dazol yl qui nol i none conpound and

conpositions that include sucgga conpound, a conpound

having the fornmula VII is reacted with a conpound

having the formula HR7 or a salt thereof to produce

t he conpound having the forrmula VI A whege the

vari abl es R5, R6, and R8 have the&lyval ugs set forth

above with respect to the second compgetind hgving the
formula Il and Y is sel ected from =33- OH NN

sonme such enbodi ment sg1t he ygonpRUNaA hg the formul a
VIl is a conpound havijng tHe forjmul @ VINA or VIIB. n

sone such enbodi RE R7 a_Sub§ ituted or
unsubsti tuted heter ¢ that, in sone
enbodi nents i s sel ef bst ituted or

unsubstituted pigefi Y| g ®, pi perazinyl groups,
or norpholinyl groups.| n séhe such enbodi nments, R7 is
an N-al kyl piperazinylR*group such as an N-met hyl

pi perazi nyl group such that HR7 has the forrmula HR (a)
shown bel ow. HR (a) n some endddi nents, the conpound
having the fornmula VII is reacted with the conpound
h@hengint he fornmul a HR7, such as N-net hyl pi perazi ne at

f,.
o From o5 &1 B aRbang Ry mayhec e sl st eitcient Shdafe
h%e?)g'h@eﬁﬂy heldkiad Rbmf OO Brhpur SORY s, -NR'&'? groups,

frome6 hours to 10 hours. A'variety of suitable
s substitutedsorcinsubstibied pomary rsecondaty, osterianl alylamups,

e oyed |n the r t L, Qn j |

IR b Ebh Bl SBRERIGY bk askkiea aeny

hQy¢bilsks, 3tbstituted or unsubstituted alkyny! groups, substituted or
unsubstituted heterocyclyl groups, or substituted or unsubstituted

heterocyclylalkyl groups;

R R®, R’, and R® may be the same or different and are
independently selected from H, Cl, Br, F, |, -OR™ groups, -NR"R® groups,
-SR'6 groups, substituted or unsubstituted primary, secondary, or tertiary alkyl
groups, substituted or unsubstituted aryl groups, substituted or unsubstituted
alkenyl groups, substituted or unsubstituted alkynyl groups, substituted or |
unsubstituted heterocyclyl groups, substituted or unsubstituted
heterocyclylalkyl groups, substituted or unsubstituted alkoxyalkyl groups,
substituted or unsubstituted aryloxyalkyl groups, or substituted or

unsubstituted heterocyclyloxyalky! groups;

R and R™ may be the same or different and are independently
selected from substituted or unsubstituted alkyl groups, substituted or
unsubstituted aryl groups, substituted or unsubstituted heterocyclyl groups,

substituted or unsubstituted heterocyclylalkyl groups, substituted or



the formula VII. Addition of a solvent such as ethanol

to the reaction helps to prevent solidification of the
WO e@shiEm n sonme enbodi nents, any of the reacP¢DNS2004/037051

the nethod are foll owed by HPLC and are conducted for

a period of time until the stagting materials are

observed to no | onger be present in any appreciable

anounts. [0066] n sone enbodi nents, the substituted or

: o o0 4D e POLE
OB SR ot SIELHERES, s SR G
t graupse or stibsthetedammsubstianed petehecyolyloxyaiky Moupss a
salt of the conpound having the formula IMA, or is a

salt of the_paut k _of the conpound,_ phaving the .

fornula | MAR;nan‘f%%i yay ke ?%@éﬁ %Eerﬁﬁggﬁgﬁr? independently
h | . .
o o B e R S s i o

i gnsebhsitited arylgrodps.ubrssubistituied or unaghstituiediietdrocyclyl groups;
pi peridinyl group, piperazinyl group, or norpholinyl

group. n sopm2 18 ' t 7 i stituted or
unsubsti t ut gg {é@hﬁ%ﬁ%ﬁ%ﬁwgﬁgg@egﬁﬁé gL ependently
Nsekicted fromstbatiuted og unsbstantet-kygromps sudstifutéd or
group, or a N-progyl I perazi n%/I group. [0067] n sone
eHBBPSHEES aryliaroups.sen subsiibited of HeswRastityieddptaragyriyhgroups;

3- benzi m dazol yl qui nolinone conpound is a conpound

havi th & ey H
aving the or'r?u%é'eéty& ftom %ub?ﬁﬁh%@ér ms%ﬁ%%gﬁgwpgroups,

havi ng t he a 1IMB,1s a salt of t
haubstgutedeorfunsubstitutedBan greups, oakstubstitutdteon ungubstituted

t he, co nd_havin formul.a 1MB-35- B [0068] n
sEﬁEerE%Mi%W%,an?jtfgﬂﬁSf W&'&rq"ﬂrt her incl udes reacting
t he

the amount of lithium in the composition is less than 1 percent

by weight based on the weight of the benzimidazolyl quinolinone compound in
the composition.

[0070] In some embodiments of the compositions provided herein, the
amount of lithium in the composition is less than 0.5 percent, is less than 0.1
percent, is less than 0.05 percent, is less than 0.01 percent, is less than 0.005
percent, or is less than 0.001 by weight based on the weight of the
benzimidazolyl quinofinone compound, the tautomer of the benzimidazolyl
quinolinone compound, the salt of the benzimidazoly! quinolinone compound,
the salt of the tautomer of the benzimidazolyl compound, or the mixtures
thereof in the composition. In some such embodiments of the compositions
provided herein, lithium is completely absent from the composition. In some
embodiments, the composition has less than 1 percent, less than 0.05
percent, or less than 0.01% of the uncyclized intermediate shown in Scheme
1 based on the weight of the benzimidazolyl quinolinone compound.



substituted or unsubstituted 4-am no-3-benzi m dazol yl

gui nol i none conpound or a tautoner of the conpound
wowaok/okesed i ¢ aci d, wherein the lactic acid sal PCDUS200€037051

4- am no- 3- benzi m dazol yl qui nol i none conpound or the

tautonmer is obtained. n sonme sygh enbodi nents, the

conpound having the formula |11 B or a tautoner thereof

is reacted with lactic acid to produce the lactic acid

S t he : ' h . .

D0 ot ERR SoBKn AN W e snpREioPdRivddederein, the

D,Iderilzémild'azokyqunbﬁnm e%mangnehh&imgl thalfdrlnlhl!ﬂa s Ia_c(glampound

nol actate salt s produced as a crystalline solid.

[Tgl%'ﬁ]g qqﬁefgﬂ.%’ad”ba sodi um or potassium salt of a base

such as, but not limted to, NaHVDS, KHMDS, sodium

t - but oxi de, or potassi umt-buhoxi dei rather than a

lithiumsalt such as Li HVDS i n\t he/reacfiomof-the

first conpound with the second QU Mi des a

nmet hod of produci ng congi%sit' A At i de reduced

anounts of |ithiumjand IIf so i ments may not
i ncl ude any |indi : sl use of a base
such as potassiu oxite results in increased

yi el ds of the ben qui nol i none conpound.
Consequent |y, #h suife erbodterents, the invention
provi des a conposi tli on fhat includes a benzi m dazol yl
qui nol i none conpouﬁﬁ having. the fornula Ill, a

taut omer of the benzim daz FI% qui nol i none conpound, a
salt_of the benzim dazolyl quinolinone conpound, a
sd0072k t he In yatiouwgraifostthet inshidenhetaradyglyl grovpsy the

e EY R orbUR R e ARBERED i UGl ol o B Xermpimuiman

| LFOCHBBEHRB (H&lerocy ciyh) ¢freiip): where q is selected from 0, 1, 2, 3, or 4, the
heterocyclyl group may be bonded to a methylene carbon of the -OCH>(CH,)q
group of the -OCH2(CHy)q(heterocyclyl) through various ring members. By
way of non-limiting example, where ¢ is 1 and the heterocyclyl group is
tetrahydrofuran, the group could be represented by the formula
-OCH,CHa(tetrahydrofuranyl) which corresponds to the following two

D YD

VIII IX

structures:

where structure VIl represents the group that can be referred to as the
-OCH,CHz(2-tetrahydrofuranyl) group and structure IX represents the group
that can be referred to as the ~-OCH>CHy(3-tetrahydrofuranyi) group. When
the heterocyclyl group is a N-containing heterocycle, such as, but not limited
to piperidine, piperazine, morpholine, or pyrrolidine, the heterocycle can be
bonded to the methylene carbon through a ring carbon atom or through a



Rl, R2, R3, and R4 may be the sanme or different and

are i ndependently selected fromH, d, Br, F, , -ORl0
W@e@a0%$6596 NR R12 groups, substituted or unsubspCT/usmd4/037051

primary, secondary, or tertiary alkyl groups,

substituted or unsubstituted ajg/l groups, substituted

or unsubstituted al kenyl groups, substituted or

unsubstituted al kynyl groups, substituted or

u ' : i tut

R P I SIGE e coBiRDo sRlieDAEE. i Heso are

arpdefesradgaW\here the beteroayclytigfduar isrd pipeddivecand q is 2 for an

in Ly .sel ected fromH, . Br, F., - 3 .
gr‘%@?e%ﬂﬁgf@yﬁx@&mu%&é faﬁj%'ag,stwﬁgfesm #gsgiple and
upsefesigdt ut ed primary, secondary, or tertiary alkyl
groups, substituted or unsubstituted aryl groups,
substituted or unsubstituted al kenyl groups,
substituted or unsubstiguted al kynyl groups,y
substituted or unsubstijtuted heterocyclyl
subst i t ut edze™\upsthstit™t ed hets
substituted or unsubstituted al koxyal kyl groups,
substituted or unsubstityted aryl oxyal kyl groups, or
substituted or unsubstituted heterocyclyl ox kyl
groups; R10 and R13 may be the sane or different and
are i ndependently selected from substituted or
unsubstituted al kyl gropps,~substituted or
unsubstituted aryl groups, spbstituted or
unsubstitut/ Ohet C I oups, subsiAt ut
unsubsti tuted heterocyclylal kyl droups, substituted
or-37- unsubstituted al koxyal kyl groups, substituted
or unsubstituted aryl oxyghkyl groups, or subiﬁituted
or unsubstituted heterocyclyl oxyal kyl groups,'&ll and

y be t i r n iqdependent |
SO "F S el afolnbt 85 ErbuNaTRERIRY of
grO(DH,)sEupiperitiryddyroup U Ssukaire DUt dnagxaimile @8 BS-O @H,)s-(2-
substjtuted or unsubstituted heterocyclyl groups; . . .

piperidinyl) group. Structure Xll is an example of a —O(%H2)3(3-plpendmyl)

group. Structure Xll| is an example of a -O(CH,)3(4-piperidinyl) group. Where
the heterocyclyl group is a piperazine and q is 1 for an
-OCHz(CHg)q(heterocyclyl) group, the following structures are possible and

preferred:
'77?:0 N }{,o\/\N/ﬁ
N
XIV XV
[0074] Structure XIV is an example of a —O(CH,)2(2-piperazinyl) group,

and structure XV is an example of a ~O(CHy)(1-piperazinyl) or ~O(CHz),(N-
piperazinyl)group. Where the heterocyclyl group is a morpholine and q is 1
for an ~OCHy(CH,)q(heterocyclyl) group, the following structures are possible
and preferred:



R12 and R15 may be the sanme or different and are

i ndependently sel ected from substituted or
waoie@alostspa ut ed al kyl groups, substituted or PCT/US2004/037051

unsubstituted aryl groups, or substituted or

unsubstituted heterocyclyl grodaps; R16 is sel ected

fromsubstituted or unsubstituted al kyl groups,

substituted or unsubstituted aryl grouPs, or ;

substituted o substi t uixed hete Cc roupRs; an

further wherern, tHe anplnt “ef Ii?%fﬁﬁf%ﬁ\g 6MP\1

conposition is less than 1 percent by wei ght based on

the wei ght of the benzim ol yl qui nol i none ound

in the conposition. [O (HJ n some enbodi nents of the

conposi tions provi ded rein, the amunt of XM hiumin

the conpositignyis less than 0.5 percent, is less than

0.1 percent, % ~P5 percent, is less than

0.01 percent, is less than 0] 005 percent, or is |less

than 0.001 by wei ght based on the weight of the

benzi m dazol yl qui noli non€ conpound, the tautoner of

t he benzi ni dazolyl qui¥¥lilnone conpound, the salt of

t he benzi m dazol yl Quinolinone conpound, the salt of

t HO0Y8lit onerSisactureXhé iszameyampleybf & e@{Githh(3-onorphelinyl) group,

eriSitaR Ui Sh el o AR m B EAEPF D CHaN-

| i rbiphlingl) gesu, eirel strudes@IXVIK e Ent SrtIBRISH 10 @H,)R2-
sone rr‘?od ments, the conposition has less than 1 o
pé?‘@@i"{o, '”Y'&Qé‘)lﬂh ali Wil bs opseres: thabwheess the: gronpds @1mgridlidine,

TR bRt AU SIS GRS Al o
c oGtk (NF81rdlianiyl)] —0(Shiap(2ppedidiryly, amf -0(‘0?—;/%)2(3-pyrrolidinyl).

conpositions provided herein, the benzimdazo
'  none ound, having the faormula II| is a
gjh'ggﬁwd ha\ﬁﬁgf‘f'ﬂg Jehicts o e,epggng:ﬁary synthetic route for the

synthesis of a compound of a benzimidazolyl quinolinone compound and

should not be interpreted to limit the invention in any manner. As shown
below, the reaction of a first compound with a second compound is believed
to proceed via an uncyclized intermediate. However, this will be understood
to not limit the invention in any manner. The potassium salt of the resulting
compound having the formula Ifl produced on cyclization of the intermediate
has been found to have reduced solubility resulting in precipitation of the
product from the reaction. This was surprising and unexpected given that
precipitation was not observed when a lithium salt such as LiIHMDS was used
rather than a potassium salt such as KHMDS. The use of the potassium salt
rather than a lithium salt provides a greatly enhanced yiéld of compounds
having the formula Il such as compounds having the formula IlIB as shown in
Scheme 1 especially when a base such as a potassium alkoxide such as
potassium t-butoxide is employed. The reaction of the first compound with the
second compound was also found to provide significantly higher yields of
compounds having the formula Ill when the reaction was conducted with



[0072] n various groups that include heterocyclyl
groups, the heterocyclyl group may be attached in

WO 050u859nays. For exanple, in an -OCH (CH PCT/US2004/037051
)g(heterocyclyl) group, where q is selected fromO, 1,
2, 3, or 4, the heterocyclyl group may be bonded to a
met hyl ene carbon of the group of the -OCH (CH
)g(heterocyclyl) through various ri ng menbers. By way
0
nePRRRIS A et B By WA RoBiorisn FOT Rubiipi the yisig wes
béourebtoemmomi sigyificaatly eviran tae ﬁblnd:ldompound was dried as
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r I
IS D snpeptale s o 0B g,
pv

r ¥jeid ebthescameouys inpdbe ermula W esushr aslataonamouridehaving the
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ametbﬂtplp@’fazlnemvmﬂ)é BoiPipBahH thialing tAEASMAdlaNAl, was increased
nmor hollne yrrolidine, the heterocycle can be

buesh teéemﬁsra%twaérl@wwdb@m therayngun rtihﬁgpoéww having "
AU Pl HRI YWaSinePea d @gf%p%?:?ﬂ]{h% éJ}Lﬁ Q\Elnégﬁe '

N-'cont al ni ng heterocyc esears pre
Whamaila M. Abedempecatyregothe reaciwomwpes lotvered amdl theireaction

hetero cly rou the , .
£ WeRfiest WiTh st ] Ebn Rusiipla, goosariclds grere
Xoﬁialﬁ@d wﬁbh'thé Qé)g@t]on%/éé‘%H%t?ctéd'a‘f ABriperaRre of’??a{: to
3(N-piperidinyl) or - ? |per|d|ny
gr1 0|d$ ad tlwtmmpoaund bawingdRe figingulaHRY s@(:lm}as)N(raethyl
piperazine, was present in an amount of greater than 2.5 equivalents with
respect to the amount of the compound having the formula VI, such as 5-
chloro-2-nitroaniline. In some such embodiments, the compound having the
formula HR' is present in an amount of greater than 2.8, greater than 2.9,
greater than 3.0, or from 2.5 to 5 equivalents with respect to the amount of the

compound having the formula VI.



pi peridinyl) group. Structure XI|I is an exanple of a

-Q(CH ) (3-piperidinyl) group. Structure XlIll is an
we@spheof a - O CH ) 3(4-pi peridinyl) group. VWET/®S100€037051

het erocyclyl group is a piperazine and q is 1 for an

-OCH (CH )q(heterocyclyl) growy. the foll ow ng

structures are possible and preferred: XIV XV [0074]

Structure XIV is an exanple of a -Q(CH

) (SeH¥rRé™azi nyl) group, and structure XV is an exanple
a (fCH ) (1- pi perazinyl) o -O(CH ) (Npiperazinyl)

group. Were the haterogyclyl drqup isq@ norpholine
and g is 1 for an -OQH (QH )(het€rocycl yl oup, the
foll ow ng structures L possiEdt e and pr el ed: - 40-
XVI XVIT XVITT [00%75] Strudtufe®RW™is¥n eXanpi’e of a
-Q(CH 2)2(3-norpholinyl) group, structure Il s

exanple of a -Q(CH ) 2(4-norpholinyl) or nonphkiab)
group, and sgructure XVIII is an gxanple off s@c e):CH

)2(2- nog linyl) group. t will lbe ohbgerved that
where the groug/is yrroli?ﬁM%th q Tp t he
structures availab el ude skl ) 2( - ph ol_i

diqy!
or -Q(CH )2(N-pyrrolidi )fﬂ)ﬂ -qm)z(wpyrro||@|g,
and - Q(CH ) 2(3-pyrrolidivyly. [0076] Scheme 1 depists

one exenpl ary" tic route for the synthesis of a
compound of a | i dazol yl qui nol i none conmpound and
shoul d not begnterpreted to limt the invention in
any manner. As°cS bel gw, the _reaction of a first

compound with a second urth_b_el eved to proceed

via an ungycll|i zed intlermgdi/at e\ Howevef, this will be
under st oo N the invention | n any manner.
The pot assiji alt {of the resulting

N (9}

H

Uncyclized Intermediate

F NH N N N—
CC%
Ny

[0077] Scheme 2 depicts a method for synthesizing a compound
having the formula VA and shows the general application of the method of the
invention. Those skilled in the art will understand that the selection of a
substituted or unsubstituted diaminobenzene and a substituted or
unsubstituted anthranilonitrile allows for the synthesis of a wide variety of
compounds having the formula lil. Those skilled in the art will also recogniie
that certain groups may need protection using standard protecting groups for
the final cyclization reaction. The extremely versatile synthetic route allows a
plethora of compounds having the formula li to be readily prepared by a
highly convergent and efficient synthetic route.



conmpound having the formula Il produced on

cyclization of the internedi ate has been found to have
WO edaoedsol ubility resulting in precipitati onP@f/US1904/037051

product fromthe reaction. This was surprising and

unexpected given that precipi4®tion was not observed

when a lithiumsalt such as Li HWDS was used rat her

than a potassiumsalt such as KHVDS. The use of the

POERSIeUN salt rather than a lithiumsalt provides a

greatly enhanced yield of conpounds having the fornula

Il such as conpounds having the for a | HBas shown

in Scheme 1 especially when a bableN B8 a potassium

al koxi de such as potassi umt-but oxi g

reaction of the first conpound wHpN™ tY¥e “®écond 5

conmpound was al so found to provide sighificantly R 6
hi ghep yield conppungs .paying the formula 111 R
the rdactdyp con ct d wth-4+—setvents n,d_<

re&Qants wi tholl oVEAEf ©Eht ent s. Fb‘fatexarrEToéC t hi R
yield was found to irrprove significantly when the R
second conpound was dried as described herein such as
by az&otropl c evaporation from absolute ethanol or in

g rgactjon vessel by repeated addition of THF
distillation. The yield of the conpound

A he formula VI,RSucRk® as a conpound having the
f d¥mulla W4 produced by t=He reaction of an N-aikyl
pi per &i ne sucll amHN 'Rpera2| ne with the
conmaiss hawi ng the VI, was increased when
t he—terperat ﬂ,erea and the anount of the
conpBiind hawi yormul a HR7 was increased with

respect to the,?‘col‘tpound having the formula VI. The
tenperatures of the reaction were | owered and the

r Ws on wag h@'ﬁr@&@ﬂ inidrition, arnyentrally desoritder, will béor

exanp yi el ds were obt ai ned_when the re ct|
waaderah@@rgﬂweaea@yt@hf?é@&ﬂﬁﬁéo dhe frowiag exameles, which are

| PRRBSOTR Ve 808P 441 9 fptfenoByes Ayl ke

2 pPegftiimairgiohs 'Naletfollowmg documents including the examples in the
documents are hereby incorporated by reference for all purposes as if fully set
forth herein in their entirety: U.S. Patent No. 6,605,617, U.S. Patent
Publication No. 2004/0092535, filed on August 19, 2003; U.S. Provisional
Application No. 60/405,729 filed on August 23, 2002; U.S. Provisional
Application No. 60/426,107 filed on November 13, 2002; U.S. Provisional
Application No. 60/426,226 filed on November 13, 2002; U.S. Provisional
Application No. 60/426,282 filed on November 13, 2002; U.S. Provisional
Application No. 60/428,210 filed on November 21, 2002; U.S. Provisional
Application No. 60/460,327 filed on April 3, 2003; U.S. Provisional Application
No. filed on April 3, 2003; U.S. Provisional Application No. 60/460,493 filed on
April 3, 2003; U.S. Provisional Application No. 60/478,916 filed on June 16,
2003; U.S. Provisional Application No. 60/484,048 filed on July 1, 2003, and

U.S. Provisional Application No. 60/517,915 filed on November 7, 2003.



respect to the anobunt of the conmpound having the
formula VI, such as 5- chloro-2-nitroaniline. n sone
WG aek/0ersbodi nent s, the conmpound havi ng the forpai/asidRy037051
is present in an anount of greater than 2.8, greater
than 2.9, greater than 3.0, ogg4from 2.5 to 5
equi valents with respect to the anount of the conpound
having the formula VI .-42- Schene 1 HN j- ON EtCH H
a 97 , 36 hours HN HC [E¢XipLgedene 2 depicts a
met hod for synthesizing a conpound having the fornul a
V& sho Hellewingratibrayiplionsaieousesf intthe Exstrhpldsof
the invention. Those skilled in the art wll

u st and t hat | ection of a substituted or
uﬁ%tlétitut ed di tg‘gi;a'%cgenzene and a substituted or

upsiibstituted an ilonitrile allows for the

s r\Ef'Si s of a witYSrQEh{ors §Cigds conpounds having t he

f ‘a 111, ThosHoRReroemanee Liswidhromafogiaglay

r &EO4RSz e t hat c&atassiugds(pimeiylsigamigeot ect i on
ubilD&: andar d plLihizen bisdtrigredoysilyamidee fi nal
cNaHM@S: on r eacSoalium Bisftremethglsidyyamielesat i | e
siaOtet i ¢ route @ddawa ydmxidéror a of conpounds havi ng
tNg: formula 'l Nitrbger eadi |y prepared by a highly

copypr-gent and efJg @VIeRethSethBeLi ¢ route. -43- Schene 2

HrhEs H R8 Y, Bt QdibiRydidfdran
[0080] Nomenclature for the Example compounds was provided using
ACD Name version 5.07 software (November 14, 2001) available from
Advanced Chemistry Development, Inc., ChemInnovation NamExpert +
Nomenclator™ brand software available from ChemInnovation Software, Inc.,
and AutoNom version 2.2 available in the ChemOffice® Ultra software
package version 7.0 available from CambridgeSoft Corporation (Cambridge,
MA). Some of the compounds and starting materials were named using
standard IUPAC nomenclature,

[0081] Various starting materials may be obtained from commercial

sources and prepared by methods known {o one of skill in the art.



Il Il EtOHC EtO heat EtO R6 R8 THF O [0078] The

present invention, thus generally described, wll be
wanasnstsood nore readily by reference to the fpCT/O82004037051

exanpl es, which are provided by way of illustration

and are not intended to be ligsling of the present

i nvention. The foll ow ng docunents including the

exanpl es in the docunents are hereby incorporated by

reference for all purposes j ully set forth

herein in their entirety: %Z@d{%l&ent No. 6, 605, 617,

USgnthasis mf SA(4Methyl- prpell:bszDQl@/-mmGSﬁllufe l ed on

Ag?ust 19,,2003; U. S. Provisional Application No.

%du,rngfl | ed on August 23, 2002; U.S. Provisional

Applic t| on No. 60/426, YO\ filed on Novenber 13, 2002;

U S. PP3Visioial Appl|§t|g5\imr &M426,226 fil ed on

Novemnber _ nal i on No.

60/ 426, 28 on Novenber 13, 2002;

Pr ovi siHgtal &tion No. 60/428,10 T

pli D
Novenber 21, 2002; U.S. Provisional Applicati @
QN

60/ 460, 327 filed on April 3, 2003; U S. Provi N\
Application No. filed on April 3, 2003; U.S.

Pr ovi si onal ACpllcatlon No. 60/460,493 filed on April
3[008233; u. &: lpipmrzsmtsﬁamlhm@b’iquaﬁ698m0l)@oﬂzﬂ7me@lm

{\g,p%g%ﬁﬂ%i A 4g1$ q%gggn V\bll ?pl{ée‘avlb%%‘@d) M%Wﬂé&w1th a

Pconderisen aindAnpged atithoN,. NﬂShe ﬁ@élSWé,sQ:ilﬁcéd iregin oil bath at 100°C

866 Beriad bnd Tas 5-alem-FRIANIENgP GomPletely roactat (typically
overnight) as determined by HPLC. After HPLC confirmed the disappearance
of the 5-chloro-2-nitroaniline, the reaction mixture was poured directly (still
warm) into 2500 mL of room temperature water with mechanical stirring. The
resulting mixture was stirred until it reached room temperature and then it was
filtered. The yellow solid thus obtained was added to 1000 mL of water and
stirred for 30 minutes. The resulting mixture was filtered, and the resulting
solid was washed with TBME (500 mL, 2X) and then was dried under vacuum
for one hour using a rubber dam. The resulting solid was transferred to a
drying tray and dried in a vacuum oven at 50°C to a constant weight to yield
670 g (97.8%) of the title compound as a yellow powder.

Procedure B

[0083] 5-Chloro-2-nitroaniline (308.2 g, 1.79 mol) was added to a 4-
neck 5000 mL round bottom flask fitted with an overhead stirrer, condenser,
gas inlet, addition funnel, and thermometer probe. The flask was then purged
with No. 1-Methylpiperazine (758.1 g, 840 mL, 7.57 mol) and 200 proof
ethanol (508 mL) were added to the reaction flask with stirring. The flask was
again purged with N, and the reaction was maintained under N,. The flask
was heated in a heating mantle to an internal temperature of 97°C (+/- 5°C)
and maintained at that temperature until the reaction was complete (typicaily



Et OH Ethanol H O Water HCl: Hydrochloric acid HPLC
Hi gh Performance Liquid Chromat ography KHMVDS:

W@u0ams$i5em bi s(trinmet hyl silyl)am de Li HVDS: Li P¢ii/us2004/037051
bi s(trinmethylsilyl)am de NaHVDS: Sodi um
bi s(trimethylsilyl)am de NaOHggSodi um hydr oxi de
Ni trogen TBME: t-Butyl nethyl ether THF:
Tet r ahydr of uran [ 0080] Nonencl at ure for the Exanpl e
CYHR &ﬁ%ﬁ 7
softvvg?g%(o @eﬁgb%ﬁ’egj%f 9 avai h}é? %%#nﬁ d\?/rg%ccog' plete,
chesaiting wasm¥seontimvedtand the. reattiemivasooaléctto MNairEzmal t

CiePRRSUA: Sap b oo PR sfiiha, Aihe ieacicmas stired

ayei 2 &bBﬁhduf’s t Bee§eeysthisi(020 g, OJBS rn%népfdf‘gg{ ey -gﬂ?erazm -1-

version 7.0 avail able from Canbr | dgeSof't

( @Br%mtw@"mmyeresaﬁlﬁecbto wﬁereaommmdgremdless aredipitation had
s oRelEes, DRTRY 50 S EAE Rl R s gy cure

olovar aepxérlbd(nﬁaboutrene Ih@lur abile dles lrﬁéﬂwabt@“ﬁpél%\(ﬂut@ywas

t k to one of skill in the art | e
nre ho ; émg]terﬁpera ure ranging from about 20 C to 30°C Afer the

Hﬁ@?ﬂlt%‘?nt&%at@f RasFohbldte) tle festittlPaktlile\Ra 64 Y5 Eakdut one

hour at a temperature of 20°C to 30°C. The resulting mixture was then

filtered, and the flask and filter cake were washed with water (3 x 2.56 L). The
golden yellow solid product was dried to a constant weight of 416 g (98.6%
yield) under vacuum at about 50°C in a vacuum oven.

Procedure C

[0084] 5-Chloro-2-nitroaniline (401 g, 2.32 mol) was added to a 4-neck
12 L round bottom flask fitted with an overhéad stirrer, condenser, gas inlet,
addition funnel, and thermometer probe. The flask was then purged with N.
1-Methylpiperazine (977 g, 1.08 L, 9.75 mol) and 100% ethanol (650 mL)
were added to the reaction flask with stirring. The flask was again purged
with Ny, and the reaction was maintained under N.. The flask was heated in a
heating mantle to an internal temperature of 97°C (+/- 5°C) and maintained at
that temperature until the reaction was complete (typically about 40 hours) as
determined by HPLC. After the reaction was complete, heating was
discontinued and the reaction was cooled to an internal temperature of about
80°C with stirring, and water (3.15 L) was added to the mixture via an addition
funnel over the period of 1 hour while the internal temperature was maintained
at 82°C (+/- 3°C). After water addition was complete, heating was
discontinued and the reaction mixture was allowed to cool over a period of no
less than 4 hours to an internal temperature of 20-25°C. The reaction mixture
was then stirred for an additional hour at an internal temperature of 20-30°C.
The resulting mixture was then filtered, and the flask and filter cake were



[0082] 5-Chloro-2-nitroaniline (500 g, 2.898 nol) and
-met hyl piperazine (871 g, 8.693 nol) were placed in a
wQo@8/0kss5pd ask fitted with a condenser and pur gedr/ws1004/037051

The flask was placed in an oil bath at 100 C and
heated until the 5-chloro-2-ng¥roaniline was
conpletely reacted (typically overnight) as determ ned
by HPLC. After HPLC confirnmed the di sappearance of the

5; 2= Nl iql 0 LQm, m X

uaeng Qi eel BF R £ 8026 bR E! sy St 8% ol (1 x L)
tﬁhpﬂoghiarr)ae_llm?\t smlid/\pmﬂu?mha?lat@td. ifata: dt:hfyﬁr’@p%ﬁ gﬂd dried to a
resul ti X ir until it reached_room

t %%%!?%{1 Weighh ati54,899 ¥ wiallhundesvaeuumed apeut 80’6 i Ad

t PSR iAkAed was added to 000 nL of water and stirred

for 30 mnutes. The resulting mxture was filtered,

and the resulting solid was washed with TBME (500 mi,

2X) and then was dried under vacuum for one hour using
a rubber dam The resultingXamplel2was transferred to a

S¥biitecié DY BTG g BT ATy RefEnBiminigeS-p Ry Bacetic
cackbethyl astexr yel | ow powder. Procedure B [0083]

5-Chloro-2-nitroaniline (308.2 g, .79 nol) was added
tgr%c%i“rﬁe%k 5000 nL round bottomflask fitted with an

over head {rrer, condenser, gasSHm N addi tion
funnel, & her nonet ef, poke. The R was t hen
pur ged . L Met i i ne [ 9,.840 i,

7.57 Hbl) %00 py oof et hanol " ) e added to
the reaction fllask wth stirring. The flask wag again
purged with N, afd the reaction was nai ntarwéd>under

N . The flask was heated in a heating mantle|to an
internal tenperature of 97 C (+/- 5 amchcmai nt ai ned
at that tenperature until the reacti s _conpl ete
(typical |l y-46- about 40 hours) as &8t erni figd| by HPLC.

After the reaction was conplete, heating was

di scontinued and the reaction ool ed_to an

i nt er nal /j@
N/\
k/“\

N
‘ H

[0085] A 5000 mL, 4-neck flask was fitted with a stirrer, thermometer,
condenser, and gas inlet/outlet. The equipped flask was charged with 265.7 g
(1.12 mol. 1.0 eq) of 5-(4-methyl-piperazin-1-yi)-2-nitroaniline and 2125 mL of
200 proof EtOH. The resulting solution was purged with N, for 15 minutes.
Next, 20.0 g of 5% Pd/C (560% H,0 w/w) was added. The reaction was
vigorously stirred at 40-50°C (internal temperature) while H, was bubbied
through the mixture. The reaction was monitored hourly for the
disappearance of 5-(4-methyl-piperazin-1-yl)-2-nitroaniline by HPLC. The
typical reaction time was 6 hours.

[0086] After all the 5-(4-methyl-piperazin-1-yl)-2-nitroaniline had
disappeared from the reaction, the solution was purged with N, for 15



W

tenperature of about 20 Cto 25 Cwth stirring, and

the reaction was stirred for 2 to 3 hours. Seed

@roosadsso (0. 20 g, 0.85 mmol ) of PCT/US2004/037051
5- (4- et hyl - pi perazin-1- yl)-2-nitroaniline were added

to the reaction m xture unl esggprecipitati on had

al ready occurred. Water (2,450 ml ) was added to the
stirred reaction m xture over a period of about one

b . . : . .

el a10, S ol Gl S B SRR R o

t hydraghlariderwas added as weslido n’iﬂeat@r?tibh avasestirkdd a040-50°C
l.xture was stirred for aboyt one hour at a )

¢ istndl Embesatussy uotd fexfaetion s eapleieq T he xeastionwias

¢ " . .

TERAEILd o Sl e M Sy o y L

sbhe dypiealdeactiomtimerwasl 1tbhaursorAfterrthe weagiun whs 4ampiete, it

085 EoplesEle el EReg R B 1B Sd Inrdof aind ot BEedhtering
gmidatSidal Mithe CeftediteAfg heatdridt Was WabRel Wit A5Gt IOH (2 x

flask fitted with an overhead stirrer, condenser, gas
i AP@mL)aand the filtraie wes consgntralednwidarsedueesbpresshiee providing

f ; e i 13- Vet i, pe i 77
o 1t towl R and b Thiedlybhg el S BB B FagRL o1 50 7%
abld}kdomiohheSdIield*¢a®b|L(25lg33/kahsl\tHelm &dded innghe govéioh| amd g
was agai n._pur W t nd the reactign S mai nt ai ne
BRSPS et fjﬁ&%r NGAdRre Wag sﬁaﬁﬁﬁﬂw ekt pad dlen

3 i er p [ i _nt ai ;
affterRly TH soPek Baghea o (2 4 FARg RIS F € in
(?aqnjum:?lvgn rovitling@ 10T gs(Y 4|a1§/oyjet %M—m@thﬁ;piﬂd&?bﬁn—1 -y)-1H-

ter the reactjon was conplete, heating was

dPeREHE 3vlaeetc acid e estei s bR iy algrapowder.
i nternal tenperature of about 80 C with stirring, and
“ptsdedifrel3 L) was added to the m xture via an
addi tion funnel over the period of 1 hour while the
i [0087hal t eAEION miedweskjacketed flask aasditted Wit a B&hanical

Aét‘r%r, \é@ﬁgéngqu{etrﬁ&er}ayﬁﬁé p?gb ,lgeéseihlerf,egr%& o b‘t’.‘l’ggler. The
equipped flask was charged with 300 g (1.27 mol) of 5-(4-methyl-piperazin-1-
yl)-2-nitroaniline and 2400 mL of 200 proof EtOH (the reaction may be and
has been conducted with 95% ethanol and it is not necessary to use 200
proof ethanol for this reaction). The resulting solution was stirred and purged
with Nz for 15 minutes. Next, 22.7 g of 5% Pd/C (50% H,O w/w) was added
to the reaction flask. The reaction vessel was purged with N2 for 15 minutes.
After purging with Ny, the reaction vessel was purged with H; by maintaining a
slow, but constant flow of H; through the flask. The reaction was stirred at
45-55°C (internal temperature) while H, was bubbled through the mixture until
the 5-(4-methyl-piperazin-1-yl)-2-nitroaniline was completely consumed as
determined by HPLC. The typical reaction time was 6 hours.

[0088] After all the 5-(4-methyl-piperazin-1-yl)-2-nitroaniline had
disappeared from the reaction, the solution was purged with N, for 15



di scontinued and the reaction mxture was allowed to
cool over a period of no less than 4 hours to an

WO paosomEbo t enper at ure of 20-25 C. The reacti onP@I/KE200€037051

was then stirred for an additional hour at an internal
tenperature of 20-30 C. The r49ulting m xture was then
filtered, and the flask and filter cake were-47-

washed with water (1 x 1 L), 50%ethanol (1 x L), and

9pimeteBamie &lénﬁnéldtérmJ&]St&@'%ﬁéﬁﬁ\)eoé% &9l \ﬁagf%ﬁ% avoid

was placed in a drying pan and dried to a constant
V\@K@Weur@ftom Pq 9@2/05% repl of ety 8- ethoxwﬁﬂatm@mopanﬁatec

[ Eygfg\é@g#ﬁﬁ \9%? Egﬂgﬁ?ﬁﬂﬂe re%c%ﬂt h>e<tsure over a period of about 30

- Wihutekh bRRzidaicdes Was%h‘ﬂddé’tcﬁ-'é?@%hférﬁbmé 8o‘é?éﬁ(re) under N
Procedure A H, Pd/C, EtOH NH ACEt [0085] A 5000

nuntluhﬁ@hwneawasmmpﬂ¢tetye¢pnmumeclaasdetemnned by HPLC. The

& YR TES o AR RhowZ o) Afirthe B83ctRiwag fomplege, the
epactibnSwadHfileredywhil werm zhroughd pad ofCeliRa e ReaciBA flask
2125 m of 200 proof EtOH The resultin E sol uti on was

pahg &elifg were él?emwlaéh@@ witke2Q0 proof ftgHB %28PmIg. (Bwjitrates

e oy e R AL ol

buirhbeed uhdeugdcuune pmducnrlgaan Onangeeait.t Wutevv(BBBO mL) and then

S PR oBTEl et PA0AT id WtRRERNGES etH dhe gesuing mixture

T%stéﬁﬁe‘aa'TH@?&stdlt% édlﬁ@oﬂ‘@és@ng{/ﬁﬂdﬁﬁy StiR@&GIhiRS 86% NaOH

the 5-(4-nethyl -pi perazin-1 2-nitroaniline had

d(%ﬂibwééww added over a paried ohaboutc?Guiinutes maintainiog deel
lntlé]rnal [emperature at about 25-30°C while the pH was brought to between 9
and 10. The resulting suspension was stirred for about 4 hours while
maintaining the internal temperature at about 20-25°C. The resulting mixture
was filtered, and the filter cake was washed with H,O (3 x 300 mL). The
collected solid was dried to a constant weight at 50°C under vacuum in a
vacuum oven providing 345.9 g (80.1%) of [6-(4-methyl-piperazin-1-yl)-1H-
benzoimidazol-2-yl]-acetic acid ethyl ester as a pale yellow powder. In an
alternative work up procedure, the filtrates were combined and the ethanol
was removed under vacuum until at least about 90% had been removed.
Water at a neutral pH was then added to the resulting oil, and the solution
was cooled to about 0°C. An aqueous 20% NaOH solution was then added
slowly with rapid stirring to bring the pH up to 9.2 (read with pH meter). The
resulting mixture was then filtered and dried as described above. The
alternative work up procedure provided the light tan to light yellow product in
yields as high as 97%.



m nutes. Next, 440.0 g (2.25 nol) of ethyl
3- et hoxy- 3-i m nopropanoat e hydrochl ori de was added as

W@ 2®6l0ic$90 The reaction was stirred at 40-50 C pCTUSI08037051
tenperature) until the reaction was conplete. The
reacti on was nonitored by follsgpum ng the di sappear ance
of the diam no conpound by HPLC. The typical reaction
time was 1-2 hours. After the reaction was conpl ete,

it was cooled to roomtenmegrainkie #nd filtered through
a pad of Celite filtering rrar‘ehi&?'m- The Celite

f iMethoidfgrReduding Waten@ehtemtvafi[6-(dddethyl eipeiin A -yl)-1H-

250 nl.. he filtrat trated und

- Bpoeih Rl 2 s A R SERT or ow or ange oi 1

mleossasul ti m@(mmemﬁg%akﬁmHsl)'-mHa@mzﬁmida‘zoﬂzqelﬁaé%étic acid
d (25 ¢

sol ution. Soli was then added i'n one

péithyl GsterdAd0d greas)shathad berimeaviously M@gli@ﬁd up@nd dried to a
T G A0 8% 50 RSy H5BORDIE S o e

| and dissoived pvatssdluievetdand (860 mL)Y Thetadfder @blution was

[6-%4- nmet hyl - pi perazjn-1-yl)-1 - . ) .

b&RPEEHYA]H P k]Q'la%%ﬂg @ r9tary svpRyrateswith heating yafikall
0C -

Y Sohftt JRREMo RO THA DRI WAL bl b molk fifES. The

c dhnidke 10d déhys obtairadchwas defp inothe, flaghksaridplated éimd vaclium oven

P b%@ at %&%ﬁgéri_np ?ﬂ;{e{r@ﬁ‘é@@éﬁ?@é gggulil\s'i itngic?é?eod % Vater

[ e AR fi
Y e o B TR BN e BT coterd S ENB by Gl Metred
etpnavided inateased gietdst inrtbe psecadure of xandd 4pr@iter solvents such

et hgnpl for j.s reaction),. The resul ti | uti.on_was
S Pliens Anch HHE BSRPeaRt B PR o e StREsd Tobki dgthy
SYr&eEss. (50% H O ww) was added to the reaction flask.
The reaction vessel was purged with N for m nutes.
After purging with N the reaction vessel was purged

with H by maintaining a slow, but constant flow of
through the flask. The rea&X2mPlegd stirred at

Synthesis of 4-Amino-5-fluoro-3-[6-(4-methyl-piperazin-1-yl)-1H-
benzimidazol-2-yl]-1H-quinolin-2-one

Procedure A
F

° pe ~-C
EtO N F NH, N N N
‘<_</ " I __/
KHMDS, THF AN N
N N/\ Mkt H
H
K/”\ Ny

[0090] [6-(4-Methyl-piperazin-1-yl)-1H-benzimidazol-2-yl]-acetic acid
ethyl ester (250 g, 820 mmol) (dried with ethanol as described above) was
dissolved in THF (3800 mL) in a 5000 mL flask fitted with a condenser,
mechanical stirrer, temperature probe, and purged with argon. 2-Amino-6-
fluoro-benzonitrile (95.3 g, 700 mmol) was added to the solution, and the

internal temperature was raised to 40°C. When all the solids had dissolved
and the solution temperature had reached 40°C, solid KHMDS (376.2 g, 1890



45-55C (internal tenperature) while H was bubbl ed
through the m xture until the

WG 2@08/0msbhy| - pi per azi n-1-yl)-2-nitroaniline waBCT/US2004/037051
conpl etely consuned as determ ned by HPLC. The typi cal
reaction time was 6 hours. [0@38] After all the
5- (4- net hyl - pi perazin-1-yl)-2-nitroaniline had
di sappeared fromthe reaction, the solution vvas pur ged

gy ac e B of SNSnCE A BB gssiom

abase Y23 @nilets; amdteragerriony! gellow solution was obtained, and the
ochl ori de was added to

3~et hoxy-3-im nophﬁcganoate hydr
ngw@é{qm@wamrﬁt rigareto @2 6er Alar afpeabdmf é®ominutes, the

L I I A

Caaﬁémﬁ%cﬁﬁ) 5 EemPlete byPLE o stiveing YRatedhkl L@t ched

time was about 2 hours. After the reaction was
camplr@@@atet was peesantbnTh@thick reastiod mirture was thenryuanghed by

RGN MBI e 1 (e Do bl T t hao

rééo‘rmblafaowetempmamréed Heﬁn&tl&%QﬁasT‘thé‘ri filidfed 2o &leofitter pad
3300 L of ethanol was renoved under vacuum produm ng

aWasraRgedovith V‘&?é@fe(ﬂ 00930l 2. dive hrighyt yettow so8d was) laced in a

B P o MU 190
V(@@%}Sﬂf&h@ﬂemrammine 5&%&@{6«%@&@@@@%% 1H-

eriaod of about 20 m nutes maintalning the
i E?@F'Fﬂi azrpdi-AHoaWnglingnfiR- 25-30 C while the pH was
brought to between 9 and 10. The resulting suspension
Wpposbdifeed for about 4 hours while nmaintaining the
internal tenperature at about 20-25 C. The resulting
mMoAUWie wasAF50Gmbd-nankd jadketed flasi«waalequmdwalﬁheaﬂnstillation
Wit h 300 m The col | ect ed ed
cBRBeETS. A eEEThurs 756, 2,87 088 Rhan AOE el ety
PrschehiRal Stireerd [6-(@Q{Qe@d?-pﬁferazm 1-yl)-1H-benzimidazoi-2-ylJ-acetic

[ 6- (4- et hyl - 8| perazin- 1-

béﬁ'ﬂcﬁth’i’kﬁi@l 730 9. ézfémmOchass chaiged inje dhe seaciopangd the
Y R A R8F RRGFged WRR N, for 15 minutes. Dry THF (2600 mL) was then

charged into the flask with stirring. After all the solid had dissolved, solvent
was removed by distillation (vacuum or atmospheric (the higher temperature
helps to remove the water) using heat as necessary. After 1000 mL of solvent
had been removed, distillation was stopped and the reaction was purged with
N2. 1000 mL of dry THF was then added to the reaction vessel, and when all
solid was dissolved, distillation (vacuum or atmospheric) was again conducted
until another 1000 mL of solvent had been removed. This process of adding
dry THF and solvent removal was repeated at least 4 times (on the 4™
distillation, 60% of the solvent is removed instead of just 40% as in the first 3
distillations) after which a 1 mL sample was removed for Karl Fischer analysis
to determine water content. If the analysis showed that the sample contained
less than 0.20% water, then reaction was continued as described in the next
paragraph. However, if the analysis showed more than 0.20% water, then the



alternative work up procedure, the filtrates were

conbi ned and the ethanol was renoved under vacuum
wa@niosio4eEpo | east about 90% had been renoved. VAPET/US1004037051

neutral pH was then added to the resulting oil, and

the solution was cooled to abggat 0O C. An aqueous 20%

NaOH sol ution was then added slowy with rapid

stirring to bring the pHup to 9.2 (read with pH

MRlinfihg prddess’ ®sSelibed GdhE WHLcdthuedahti b'%&%ﬁeag@“t of less

dried as described above. The alternative
pithaed 2086 prasvachieveche |ight tan to |ight yell ow
product in yields as high as 97% -50- Exanple 3 Method

[ 8009 ny PSR a8 OB Bt tnss dhan o Autp 20% was achieved
2uging-thegirocedurediestliged @s they plelibR] paragraph, the distillation

[ 6- 5)4- IYEt hyl - pi Egr? Z|,rk-ll-yl ) - 1H benzi m dazol -2-§I ]-ace

i PEPAatES BiasyFplased with 2 6efiixpendansenand e tseetion was
DISRAGREih PR SR BRI eGP (5.2 A7 0ABIEHT Iy Some

f pastedchnes 0i%5sedquiealents ishsediit #hetrbactin Wadtheri heafEdeo an

Sl BT o b s

r r d t: ] .
TREA S K IADR G P REe FREHG) POYEKIRISS i TER) e
pladded to thearestion vithenadiditit e uratel 0e 0y period Hf 5 Miutes
Fi sher analysis results indicated a water content of

5 majniaining thederaal (RapreratyetalmboghBgistee dyingihe addition.

5 8RS BEESERTToLh B b O TR g e
béonG6doi4nb hbaes(imEoinkesseinpiaslit vias stilés fatr30 1060 minutes and
process.. Exanp nt hesi s

4Immlgnfm%lpg_0§n§%ef@4m1ﬂp ﬂ(p);ttgpg)gwaﬁep majntaining the internal

- WrhpdtRGiatTdlA%3 a2°C. A sample of the reaction was then removed
and analyzed by HPLC. If the reaction was not complete, additional KHMDS
solution was added to the flask over a period of 5 minutes and the reaction
was stirred at 38-42°C for 45-60 minutes (the amount of KHMDS solution
added was determined by the following: If the IPC ratio is < 3.50, then 125
mL was added; if 10.0 = IPC ratio = 3.50, then 56 mL was added; if 20.0 = I[PC
ratio = 10, then 30 mL was added. The IPC ratio is equal to the area
corresponding to 4-amino-5-fluoro-3-[6-(4-methyl-piperazin-1-yl)-1H-
benzimidazol-2-yl]-1H-quinolin-2-one) divided by the area corresponding to
the uncyclized intermediate). Once the reaction was complete (IPC ratio >
20), the reactor was cooled to an internal temperature of 25-30°C, and water
(350 mL) was charged into the reactor over a period of 15 minutes while
maintaining the internal temperature at 25-35°C (in one alternative, the
reaction is conducted at 40°C and water is added within 5 minutes. The
quicker quench reduces the amount of impurity that forms over time). The
reflux condenser was then replaced with a distillation apparatus and solvent
was removed by distillation (vacuum or atmospheric) using heat as required.



2-yl]-1H qui nolin-2-one Procedure A [0090]
[ 6- (4- Met hyl - pi perazin-1

WO 0050449 bhenzi m dazol - 2-y!]-acetic acid et hyl BGI/®62004/037051
(250 g, 820 mml) (dried with ethanol as described
above) was dissolved in THF (8800 nL) in a 5000 nL
flask fitted with a condenser, nechanical stirrer,
tenperature probe, and purged with argon. 2-Am no-6-

TAHOr P?(W RYLOBY §6I dérﬁ h(a%sogergrenz&%d"@%tﬂlaﬁﬁ‘@ waddfscdritinued and

the soluti on, he internal tenperature was raised
ttheéreactIthasalergedh withd\l4. owamm@BQsmLWas den agded to the

(pétion dask sBueaHAnTARINg the NGl pberEtd e g A HOs. The
n?e%‘éﬁ gﬁ em&ﬁﬁﬁ \A?a%dthfeh%ﬁrr% ét'@l %@ﬁ(&‘ﬁ?'éﬁ‘i‘nﬁﬁﬁ@s Wefore cooling it to

er ogeneous ye uti on was

OQIH fteathl tangetdiere oftsn 0?3(13 ahdrthem atitring foad hdwseThieaesulting
2C. After a period of t he internal

t an wag dipeass @adﬁa@ ok amd)f@er SAke Weke washed yyth water
n&séggg%q it E8\| | ze %\ﬂe@ s flie¢td ALoRSRIH: W&q_ht under

uncyc erne ate Wwas present
t Gadkurh @260P0 N mvetcuum Wén tdw.enmvmeemecg @2.@hbuyieldy of 4-

into HO (6000 M ) and stirrjin esul t.in Xt uyr
uamlmoﬁtﬂuﬁuq 3Sadnmethbtinerasie a{)uﬁ'é'iﬂemﬁ@“ﬂﬁg? E%ﬁm
[Py er pad was washed with
ﬁ@? ftogﬁggﬁ %'&“@ﬁmﬁ’@‘]ﬁt ght yellow solid was placed
in a dry| ng tray and dried in a vacuumoven at 50 C
opPgosedhte Grovi ding 55.3 g (47. 9% of the desired
4-am no- 5- f | uor o- 3- [ 6- (4- netéhyl - pi perazin-1~yl)-1 -
FSE}ZIl gaéol 2- yI] 1H—quncnol n- 2- one. Procedupe=t
4- neck Ja |l ed fFasknwpas et e N—
‘a\<g|_(g\ | on appapat®s, a tenpe atu/e —
gas inl E dd| i on funnel [
Stl rrer. H K 0-'8u (THF)
E6 (4- Met hyl - pi per N o71e) - 1H bexizi nfdazel - 2-yl ] - ace
ic

[0093] [6-(4-Methyl-piperazin-1-yl)-1 H-benzimidazol-2-yl]-acetic acid
ethyl ester (608 g, 2.01 mol) (dried) and 2-amino-6-fluoro-benzonitrile (274 g,
2.01 mol) were charged into a 4-neck 12 L flask seated on a heating mantle
and fitted with a condenser, mechanical stirrer, gas inlet, and temperature
probe. The reaction vessel was purged with N, and toluene (7.7 L) was
charged into the reaction mixture while it was stirred. The reaction vessel was
again purged with N, and maintained under N2. The internal temperature of
the mixture was raised until a temperature of 63°C (+/- 3°C) was achieved.
The internal temperature of the mixture was maintained at 63°C (+/- 3°C)
while approximately 2.6 L of toluene was distilled from the flask under
reduced pressure (380 +/- 10 torr, distilling head t = 40°C (+/- 10°C) (Karl
Fischer analysis was used to check the water content in the mixture. If the
water content was greater than 0.03%, then another 2.6 L of toluene was
added and distillation was repeated. This process was repeated until a water
content of less than 0.03% was achieved). After a water content of less than



acid ethyl ester (173.0 g, 570 mmol) was charged into

the reactor, and the reactor was purged with N for
wOorRewanes9 Dry THF (2600 L) was then charged i PeDUS1904/037051

flask with stirring. After all the solid had

di ssol ved, sol vent was renoveghby distillation (vacuum

or atnospheric (the higher tenperature helps to renove

the water) using heat as necessary. After 1000 nL of

< 6 _ e .

e e e

Varsddritentoasial ettetnal tdmparaaati ofl vesXR| PotasgdiushébubdXide in THF

solid was dissolved, distillation &vacuu

o mdF p-Jela o i len polassi Thufoxsle) Was theaddgd to
O i i
o™ akigh JiBe, RESRa EYSch tnhtre RiefEPRnilerdtlit B the

renova repeated at eas

t kgstioh avad keptdidiowl2geC| |AfteralditipPofthe tfutassilmedriutoxide was
renmoved instead of just 40%as in the first 3
deemplates therrepctign wias wtirred ai an inferaaligMpergliire efitsssdhan 20°C

f . . . '
Rl e SFERB e M en RS2 AR Rpacton
thA8 r%g%_bwai Rlast § hear.r ¢ﬁéttémEeva§ré:wa§ itere higsd to 30°C, and
descrlge I'n the next paragraph. However, if the

athed yeziction Iwaeestirast for ah leash 30 0inutaser The rractionevapthen

B oL S P E: Sa ihek R oBOetp st fy starting
AhREridls Wipfdallg M ReNhois, befsstaftay watartisivebe 20Psuvaed (less
achi eved 'using’t he I:?rocedure described in the pre ie(r)%shours

pﬂ:aggﬁéﬁh bytaiea d §tHLG)Xt ITdhe sppetion Was wak complele
W eact.i
wPbtrBr 05 BuRARAES S potaiint B (oS g8 SR GRATERS and

i ﬂwé?f&e@éwaﬁjwmple@ewﬁntﬁquﬁls@nmdi thatithedeactiore was
reacC

ion was then heated to an, i nt al, t er at ur e, of
sgomptstevieTie reARONIAS ComplatE 67 L Miaal WRIEE Mg added to the
38ndél i i ned RYaKIBEA N
T Eﬁg%‘éwgﬁ' e e e e R e e
oY&mnpardiard eseiC andrieuTHE was distilled away (about 3 L by volume)
under reduced pressure from the reaction mixture. Water (2.6 L) was then

added dropwise to the reaction mixture using an addition funnel. The mixture

was then cooled to room temperature and stirred for at least 1 hour. The
mixture was then filtered, and the filter cake was washed with water (1.2 L),
with 70% ethanol (1.2 L), and with 95% ethanol (1.2 L). The bright yellow
solid was placed in a drying tray and dried in a vacuum oven at 50°C until a
constant weight was obtained providing 674 g (85.4%) of the desired 4-amino-
5-fluoro-3-[6-(4-methyl-piperazin-1-yl)-1H-benzimidazol-2-yl]-1 H-quinolin-2-

one.



mai ntai ning the internal tenperature at about 38-50 C
during the addition. Wen addition of the potassium

W awée/0weEs0 conpl ete, the reaction was stirred fPCT/BSH04/a37051
4.5 hours (in some exanples it was stirred for 30 to
60 m nutes and the reaction rl?ﬁ‘ be conplete within
that tinme) while nmaintaining e internal tenperature
at from 38-42C. A sanple of the reaction was then

renoved and anal yzed by HPré_C. f!tge reacti on was not

conpl ete, additional KH was added to the

f Pasification 6f #Arifb-5ifluore-3e £4-meth &R -MON) PR
stirred at 38-42 C for 45- 6%%rr-$nut es Y?{bﬁg am)un?ﬁ)

KbrDRINiglazol-3rylkd Heduinglingoneri ned by the fol | ow ng

| PC

B o Rags et adK EluppRd Ml RgRaeRtesy o
I %?a’teltmteh%rabele I;l@ga§ﬂ1l@ﬂr gﬂgmedgtgﬂcal'ﬁnﬁrek R@srshted insa

ual to i

%ﬂﬁ%mﬁ'ﬁugﬁf& %aq?%w ﬁmﬂgagrgsﬂ Méthed-iaminoya-flugro-3-[6-(4-
ol s s e i o s, 029
Omed), ahd theeyeilowrsahdwasosqﬁpendedInP95P/aetl'mn:®l @00 mhyeand
SRS 1S e e ke Be T Ak G P i s then
OMEAted tBed g@ﬁtlé’f'efl& (b rafuretyr o'iEP'?B‘SGq With %ﬂFrP@ over a

i nt ernal nperature at 25-35C (1 n one alternative,
t _perlodaaf:about 1 hounnilive reattion WA emdstivesd:for i46- Al ddoutes while

in.,5 Th i ck h
atliBeo AR oY, S be R e RS ek At the,
CONSISERFENn Was dIRRRJTBRIBFRFa ‘f\éﬁbeﬁatér‘eséﬂ .’ié-@b"@n The suspension

apparatus and solvent was renoved by distillation
( wasuhen ﬁﬁea&dymplrtbe ifitter pad M@shmhwlswan\wtee& x 580 mL). The

f d,.
oyl S800 ks Hen et A BineaRay RE B n 2ot oven at
PEOAC N & 'E:oh%tan%?g’ht@a@%tmﬂed"@ﬁpléélﬁm @‘HQ@Q) i@ obtih 97.2 g

reaction '€ mal ntalnin t er nal
t éQﬁaE?/ﬁtoirtl&xe atrifled poodict aba yeilaw powdet. xt ure was t hen
stirred at 20-30 C for 30 m nutes before cooling it to



an internal tenperature of 5-10 C and then stirring

for 1 hour. The resulting suspension was filtered, and
wao b@sokeask and filter cake were washed with waP€r/USB0XK037051

650 nmL). The solid thus obtained was dried to a

const ant wei ght under vacuum #i6-50 C in a vacuum oven

to provide 103.9 g (42.6%yield) of 4-

anmi no- 5-f | uoro- 3-[ 6- (4- net hyl - pi perazi n-1-yl) - 14 benzi

m dazol - 2- yI] 1 Hqui nol i n- Exasmglea® a yel | ow powder.

P:Epcedure

repafaiien of b%ﬁg&&f'ﬂ saltof 4MMrf|ﬂlilG@z§+[6£(4ym}gﬂude
ti Lyl - dy | an
2 A AEind ooty s BimbieA o)) L ¢
charged into a 4-neck L flask segfed\on A hyating
mantle and fitted wi fh aYfondgnsa p
stirrer, gas inlet, 3 ef at wr-e“pr obe—The
reaction vessel waf ge\ol\vvithﬂN , and toluene (7.7
L) was charged int¢ g reggtion mxture while it was
stirred. The reaction vedSel “avas again purged with N
and mai ntai ned under N . The internal tenperature of
the m xture was raised unEiD,IL-Laaﬁct\cenperature of 63 C

(+/- 3 C was achi eved. Thé&ohnioer nal tenperature of
the m xture was mai ntai negd at 63C (+/- 3C) while
approxi mately 2.6 L of toluene was distilled fromthe
flask under reduced pressure (38 - torf, distilljng

U)ﬁ‘l

head t = B0 G (+/ g, C 2 X er nal ypi s wag used
to check the wate th tur f the¢ water
cont ent ] O 03% then M not he L. lof

t ol uene ed apd dHStI Ilati on was riepeat gd. Phi s
process * u il a water content ofoHess
t han 0. 03A>vvas ac |eved) After a water content of
| ess than=54- 0.03% was reached, heatin

g. elr Egle 3@?‘;{%@8@% ij%ﬂﬁé'adﬁﬂ 5%8‘@'%§§Ltl§fﬁqwnh a condenser
t abelmpéraiare Eroﬁéca(%s imlekHand 3 rﬁ@cl‘ﬁéhlcﬁl diitrefP @ reaction

pot assi um t - but oxi de) was then ad
vessel was purged with N2 for at least 15 mlnutes and then charged with 4-

amino-5-fluoro-3-[6-(4-methyl-piperazin-1-yl)-1H-benzimidazol-2-yl]-1H-
quinolin-2-one (484 g, 1.23 mol). A solution of D,L-Lactic acid (243.3 g, 1.72
mol of monomer-see the following paragraph), water (339 mL), and ethanol
(1211 mL) was prepared and then charged to the reaction flask. Stirring was
initiated at a medium rate, and the reaction was heated to an internal
temperature of 68-72°C. The internal temperature of the reaction was
maintained at 68-72°C for 15-45 minutes and then heating was discontinued.
The resulting mixture was filtered through a 10-20 micron frit collecting the
filtrate in a 12 L flask. The 12 L flask was equipped with an internal
temperature probe, a reflux condenser, an addition funnel, a gas inlet an
outlet, and an overhead stirrer. The filtrate was then stirred at a medium rate
and heated to reflux (internal temperature of about 78°C). While maintaining
a gentle reflux, ethanol (3,596 mL) was charged to the flask over a period of

about 20 minutes. The reaction flask was then cooled to an internal



the reaction under N at a rate such that the internal

tenperature of the reaction was kept below 20C. After
w@dasoieseo of the potassiumt-butoxi de was conpP@r/@s20041¢37051

reaction was stirred at an internal tenperature of

| ess than 20 C for 30 m nutesg7-The tenperature was

then raised to 25C, and the reaction was stirred for

at least 1 hour. The tenperature was then raised to 30

%em"fit%g%ﬂ?%ﬁ ﬁ@ﬁg'ﬂ%% %8utsé Fhed V\];lﬁ)ﬁ 45. id’)e@?rﬁutég and this

ctl1on was hen nDnl ore

clempeshivos wasi mguitﬁh@d for @ bendid bb abooﬁp]&(m m:mlutes dfhet reector
In 2-3 hours

startin @ rial |caII
ovas insRechret for ciylalhebne g were eg%sqmaﬂ@eo osy/stabz of the

r O t 4 2
Hagf deidfaeidr4- %"%'E@Sqfﬁ.ﬁ@%l% Ot pRTRARL Ryl
tbemmm}daxel 2] tldepainelin-2-onier(d 84 angl 0. henpledbpweravadded to the
C Iet until. HPLC s d th e action ,
s, hd thoeantionuss Stieed ghbaao bl TSP etow again
Wﬁéﬁéc’c h@q%%# fbPc V\QE%I@ Drnbs%ry”sﬁél%tw&% FSFe§éle &tirrib Pw?s
reacti o rrred to an 1 nternal terrperatur

5@dGcead do aHewThie and tht stactibe dvasvstirrgchdindd-78°C ftwyan additional
vol une) under reduced pressure fromthe reaction

P& inwesydihe regstien was\then cagleddaalwul 03B \aveE atReriogof
S oD g R AR 88 g by g 2580 fror

| feigtet! filkehoThe réhetomves washsaiswith etharidl {484emhL) and dtied until
filter cake was washed with i

.2 , h 70%
ehRdRiEral femperatuzmwagi aoubgiBe inerisid eifg@owaswf@do to wash
e 5ke AT B e MERE Y (Rt
M@dldﬂb&@dﬁed to oo r$targ wisighioat(RB CAdearfvachandiasa wacUum oven

yleldmg 518.7[6:(8517 %k he pivstaling veliow lactie acisksalt af 4rayno-5-
o?l?orxld-[el-ﬁ-%tﬂﬂlé iBarazirR 1§1)- AtbesiRbg o2 FHITH-4EMoliRD-one.
4A Aobber- darhl aronert 3oh6itiors werd YWpigallyessexl during/the-filtrbiory
! g;o%ggs? While the dry solid did not appear to be very hygroscopic, the wet
filter cake tends to pick up water and become sticky. Precautions were taken

to avoid prolonged exposure of the wet filter cake to the atmosphere.

[0096] Commercial lactic acid generally contains about 8-12% w/w
water, and contains dimers and trimers in addition to the monomeric lactic
acid. The mole ratio of lactic acid dimer to monomer is generally about
1.0:4.7. Commercial grade lactic acid may be used in the process described
in the preceding paragraph as the monolactate salt preferentially precipitates

from the reaction mixture.

[0097] It should be understood that the organic compounds according
to the invention may exhibit the phenomenon of tautomerism. As the
chemical structures within this specification can only represent one of the
possible tautomeric forms at a time, it should be understood that the invention



2-yl]-1H quinolin-2-one [0094] A 3000 L 4-neck flask
equi pped wth a condenser, tenperature probe, gas

WO piosigesand mechani cal stirrer was placed in aPtiEES2004037051
mantl e. The flask was then charged with
4- am no- 5-f | uor 0~3- [ 6- (4- -58-
nmet hyl - pi perazi n-1-yl)-1H benzi m dazol - 2-yl ] - 1H qui nol
in-2-one (101.0 g, 0.26 nol), and the yellow solid was

S
SHSRTAGEG e A ARIHERE ot Gl MRl AeRTE, tre
t tempbead Beving the gemadila [MBfis showh defmy alithr sheofauddinet,
7£C% mﬁtq tirring over a period of about 1 hour. The

aute § then stirred for 45-75 minutes while
refluxed. At this point, the heat was renoved fromthe
flask and the suspension was alloyed to . cool to a
tenperature of 25-30 C. The suspeqsi
filtered, and the filter pad wa )P s
x 500 nmL). The yel |l oW solkd en placed in a

[ i ed i NP um oven at 50 C until a

bd (typically 16 hours) to
obtain 97.2 g (96,.2%_-6 8¢ purified product as a
yel | ow powder . - 56- anpﬁe 6’ Preparation of Lactic
Acid salt of 4-Am not5- quoro 3-[ 6- (4-net hyl pi per azi n-
1-yl)-1H benzi m dazol - 2- yI] fH—qU|noI|n 2-one
D, L-Lacti oAcid EtOH, H O OH [,0095} A 0 4-necked
jacketed flask was fitted with ongenser, a
tenperature probe, a N gas inl H\a/ﬁechanica
stirrer. The reactiof ve¥sel) urged with N for at
| east m nutes and.i he
am no-5-fl uoro- 3-[ § et yI -'bi perazi n- 1-yl ) - 1H benzi
m dazol -2-yl]-1 Hg Y. ’

constant wei ght wag

Tautomer I1IBa

Other tautomers of the compound having the formula 111B, Tautomer IllIBb

and Tautomer lllIBc, are shown below:

)
\

F NH, HN
H SN \N H
H N o}
H
Tautomer IIIBb

F NHa  HN
H x = H
S
H N OH

Tautomer IIIBc



2-one (484 g, 1.23 nol). A solution of D, L-Lactic acid

(243.3 g, 1.72 nol of nononer-see the follow ng
waroagsaEph), water (339 nli), and ethanol ( nlL)P@EES2004/037051

prepared and then charged to the reaction fl ask.

Stirring was initiated at a npgliumrate, and the

reacti on was heated to an internal tenperature of

68-72C. The internal tenperature of the reaction was

' i ned -72.C for ,15:45 m.nut e nd then ..
RioBBR " oes e SBntER ol QRctr REfR Pt B abpichtions and
f jolutredl edtidiés eied aao\l@a?é)héiecqucér[)btatéeIldya@féreacé Rerein and
filtrate in a 12 L flask. The 12 fl ask ‘was equi pped

wior gl puirpenas el fulbngalfartaintheiroeireties.ef | ux
condenser, an addition funnel, a gas inlet an outlet,

a over i £ : e LI red
Rttt nal e mbphfcH & MR ioth

t empoedmtents set fatiohéerenBfoE)illusiatibe, el ernbradesqllbsupbrfotras
reflux, ethanol. (3,596 niL s .char.ged, t.0 the flask
ey a5 R R pooRs oh R WA G on 11 ask
was then cooled to an internal-57- tenperature ranging
fromabout 64-70 C within 15-25 mnutes and this
tenperature was mai ntained for a period of about 30

m nutes. The reactor was inspected for crystals. f no
crystals were present, then crystals of the lactic
acid salt of

4- am no-5-fl uoro-3-[6-(4-nethyl-piperazin-1-yl)-1 -
benzi m dazol - 2-y!]-1H qui nolin-2-one (484 nyg, 0.1 nole
% were added to the flask, and the reaction was
stirred at 64-70 C for 30 mnutes before again

i nspecting the flask for crystals. Once crystals were
present, stirring was reduced to a lowrate and the
reaction was stirred at 64-70 C for an additional 90
m nutes. The reaction was then cooled to about 0 C
over a period of about 2 hours, and the resulting

m xture was filtered through a 25-50 mcron fritted
filter. The reactor was washed with ethanol (484 nlL)
and stirred until the internal tenperature was about O
C. The cold ethanol was used to wash



the filter cake, and this procedure was repeated 2
nore tines. The collected solid was dried to a

W@ owsarsho wei ght at 50 C under vacuum in a vacPUhUS2004037051

~ N o A W N
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yielding 510.7 g (85.7% of the crystalline yellow

| actic acid salt of 4-am no-5-
fluoro-3-[6-(4-nethyl-piperazin-1-yl)-1

H benzi m dazol - 2-yl ] - 1H qui noli n-2-one. A rubber dam

or inert conditions were typi 68t | y used during the
filtration process. Wile the dry solid did not appear
to be very hygroscopic, the Cl.AiM él |ter cake tends to

pi ck up water and become st | cky. Precautions were
tm@@aém@ﬁjés prol onged exposure of the wet filter

cake to the atnosphere. [0096] Commercial lactic acid \
general | y cqnt ai nSmalol offl hiaathiny WS Ristin Bl of AL BbMRuted
dimers and trimers In ad onto he nmononeric IC
abedzinitezatyl qelinainoneafonzatrid; campﬂlsmgmeabbngnrfaa’emompound

Beinadh BBty s Reconceambonnd bavisdRe forda'iFin a

PEGRASIE BOIVRAT AOthRNStedEnéd 6f ﬁ%BGiuﬂ?bﬁbSta%@ldm salt of a base to
preferentially precipitates fromthe reaction m xture.

[ powide a reactiandpiedughenprisiog théhenzimidazeuquinolinone

[ t Lhit the
o ORBHIA3 P BERIA ISP phitPolBY ERY' BR R Enf e e the
widlioiwing bﬂrgctan;g:lfl cation can only represent one of
the possible tautomeric forms at a tinme, ity should be
understood that the invention-5§ encorrpas es any

tautoneric farm ofl_t hecdrawn stf uct ur & :
t he conpound h3 e for AUl a\1MBi ] &l ow wi th

@'
t aut oner s of _iHe~gaAs

one tautoner, T pr Hl Ba: B Tautoner O her
| d havi ng t he N-Or nv VB,
Taut oner IIIFBb and Tautomer 1111Bc, Hire shown beI oW
R? Rg
1 I

wherein

R', R? R®, and R* may be the same or different and are
independently selected from H, CI, Br, F, I, -OR™ groups, -NR"'R"? groups,
substituted or unsubstituted primary, secondary, or tertiary alkyl groups,
substituted or unsubstituted ary!l groups, substituted or unsubstituted alkenyl
groups, substituted or unsubstituted alkynyl groups, substituted or
unsubstituted heterocyclyl groups, or substituted or unsubstituted
heterocyclylalkyl groups;

R® R® R’, and R® may be the same or different and are
independently selected from H, Cl, Br, F, I, -OR™ groups, -NR"R"® groups,
-SR'® groups, substituted or unsubstituted primary, secondary, or tertiary alkyl
groups, substituted or unsubstituted aryl groups, substituted or unsubstituted
alkenyl groups, substituted or unsubstituted alkynyl groups, substituted or
unsubstituted heterocyclyl groups, substituted or unsubstituted



N H Taut oner MBc-59- [0098] The contents of each of
the patents, patent applications and journal articles

W@ Raosm4@Ebove are hereby incorporated by referePCBUS2004/037051
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24
25

26

27
28

29
30
3

[y

32
33
34
35
36
37

38
39
40

41
42
43
44

45
46
47

herein and for all purposes as if fully set forth in
their entireties. [0099] t is _understood that the

invention is not limted to the enbodi nents set forth
herein for illustration, but enbraces all such forns

t.h i .t hi h f . fal |l ow
HEpfeYeRRISRTo s ShEst e pERFulbsrbite hexgfBHorgurs.
BUbisfigfed ongnsulsstivsted sty fikylLdidups  ort siirtituted or

benzi m dazol yl qui nol i none conpound, conpri sing:
sty hetesecychripaiaiey! 95QURfg the fornmula with a

second conpound having the fornula Il in a suitable

sol vent 11 2 Resdleasgltfsin CoReespUbeTPENRORS b Sl |

of a base to prov a reacti uct conpr d the
benzi m dazolé/al_ qui nol i none conpound, wherein the first
conpound arld™tiba@anssobdtivded alkytiotoapdaving from diw Bgarbon

structures R7 || ..wherei gB(;IFP,QCI'-\’Z R3, and R4 nmay be the
saom@so?ncﬁsf%%eﬁe@hf\glﬁoa 'é& imdé8ent 1y sel ected from
Hd, Br, F, , -ORL0O groups, -NR R12 groups,
substi t ut edR¥rarnREosel ihdégshdurityeseiectee Gront ansubsiituted alkyl
tertiary al kyl groups, substituted or unsubstjtuted %a
rpupg haung, frampisia § gadwnaAtoneseiare Ralh @épsgrkédys a —OR
%r%ps, substituted or unsubstituted al kynyl groups,
Stituted or

R'® and R'® may be the same or different and are independently
selected from substituted or unsubstituted alkyl groups, substituted or
unsubstituted aryl groups, substituted or unsubstituted heterocyclyl groups,
substituted or unsubstituted heterocyclylalkyl groups, substituted or
unsubstituted alkoxyalky! groups, substituted or unsubstituted aryloxyalkyl
groups, or substituted or unsubstituted heterocyclyloxyalkyl groups;

R' and R" may be the same or different and are independently
selected from substituted or unsubstituted alkyl groups, substituted or
unsubstituted aryl groups, or substituted or unsubstituted heterocyclyl groups;

R and R'® may be the same or different and are independently
selected from substituted or unsubstituted alkyl groups, substituted or
unsubstituted aryl groups, or substituted or unsubstituted heterocyclyl groups;

and

R'® is selected from substituted or unsubstituted alkyl groups,
substituted or unsubstituted aryl groups, or substituted or unsubstituted

heterocyclyl groups; and



unsubstituted heterocyclyl groups, or substituted or
unsubstituted heterocyclyl al kyl groups; R5 R6, R7, and

wR0smyeshe t he sane or different and are i ndepre®©s1004037051

48
49
50
51

52

N 0

[\

[\

selected fromH, d, Br, F, , -OR13 groups, -NR R15
groups, -SR16 groups, substituted or unsubstituted
primary, secondary, or terti a@%r al kyl groups,
substituted or unsubstituted aryl groups, substituted

SLSSB:;J |bf th ﬂhgfjwﬁ'ﬁﬁﬂév%gﬂﬁé’tﬂgt@ﬁ blf’[ﬁ“&g @Eeé) benzimidazolyl

WEHBSUNd igteEomBbane huving th@rf@Hﬁéila |H Ve téraer of the
unsubstituted-61- heterocycly tkfb‘y gr oups,
)Zfbﬁl

scmspwrm bavics tum sl fitied’ %al crampogmdwmg the formula

e T

groups Zis selected from- groups or - NR R groups;

R is an unsubstituted al kyl grouRshaV| 9 from1l to 8
carbon atoms and is absent if Z is\a -( NR R group; R
suhstituted
/tons or are

d R13 may be

by sel ected
fromsubstituted ™ L Ml kyl groups,
substituted or unsyp groups, substituted
or unsubstituted bhet oroups substituted or
unsubsti t ut ed héteroc‘clylalkyl groups, substituted or
unsubstituted al koxyatkyl groups, substituted or
unsubstituted aryl oxyal kyl groups, or substituted or
unsubstituted heterocyclyl oxyalkyl groups; R11 and R14
may be the sanme or different d are independently

sel ected fromsubpstituted or unsubstituted a
gr oups, subdt it uf bg negthod of claim 1, wherein R

is selected from H, Cl,

Br, F, orl.
3. The method of claim 1, wherein R is F.
4.  The method of claim 1, wherein R?, R%, and R* are all H.
5. The method of claim 1, wherein the first compound is a

compound having the formula IA having the following structure

F

H CN
H NH,
H
IA
6. The method of claim 1, wherein at least one of RSorRis

a substituted or unsubstituted heterocyclyl group.



unsubstituted aryl groups, or substituted or
unsubstituted heterocyclyl groups; Rl12 and R15 may be

wo b@ssase0 or di fferent and are independently sPCEUS®A4/037051

fromsubstituted or unsubstituted al kyl groups,
substituted or unsubstituted ﬁé groups, or
substituted or unsubstituted tferocyclyl groups; and
R16 is sel ected frontsubstituted or unsubsti t ut ed

al kyl group r 6 7
groups, or Zubst ﬁ?‘ute {hgg cﬁr%élu éf.'rezﬁ ﬁﬂ?éﬁgc 0crIF\;/Ilsa

gsobtituteainat-BBUbtitutde hetdnecyeiyl gtrdmlp antshe bttte&d)f(Re orR’isa
g(s,ubst i tuted benzi m dazolyl conpound is a conpound

ing the formula I'll, is a tautoner of the conpound
having the fornmula Ill, is a salt of the conmpound
havi ng the Bor muTAelrhbtholloficaifh $akherein bﬁ@o‘fﬂgt&'ﬁrtsa
of the conpound having the formul'a 1l R8 R ||

meubgiituied @ unswbsti betereayalyd gseur selegted immm squstltuted or

Shos st s R 18R ciniai ol e sPedpholifiigrpde.

H 5. The nethod of claim, wherein the first conpound

is a conpoudd hawheqnétmedfafrolalies,|whévair ogeofiR® or R is a
fol ] owi ng struc The rrethod of claim, wherein

ur.e 6.
ﬁub%tﬁﬁtedo?féﬂtﬁ“%%t%@d RIperazigylQiguRri t ut ed or
unsubstituted heterocyclyl group.-63- 7. The nethod of

claim, whergin qpe RAEHGE Srcldih gswﬁer%tlbéhétdﬁ'i-‘\@%r@7 is an N-

unsubstltuted heterocyclyl group and the ot her of
onalkRlpiperazinyl group.

11.  The method of claim 10, wherein one of R® or R” is an N-
methyl piperazinyl group and the other of R® or R” is an H.

12.  The method of claim 1, wherein the second compound is

a compound having the formula lIA or 1I1B

RS RS I/\N/
‘0 0 \)

H N
R%0 N R%20O N
‘<_‘</ ‘<__</

” r\(/\’ H H

Rg

IIA 1B

and R®, R%, and R% have the values defined in claim 1.



H 8. The nmethod of claim, wherein one of R6 or R7 is

a substituted or unsubstituted heterocyclyl group
w@edosotesdo f rom a substituted or unsubstituted PCT/US2004/037051

pi peridi nyl group, piperazinyl group, or norpholinyl

group. 9. The nethod of clai ;%43 wherei n one of R6 or

R7 is a substituted or unsub tut ed pi perazinyl

group. . The nmethod of claim9, wherein one of R6 or

R7 is an yI : h f .
L cl aim 10, N\?jnéér ein ﬁLeqrﬁ;(ﬁ“é# ?@@‘ﬁ h;eielﬁﬁggﬁgﬁgng%o%pound 1S
2 [ pempouny lhagimgupedormtladi@ohdD of R6 or R7 is an H.

12. The method of claim1l, wherein the second conpound

is a conpound having the formula HA or B P R A B and

R5, R8, and R havetthe val ues defi ned in clabm.-g4- °N

, Wher ei n/j ’he second corrpw
e for e P~ RGD

or ™

vv- R is a strakg 0
branched chai ri aI kyI group spl ected frofh net hyl ,
ethyl, propyl, buty,6 peaqty N i propyl, s-butwl, or
t-butyl gr oups. ‘

3 1c 11D

4 where R% has the values defined in claim 1.

1 14.  The method of claim 13, wherein R* is a straight or
2 branched chain alkyl group selected from methyl, ethyl, propyl, butyl, pentyl, i-
3 propyl, s-butyl, or t-butyl groups.

1 15.  The method of claim 14, wherein R% is an ethyl group.

1 ‘ 16.  The method of claim 1, wherein the suitable solvent is
2 selected from a dialkyl ether, a cyclic ether, an aromatic solvent, or a

3 combination thereof.

1 17.  The method of claim 16, wherein the solvent is

2 tetrahydrofuran.
1 18. The method of claim 1, wherein the solvent is toluene.

19.  The method of claim 1, wherein the sodium or potéssium
2 salt of the base is a sodium or potassium alkoxide.

1 20. The method of claim 19, wherein the sodium or
2 potassium salt of the base is potassium t-butoxide.

21.  The method of claim 1, wherein the sodium or potassium
2 salt of the base is a sodium or potassium bis(irialkylsilyl)amide.



15. The nethod of claim 14, wherein a is an ethyl
group. 16. The nethod of claim, wherein the suitable

waolosemsss s sel ected froma dial kyl ether, a cRCI/U82004/037051

v B W N = AW =

[y

ether, an aromatic solvent, or a conbination thereof.

17. The nethod of claim 16, rein the solvent is
tetrahydrofuran. . The nethod’of claim, wherein the
solvent is toluene. . The method of claimwherein the

4 ! ' a .
ot assl um ek ox; B8 Bhba B ol 235 Wheréindng QI 8f
Vputsesiamt bis((saly sy pardetia sodum bis(rirusthy iy sl on
ot.assi um t - hut oxi de. . t im,
\?@fétf"%‘?'HmtWé(tgmﬁ?ﬁ(ﬁﬂ?'&')aﬁﬁf'ﬁssieumesalot gf fh:l [Jnase is a

sodi um or potassium bis(trial kylsilyl)am de.-65- 22.

The nmethod 2§ cl fh@rethodBEERIM 160 furlits ddMBising adding the
potassium bis(trialkylsilyl)am de is sodium
adivmi erencigssiumysalbef the basepgo eavsstuie of the first compound and

b$
rAptseP R ot 3 SRR ol BRET, o7 pot acs um sal ¢

of the base to a mxture of the first conpound and the
second conp4ind The hhethsdicteddal £ velgreinthe sbéliurilor potassium

FR BHEE Hasa s tusAntin an Aragthal T 2G4 SMIBAEHES it respect
' 1§ nmol ar quantit f th
s IERl SushfY SRR oo & T et ein ¢ he

sodi um or potassiumsalt of the base is present in an
amount of f2%m 2The naetbqdiof glaimts wherainthemastium ®rpedassium

rrgel\fl of t%lé%nés'eti p%sén Sin %ﬁ"a%‘gurﬁoéf%ﬁlﬁ‘ ‘i to 4 equivalents with respect

to the molar quantity of the second compound.

26. The method of claim 1, wherein the second compound is
present in an amount of from 1 to 2 equivalents with respect to the molar

guantity of the first compound.

27. The method of claim 1, further comprising adding the
sodium or potassium salt of the base to a mixture comprising the first
compound, the second compound, andthe suitable solvent at a temperature
of from 15°C to 50°C.

28. The method of claim 1, further comprising (a) adding an
aromatic solvent to a reaction flask to provide a reaction mixture comprising
the solvent, the first compound, and the second compound, (b) distilling a
portion of the aromatic solvent from the reaction flask, and (c) repeating (a)
and (b) until the water content of the reaction mixture is less than 0.05%.

29. The method of claim 1, wherein the second compound is
placed in a reaction flask and dried by (a) adding THF to the reaction flask to
create a reaction mixture, (b) distilling a portion of the THF from the reaction



26. The nethod of claim, wherein the second conpound
is present in an anmount of from1l to 2 equivalents

wowdk/osasspect to the nolar quantity of the firBECT/US2004/037051

conpound. 27. The nethod of claim, further conprising
addi ng the sodi um or potassiupsalt of the base to a
m xture conprising the first "¢onpound, the second
compound, and the suitable soI vent at a tenperature

\J I :
g{l)efnépk??}él&l 8%@3“@@ (a) Qﬁd romagl ? wal Vdegrrlitterﬁt%fgﬁg?eactlon
r eadtieos Ié$satﬂart@>5% OVI de a reaction mxture
conpri si ng the solvent, the first conpound, and the
second conp b) still ortion of
aromatic so ent T&pépﬁ%ﬂgoIfé;!;érg-@negartlégrkcorgﬁrdsmg)repeatmg (a)
F e a8) Wretil é8 wamst ddwtemrafltrhe rdrctivataxi@ans s tﬂbntd?%qual to

reaction mxture is less than 0.05% 29. The net hod of

3 c0&@%n , wherein the second conpound is placed in a

A W W N

[SeEY

(S8

] SN it B W

reactlon flask and dried by (a) adding THF to the

reaction flagk t r t

distilling g?porﬁpgrﬁ%bgg%f C%ﬁ—'l‘é 1‘ épfeﬁ-fﬂ‘lie:saecc%)hgnco&pound s

f tdedk by arta) ﬁﬁ)mg dpesecongl ¢anhpounth Wlith amoiganidsolveritdo form a

t ent the reaction m xture is

TRt HBY oo e 'onfqﬁrﬂe%erg%ﬁﬁpﬁsnﬁﬁ Payide the gried

( J

recqREdbpRY! (o) bpfoty HonbaN B 55ld () enbRiehof adgitional

oﬁmetsaami (d)/mmomawmhrymgdbadnedmond cosnpirunsdbbpeating it
1)1 m Xi n t he second conmpound with an organi c sol vent

tU ‘F%rr"i‘nﬁ Wiution; (b) renoving a portion of the

organi c solvent to provide the dried second conmpound;

(c) optionaBpy rapeahéigd(ct)ciamd (\mer@nethyﬂrsbcmpound is
additional tines; and (d) additi onal Iy f¥ engot he

dreasied withrihe 666pBd SaMPPURE 4f thﬁgprqsence 0 dium or

potassium salt of the base for a period of from 30 to 360 minutes.

33. The methbd of claim 1, further comprising mixing the
reaction product comprising the benzimidazolyl quinolinone compound with

water to provide a quenched reaction mixture.

34. The method of claim 33, further comprising filtering the
quenched reaction mixture and washing it with water to provide a collected

product.

35. The method of claim 34, further comprising (a) mixing the
collected product with ethanol to provide an ethanolic mixture of the collected
product; (b) heating the ethanolic mixture of the collected product for a period
of from 10 minutes to 180 minutes at a temperature of from 40°C to 78°C; (c)
cooling the ethanolic mixture of the collected product to a temperature of less
than 40°C; (d) and filtering the cooled ethanolic mixture of the collected
product.



under a vacuum 32. The nmethod of claim, wherein the

first conpound is reacted with the second conpound in
w0 b@spsassence of the sodi um or potassium salt PET/URM04/037051

base for a period of from30 to 360 m nutes. 33. The

met hod of claim, further con%gi_si ng m xing the

reacti on product conprising t benzi m dazol yl

qui nol i none conpound with water to provide a quenched

reaction m re.ud of i L f
1 conprising ﬁtﬁf t er?%r:égmte @%qﬁ%ﬁga’ WQ%@’# %éﬁnegj(%ﬁﬁé%m
2 wggivialigohe oongoundtis prémarpddn addeld grobies thart 40 et

35. The nethod of claim 34, further conprising (a)

i xing th | d d i th ethanol to i d
g1nX|etn %anolei %Q/Jm it J}%é“ggh%dﬁéftfé%'“m dc %BSBH\PEF,JQ?WV?I)"‘CE”Q a
heatriptundteaiid toloruE K Wite aqéorﬁb@uﬁ‘cphhﬁﬁ%]@ﬂge RS to

1

2
for a period of frommnutes to O mnutes al :

3 t empraratthe seepnd comppond, wheredn the cempegad ihayingdbe formula IV

4

e [ ' t .

¢ anaae chrPoirt e oA Y e dhe Wb shyctures
cool ed ethanolic mxture of the collected product.-67-
36. The nmethod of clim, wherein the benzim dazolyl
qui nol i none CErnJound I's prepared in agyi el dHgkeat er

t han 40 percent ™\ : thod of cl@gim, |[further
conprising reacti ¢onpound hayj la 1V
with a conpound I gl he fornuIRgOV to prepa‘?r% t he
second conpouHsl” whef’ei n"R’he conmpound havi ng t he
formula IV and the cionpound having the fornmula V have
the fol l owing structfres, o N X R OR

5 v Vv

6 wherein the variables R® R®, R, R, and R% have the values defined in claim
7 1 and X is a halogen atom selected from F, Cl, Br, or |, or is the conjugate

8 base of an acid.

1 38.  The method of claim 37, wherein the compound having

2 the formula IV is a compound having the formula IVA
)

H

HoN H

H2N | O
3 IVA

39. The method of claim 37, wherein the compound having

N

the formula V is a compound having the formula VA



H N R7 wherein the variables R5, R6, R7, R8, and R
have the values defined in claiml1l and X is a hal ogen

watosioseshbected fromF, C, Br, or , or is the pOnpsmyai/e37051

o WD =

—

base of an acid. 38. The nethod of claim 37, wherein
t he compound having the for rruééx IV is a conpound
having the formula I VA H N 39°°The net hod of claim 37,
wherei n the conmpound having the fornula Vis a
conpound having the fornul & VA-6&Hd HO Et OEt VA 40.
The met hod of claim 37, whgfein ffhe conpound havi ng
the formula IV is reacted h conpound havi ng the
formula V in an al cohol®€ol vent at %h internal
tenperature of from30 Cto 70 C for a period of tine
of from45 mnutes to 240 m ni&Ss to prepare the
second conpound. 4 . The nethod of claim 37, further

conpri si ng _Bfg_duc"frH? rﬁetESg%?grégpo uiy\g}‘ﬁétr%methéaﬁ'p%ﬂm\g Raving

VIB, or a mi xture thereo e CO
hitne fogmutzel f isrreatctedIWiththd camnpbéndihdvingdhe domalbla &5inRin

ot e et AP TFEIPBT AR B o 3065 e 1653 period of

Cial ofFforAuS rirfited B 24 HHRuUES o pREFUIEARE Ba¥OAW chbound.
formula VIA, the

41.  The method of claim 37, further comprising reducing a
compound having the formula VIA, VIB, or a mixture thereof to produce the

compound having the formula IV

RS RS .
O.N R® H.N R®
HoN R’ O.N R’
R Rs

VIA VIB
and the variables R®, R®, R”, and R® have the values defined in claim 1.
42. The method of claim 41, wherein H; and a hydrogenation

catalyst are used to reduce the compound having the formula VIA, the
compound having the formula VIB, or the mixture thereof.

43. The method of claim 42, wherein the hydrogenation

catalyst comprises palladium on carbon.



conmpound having the fornula VIB, or the m xture

thereof. 43. The nethod of claim42, wherein the
whyasogspat i on cat al yst conpri ses pal | adi um onPCT/US2004/037051

carbon. -69- 44. The nethod of claim4 , wherein the

conmpound having the formula VI Aqis a conpound having

the formula VIC or VID and/ or e conpound having the

formula VIB is a conpound having the forrrula VI E or

IVIF ON O N 4N Hrpb mhdheh N
cI m 44, wherein R6 anhQId??fgrdg'nAgI ecte fﬁ?ﬁbg%rﬁgound having

2g ot adV 6y isimeenppound hauingdhe formyalaw 1 Coorodis and®r the

e 18 e I g Bl g e o

4 pi'YBT azi nyl groups, or norpholinyl groups. 47. The
met hod of claim46, wherein one of R6 or R7 is an
Nal kyl pi perazinyl group.-70- 48. The method of claim
47, wherein one of R6 R7 is an Nnethyl piperazinyl

f otimul a VI C,

e formula VIG

VID, VIE, or VIF is a ound haV|

or VVHHHONHN 49 et hod of 48, wherein
t he conpound redudet H o HN R7
H H
VIC VID
H H
HoN R® HoN H
0N H O,N R7
H H
5 VIE VIF
1 45.  The method of claim 44, wherein R® and R’ are selected

2 from substituted or unsubstituted heterocyclyl groups.

1 46.  The method of claim 45, wherein R® and R” are selected
2 from substituted or unsubstituted piperidiny! groups, piperazinyl groups, or

3 morpholinyl groups.

1 47.  The method of claim 46, wherein one of R® or R is an N-

2 alkyl piperazinyl group.



to provide the conpound having the formula IV is the
conpound having the formula VIH 50. The nethod of
w@b@souesd) further conprising reacting a conmpoREIUS2004/037051
having the formula VII with a conmpound havi ng the
formula HR7 or a salt thereof 7t prepare the conpound
having the formula VIA, VIl wherein the variables R5,
R6, R7, and R8 have the values defined in claim1 and
Y is select fr ; Q
: cl ai m 50, vmefe?r ei ﬂﬁeﬁgeﬂondggﬁﬁémg’% wﬁ@%ﬁ%ﬁwgrﬁﬁa‘or\ﬁl is an N-
2 smathvbwp@tﬁmm@ww@sumthmmbarrmbuAdchaVing fBeGohinialVIC,

3 el EVIE B i et 5 sibed e femrwBo B i "

group. 53. The et hod (&'m 52, wherein R7 IS an

N-al kyl pi perazi nyl group 54. The method of claim52,
wherei n R7 ¢8.an A
a compound havi
met hod of cl ai p

e fornmula HR (a) (a). 55. The
wherein the conp N having the
formul a VI IHa#aNd | f

{ul\a HR7
are reacted at a tenperature of from J0O CT\gall/O C for

a period of from?2 hours to 24 hours to pre dhe
4 conpound having wie fornmula VIA -72- VIH

49.  The method of claim 48, wherein the compound reduced
2 to provide the compound having the formula IV is the compound having the
formula VIH.

50.  The method of claim 41, further comprising reacting a
2 compound having the formula VIl with a compound having the formula HR” or
a salt thereof to prepare the compound having the formula VIA,

R5
02N R®
HyN Y
Rs
4 VI

5 wherein the variables R®, R®, R’, and R® have the values defined in claim 1
6 andY is selected from Cl or F.



56. The nethod of claim, wherein the benzi m dazol yl
gui nol i none conpound is a conpound having the fornul a
wo dAs/0uEs9@ t aut oner of the compound havi ng t hepdDUS20b&037051
INA, is a salt of the conpound having the formula | HA,
or is a salt of the tautoner t he compound havi ng
the formula IMA and R7 is a substituted or
unsubstituted heterocyclyl group H A 57. The method of
] Claim 56, wagrei ‘Th87méfho€ o?t&?ﬁm S0!tveserein tHesstifibblnd Rbving

het erocycl yl” ‘group selected from a substituted or

2 utisifesmiutaiVilds piguenpalind/haing thy fasmpda ¥HAQN ViBoup, or
nor phol i nyl group. 58. The nethod of claim57, wherein
R7 is a substituted or yunsubstituted Nual kyl

pi perazinyl group. 59. |The nmethod of cI aim, wherein

t he benzi m dazol §iNqui-nalirbne cofp 5 conpound
having the fornula N||B, is a tautone t he compound
having the fornula LMB, ks a salt o conmpound

havi ng the fornuHa | HBYOr i§ a sk t he tautoner of

the conmpound having the formula I HB-73{ B 60. The

nmet hod of claim59, further conprising reacting the
3 benzi m dazol yl qui nol ivipae conpound WVIMBI actic acid

to provide the lactic acid salt of the benzi m dazolyl

1 qui nol | nones‘?o”p%dmegod dﬂ?ﬁlﬁ?gﬁo\ﬁhéfei :iéT}aGaQrbstituted or

wherein the T"acti c acl an enzl m dazoly

2 quingabstitoteel hﬁtemnynlyl graup.eacted in a nmixture of water
and et hanol. 62. A conposition conprising a

 penzim dazoloyl - aut ol HORPof olaim 52, wherein R is an N-alkyl

2 piperazinyl group.

1 54. The method of claim 52, wherein R is an N-methy!

2  piperazinyl group and HR’ is a compound having the formula HR(a)
L
(]
3 HR'(a).

1 55. The method of claim 52, wherein the compound having
2 the formula VIl and the compound having the formula HR are reacted at a

3 temperature of from 70°C to 120°C for a period of from 2 hours to 24 hours to
4

prepare the compound having the formula VIA.



conmpound having the formula 111, a tautoner of the
benzi m dazol yl qui nolinone conpound, a salt of the
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taut omer of the benzim dazolyl conpound, or m xtures

t hereof, wherein the benzim d;\%ol yl qui nol i none

conpound is a conpound having the formula 111, R8 |11
wherein:-74- Rl R2, R3, and R4 may be the sanme or

different a ar i ; f :
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Stveiuld HIACbras aliatiorhe talitemherlok HEY borpBURE having the formula
substit ut7e_d or unsubstituted heterocyc yI' Igr oups, or
o

sliifsend iR’ dgl agzubsiitied or unsekstiteted hetgecyclyl gsoupgr oups;
R5, R6, R7, and R8 may be the same or different and
are independently selected fromH, d, Br, F, | -ORl3
groups, -NR R15 groups, -SR16 groups, substituted or
unsubstituted primary, secondary, oe==fsartiary alkyl
groups, substituted or unsubstitutg y oups,
substituted or unsubstitutme ali
substituted or unsubstitutéed al K ' *lPs,
substituted or ums it uted bhetergcycl yI™ groups,
substituted or uns het erdcycl yl al kyl groups,
substituted or “unsy al koxyal kyl groups,
substituted or um tuted arygl oxyal kyl groups, or
substituted or unsubstitut®d heterocyclyl oxyal kyl
groups; R10 and R13 nHy be the same or different and
are independently A

57.  The method of claim 56, wherein R’ is a substituted or
unsubstituted heterocyclyl group selected from a substituted or unsubstituted

piperidinyl group, piperazinyl group, or morpholinyl group.

58. The method of claim 57, wherein R is a substituted or

unsubstituted N-alkyl piperazinyl group.

59. The method of claim 1, wherein the benzimidazolyl
quinolinone compound is a compound having the formula ilIB, is a tautomer of
the compound having the formula llIB, is a salt of the compound having the
formula llIB, or is a salt of the tautomer of the compound having the formula
"B



sel ected from substituted or unsubstituted al kyl
groups, substituted or unsubstituted aryl groups,
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substituted or unsubstituted_ggkoxyalkyl gr oups,
substituted or unsubstituted aryl oxyal kyl groups, or
substituted or unsubstituted heterocyclyl oxyal kyl
groups; R and R14 may be the sanme dor different and are
i ndependent |y sel ected from slist utezfas\N//

or
unsubsti t ut ed aryllgrou S, 2 tut%d/ﬁé

unsubstituted al kyl groups,
unsubstituted heterjocyc VI

dependent |y sel ect ed
from substituted’ d al kyl groups,
substituted or u aryl groups, or
substitut ed ornGnsuBst Mt etb het er ocycl yl groups; - 75-
R16 is sel ected frdm suBstituted or unsubstituted
al kyl groups, substi tuted or _unsubstituted aryl

6 groups, or substituted or dHBubst i t ut ed het er ocycl yl
groups; and further wherein, the anount of lithiumin

1 the conposi B0on iThe methadhefrclainpg® cluntheb gompiriging reastiay the

2 CepeimtBr eVt el et EaRhlaeanl st Biire the lactc
3 ClagidediRof thedsetizimidagoRMguRbligdneé tombBahdn t he
conposition is less than 0.5 percent by wei ght based
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1 conpound, t - t adtheneethad efidaip: Wh@@i"@)”jﬁ !actic acid and the
2 1 8eRoriBa0y ARG ¢tfipadid aRf rddbfod fE hilkilng Bt Yator and

3 beflzandldazol yl conpound, or the mixtures thereof in
the conposition. 64. The conposition of claim®62,
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2 compound having the formula Ill, a tautomer of the benzimidazolyl
3 quinolinone compound, a salt of the benzimidazolyl quinolinone compound, a
4 salt of the tautomer of the benzimidazolyl compound, or mixtures thereof,
5 wherein the benzimidazolyl quinolinone compound is a compound having the
6 formula I,
R6
RS
R7
R! NH, W
2 RB
R N \
R? N o
H
R4
7 I

8 wherein:



wei ght of the benzi m dazol yl quinolinone conpound, the
tautoner of the benzi m dazol yl quinolinone conpound,
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the salt of the tautoner of the benzi m dazolyl
conpound, or the mxtures thecgof in the conposition.
65. The conposition of clai m6Z, wherein the amount of
[ithiumin the corrpositlon is less than 0.05 percent

by wei ght bagegk20R3t | R g‘bé’fhégﬁpgﬁg%iif?@r@ﬁwhabre
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composi tion of claim62,” wherein the anount of 1ithium
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qheterbeyulylalkybgrooupsd, the salt of the
benzi m dazol yl - 76- qui nol i none conpound, the salt of

t he taut oner_s;0f gt be m dazo conpou of the
m xt ur es thﬁ5 Efe \Hﬁ 3('#;"2{!; %Weo mgpf’rd?f??é nt and'are
cmm%haeﬁﬂy Qbleeted m)r% @hgranl tdjw%l , NRMRPGHDps,

e conposition is ess t han' ercent by
we$@?1t9r@u@edsmtdwtedmm@ﬁub@tﬂutehbpm*eam Bedalzdﬂryl or tertiary alkyl

nads, SADSHORE S Misutsfiut S8 Fibue®. ohBStiuted of upsybstituted

bamkehyi byéulﬁ%ﬂttﬁl@wdﬁmubé’ﬂmw@kyﬁﬁ@ré@bé smfbsflhlﬁed or
t aut oner t he benzi m dazol yl conpound,
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unsubstituted hetgpocyclyloxyal?(yf groups;

R and R may be the same or different and are independently
selected from substituted or unsubstituted alkyl groups, substituted or
unsubstituted aryl groups, substituted or unsubstituted heterocyclyl groups,
substituted or unsubstituted heterocyclylalkyl groups, substituted or
unsubstituted ‘alkoxyalkyl groups, substituted or unsubstituted aryloxyalkyl
groups, or substituted or unsubstituted heterocyclyloxyalky! groups;

" and R™ may be the same or different and are independently
selected from substituted or unsubstituted alkyl groups, substituted or
unsubstituted aryl groups, or substituted or unsubstituted heterocyclyl groups;

R'?and R'® may be the same or different and are independently
selected from substituted or unsubstituted alkyl groups, substituted or
unsubstituted aryl groups, or substituted or unsubstituted heterocyclyl groups;



benzi m dazol yl qui nolinone conpound, the salt of the
benzi m dazol yl qui noli none conpound, the salt of the
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m xtures thereof in the conposition. 69. The
conposition of claim62, vvher? nlithiumis absent

fromthe conposition. 70. The' Conposition of any one
of clains 62, 64, or 67, wherein the benzi m dazolyl

qui nol i noneE® i " ne
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the amount of lithium in the composition is less than 1 percent
by weight based on the weight of the benzimidazolyl quinolinone compound in

the composition.

63. The composition of claim 62, wherein the amount of
lithium in the composition is less than 0.5 percent by weight based on the
weight of the benzimidazolyl quinolinone compound, the tautomer of the
benzimidazolyl quinolinone compound, the salt of the benzimidazolyl
quinolinone compound, the salt of the tautomer of the benzimidazolyl
compound, or the mixtures thereof in the composition.

64. The composition of claim 62, wherein the amount of
lithium in the composition is less than 0.1 percent by weight based on the
weight of the benzimidazoly! quinolihoné compound, the tautomer of the
benzimidazolyl quinolinone compound, the salt of the benzimidazolyl
quinolinone compound, the salt of the tautomer of the benzimidazolyl
compound, or the mixtures thereof in the composition.

65. The composition of claim 62, wherein the amount of
lithium in the composition is less than 0.05 percent by weight based on the
weight of the benzimidazolyl quinolinone compound, the tautomer of the
benzimidazolyl quinolinone compound, the salt of the benzimidazolyl
quinolinone compound, the salt of the tautomer of the benzimidazolyl
compound, or the mixtures thereof in the composition.

66. The composition of claim 62, wherein the amount of
lithium in the composition is less than 0.01 percent by weight based on the
weight of the benzimidazolyl quinolinone compound, the tautomer of the
benzimidazolyl quinolinone compound, the salt of the benzimidazoly!
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quinolinone compound, the salt of the tautomer of the benzimidazolyl
compound, or the mixtures thereof in the composition.

67. The composition of claim 62, wherein the amount of
lithium in the composition is less than 0.005 percent by weight based on the
weight of the benzimidazolyl quinolinone compound, the tautomer of the
benzimidazolyl quinolinone compound, the salt of the benzimidazolyl
quinolinone compound, the salt of the tautomer of the benzimidazolyl
compound, or the mixtures thereof in the composition.

68. The composition of claim 62, wherein the amount of
lithium in the composition is less than 0.001 percent by weight based on the -
weight of the benzimidazolyl quinolinone compound, the tautomer of the
benzimidazolyl quinolinone (;ompound, the salt of the benzimidazolyl
quinolinone compound, the salt of the tautomer of the benzimidazolyl
compound, or the mixtures thereof in the composition.

69. The composition of claim 62, wherein lithium is absent

from the composition.

70. The composition of any one of claims 62, 64, or 67,
wherein the benzimidazolyl quinolvinone compound having the formula lll is a

compound having the formula liB

F NH,
H
X
H N o)
H
H
I11B

71.  The composition of claim 70, wherein the composition

comprises the lactic acid salt of the compound having the formula 1IB.



