METHODS FOR SYNTHESIZING QUINOLINONE COMPOUNDS FIELD OF THE INVENTION
[0001]This invention pertains generally to methods of synthesizing quinolinone compounds. More
specifically, W 3PRe8P described herein pertains to improved methods oP§HER@8IA A% &thino
guinolinone compounds, and to methods for synthesizing amino quinolinone compounds and
compositions that contain low quantities of lithium. BACKGROUND OF THE INVENTION [0002]A
variety of chemical compounds and compositions have been reported as having activity against one or
more vascular endothelial growth factor receptor tyrosine kinase (VEGF-RTK). Examples include
guinoline derivatives such as described in WO 98/13350, aminonicotinamide derivatives (see, e.g. WO

quinazoline dernid 100R 5 GORCSYNTHIES I QUNEIRIEINE EOMPRUNDS o |

086 705 Al), various 5,10,15,20-tetraaryl-porphyrins and 5,10,15-triaryl-corroles (see, e.g. WO

00/27379), heterocyclic alkanesulfonic angipikpne R WQI (ﬂq-ﬁm'vatives (see, e.g. DE19841985),
oxindolylquinazoline derivatives (see, e.g. WO 99/10345< 1,4-diazaanthracine derivatives (see, e.g.

U.S. Patent No. [836%]441), aﬂﬁiQimmﬁ%mmgéﬁérﬁéﬁ-tM&?W@yﬁﬂ%!&ri%‘s indazole
compounds (see, e.g. WO 01/02369 and WO 01/53268). [0003]The synthesis of 4-hydroxy quinolone

and 4-hydroxy o@iBRIBANGGaMRURds s MR SResHicaile e iensatierdessri Eilkrainets et

al. have diSclOsqﬂathﬂn?e/tttshﬁﬁﬁdife%fGh@ﬂidmgiéﬁ%ﬁtb{é)sﬂzmgj%h@%iﬁoHH‘MGFHEHUME‘,G-
Ukrainets, I. et al.ml trahgtg]rig) ett. 42 7747-7748 (1995); Ukrainets, I. et al., Khimiya

Geterotsikliches® %d@&l SYRDesIgDY MR adIngingas aRMIBREAYR@ Ynthesis,
anticonvulsive aseraptigitiopisl that contain low quantities of lithium. |

BACKGROUND OF THE INVENTION

[0002] A variety of chemical compounds and compositions have been
reported as having activity against one or more vascular endothelial growth
factor receptor tyrosine kinase (VEGF-RTK). Examples include quinoline
derivatives such as described in WO 98/13350, aminonicotinamide derivatives
(see, e.g. WO 01/55114), antisense compounds (see, e.g. WO 01/52904),
peptidomimetics (see, e.g. WO 01/52875), 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



activity of other 4-hydroxy quinolones and thio analogs such as 1H-2-0x0-3-
(2-benzimidazolyl)-4-hydroxyquinoline. Ukrainets, I. et al., Khimiya Geterotsiklicheskikh Soedinii, 1;
105-108 (1999) 20013, 1. et al., Khimiya Geterotsiklicheskikh Soedinii, §CHU824H)B19993);
Ukrainets, I. et al., Chem. Heterocyclic Comp. 33, 600-604, (1997). [0004]The synthesis of various
quinoline derivatives is disclosed in WO 97/48694. Theée compounds are disclosed as capable of
binding to nuclear hormone receptors and being useful for stimulating osteoblast proliferation and

bone growth. Th re alsp disclosed as being useful in the treatment or prevention of
diseases associg%W§Fn%$%%§hﬁgrnﬁ%)%qg@é) ?mm%eﬂ?%aﬁ@j%ﬁ%fé:@@ﬁ]a%‘ Wdrives in
which the benze@ebengzihitiazalyieliey drexaminotdevithkeatndity, greunlargidispjased in WO
92/18483. Thes %%Tic%gg%ﬂ' %8%%0' as_Pe{B Y F'g I%;%%S_ aceugg | for ulg'ons and as
medicaments. [(;%%%%? umnoloné aﬁﬁcoumérﬁ"n dErivgﬁv§ LLL SQRF&E’& 3deatsg)1a hlﬂ%@ ina
variety of applic&lrlesatsildiates kikinSdiedininug) JHAGhtEBt{ATB)MUkntiprets RetarancChimt
d ibe th ' QUM vatives f in photopol izabl iti f
escribe the preggfgpgékgfh%lggﬁ%ﬁ%?élqﬁ T@(@%,@%ﬁm photopolymerizable compositions or for

luminescent propertie 2 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 conl899As includihg SMbRsiHefh@kiaHsiogline Metvatitears disctosedimstituted

quinolinone bengydAzalb69MRREIETBH bR ds are disclosed indi
4-amino-5-fluoro-3- 5-(4-methylpiperazin1-yI)-1H-benzimidagg'l(?z-?ﬁqclzjaifw)(ajlflarllt?z?aPllﬁglr?c-,9 ﬁgve recently

been disclosed RAEResNSNEr eceRiorD 2o beingseia Zociimutaiw ssigvb@msbounds are

disclosed as inhihii j | ' ited States
patent applicatioﬂr?st,B !ﬁégﬁﬁﬁggﬁwwﬁgﬁgﬁ%dﬁg %??c? Lq?%e.'é%?gn%tgkl%gfﬁ ,605,617,

6,774,237, and @%E!i@ihﬂ&%mk%m@mm@fﬁ@@e@@%m@ammmm@aés have
recently been digglpsgHdTdKebts 183ddsY-S- 2002/0103230, and U.S. Patent No. 6,756,383. Other
such compounds are disclosed along with new uses of such compounds in inhibiting serine/threonine

kinases and tyrqsi inases are disclosed jn WO 2004/018419, and U.S. 2004/0092535, filed on
August 10, 2003080 kiaimin BHOHS I BSLPE AR RN SRIN, MIRISOR RS RO e

Provisional Applgaielindds &S te8 (A asdifgugiolp 3R9AiddISs&y avivimaapiigation No.
60/426,107 filed.gbn November 13, 2002;.U.S. Provis'g)nal Aég%’c tion No. 60/426,226 filed on

November 13, 2DB85€) SRR AIARISHARRS R P8t ineharmaseutis 13, 2002; U S,

Provisional Applicatiaiabion MR a2 httiedraat@vember 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.

50/473.916 flecd 0 0ihe 16, SOUBSIF T EpCAnh Jetvatics 08 MR AR Ry 1
2003. Each of thhawifigraseds ia vakeineippplidstioneyrelated 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
benzimidazolyl compounds such as 4-amino-5-fluoro-3-[5-(4-methylpiperazin-
1-yl)-1H-benzimidazol-2-ylquinolin-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.



in its entirety and for all purposes as if fully set forth herein. [0008]Although various methods
have been disclosed for synthesizing quinolinone compounds, such as, e.g" in U.S. Patent
No. 6.615,617, 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
guinolinone compounds such as amino substituted benzimidazolyl quinolinone compounds.
The invention further provides amino substituted benzimidazolyl quinolinone compounds and
formulations withY@dlE&HFHlantities of lithium and methods for synthesi Eﬁﬁﬁsgﬁﬂf’g@a’mpounds
and formulations that do not require the use of or include lithium salts. -4- [0010]In one
aspect, the present invention provides a method of synthesmng a substituted or unsubstituted
4-amino-3-benzimidazolyi quinolinone compound and compositions that include such a
compound. The meth8¥3AEIARRkS —rattdy Befiest BompOOhE abidgiBariamd @192:84.a second

compound having theEasrsyaiill iBrapsuHablesely iR hRIREEFENGRB ShEOFRASS IEE RIS Odium
salt of a base. Ther ctlon o nge% EH%@B%BRQM M"ghégﬁzﬁﬁﬁgﬂ%corﬁ@@g gQFOH\lIICES the

substituted or unsubs urfe -amino- ben2|m|dazoly olinoné’compound. Tn some

embodiments, the m@tﬁé@?ﬁ%lu@@?‘%éﬁ@"ﬂﬁﬂﬁ?%‘ﬁ‘i@% %Qﬁ?& AlRpotwa HEPEGRRYSIN in
a suitable solvent in therpresdndeidtitingetassitinchicdihebase Hrasinetkindsadifermula 1l

have the following StYCUU&S; in WO 20047018419, and U.S. 2004/0082535, filed on August 19,
2003, and claiming priority to each of the following provisional applications:
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. 80/426,282 filed on November 13, 2002; U.S.
Provigional 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.8. Provisional Application No.
B80/460,493 filed on April 3, 2003; U.S, Provisional Application No. 60/478,916
filed on June 16, 2003; and U.S. Provisional Application No. 60/484,048 filed
onJuly 1, 2003. Each of the references in this paragraph is hereby

in its entirety and for all purposes as if fully set forth
herein,

[0008] Although various methods have been disclosed for synthesizing
quinolinone compounds, such as, e.g,, in U.S. Patent No. 6,615,61 7, new
methods which optimize yields of these compounds are needed because of their
important applications in pharmaceutical formulations and applications.

SUNMARY OF THE INVENTION

[0009] The present invention provides methods of synthesizing
guinolinone 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 methads for synthesizing such compounds and
formulations that do not require the use of or include lithium salts.



Il where: RI, R2, R3, and R4 may be the same or different and are independently selected from
H, Cl, Br, F, 1, -OR1 groups, -NR11 iR 2 groups, substituted or unsubstituted primary, secondary, or
tertiary alkyMPA98F04¢i88tituted or unsubstituted aryl groups, substituted orP§SUBEIXLIED Blkeny!
groups, substituted or unsubstituted alkynyl groups, sﬂqstituted or unsubstituted heterocyclyl groups,
or substituted or unsubstituted heterocyclylalkyl groups; Fe, R6, R7, and R8 may be the same
or different and are independently selected from H, CI, Br, F, I, -OR13 groups, -NR14R16 groups,

-SR16 groups, tym{?}ﬂted or HngHgséggéecq qﬁién gséﬁ{:mfyggﬂgﬁaggaé@ﬂé} §f Substituted or

unsubstituted afyl groups, substitute rurisubstituted a roups, substituted or unsubstituted
alkynyl groups, Synfbesiziocma substibgsd 06soepiosituisddbamivmsibenzimidasatvked heterocyclyl

aroups. substihaliydubs e IEAMAN e s P AR AT EERHiEd Ao ryaly

groups, substit or unsubstitute Xya roups, or substituted or unsubstituted

heterocyclyloxyaiejihedonghider; resetingiafirst creepoyna haipankReirroglad yith a second

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

formula Il have the following structures:

R? R®
0
R NH, N Y
R* Rs
1 1I

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



R9a is an unsubstituted alkyl group having from 1 to 8 carbon atoms and is absent if Z is a -NR9be
group; R3b and R9 are independently selected from unsubstituted alkyl groups having from 1
to 8 carbon MBAHYHBI44AEboth absent if Z is a -OR9a group; R19 and®RIYAUHBE e 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 ar i r isuted heterocyclyloxyalkyl groups;

R" and R14 may)dtf;?e§ %E?ﬁg%g%ﬁ%%ﬁ? g%@ﬂ%grngﬁ%%@%qe%%‘é?& gay'lﬁg:%&;ubstituted or

unsubstituted alligtgregpslvirlketioreups: axnbstititiedent am@meﬂpsedraﬂubxywkwdgmupgubsltitutel,d ;

heterocyclyl groyps,ti : ifferent. and are independently selecte
yclyl growpsstituted Bﬁ&r%”u%ﬁ&ét%@é@ﬁqb%ﬁ?e%oﬁ%ds %F %HEP@@&%

from substituted or unsubstituted alkyl groups nsubstitute &roups, or substituted
or unsubstituted YsERsEeiethetere velyloxyalkyRgeoispselected from substituted or unsubstituted
alkyl groups, substituted or unsubstituted aryl groups, or substituted or unsubstituted heterocyclyl

groups. WO 2005/046590PCF/|d S4B 7od ;@F[{@%Hﬁ@%mgwbgddrg the substituted or

unsubstituted 4-amino- 3-benzimidazolylquinolinone compound is a compou aving the formula Il

la 11l has.the followjng structure.
or a tautomer of the compounﬂgf SaN ﬁnsubs ituted aﬁwf ggl"oup aving 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 absent if Z is a ~OR*?

group;

R and R may be the same or different and are independently
selected from substituted or unsubstituted alky! 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;

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.



1l where R1 through R8 and R1 through R16 have the values described above. [0012]In some
embodiments, the method further includes reacting the substituted or unsubstituted
4-amino-3-0¥RAMEASRAquinolinone compound or a tautomer of the compBURd/MAHASHE cid,
wherein the lactic acid salt of the 4-amino-3-benzimidazolylquinolinone compound or the tautomer is
obtained. [0013]Further objects, features and advantages of the invention will be apparent from the
following detailed description. -7- DETAILED DESCRIPTION OF THE INVENTION [0014]The present

invention provid hods f izl i stituted .guinolinone ¢ ounds. Such
compounds act gzd:n agonis?sh(? %%@P %ﬁ@%@%ﬁ%@e%fﬁ%@ﬂ%@r@ m&%%%lﬁgﬂeﬂﬁmm—s of
PDGFRa and PBtrRrEiises!v syinolesie- randonntids . Scaimpoumebhiading g favepleient activity
with respect to ryrasi ' % I wi%ib ecGt.to varjous serine/threonine kinases. The
compounds pro%iiggc}yhuemgégr? %?eg%?nﬁ lated into éﬁaﬁ?nﬁ!:ﬁaﬁc{hﬁg? ARG RITHEN e useful, for
example, in treating patients with a need for an inhibitor of VEGF-RTK, especially, for use in
compositions and methods for reducing capillary proliferatigp and i the treatment of cancer. The
methods for synthesizing amino substituted quinolinone compounds allows for the synthesis of
formulations and compounds that have reduced amounts of Ii R

RB

Iz

III

where R’ through R® and R"° through R'® have the values
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.



[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 MQBYEHATYN that stands for a tyrosine kinase that interacts wk& THESAHHBIZ®Igrowth
factor FGF. [0018]"PDGF" is an abbreviation that stands for platelet derived growth factor. PDGF
interacts with tyrosine kinases PDGFRa and PDGFRP-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

DETAILED DESCRIPTION OF THE INVENTION
[0014] The present invention provides methods for synthesizing amino
substituted quinolinone compounds. Such compounds act as antagonists of
receptor tyrosine kinases, and, more particularly, as inhibitors of PDGFRa and
PDGFRp, bFGF and/or VEGF-RTK function. Such compounds also have
potent activity with respect to other tyrosine kinases and also with respect to
various serine/threonine kinases. The compounds provided herein can be
formulated into pharmaceutical formulations that are useful, for example, in
treating patients with a need for an inhibitor of VEGF-RTK, especially, for use
in compositions and methods for reducing capillary proliferation and in the
treatment of cancer. The methods for synthesizing amino substituted
quinolinone compounds allows for the synthesis of formulations and

compounds that have reduced amounts of lithium.

[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 PDGFR.
[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.



endothelial growth factor receptor tyrosine kinase. WO 2005/046590PCT/US2004/037051 -8-
[0022]Generally, reference to a certain element such as hydrogen or H is meant to include all isotopes
of that elem®f.28¢&Y &AM ple, if an R group is defined to include hydrogen dI4H/ V8284 0Stes
deuterium and tritium. [0023]The phrase "unsubstituted alkyl" refers to alkyl groups that do not contain
heteroatoms. Thus the phrase includes straight chain ’ﬁRyI groups such as methyl, ethyl, propyl, butyl,
pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl and the like. The phrase also includes

branched chain jsomers of strajght chain alkyl groups, includi t limited to, the followi hich
are provided by @9& examp%gﬂéﬁ@qﬁf%@%‘f_ﬁ&_ﬁinﬁ%ﬁ?ﬂbjn%[%]?%ﬁ%én&g@%ﬂﬁ?g%é)ﬁé) ,W ©
gl(—|C2 %%g:gghéi@gf%gH(gﬁﬁﬂﬂudélﬂ%ﬂﬁbéﬁ(ﬁm leR)MEH.2 Eb{ @k pl8) 2f a@ FR2AELIHIF3,
- ~-CH(CHI3)CH(CH3)(CH2CH3),,-CH2CH2CH(CH3)2,. o
_CH2CH2CH(C ﬁt@%%#ﬁ”&%@é@ﬁ%’(ﬁﬂgd@?ﬁ '-’E@Gégg@%‘)@,a-ﬁﬁ%%(c:HchS)&
CH(CH3)CH2CH(CH3)2, -CH(CH3)CH(CH3)CH(CH3)2, -CH(CH2CH3)CH(CH3)CH(CH3)(CH2CH3),
and others. The [8923F also irldhedehragelivnsybsfitiipd alloH’ defeysitaialiivg wovwsibatsp
cyclopropyl, cycloQutyl I I l; I ' tituted
1R8N BN AREERL NP BYCIBRRRNRA e X SihRRASH ARG opRstitite

with straight and branched chain alkyl groups as rase also includes polycyclic

alkyl groups sucéued, @am@tﬁ%iﬂb&tb,%dgﬁhdm?ﬂn@ﬂﬁmw%& beptyb[ectyl]sepyhstesVich rings
substituted with 8&8&%@% I @%tﬁ@mé"'Whgrmﬁ%é%%'mvﬁramﬁ%d%&wase

unsubstituted allgy gro des primary alkyl groups, secondary alkyl groups, and tertiary alkyl
groups. Unsubsisomersiiofisireight ehaimalkyrareyrs. deledingpRut aaidimiiedie) tgygen atom(s),

nclude sraight o D B et 1 10 20 carbon atome
More preferred S@fﬁ(%@ﬁhﬁé&hlk@%ﬂp@ﬂ&he'&ﬁ%)@ 1@(%@9#%&54@%(%%0@
clude siaioht 2 e e A b o ety
ethyl, propyl, andCBI@ERGH(CBs)(CH2CHs), -CH2CH2CH(CHa)z, -CH2CH2CH(CH3)(CH2CHs),
-CH2CH2CH(CH2CHg)z, -CH2CH,C(CHa)3, -CH2CH2C(CH2CH3)s,
-CH(CH3)CH2CH(CHs3)2, -CH(CH3)CH(CH3)CH(CHa)2,
-CH(CH2CH3)CH(CH3)CH(CH3)(CH2CHs), and others. The phrase also
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 alky!
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 inciude
straight and branched chain alkyl groups having from 1 to 3 carbon atoms and

include methyl, ethyl, propyl, and —CH(CHa)a.



[0024]The phrase "substituted alkyl" refers to an unsubstituted alkyl group as defined above in which
one or more bonds to a carbon(s) or hydrogen(s) are replaced by a bond to non-hydrogen and
non-carbon W@ANEUHYs, but not limited to, a halogen atom in halides sud¢&dF2084/B70%nd I; an
oxygen atom in groups such as hydroxyl groups, alkoxy groups, aryloxy groups, and ester groups; a
sulfur atom in groups such as thiol groups, alkyl and ar9rsulfide groups, sulfone groups, sulfonyl
groups, and sulfoxide groups; a nitrogen atom in groups such as amines, amides, alkylamines,

dialkylamines, arylamines, alky|arylamines, djarylamipes, N-oxides, imides, and enamines; a silicon
atom in groupsaiégaézaﬂ in trial bf'si r@%ﬁjp%“h?ﬁ%fé%ﬂﬁ? I é?)g%ﬁstoaﬂ&lﬂwgm ?Mﬂand
triarylsilyl groupgrang atheefieseradorasiinusich whetbenpmibondshstiutacbakid)aseups also include
groups in which one or more bonds to a garbon(s) or hydrogen(s) atom is replaced by a bond to a
heteroatom suclji“é r89§82§$iﬂr86fﬁﬁjﬁ%i}r¥)&§ﬂ?%@ é&@%&é@@f%%@ﬁ?ﬁ%’%&ﬁa&%mﬁs%
imines, oximes, §iychaxoies, aotliniitiestd? wiestegesubsituiachaligegsugrs asdiyds, Bmengidthers,
alkyl groups in which one or more bonds to a carbon or h d{o en atom is/are replaced ? one or more
bonds to fluorin@ BGHESB AR SOUPS SUER AR ANAORN SPRFR: AKTH SEPTREAIY S p and
other alkyl grouggdopscanidiester griupmraatbliigeatom Digealk)s grhupstinclugie tpssaliyivhich one
or more bonds to a carbon ar hydrogen atoI IS replaced b ab?nd to an oxygen.atom such that the
substituted alkylad}gt?&%g‘t"f@ﬁgy%rﬂ 8?0)8”,%&%%/?3@0?9 E;orp)YJ ,rgr%ére?Sé(/%\gf%'/ Srgﬂ%".'%sﬂll other
alkyl groups incladsteliggdrpatopsithgtdupe suchasmeanmditiedaarinid cdjadiyydemmimesirylamine,
(alkyh)(aryh)amine, diarylamine, heterocyclylamine, (alkyl)(heter lyDami . i
(aryl)(heterocycii/é?gm ',ngrsdﬁ@ﬁ@t’g&@//%%l3%’#\%%‘%0@%039%%%ﬁrea?éﬁt?r)%%%%tiwt'gg Sdryl" refers
to aryl groups thahd@natiinetyia biticynatonsinfouey gs/suah akdranmliey sigl gragesincludes, but is
not limited to, grqu uch as,phenyl. biphenyl. anthracenyl h e
"unsubstituted aﬁ}ﬁ@iﬁw&ﬂy r%ﬁ?ﬁ@é %b#ﬁéﬁ%ﬁ%@gﬁﬂ rggg ?i’r%]fd s%ﬁc%@gh%m?%%hé%{ %%Ee%s? not
include aryl groupsténahtuves 2005/ EES0(HRE GoRR008i0sstioted alkyhgeotipe atpoimdudeh as alkyl
or halo groups bonded to or;ﬁa i{ the rin%m?g%)gﬁis% %rxggéca“[@s&qq as tgg/ﬁ&reaqgwigered herein
to be substituteogﬁ?)"/'lpgc‘rbma' L BTN preferred un (bstitoted ry g)roup IS phenyl. In
some embodimaeisiacesLibgtiiteddiy| ayhetpsoatve Such Gsooky gantiorcarberylucalisstitlited aryl

groups may be baonnéj(eegtteor Qne ar mo&egﬁﬁﬁe)% @ég@gzg%gﬁyﬁi%%ﬁ(%Xiwltéggﬁ?&tﬂg@sand/or sulfur

: raups, i ) :
atom(s) in the parent com[%un | ubstit group' has the same meaning
with respect to uasdbstiileéed Rrgfgrrdpsubatisdedtalkgdstiups)inaluseagromor etpers, alkyl

unsubstituted allyg giouis HRKENSL 8 SHBRUBERA SR SaUBAISa olAER AU SHPIpSHn which one of
the aromatic cargons'IS bonded to one of the non-carbon or non-hydrogen atoms described above and
also includes arykeglaapd iyarieroonsose inondsitoflatiinaetomsof@neayagipledtdonded to a

substituted or unssdﬁ%% &i 3 !L’ﬂ?gig‘?n% gﬁ%%w}mﬂgg%?#&g @ggﬁ'@_ A]W:] '&ggggsi}mming

arrangements in' w WO car an aryl group ed to two atoms of an alkyl,
alkenyl, or alkyngbgtairpttedefinerametyrgrguystelines glkyirgireps prelidethesgaiydvbiddphthyl).

Pycroxyphemy| SaTBn L Y o s O S et a
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



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, butWR2BVAMIYY to vinyl, -CH=C(H)(OH3), -CH=C(CH3)2, -C(CHEB(Fp304/037051
-C(CH3)=C(H)(CH3), -C(CH2CH3)=CH2, cyclohexenyl, cyclopentenyl, cyclohexadienyl, butadienyl,
pentadienyl, and hexadienyl among others. In some ettbodiments, unsubstituted alkenyl groups have
from 2 to 8 carbon atoms. [0028]The phrase "substituted alkenyl" has the same meaning with respect

to unsubstituted alkeny| groups that substituted alkyl groups had with respect to unsuhstituted alkyl
groups. A substa¥ W@%Bﬁﬁmﬁglkﬁk@hﬁ%&%gﬁﬁ%ﬂﬁ; Hgﬁ-r&% o&?%r“ﬂgn-hydrogen

atom is bonded AgempRie0Bslarigroondaslisharotbyt spshsnsiaeibadreiriwhichosamtituted
non-carbon or non-hydrogen atoms s bonded to a carbon npt invglved in a double bond to another
carbon. [OOZQ]TﬂB’b%r%% S'@ﬁs‘&ﬁ‘fﬂﬁ%@%ﬂ@ﬂ’yl'g%%f5€§f&®ﬁ%§ﬁg’t§§rﬂﬂigr&%ﬁsgroups such as
those describedohishyeshesbingambsditwiestsilrostiates cefingape\eavaxfeph Bidd ddeast one
triple bond exists between two carbop gatoms, Examples include, but are not limited to -GaC(H),
_C_C(CHB3), -C-SaRen3tems), %ﬁ%gﬁg}ﬁ%?ﬁ@ﬁ%ﬁd{@ﬁgﬁ%%%ﬁj’z@ﬁ&dﬂ&r&m among
others. In some @irbs Etemis) Losydshtateehidiy nittogenpsttvans) frant DtasBiftarbtone®)rits 1i@030] The
phrase "substituted %ggaé%has he same meaning with respect to unsubstituted alkynyl groups that

substituted aIkyP&rgu o respect to unsubstituted alkyl groups. A substituted alkynyl group
includes alkynyl groups in which a non-carbon or non-hydrogen atom is bonded to a carbon triple
bonded to anot{802&ibon and teopbrizsatipkbatiioied atyb grouRohay dhegamgoneaioadéthto a
carbon not involyees i At
a

refers to both aromatic EnpdB WSBBE&EQQQWQP%@ Q%é@%ﬁ&ﬁﬁ&@& I3R! YibS Hadegifpterocyclyl”

nonaromatic ri mpounds Including monaocyclic, bicyclic, and polycyclic

ring compoundsreapacidonmsdistituted alkylaiodpsy Howevaihg SWhstibied Ayyharade_IeP which
one or more Is %&&%fé’é?@ %Vﬁﬂg%smbﬁ%m{ Bﬁg‘%‘i‘ iR Nrdnafe SarbbReugbEIRIBE ®6ne of
"unsubstituted heterocyclyI” mcludes condense

heterocyclic rmgs such as benzimidazolyl, it does not

include heterocytblglngrowgashbat oraverstiysirggsmatemshdesaried ahavegrddRIs iided8one of the
ing members a5 GRBRRIACH RS A6 BEIRESIRIMAE AR WP Rd SricioR Bbhggetpe

Examples of hete roups Inclu ut are not imited to: unsaturated 3 t0 8 membered rings

containing 1 to 4mareyestiutecsasusrsubstitutadtaiaiicalke pyronaymb HaUmAgafipedyrazolyl,
pyridinyl, dihydr%@m.nyhﬁé”imig&les bonding arrangements in which two carbon atoms of an

aryl group are bonded to two atoms of an alkyl, alkenyl, or alkynyl group to

define a fused ring system (e.g. dihydronaphthyl or tetrahydronaphthyi).

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)(CHs), -CH=C(CHz3)2, -C(CH3)=C(H)2, -C(CHz)=C(H)(CHs),
-C(CH,CHs)=CHj, 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.



WO 2005/046590PCT/US2004/037051 -12- pyrazinyl, pyridazinyl, triazolyl (e.g. 4H-1,2,4-triazolyl,
1H-1,2,3-triazolyl, 2H1,2,3-triazolyl etc.), tetrazolyl, (e.g. 1H-tetrazolyl, 2H tetrazolyl, etc.); saturated 3
to 8 membeYe 18F848taining 1 to 4 nitrogen atoms such as, but not limitBETH YRR,
imidazolidinyl, piperidinyl, piperazinyl; condensed unsaturated heterocyclic groups containing 1 to 4
nitrogen atoms such as, but not limited to, indolyl, isoinbbiyl, indolinyl, indolizinyl, benzimidazolyl,
quinolyl, isoquinolyl, indazolyl, benzotriazolyl; unsaturated 3 to 8 membered rings containing 1 to 2
oxygen atoms and 1 to,3 nitrogen atams such as,ggut not limited to, oxazolyl, isoxazolyl, oxadiazolyi
(e.g. 1,2,4- oxadf SRXI 9{?,919%%8&?’@& f h9=c ‘Elri'a%ﬂfﬂrb'@ﬁ!,r ogRPARMILPRASALRR rings

containing 1 to 2caxpgardaibies kont@ddBanstasncaidns sHdtiessdin Apidmiad & tRwrdlinyl;
unsaturated conggrs&q hretero_q_}/c ic grou conta(i)gg{f 1t02 o%?ﬁn atoms and 1 to 3 nitro ?n atoms,
for example, benzoRazof,IEh2EXEHETLRIPDEAS ﬂ%ﬁ 18 8. PPN NBLINRINS iR &dquble
unsaturated 3 tol®nwktolamethengarbantaining 1 to 3 sulfur atoms and 1 to 3 nitrogen atoms such as,
but not limited to, thiazolyl, isothiazolyl, thiadiazolyl (e.g. 1,2,3-thiadiazolyl, 1,2,4-thiadiazolyl, 1,3,4-

thiadiazolyl, 1,2,mttwadiazolyl,ate.); a red,ip ontaining,1 to 2 sulfur atoms
and 1 to 3 nitrog r?g?jms sucr_ﬁg%,)p tﬁﬂ%%%t %&%%o%%%ﬁ%y%%r&g kit hu%géturated 3to8
membered _ringsbfammmd@ha@ PrOURS somes thvsesdescrivedivithd espedtyludsylstitlitainyl,
dinydrodithiony] JRUPOHIPLIAPBAReLEHBRYE SRRk U TBLNIRIAA ARIARSSA Bgigiocyclie g

containing 1 to 2 sultur atoms and 1 to 3 nitrogen atoms su ut not Iimite nzothiazolyl,
benzothiadiazolyebeagotiive egiheratams. 4Eamptasin ol detdy tding drobkimitethitari Oz Cét),

2H-3,4-dihydrobeRnzathiazinyl ~et6 s Lin at {n 8 b i aining oxygen atoms such

as, but not limite tbe}turyl;3En%T§gqg&§%‘&er§@%8engﬁ cli (Eﬁ&%@%%na’l 0 2 oxygen atoms

such as benzodiaB (), =@ (C BBy otieds unsdotiaashibiedianmsbarsiipsgs eentaining an
ed to, dihydrooxathiinyl; saturated 3 to 8

oxygen atom and %to ? sulfur a]%o?ms fsuchgl , but ng)t Iimitt

membered ringsaé WY n%ﬂ"??o %?y&gﬂ t CHAM GO Sifur atoms such as 1,4- -13- oxathiane;
unsaturated condensed rings containing 1 to 2 sulfur atoms such as benzothienyl, benzodithiinyl; and
unsaturated conf#03@H heterddyelphranses ‘soitsiibirigchallopygle hasdhessahietm2 anipgewitiioms such
as benzoxathiin t r include those described.aboye in which ong or mgre S
atoms in the ring);{J ?sé_é%g{)?éﬁét&sgﬁcﬂ)tgﬁ? Icl)(ly {\Wg %@?}5" esnt%l i (Ssﬁﬁygﬁldglskyiyn\%rgﬂﬁgnﬁe%{vﬂgﬁ
example, heterotgspe it pasobistife texdraiyd grivigysh eAes vkistidy tectiabdyalgl/ drotipdpbked , 1-dioxide.

Preferred hetero, c 1 r6.rin r referr. eterocvelyl groups include
morpholine, pipe%gng?%ggﬁaiﬁg%??o%ﬁgf %ﬁ%é@o%z,ﬁgyh@@& q%,é%@%%é?ﬁ%ﬁﬁ?igzole,
tetrazole, thiopheagehidrimeswiided to@nothentadiondndchthoesSinthiaf thaahicarbgholine is

auinucidine, o Tk 2 e e A Reeo i IR BT,

heterocyclyl" refnetheacaisubstituted heterocyclyl group as defined above in which one or more of
the ring members is bonded to a non-hydrogen atom such as described above with respect to

substituted alky|[gigays and sypgligRsany | EaHea s RelRo dPElYAGe RIS A th IMRERTAIR

2-methylbenzimidazolyl, 5- methylbenzimidazolyl, 5-chlorobenzthiazolyl, N-alkyl piperazinyl groups

such as 1-methyAPthBPAARMAtiKHAS GORPSMBES Nnalndingrarnasy Nichiyslis. BRdnoxy-thiophene,
and 2-chloropyrigiytpeie khgtesripsuAdsiiann s Bilviest mmgé@pwgﬂﬁﬁwaﬁj%m‘amﬂ?g 3

heterocyclyl groups in which the bond to the non-hydrogen atom is a bond to a carbon atom that is

part of a substitREARAA (RGUREMbRIE SAVNGRIRG O] BIaissahalireatem /YR RUbRRtuted

heterocyclyl groyjmifexpfapRsSMN@rndes UARMRGGh "tﬁ&t?w@sl:r ‘epRBYBIREEE Weterocyclyl”
3-phenythiomorpholinyl, 3-(pyrrolidin-1-y1)-pyrrolidinyl, and 4-(piperidin-1-y1)-piperidinyl. Groups such
as N-alkyl substiiHfBR RIARBSHE hsdasgaldlic ngs syrhipe Renwdmidazeatvhdtidnsshstine groups,

and piperazine hhekide GetepscyeR gobiRetRaeaMeciHEraId b kbR RS 'AfdRcoNHaKles are
examples of some substituted heterocyclyl groups. Groups such as substituted piperazine groups such
as N-alkyl subst%?é@%iB@FQﬁﬁéo 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, dihnydropyridinyl, pyrimidyl,



-14- groups such as N-methyl piperazine and the like, substituted morpholine groups, piperazine
N-oxide groups, and N-alkyl piperazine N-oxide groups are examples of some substituted heterocyclyi
groups that W@ 28p@dsany suited as R6 or R7 groups. [0033]The phrase "uf§ulbibiagd@37051
heterocyclylalkyl" refers to unsubstituted alkyl groups as defined above in which a hydrogen or carbon
bond of the unsubstituted alkyl group is replaced wittr ¥oond to a heterocyclyl group as defined above.
For example, methyl (-CH3) is an unsubstituted alkyl group. If a hydrogen atom of the methyl group is

> of pyrcine (oGP c BRI AA A SoPHIE T oM bl o & T A e i,
etoroo/ChIaKyL s he Same meaniL A reepect i s patiuled hetorceyeyialkl group
cubsttoted araRENUTBITHG AR ARG e (DGR FEUAOLEA din VB PGS, Sreh Sibstiuted
petrocylalohaf e 0t oty ooty oossanyp 0  heterodonn
the piperidine RO BHER SR G oS R RS CECR P R Ay BB PR o
includes groupssiachviae su¢aidtdintitetiior indoigtoigentlotyd, dfdetimykyindaitzifiyhe group is replaced
Examples inclu B BAARPAD IR RSB e et Ao AR e S
pheny[-(morpholmmmls)m’umred. {m@%ﬁ@h’aiﬂﬁmgse tou Asmbegimt edomieoand réfter S toitidgetroxyl group
imeubsiitted AR SO T BNo . T Phah A MR A R o~
hydroxyl group edliazolyl, 1,3,4-oxadiazolyl, 1,2,5-oxadiazolyl, etc.); saturated 3 to 8

membered rings containing 1 to 2 oxygen atoms and 1 to 3 nitrogen atoms

such as, but not limited to, morpholinyl; unsaturated condensed heterocyclic

groups containing 1 to 2 oxygen atoms and 1 to 3 nitrogen atoms, for

example, benzoxazolyl, benzoxadiazolyl, benzoxaziny! (e.g. 2H-1,4-

benzoxazinyl etc.); unsaturated 3 to 8 membered rings containing 1 to 3 sulfur

atoms and 1 to 3 nitrogen atoms such as, but not limited to, thiazolyl,

isothiazolyl, thiadiazolyl (e.g. 1,2,3-thiadiazolyl, 1,2,4-thiadiazolyl, 1,3,4-

thiadiazoly!, 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~



in which the bond to the hydrogen atom is replaced by a bond to a carbon atom of an otherwise
substituted alkyl group as defined above. [0037]The phrase "unsubstituted heterocyclyloxy" refers to a
hydroxyl groif KOM#Hi¥Which the bond to the hydrogen atom is replaced by @IHRE4H3 1AL atom of
an otherwise unsubstituted heterocyclyl group as defined above. [0038]The phrase "substituted
heterocyclyloxy" refers to a hydroxyl group (-OH) in whidh the bond to the hydrogen atom is replaced
by a bond to a ring atom of an otherwise substituted heterocyclyl group as defined above. [0039]The

phrase "unsubstituted.aryloxyalkyl" refers to an unsubstituted alkyl gr. s defined above in which a
carbon bond or ﬁﬁ(gﬁcﬁéaerr{ (5% ?g%'@g%%c&a% 3%%318?8%80&95%%?%@ﬁrﬂﬁ%%BH&a%}‘an
unsubstituted argisgpengathidafhdbeazodéith[PYrRteipbedsratedassitdensaty netetoycliefeirsge an
unsubstituted ar}% roup of

the alkyl group o Ié)ﬁgé agl]:(')ﬁlg%alf 3)/(? é%’ﬁ%?é%%ﬁg\éi ﬁ% gg:%%ﬁ%%%%@? r%%r;;&cgah 8%% i S
described abovdﬁt&rm&y@dtgmsmlﬂgﬁentlaﬂeltgusememchimuiabdslvue aryviichipred drenasyeoxyalkyl
peterooyehionagi T R R R el e P B Sl Eh R 51 L2498 bona
or hydrogen bonand ssifaned)byFa bexanplen ledgyeayalphy whiph isdlode dettalgairoibidpsidned
heterocyclyl groyniag ABSERARIEHRISIHERE R ARG PRI LG RRSYSY Y Fhl psters to an

contain 5 or 6 ring members. More preferred heterocyclyl groups include

morpholine, piperazine, piperidine, pyrrolidine, imidazole, pyrazole, 1,2,3-

triazole, 1,2,4-triazole, tetrazole, thiophene, thiomorpholine, thiomorpholine in

which the S atom of the thiomorpholine is bonded to one or more O atoms,

pyrrole, homopiperazine, oxazolidin-2-one, pyrrolidin-2-one, oxazole,

quinuclidine, thiazole, isoxazole, furan, and tetrahydrofuran.

[0032] The phrase “substituted heterocyclyl” refers to an unsubstituted
heterocyclyl group as defined above in which one or more of the ring
members is bonded to a non-hydrogen atom such as described above with
respect to substituted alkyl groups and substituted aryl groups. Examples,
include, but are not limited to, 2-methylbenzimidazolyl, 5-
methylbenzimidazolyl, 5-chlorobenzthiazolyl, 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-alkyl 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



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-hydrog@OA8H H638scribed above WO 2005/046590PCT/US2004/0FCEVSI@HRRTEspect to
substituted alkyl groups or in which the heterocyclyl group of the heterocyclyloxyalkyl group is a
substituted heterocyclyl group as defined above. [OO431+he phrase "unsubstituted heterocyclylalkoxy"
refers to an unsubstituted alkyl group as defined above in which a carbon bond or hydrogen bond is

replaced by a bond to an ich is bonded tg th ren nd, and in which another
carbon or hydro&éﬂ%n%“&yﬁéthﬁ@l%@flﬂ&b"& Eﬂﬁwpgl%ntfé) %%W%ﬁtmm%a%eterocyclyl
ﬁrc;up as (Ijelflrke(gahcpe dm&fgé%Tmleleﬁma&te gt&nﬁ@@@ﬁﬁdtatbﬂyplpbﬂkam I‘G-(fgﬂki@gmmpsalnstltuted
eterocyclylalkox as define ch a 0 aca ro ro f the alkyl
aroun of the et SRR 0 S0 TS B S PR AT S R SRS cescrbed
above with respest RS wlﬁﬂgrmmslkyl groups or in which the heterocyclyl group of the
heterocyclylalkoxy group is a substituted heterocyclyl group as defined above. Further, a substituted

heterocyclylalko p also a I?@t?‘a bond to the alkyl
moiety of the group m ybes@gm%lt%@g\ﬁ@&g@w il %#;?@QIR @fg@q rllns?unbstict)uteila )
heterocycles. Examsphsiititastaliiigraupstasrdelingdslene- mmsh@mﬁwrﬂmmﬂ egigon

2-pynd 3-y1-2 1 Baiher e RYs it By Rivess is sl e s oKy o Riasrse ity

unsubstituted allyt group as eflned above | n bond or hydrogen bond is replaced by a

bond to an oxygercsasietinad Bbated foosexarumbettneibyhid debisars unsistittdedalitba6The
phrase "substitufed kol sefersdR ANdHIRYRREMIAGroup is replaced by a bond to a

heterocyclyl group, such as if the carbon of the methyl were bonded to carbon
2 of pyridine (one of the carbons bonded to the N of the pyridine) or carbons 3

or 4 of the pyridine, then the compound is an unsubstituted heterocyclylalkyl

group.

[0034] The phrase “substituted heterocyclylalkyl” has the same
meaning with respect to unsubstituted heterocyclylalkyl groups that
substituted aralkyl groups had with respect to unsubstituted aralkyl groups.
However, a substituted heterocyclylalkyl 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 ary! 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.



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 alkoxyalkyl group is bonded to a non-carbon and non-hydrogen atom as
described aPVe%ited%bect to substituted alkyl groups. WO 2005/04659FE 2243329987051 -17-
[0047]The term "protected” with respect to hydroxyl groups, amine groups, and sulfhydryl groups
refers to forms of these functionalities which are protect®d from undesirable reaction with a protecting
group known to those skilled in the art such as those set forth in Protective Groups in Organic
Synthesis, Greene, T.W.; Wuts, P. G. M., John Wiley & Sons, New York, NY, (3rd Edition, 1999) which
can be added orl@88led usin ByRRe ehestivted alkpxyereferslafdy éf?}‘ﬂﬂlt&?éﬂ’r{y@w(yl

groups include, huiwiznehdbBind to, ity hgtiegertstoas i Rgsiaaipg horrptiancatisonydroxyl

group with a reagent such as, but not limjted to, t-butyldimethyl-chlt%rosilane, trimethylchlorosilane,
triisopropylchlorciPR e AR AERLRSsRHREt I id RlhartRASARTIRY 2RO¥Rs such as, but not

limited to methoxymethyl ether, methythiomethyl ether, benzyloxymethyl ether, t-butoxymethyl ether,

2- methoxyethoxj@8#lyl etherT hetrpimate fyreudsithies heddnoryelylpkgthedeastoedhwydemxytyl ether;
esters such as, byt not limited t I e, for t richloroacetate,

trifluoracetate. E a?HBI é@!ﬁ%&%ﬁgﬁ%ﬁ%iﬁé@@éﬁ&?#ﬁﬁ%@%ﬁ% ;t\?)éﬁ nli(%plllerﬁ? o fggP 2@%%2%&% as,
formamide, acetamioig atdin@bait etthaikisano delvstiuiiee hetafosy syt iy msiprasadiefingd and
dithiosuccinimid%bz:ér\m%others. Examples of protected sulfhydryl groups include, but are not limited to,
thioethers such as S-bénzyl thioether, and 5-4- picolyl thioether; substituted S-methyl derivatives such
as hemithio, dithio and aminothio acetals; and others. [0048]A "pharmaceutically acciggtable salt"

includes a salt wi#038¥norganid'Badaraseasib shilsdehbriare\ro i geefRradel adnsHEYbr acidic

amino acid. As sgit f qr@mqﬂiwh&ﬁ?ﬁqéfﬁdna%t{ﬂe Rrdrdgenfataiasripiikalispeidsiyed as

sodium or potassium, alkaline earth metals such as calcium and magnesium or aluminum; and
ammonia. As sal%rtﬁg)?é@m@Béﬁ&tﬂﬁmﬁﬁéﬂ%ﬂ'm&ﬁﬁj@ﬁfﬁ%ﬁﬁf@,ulﬁ’iﬁﬁ"e‘ﬁ@&l'&ﬁqrﬁ&b,ove-

triethylamine, pyridine, picoline, ethanolamine, diethanolamine, and triethanolannine. As salts of

inorganic acids, {r@@j;gqtant iNVEREPhiaRlgdanstdsstxatvalannysiyattfdriefasisidggroboric acid, nitric
acid, sulfuric acid, and phosphoric acid. As salts_of cg%%nic acids, the instant in ent(ijpgrincludes, for

example, WO 2&SKRTEY <BeYRaSARfne ove In which a carbon bon

hydrogen bond is replaced by a bond to an oxygen atom which is bonded to

an unsubstituted aryl group as defined above.

[0040] The phrase “substituted aryloxyalkyl” refers to an unsubstituted
aryloxyalkyl group as defined above in which a bond to a carbon or hydrogen
group of the alky! 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



-18- formic acid, acetic acid, trifluoroacetic acid, fumaric acid, oxalic acid, tartaric acid, nnaleic acid,
lactic acid, citric acid, succinic acid, malic acid, methanesulfonic acid, benzenesulfonic acid, and
p-toluenesulEhPOUWA6RE salts of basic amino acids, the instant invention iREIGAE300810&%0&Mnple,
arginine, lysine and ornithine. Acidic amino acids include, for example, aspartic acid and glutannic
acid. [0049]Generally, the invention provides methods!®r synthesizing benzimidazolyl quinolinone
compounds such as amino substituted benzimidazolyl quinolinone compounds. The invention further
provides amino supstituted benzimégifazola/(lﬁq inolinone co formulations that have

mpounds, an
reduced amountéBIRARGHAFUR hﬂ@é’i&ﬁ&%‘ﬂc‘ﬂ%&nﬁﬁ%ﬁ?&%@ﬁy IS4BMs. [0050]In
one aspect, thetpecReRnoopeliivxpaikiigoapristaai bty ¢rizngoy dybgibuiedodefinelstituted
4-amino-3-benzimidazolyl quinolinone compound and compositions that include such a compound.
The method incﬁﬂfé‘éereacting a first compound having the formula | 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, t[@0d3}hod inclingephesssifigngidsitititeiipeiendoyelaiksyContess topdund in the
suitable solvent in t j I . ' first compound
with the seconducnosrpl%%@gggr%qﬁégﬁéﬁ?ﬁi%ﬂ&t%% %g%%u%@lﬁé?igﬁn@gﬁéﬁimidazolyl
quinolinone contyocinge fdromglds! rematadhblaa lbend therohsydan atamtuwhkich iRagnged to
the parent compound, and in which another carbon or hydrogen bond of the
unsubstituted alkyl group is bonded to an unsubstituted heterocyclyl group as

defined above.

[0044] The phrase “substituted heterocyclylalkoxy” refers to an
unsubstituted heterocyclylalkoxy group as defined above in which a bond to a
carbon or hydrogen group of the alkyl group of the heterocyclylalkoxy group is
bonded to a non-carbon and non-hydrogen atom as described above with
respect to substituted alkyl groups or in which the heterocyclyl group of the
heterocyclylalkoxy group is a substituted heterocyclyl group as defined above.
Further, a substituted heterocyclylalkoxy group also includes groups in which
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-yl-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 alkoxyalkyl” 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 alkoxyalkyl group is
bonded to a non-carbon and non-hydrogen atom as described above with

respect to substituted alkyl groups.



I where: WO 2005/046590PCT/US2004/037051 -19- R1, R2, R3, and R4 may be the same
or different and are independently selected from H, Cl, Br, F, I, -OW groups, -NR11-12 1-t groups,
substituted 3YQAIHEREd primary, secondary, or tertiary alkyl groups, suB§EHEWOY A% bstituted
aryl groups, substituted or unsubstituted alkenyl groups, substituted or unsubstituted alkynyl groups,
substituted or unsubstituted heterocyclyl groups, or stldstituted or unsubstituted heterocyclylalkyl
groups; R5, R6, R2, and R8 may be the same or different and are independently selected from

H, Cl, Br, F, I, -OR13 groups, -NR14R15 groups, -SR16 groups, substituted or unsubstituted primary
secondary, or 16004 1alkyl grétistesmbsuiniested UNENIERRRSY 1V GrovyL 9LoRE ARIS:

lﬁgtsgr%i%;?% ;@Wﬁﬁétﬂdﬂ%ﬂ*@%ﬂfgg m%fég@twwrﬁﬂimn(w}as@moﬁ@hainuégdmmmstituted
ups, substituted or unsubstituted heterocyclylalkyl. groups, spibstituted pr unsubstituted
alkoxyalkyl grousetecisstifirey W%ﬂmﬁﬁtﬁ%@&%m&ﬁ&?}ﬁﬁr&sg}ﬁg QHBstE]REMH g)r Lﬂ?ﬁ?ostituted

heterocyclyloxygkiiibupR drissteieeie thtes <8 diarBrotedingBe @5 Biganic
Synthesis, Greene, T.W.; Wuts, P. G. M., John Wiley & Sons, New York, NY,
(3rd Edition, 1999) which can be added or removed using the procedures set
forth therein. Examples of protected hydroxyl groups include, but are not
limited to, silyl ethers such as those obtained by reaction of a hydroxyl group
with a reagent such as, but not limited to, t-butyldimethyl-chiorosilane,
trimethylchlorosilane, trisopropylchlorosilane, triethylchlorosilane; substituted
methyl and ethyl ethers such as, but not limited to methoxymethyl ether,
methythiomethyl ether, benzyloxymethyl ether, t-butoxymethyl ether, 2-
methoxyethoxymethyl ether, tetrahydropyranyl ethers, 1-ethoxyethyl ether,
ally! ether, benzy! ether; esters such as, but not limited to, benzoylformate,
formate, acetate, trichloroacetate, and trifluoracetate. Examples of protected
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,



Rea is an unsubstituted alkyl group having from Ito 8 carbon atoms and is absent if Z is a -NR9bRec
group; WI' and R9c are independently selected from unsubstituted alkyl groups having from 1
to 8 carbon WO B4 both absent if Z is a -OR92 group; Rl and RLIWERIBDHEEame or
different and are independently selected from substituted or unsubstituted alkyl groups, substituted or
unsubstituted aryl groups, substituted or unsubstituted®eterocyclyl groups, substituted or
unsubstituted heterocyclylalkyl groups, substituted or unsubstituted alkoxyalkyl groups, substituted or
unsubstituted aryloxyalky] ggroups,, or substituted or unsubstituted heterocyclyloxyalky!l s; -20-

R11 and R14 migrmictREidaaretic asigrdrlldArParsticRYenHERa S AeideRimag st%&% or

unsubstituted alkyi@ravisicHBRItIEeHCAsIaSBREEHER] d0bdmeBSIdAulstidigd or unsubstituted
heterocyclyl groups; R12 and R15 may be the same or different and are independently
selected from sUBSHHARESHIARI BStHRENZRARHHABIS gﬁ&ﬁﬂéa'&lﬂﬁgﬁﬁgiﬁeﬂ&%ﬁ'g(;rs&ps, or

substituted or ursgiasHfasiGaiRineYSHIHSIOHESh At inventi&tl thiswidectid xampldstituted or
unsubstituted alkyl groups, substituted qr unsubstjtyted a,&l{%rj?ags, ‘?f sgubitituted or ynsubstituted
heterocyclyl gro@F8nipes MfinsoANd SrHEUNRe S HRALTING; I UHEEn L2k FEB U nino-

3-benzimidazolyésggm@ig@iwp@wmidsa@mmpound having the formula lll, is a tautomer of the
compound having the formula 111, is a salt of the compound having the formula lll, or is a salt of the

fautomer of the gagpgund haylyd e {01 il FRITB MM AL RtR SROHY & LR
benzimidazolyl quinolinone compounds such as amino substituted
benzimidazolyl quinolinone compounds. The invention further provides amino
substituted benzimidazolyl quinolinone compounds and formulations that have
reduced amounts of lithium and methods of synthesizing such compounds

and compositions.

Q [0050] In one aspect, the present invention provides a method for
synthesizing a substituted or unsubstituted 4-amino-3-benzimidazolyl
quinolinone compound and compositions that include such a compound. The
method 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 1 and formula Il have the following structures:

R R®
o)

R2 CN Z‘<_<N R6
R3 NH, N R
R4 Rg

I II

where:



[l where R1 through R8 and R1 through R16 have the values described above. [0052]In some
embodiments of the method, R1 is selected from H, Cl, Br, F, or I. In some such embodiments, R1 is
F. In some pEEAMSEMBYHIments, R1 is F and each of R2, R3 and R4 is H S&AMUROHB TS -21-
compound is a compound having the formula IA which has the following structure 1A [0053]In other
embodiments, at least one of R6 or R7 is a substituted %r unsubstituted heterocyclyl group. In some
such embodiments, one of R6 or R7 is a heterocyclyl group and the other of R6 or R7 is a H. In some

e_mqu_iments, one pf R6 or R7.is g heteroc ﬁ%/l groulgﬁ'selected from a substituted or unsubstituted
piperidinyl group, piperazinyl Grofp; & m'l‘ﬂé TiﬁWb thesapRLE HHIRMAND &A% one of R6 or R7

s an N-alky| PiRRERAIBH P SiStiaa Aol Aty BRITETAZOR Yigriups RAKERIAdrsupeme stich

embodiments, the other of R6 or R7 is a H. In other such embodiments, Z is an -OR9a group.

Therefore, in so?HB%M@_@iﬁféﬂﬂﬁ‘@%iEg@Qrﬁ FRRARpoSREPRIZDL AP IRIHA™MAMRY H8YBEmula 11A or 1B
and has one of the fpliouing stivstwarbe e YrivpsasdiRartryetip yabsmuescikesyabove for

compounds having the formula II. i
groups, substituted or unsubstituted alkynyl groups, substituted or
unsubstituted heterocyclyl groups, or substituted or unsubstituted

) heterocyclylalkyl groups;

RS, 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,
-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
heterocyclylalkyl groups, substituted or unsubstituted alkoxyalkyl groups,
substituted or unsubstituted aryloxyalkyl groups, or substituted or

unsubstituted heterocyclyloxyalkyl groups;
Z is selected from —OR®® groups or -NR*R*® groups;

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 alky!

groups having from 1 to 8 carbon atoms or are both absent if 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 heterocycly! groups,
substituted or unsubstituted heterocyclylalkyl groups, substituted or
unsubstituted alkoxyalkyl groups, substituted or unsubstituted aryloxyalkyl
groups, or substituted or unsubstituted heterocyclyloxyalkyl groups;



[IAJIB WO 2005/046590PCT/US2004/037051 -22- the second compound is a compound having the
formula IIC or IID and has one of the following structures. [0055]In some embodiments of the
method, RO¥ RBYSEHFMROb are PCT/US2004/037051

-20-

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.

[0051] In some embodiments, the substituted or unsubstituted 4-amino-
3-benzimidazolyl quinolinone compound is a compound having the formula Il,
is a tautomer of the compound having the formula Ill, is a salt of the
compound having the formula I, or is a salt of the tautomer of the compound
having the formula lll. Formula Il has the following structure:
RS a
R

R2 RB

/

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, ClI,

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



straight chain alkyl groups selected from methyl, ethyl, propyl, butyl, or pentyl groups or are branched
chain alkyl groups selected from i-propyl, s-butyl, or t- butyl groups. In some embodiments, R9a, R9Db,
or R9b are W&BMWS&HP%r propyl groups and in yet other embodiments, RBETRSBIMORIB1are ethyl
groups. [0056]In some embodiments of the method, th {nethod includes reacting the first compound
with the second compound in a solvent such as a dialkyl 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

Ivent such I - =Xy/I Ixt th f, or the like: or. binati f
these somvente, OHLR Sk A R ERRU Bal i enMeR e R B oming ™ "™ °

(N,N-Dimethylfosfitbaiite) 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 dpmpound are reacted. In some such
embodiments, the concentration of the first compound|rangeg,from 0.10 M to 0.30 M based on the
amount of solvent when the first compound and the o1wd compound are reacted. In some such
embodiments, the concentration of the first compo ges from 0.15 M to 0.25 M based on the
amount of solvent when the first compound andthe 3¢ mpound are reacted. In some such
embodiments, the WO 2005/046590PCT/U52004/037051 -23- concentration of the first compound
ranges from 0.17 M to 0.22 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 is
about 0.19 M based on the amount of solvent when the first compound and the second compound are
reacted. In som¢@083] embodimettier taaisodicrsiiaiian lelbiéteotiks ot A RpURYigROILEIR IAS BN
compound ranges frgm 0.15 M to 0.50 M based on, the amount of salvept when the fir mpound and
the second comBBSﬁB%aé‘]‘i%%%‘&rﬂ%?MF@% 2'5’188%8@ mq%%#&ﬁﬂjeﬁti&?% %;i)%t
compound and/®thestetabepoiiarodpangethéath8rdsF ReteORISdVallasdd eortiee amount of
solvent when the first compqund and_the segend campound are reacted. In some such embodiments,
qeliER 17 e EAd

the concentratiofi'BP oMb aRb/Sr SFRPYSMIHNR SHIGEERIFR™M.35 M t0 0.45 M
based on the ansulstitdteal\@miveodstihddd gipendinyhgraog, thineeatingl growmund are reacted. In
some embodiments, the.copcentration of the second compound is greateg thag.10 ed on the
amount of the sWéHmeH%Pﬁ{g WPt &ﬁ?&%ﬁ&%ﬁgrﬁﬁé) é%gﬁ%sc 'P%p%?utﬁd %rragre'ac%%ﬁ]%)(ﬂer such
embodiments, tpepeyazénttgtionmétuh secandNeorethylipipsrgriategtbap ebthe Okbavdwihereas in

other embodiments, the concentration of the second poung is greater than about 0.20 M based on
0 bf)%ﬁl 5o Spgﬁﬁtfgﬁr)%%e e%{;]ﬁ '%%ﬁmﬂq"ﬁ%ﬁégg d. In some

the amount of sGIVeNt Wheh The el &d dc
embodiments, teentmdientrod i dre-<@BShdrouppdiveteforge infisome.2Embbttirdeds)ithased on the
amount of solvent when the first compound and the second ¢ ound are reacted, In some
ambodiments, 118 SN ARG T e BB ARy e YO TSR B TR o e
amount of solvetiteriodiowiedisstuaimmps witkaa dRth R&eand RS inpea thisavalvesctiEsdrbesme
embodiments, t tratl e ng,co ranges from 0.20 M to 0.24 M based on the
amount of soIve%%@%%ﬁ?hégéﬁgogbﬁﬁﬁj%ﬁcﬁ ggg?h?éps'%eﬁc%%%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@ssecond compound are reacted, In gobme Nm?nts, the

bo
solvent is dried prior to usg in the reactign. In some such embgdiments, the olven@ reaction
H oa N N
2004/ R0
/
N H
R

WO 2005/046590 S
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[0054] In some further embodiments, the second compound is a

compound having the formula lIA or [IB and both R® and R® are H such that



comprises, less than 0.5 percent water, less than 0.25 percent water, less than 0.1 percent water, or is
less than 0.05 percent water by weight. In still other such embodiments, the solvent comprises less
than 0.01 pdYEHNAEF?®r is less than 0.005 percent water based on the WRGEHESHA04EFTEST
embodiments, the solvent is dried prior to use in the reaction. In some embodiments, a mixture of the
solvent and the second compound is dried prior to adc#®on of the potassium or sodium salt of the
base. In some such embodiments, the mixture of the solvent and the second compound comprises,
less than 0.5 percent water, less than 0.25 percent water, |ess than 0.2 gercent water, less than 0.1

percent water, oiNRSERAMI GBBBRHACHIS AEIIRALAHIRY NG JBf FRTRMPN @K Hs2RE MaSaly sis.

[0057]In some egprogimrntslRfiiegreaiiedrége method includes reacting the first compound with the
second compound in the suitable solvent using the sodium or potassium salt of a base that may be

used to generate an enolate anion, which, in some embodiments, may be a sterically-hindered base.
As used herein, the term "base"” refers tda chemical compoury that deprotnates@r compound

when reacted with it, In sgfhe suclﬂ embodiments, the I%Qdiu or potgssium galt ofshe base that may
be used to generatg ah enalate ghio ‘IS a buse such as,ofor examplg, N3 . Na2CTO03, K2CO3,
sodium and potassium alkoxides\such as)) t not Jimited to, sodium\and b slum t-butoxide,

propoxide, i-propoxide, ethoxide, fethoxfde, and theike, sodium arjrﬂde (NaNH2)! potassium amide
(KNH2), and the like. In some embodiments, th%ﬁ Is sodium or potassiym t-butoxide, and in some
such embodiments, the base is potassium t-butoxide ima solvent such as THF. In some of these
embodiments the base is potassium t-blﬁgﬁdde (20% in THF). In some embgdiments, the sterically
hindered base is an amide anion and in some such embodiments, the amidé nitrogen is bonded to two

trialkylsilyl groupt‘bolggiome sum1 ogl'l%egzr]kn i g?ﬁsSBPI{HB’r%EﬁBG,SﬂB‘P ﬁw’t ghihgdage is selected

from a sodium or potassium bis(trialkyls e. In some such embodiments, the sodium or

potassium bis(trigttaigi/bhaiieliyykotiupstsieleniestfsasnynatiilegiosk Moyl ob plassinantys-
bis(trimethylsilyl)ami i hey.j ingth
sttimethyisiyagide (MO o smaAg RO REaS Biher ke agigehe

sodium or potasSium sa ! e Jirst gompo%‘pd and the ‘'second’compound in
the suitable solventylgesme.eisstieamhotimnitifRos Potassifin eHe sreteyhaiBYS Bresent in an

amount of from @r}gg%e@%@gaﬁd Y0 SECCHEIRMBARMENRPABAROURL HffAGE Y 3

equivalents, wit e first compound. In still other embodiments, the sodium or potassium
salt of the base is present in an amount of 2 to 4 equivalents, and in some sucgo,em odiments in an

amount of from 10988} equivdlesRNGigMeepivaeriset themeihern iz mete WhBodiments, the

second compouRgistig $8BLHIFSRBAPBUNPIMEIRThS Sedopriboraiiandtinrgsepasie soeti a
compound. In some such embodiments, the second compound isr%rﬁseg%n _%%amount of Hom 1lto
8 Bociad

1.5 equivalents Wiglkdefbarsusl asstidnpblimiemindirtayhat BrHeHERSE for

synthesizing a syfjshtuie ot Hasuhsikdies! disraine; Sbemsiorsiazale siuinelikenaranpaticl and
compositions that include such compounds, the method jincludes gdding the potagsium f':,alt ﬁ]ithe base
to a mixture conFHERY BHERBEAGIHBBEN A, HERE BhABRTH Rt S5 %‘mﬁﬁlﬁ?%?veﬂ[ %

temperature of fig: )G émbitationeosieneisesombatimotimnibairbkssoiveatitintibecpskais added
to the mixture and the temperature of the mi is from 25C to 45C, fram 35C to 45C, or from 38C to
42C when the p&@@ﬁrﬁ%&ﬁrgﬁtﬁg a8 @M%{&d%' '&?%Hﬁ?ﬂﬂ?%’@.‘qﬁ AN i R e
internal temperagyjehieAtlodihfsite! tH sohenttheippiasrivofusali ol ihetitaserhbdinaettsdttethe
mixture. The internal reaction temperature generally increases, for example up 19 62C qr 65C upon
addition of the pSRIXERISLAME e (55%% m@&géﬂé?ﬁf%& &N €J,Oﬁ]1 %{)(m% f(i:rﬁ odiments, the
internal temperaggig o inadnaties ir Ingntorao 3 QCI ®MSE iogreaten thamboaiboenB. i5 M 38C to
50C during addition of the potassium salt of the base. |n some such embodiments, the potassium salt
of the base is ao&a%%ef& ‘ﬂ‘i‘e&rﬂﬂﬂ?@%e‘?*aﬁ?e%'ﬁf%@% 9 EE%@P&HBEBEPHP o?ﬂé fg %?ﬁ’ggdiments,
the potassium sapafgbarhaeosenisted. difmixtuechosmbagienontsf thenschteffrationitdthe

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



WO 2005/046590PCT/US2004/037051 -26- and in some such embodiments, the potassium salt of the
base is added to the mixture over a period of from 5 to 10 minutes or in some embodiments over a
period of 5 NRFS/HEEE0]In some embodiments of the method for synthesPARJUa280H8%i 0 ed or
unsubstituted 4-amino-3-benzimidazole quinolinone compound and compositions that include such
compounds, the method includes adding the sodium o2@otassium salt of the base to a mixture
comprising the first compound, the second compound, and the suitable solvent at a temperature of

from 15C to 50C. In some,such e bscr),diments, the potassium salt of the base is added to the mixture
and the temperacfﬁpg%??ﬁé'%ﬁmgq i iRorBeondganges ot Gl 20¢ 02\ besebo when the

potassium salt ahiarasaisfissivetieftie e asicoihsemne SReRBsathd MBI are

temperature is 17C % 0? when the potassium salt of the base is first added to the mixture. In some

embodiments, th&AftEMmaltSABE QRRRLS ihe £oRGEriIationrat aaisst soRMANIHC

during addition ¢¢ disobase! s trassrlich eialadibuenis: SorBHEMRGIRBSTRILES AbBERaRtON is
raised to 30C aﬁg the rejlé«a;ion is monijtored for completion using HPLC. [0060]In some embodiments,

the method furtHEFiRERIES (B REHRY aFPdRAniaR: sHRaTPERYFASHRRAB @ Srdhetion flask to
provide a reactimmnbmuraticxwmIﬁlsmﬁrﬂie:ﬁrﬁboeﬁwahﬂﬁba'ﬂﬁ’eﬂé@@ﬁw%ﬁfﬁﬁ@ﬁéWghg‘@s(fﬁmng at

least a portion of t I lyent from the reaction flask, an repeating (a) and (b) until the
water cgntent is%@g ﬁgm%(bjj%aﬁe %E %ﬂ%‘éﬁ’&rﬁ? %9'1‘5958 é’ﬁ‘%@ﬁ'ﬂ?\/ﬂf&ﬁ GREIPOE R termined
using Karl Fischandttzdysézdndsoompuhddinecrdactbe. dintdlatiensuel bmpeagteiad 4pder reduced

Wit a sutable ST URRCLIR St M ORER A S e SRR AR SIS0
concentrating th:2@ddrd Botbpdurabbyl rmiheiagnalirest sastiowhEthenecfiventonnsoie@ptionally
e e 0 R AR AR I 3 e imens. o) e,
than 0.25%, lessahaant@&tion 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



0.20%, less than 0.10%, less than 0.05%, or less than 0.03% which may be determined by Karl
Fischer analysis. In some embodiments, steps (a) and (b) are accomplished at least four times. In
some emboWiheMEIhP%econd compound may be dried in a reaction vessB¢ BB HERTNEIdesired
guantity of drying is achieved, such as a water level of less than 0.25% or less than 0.20%, the first
compound and the potassium or sodium salt of the ba&% are added to the reaction vessel. In such
embodiments, solvents such as those suitable for use in the reaction of the first compound with the

second compound may be use%o da/égﬁﬁségco d com ount a?gp/ olvents glcl%%(? (?thereal solvents

such as diethyl EMRPI SR JRES AT WAIPL RS PER A Bleng>T0061]In

some embodimg{¥f Of1h§emeﬂtoﬁlaft’yr§¢hﬁbele§’$'rmmm@mmnt wadabbtjtweight. In still
4-amino-3-benzimidazolylquinolinone compound and compositions that in suc und, the
method incIudth@t‘?ﬁr‘?’é'%h‘ee %BHW%EBW??V W?I&%ng%?%tﬂfgsss?ﬂ?%cdg@e eerE:ctt-:‘érrfit &gg\?v%?ght prior
to reacting it witbrtiedisstinamP0B msrededingatéo bamsd tontive sseighinthinsogie first compound or
the suitable solvent. In.some sych embodiments, the second compound is dried t. ater level of less
than 5 percent mk?&%'m,el'% sth%r?%m\beéﬁé%db?%ﬁ%ﬁ%%%etﬁ%mwg E%?ge'r?p by%vg?g?ﬂ , less than 2.5
percent by weighinirgfitients] aenbeiore\oiibigisiolesst thad the eecond gonejghundritedsedan 0.5
percent by weight, In. some.such gmbaodiments, the secpnd be dri fxing the
hydrated seconBré%rnﬁf) Wr?ﬁﬁ%@%ﬁé%%ive% Ss%%ﬁ:%@s%%ggfyéggr%égér?ggégﬁrﬂo t%)%nr(m a
solution, concergrabogitherts|uliemiixtacdvehtive molvain haoiddilyingetend sanpuodshposition under

vacuum with heating. In some such embodiments sec is.gri X ixing the
hydrated seconff b%%ﬁuT%ﬁ arpo%gaﬁ%r%% \Ee\’\rll%qs%bﬁegog%ﬁﬁ%&%ﬂ%ﬁﬁ%@%l (%)si‘%]rm a
solution, (b) congemratinpeaiuestamercteapdoan Byl petoeniguaterasr dessriftandd. Bz ReICERE, (c)

optionally repeating steps (a) and. (b) one or. mar ifj [ -.then (d) drying the resulting
composition und&?%éé’%'ﬁhb}ﬁyh%(%t?ﬁg?r&'&%%?%%gggggﬁ%@%%%%?%1 -28- [0062]In some
embodiments of the method for synthesizing a substituted or unsubstituted i
4-amino-3-benz[88&Tolylquirblpene eorssimenisrtshesmatintd the: Methad HHIESompound, the
method includes JgagHAQyac{upLenpBaHATyIi ecsseenaceRpRAMRintResRAsIBcRige sodum

or potassium salt o base for a period of time ra %;gi from 30 minutes to 360 minutes, from 120
e

minutes to 300 mgingetheeediusnas BUdsHiHmeA eihatenay bed'agAUR 9eRERR S & minutes
to 270 minutes, gp fiam 21O MINRR FPAGRIIRRDIACARPRIAIUE BUitbeall Hmddeste desired

benzimidazolyl quinolinone compound. In some embodiments, the reactjon product mg;E%r?? of the

substituted or urassstidecdsedharers-thersmdRassidafrealBRASIIGANPHBaHR the
reaction of the figs campaund \EHEE SSEERUSE WRRW e iepRahad v RowiivgdbR reaction product

mixture into water. In other embodiments, water is added to the reactioné i>%ture which, in zome

embodiments, iccobastines atse teesadiHmPHBRIasSHIM 831 the PasE é’gﬁ:yptfﬁ)l”ﬁ?g Bing the

water. In some B RFlReAe ABIURIERIBK Red URSK N GR! Kcoyammpler Nat KbiaNiaC au then
additional water Ts added prior to collection of the solid by filtration. The %J%réﬂw?ﬁ,ﬁreact%ﬁn roduct

mixture is typicaleG@mcapditmrg O tRRAIWERIKPIIRFR} HE 2R RMhB Ra288/IUinolinone
compound, and ifsome-cERRMIMARRIdRE SHepRKIeS igseluxiawdiboxiar haetheridé andmperature
of 5C to 10C prior to filtration although this Is not necessary. In s mﬁ@godimé:rﬁs, tge Cj)llected
product may be theliken gedieBRIMdE M’é@)amﬁéﬂﬂa}@&ﬁ&% had egp Stel'than 40
percent, greater faan-50 nNSsERRAk AR B2k 69 RKIRANto B RAtRISInAN (ASubsXit tand dresten¢han 80
percent of the 4-amino-3-benzimidazolylquinolinone compound, Some, embo?imetgts qﬁlf the method
may further inclM&ﬂ@%?ﬁ@ﬁ@%&ﬂ@cﬁﬁ?%ﬂé&mq@tﬁgﬁ%@? PHRAIRGURE BAHSTONR mixture for

a period of 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)Jamide. In
some such embodiments, the sodium or potassium bis(trialkylsilyl)amide is

sodium bis(trimethylsilyl)amide (NaHMDS) or potassium



from 10 minutes to 180 minutes, of from 30 minutes to 120 minutes, or of about 60 minutes at a
temperature of from 40C to 78C, of from 45C to 78C, of from 60C to 78C, or a reflux temperature; (c)
cooling the WIS E®mperature of less than 40C, less than 35C, less tR&A/882904PIEEH than 20C;
(d) and filtering the cooled mixture. However, it is not necessary that WO
2005/046590PCT/US2004/037051 -29- the mixture bé%¥oled prior to filtration. In some such
embodiments the filtered product may be washed with a solvent such as ethanol or water. The

resulting product may. be dried under va ith heating such as in a vacuum oven, a drying pistol, a
rotary evaporatoir),'%@%ﬁ%eﬁﬁﬁsf&g] lrcly %%%ﬁ%&%éﬁ@%ﬁﬁ??ﬁé%%‘% ﬁﬂ?&?ﬂfw bstituted
or unsubstituted inchndes-Bdokimy imédsadiyt quri poliassiamosafiafriteabd o topo sitigiusd afttimelude such
a compound, the.method incl reacting a compound having the formula IV with a compound having
the formula V to‘?g%%%g%ﬁ[%%ﬁi&l%ﬁﬁoems%gﬁ W g‘r@%@%ﬁ‘riﬂb el ,ﬁé,o}é?, 5?%%8 65 have
the values set foetmiabdiveenis thersaxdtitortior petassiwonsptiwidieabasetiefesarntil and X is a

halogen atom Su&%&?nﬁ'o@hgﬁ Qrtb 2 reian\}%|%?,?},‘ﬂ%%t§ |tr)1as§§n% AN&s ic(ajr'nbcl):zdslments in an
amount of from 2.5 to 3 equivalents, with respect to the first compound. In still
other embodiments, the sodium or potassium salt of the base is present in an
amount of 2 to 4 equivalents, and in some such embodiments in an amount of
from 2.5 to 3 equivalents, with respect to the second compound. In some
embodiments, the second compound is present in an amount of from 1 to 2
equivalents with respect to the first compound. In some such embodiments,
the second compound is present in an amount of from 1 to 1.5 equivalents
with respect to the first compound.

[0058] In some embodiments of the method for synthesizing a
substituted or unsubstituted 4-amino-3-benzimidazole quinolinone compound
and compositions that include such compounds, the method includes adding
the potassium 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



IVV In some such embodiments, the compound having the formula IV has the formula IVA. IVA WO
2005/046590PCT/US2004/037051 -30- NH HCI VA
WO 2005/046590 PCT/US2004/037051

-26-

and in some such embodiments, the potassium salt of the base is added to
the mixture over a period of from 5 to 10 minutes or in some embodiments
over a period of 5 minutes.

[0059] In some embodiments of the method for synthesizing a
substituted or unsubstituted 4-amino-3-benzimidazole quinolinone compound
and compositions that include such compounds, the method includes adding
the sodium or potassium salt of the base to a mixture comprising the first
compound, the second compound, and the suitable solvent at a temperature
of from 15°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 15°C
to 25°C, from 15°C to 20°C, or from 17°C to 20°C when the potassium salt of
the base is first added to the mixture. In some embodiments, the internal
temperature is 17°C to 20°C when the potassium salt of the base is first
added to the mixture. In some embodiments, the internal temperature is
maintained at a temperature of less than or about 25°C during addition of the
base. In some such embodiments, the internal temperature of the reaction is

raised to 30°C and the reaction is monitored for completion using HPLC.

[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



In some embodiments, the compound having the formula IV is reacted with the compound having the
formula V in a solvent such as an alcohol such as, but not limited to, ethanol at an internal temperature
of from 30CW®20B/MHFm 35C to 60C, or of from 40C to 50C for a period BF TREMHEFNAS minutes
to 240 minutes, of from 60 minutes to 180 minutes, or of from 60 minutes to 120 minutes. In some
embodiments, the reaction product from the reaction @ the compound having the formula IV with the
compound having the formula V is cooled, for example to 25C or the like, and is filtered. In other
embodiments, the reaction product is t||| warm when_ it | filtered throu%h a filter medium E uch as

Celite. In some Qrﬁgc{ﬁlllﬁéﬁtg‘ﬁﬂeofﬁtg/%l?&iﬁm?ﬂagr%% Wﬂh@ﬁ%ﬂ?% Soehdieh 28RS nol, and

the filtrate may bReoRTABHBRKEN FoderRirTanmpas. Thﬁé@ﬁé%ﬁfbtﬁﬁrﬁ@ﬁ@%t@w (Apare(Blixed with
an aqueous HCI solution, in embod| nts, a Oé? percent H olutlonl\%ld in other

embodiments a 3% W%Uﬁ%ﬁ U&?@ HRSORN SBIEEMB BEFSOREon, may then
be added in onecp@ifignrd gragialldree inzatea orien véssefambwhetothe detiatingaattitihefreaction

product may be mixed or dissolved with water, in, so od| nts |ze water, that is neutral
with respect to Y MPLEAFRIRESHIRHAK A Y\éestﬁﬁlga‘?iréﬁ?ﬁ %ﬂc@%@ 8lE5 t 0C and then
is made basic by Q@@/{IIQh@futsbaempudm@ahwchH dmawmmfsemmdwlemﬁthbebakéiamOught to
about 9.2 by additj gzg}‘g NaOtH In som mbod g he re ulting mixture stl d for a period
of about 1 to 5 ﬁ?ﬁ% '?&\éﬁﬁﬁ &§H8 |E5n ?1 r@%ﬂ N ?ﬂ&%’f 3;6 vﬁﬂ%ﬁater and
dried in a vacuumumm@ doithedikn. tf@fédbtlenmétambmIomnrﬁmﬁmwmheﬂlh‘ed;éfcbaxdnthe&mng a
substituted or unsubstitut d 4 a ino- ?%8?5?2 mlﬂfzo ollnone comp, unﬂ otm ?lté)ns that
include such a NS 80% ﬁ{& ‘Eﬂ%?,p\‘?té‘ #HQ Fos a9 fetuced,
typically catalytiethgraal ﬁlvedﬂs@umkalsedmvzhywmhéz tigadec# e eochtiveilidenanthg the formula
IV where the variables R5, R6, R7, a H R5 have the values set forth above with respect to the second

compound ha\,”?dqmea%crﬁl%ll\éents s0ch as tofusne

[0061] In some embodiments of the method for synthesizing a
substituted or unsubstituted 4-amino-3-benzimidazolyl quinolinone compound
and compositions that include such a cbmpound, the method includes drying
the second compound to a water level of less than 5.5 percent by weight prior
to reacting it with the first compound or adding it to a reaction vessel
containing the first compound or the suitable solvent. In some such
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.



In some such embodiments, the compound having the formula VIA is a compound having the formula
VIC or VID and/or the compound having the formula VIB is a compound having the formula VIE or VIF.
In some sucH@AMBYHANEMts, R6 or R7 is a substituted or unsubstituted hete#6&RN P8 that, in
some embodiments is selected from substituted or unsubstituted piperidinyl groups, piperazinyl
groups, or morpholinyl groups. In some such embodim8nts, one of R6 or R7 is an N-alkyl piperazinyl
g;l(lnzup sgc:\?lgian N;]m?thyl piperazinyl group such that the compounds having the formula VIC, VID,

, an ave the formula VIG or VII+ WO 2005/046590PCT/U52004/037051 -32- H VIGVIH
some embodimE82ihe combspmeaimeasiants iefihe et RLSHERSS EHRARa VIH. In other "

embodiments, thgrQRSY BF (RLueatitbrcd 4ismiPRTIRBERLiIMIYERG IfeyNABlitY Ve Golnsoune
embodiments, the compound having the formula VIA, VIB, or mjxtures thereof is reduced with H2 in an
alcohol solvent 3nercagegsitionsdha) g‘ﬁ'éﬂﬁ’ﬁtﬁﬂ?%%t%?ﬂmﬂ%'&éng%m%ﬁg é?glﬁlff?ﬁs palladium on

carbon (Pd/C). I%é@ﬂfﬂcg eelndineeripoiedRiite thd siteratdoaigound imsne presdractnoétits the
Pd/C is 5 percent Pd/

reaction is Conm&?ﬁ%@ﬂﬁ%E@ﬁh%‘b%ﬁﬁ%%%ﬂ%@ﬁ%ﬁ%ﬂg en,]gc))ér)?rirg?)mse’ the

embodiments frahdf¥s 16 566 @irftass 4p6m 120 minutes to 300 minutes, from 180 to 300
minutes, from 180 minutes to 270 minutes, from 210 minutes to 270 minutes,
or from 210 minutes to 240 minutes at a temperature suitable to provide the
desired benzimidazblyl quinolinone compound. In some embodiments, the
reaction product mixture of the substituted or unsubstituted 4-amino-3-
benzimidazolyl quinolinone compound produced by the reaction of the first
compound with the second compound is quenched by pouring the reaction
product mixture into water. In other embodiments, water is added to the
reaction mixture which, in some embodiments, is cooled to a temperature of
from 20°C to 35°C or from 20°C to 35°C prior to adding the water. In some
embodiments, solvent may be removed under vacuum after water is added
and then additional water is added prior to collection of the solid by filtration.
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
étemperature 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



to 55C for a period of time of from Ito 12 hours, of from 3 to 10 hours, of from 4 to 8 hours, or of 6
hours. In some embodiments, the reduced compound having the formula IV is directly reacted with the
compound N4QiAYIEGMula V in the same reaction vessel without furtherBSerHEAAH3[MO65]In some
embodiments of the method for synthesizing a substituted or unsubstituted
4-amino-3-benzimidazolylquinolinone compound and4®mpositions that include such a compound, a
compound having the formula VII is reacted with a compound having the formula FIR' or a salt thereof
to produce the compound having the formula VIA where the variables R6, R6, anil 8 have the values
set forth abovetamigliyecbecpeled mind E%FHBBHHH-hH!/mﬁéHﬁEﬁWHHPQHHGP 8 E¥ected from Cl or

F. WO 2005/04faf brod{RAMR4(0SE Wk hdet With a\dbiesRechlsh etmanel Deniatehe Tasmpound

having the formula VII is a compound having the formula VIIA ar VIIB. In some such embodiments, R7

is a substituted'8PHIBGHRIRGI MK BR\AIAG HIAS MAEUHNEIIE S5RehTUHAR 75 4B1Bcted from

substituted or upssASIHEESHPIRRIIIRY| LEPS RBRREIRDaraepsoptmadipholinyl groups. In some
such embodiments, R7 is an N-alkyl piperazinyl group such as an N-methyl piperazinyl group such

that HR7 has trl(a(;%rﬁ]ula HRﬁw(%)o%]g & 8'09%'ents of the method for synthesizing a

substituted or unsubstituted 4-amino-3-benzimidazolyl quinolinone compound
and compositions that include such a compound, the method includes
reacting a compound having the formula IV with a compound having the
formula V to provide the second compound where the variables R®, R®, R, R®,
and R* have the values set forth above with respect to the second compound
having the formula il and X is a halogen atom such as F, Cl, Br, or |, or is the

conjugate base of an acid.

R5
HoN =6 0 NH HX
R%0 OR®
HoN R’
Re
v v

In some such embodiments, the compound having the formula IV has the
formula IVA.

HoN H

AN

H,N @ ;
IVA

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



VIIAVIIB H12.7(a) In some embodiments, the compound having the formula VIl is reacted with the
compound having the formula HR7, such as N-methylpiperazine at a temperature of from 70C to 120C
or of 80C toW@GeISEHATH 85C to 105C, or of 100C for a period of from 2 hBGASYS2OHASUNE! 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 coRfpound having the formula HR7 with the
reaction of the compound having WO 2005/046590PCT/US2004/037051 -34- the formula VII. Addition
of a solvent such as ethanol to the reaction helps tg prevent ﬁgz)idification of the reaction. In some
embodiments, any of the reactions of the method dte follojived by HPLC and are conducted for a
period of time until the starting materials are obsepded to rq longer be present in any appreciable
amounts. [0066]In some embodiments, the sifitituted or unstBistituted 4-amino-

VA

In some embodiments, the compound having the formula IV is reacted with
the compound having the formula V in a solvent such as an alcohol such as,
but not limited to, ethanol at an internal temperature of from 30°C to 70°C, of
from 35°C to 60°C, or of from 40°C to 50°C for a period of time of from 45
minutes to 240 minutes, of from 60 minutes to 180 minutes, or of from 60
minutes to 120 minutes. In some embodiments, the reaction product from the
reaction of the compound having the formula IV with the compound having the
formula V is cooled, for example to 25°C or the like, and is filtered. In other
embodiments, the reaction product is still warm when it is filtered through a
filter medium such as Celite. In some embodiments, the filter medium may be
washed with a solvent such as ethanol, and the filtrate may be concentrated
by solvent removal. The concentrated product may then be mixed with an
aqueous HCI solution, in some embodiments, a 0.37 percent HCI solution and
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



3-benzimidazolyl quinolinone compound is a compound having the formula IlIA, is a tautomer of the
compound having the formula IllA, is a salt of the compound having the formula IlIA, or is a salt of the
tautomer of YHe ¥OAMPESMY having the formula IIIA and R7 is a substituted oP&HESBiHGEI8Sheterocyclyl
group In some such embodiments, R7 is a substituted or unsubstituted heterocyclyl group that is
selected from a substituted or unsubstituted piperidimgigroup, piperazinyl group, or morpholinyl group.
In some such embodiments, R7 is a substituted or unsubstituted N-alkyl piperazinyl group such as an
N-methyl piperazinyl group, an N-ethyl piperazinyl group, or a N-propyl piperazinyl group. [0067]In
some embodim@essritrdsbelonteittoHarleureseede fameodnsthavingdheye g Mone

compound s a gamROChAUBIDRTORAUIE IR JIRE KR wiilha cupRawndbsvengithe formula

l11B, is a salt of the compound havmg the formula I11B, or is a salt of the tautomer of the compound
having the formigiap@e tathe second compound having the formula I1.

RS RS
O.N R® HoN R®
HoN R’ O.N R’
Rg RB
VIA VIB

In some such embodiments, the compound having the formula VIA is a
compound having the formula VIC or VID and/or the compound having the
formula VIB is a compound having the formula VIE or VIF. In some such
embodiments, R® or R’ is a substituted or unsubstituted heterocyclyl group,
that, in some embodiments is selected from substituted or unsubstituted
piperidinyl groups, piperazinyl groups, or morpholinyl groups. In some such
embodiments, one of R® or R” is an N-alkyl piperazinyl group such as an N-
methyl piperazinyl group such that the compounds having the formula VIC,
VID, VIE, and VIF have the formula VIG or VIH.

H H
O.N R® O.N H
HzN H HZN R7

H H

VIC VID

H H
HoN R® HN H
O,N H O.N R7

VIE

VIF



urn [0068]In some embodiments, the method further includes reacting the substituted or unsubstituted
4-amino-3-benzinnidazolyl quinolinone compound or a tautomer of the compound with lactic acid,
wherein the W42 280A&#PEUt of the 4-amino-3-benzimidazolylquinolinone comfSatiH&28¢414é7Palitomer is
obtained. In some such embodiments, the compound having the formula 1l1IB or a tautomer thereof is
reacted with lactic acid to produce the lactic acid salt oPtre 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 sglid. [@69]The use of a sodium or potassium salt of a
base such as, but not limited to, NaHMDS, KHMD®; sodium t-buttixide, or potassium t-butoxide, rather
than a lithium salt such as LIFB4RS in the regction of the firgt com undbyvith the second compound

provides a method of producing co t include reduyged amiounts of lithium and in some
. Furthermore, the uge of gjbase such as potassium
e

embodiments may not include any

tbutoxide results in increased&lds O penzimidazolylguinolione tampownd. Consequently, in
some embodiments, the invention proyides a composition that includes benszidazonI guinolinone
compound having the formula Ill, a tautomer of the benzimidazolyl quinolinerié cempound, a salt of the
benzimidazolyl quinolinone compoun¥!@ salt of the tautomer of tH&tbenzimidazolyl compound, or

mixtures thereof, wherein the benzimidazolyl quinolinone compound is a compound having the formula

lll, WO 2005/04653R/BE RS DE0Edbe crsmpaupRdiedvcrd by H RS aaaraowg having same or

different and arethe formula VIH. In other embodiments, the compound reduced by Hy is a

compound having the formula VIG. In some embodiments, the compound
having the formula VIA, VIB, or mixtures thereof is reduced with H, in an
alcohol solvent such as ethanol using a transition metal hydrogenation
catalyst such as palladium on carbon (Pd/C). In some embodiments, the
Pd/C is 5 percent Pd/C and in some embodiments, the Pd/C is 5 percent Pd/C
with 50 percent water on a weight by weight basis. In some embodiments,
the reaction is conducted at an internal temperature of from 25°C to 70°C,
from 30°C to 60°C, or in some embodiments from 40°C to 55°C or from 45°C
to 55°C for a period of time of from 1 to 12 hours, of from 3 to 10 hours, of
from 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.



independently selected from H, ClI, Br, F, I, -01R16 groups, -NR11R12 groups, substituted or
unsubstituted primary, secondary, or tertiary alkyl groups, substituted or unsubstituted aryl groups,
substituted SYQAYHHRHed alkenyl groups, substituted or unsubstituted alk§AEHHIHE3 AiBstituted or
unsubstituted heterocyclyl groups, or substituted or unsubstituted heterocyclylalkyl groups; R5, R6,
R7, and R8 may be the same or different and are inde@dndently selected from H, CI, Br, F, |, -OR13
groups, -NRI4R15 groups, -SR16 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 ®r unsubstituted heterocyclyl groups,
substituted or unsubstituted heterocyclylalkyl grems titutefd or unsubstituted alkoxyalkyl groups,
substituted or unsubstituted aryloxyalkyl groups, or s ed or unsubstituted heterocyclyloxyalkyl
groups; R1 and R13 may be the same or diffe and are independently selected from
substituted or unsubstituted alkyl groups, substitlited or insub¥tituted aryl groups, substituted or
unsubstituted heterocyclyl groups, substituted or unsubstituted heterocyclylalkyl groups, substituted or
-37- unsubstituted alkoxyalkyl groups, substituted or unsybstituted aryloxyalkyl groups, or substituted
or unsubstituted heterocyclyloxyalkyl groups; R1I1 and R14 may be the same or different and

are independently sglaeladdranburitieing dhenB Bl ARIPIRUASHAS i felr unsubstiuted
an

aryl groups, or substituted or unsubstituted heterocyclyl groups; may be the

same or differerfARBWBITRVIBgdBAToatda AR \UBstHugems aHehemibesimanisgRUiss,
substituted or unsyhBLkitREREY EHEUBSHRISHIRIILISE) . RYBS T HIRY RIS FRE b SRS its

R16 is selected from substituted or unsubstituted alkyl'groups, substituted or unsubstituted aryl

groups, or substRtEPsiesEaRLEHRetitHiad BEyasHERb e hRipSIdinA @Frruem, piperazinyl

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

H H

O,N H O,N H

H,N ci HyN F
H H

VIIA VIIB

>

HR(2)

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



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]Iin some embodiments of the
compositiony @r80RIet¢I8rein, the amount of lithium in the composition is |eBSTHRGHp&UTent, 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 $hzimidazolyl 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. In Shiersaula M Seidlien ok aehsAbsYtb RS starebipdhsirerEiom e PSR ietely

absent from theenpsiidifie AN LB BRI, IRsseRBRAsIHOTRRMIeSaHyasr theercent, less
than 0.05 percent, or less than 0.01% of the unc§cliz d intermediate shown in Sc &Te 1 basgd on the

weight of the befeARHARSHN thEMIRGSAES IR} Xa1Fed7 B S5menuotRmhiale Bef
compositions preyifpe eifithdéhadrengimistarell arenshiseone a6 neusAde bedpiesdatrinianil is a

compound having the formula I1IB TUB [0072]In various groups that include heterocyclyl groups, the
heterocyclyl groBBRIESI BYSATMEYSh various ways. For example, in an -0CH2(CH2)q(heterocyclyl)
group, where q is selected from 0, 1, 2, 3, or 4, the heterocyclyl group may be bonded to a methylene
carbon of the -(JOB6ERYT F12)cilgreomefeimbediGien(s HRgshbtitded yir) uhsubgtituieid dsainperembers.

By way of non-lignjting_exampl here @i %g(] acycl | the group
could be represgr%bgﬁﬁmwg %89%%%"3 %ﬁg%%l ttgt?gﬁ?jrgoﬁcj%g)ny gW |Cfﬂ%‘éﬁé§@§f§£%ﬁ|ﬁe following
two structures: 1A, is a tautomer of the compound having the formula ll1A, is a salt of the

compound having the formula IllA, or is a salt of the tautomer of the

compound having the formula 1l1A and R’ is a substituted or unsubstituted

heterocyclyl group

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 IlIB, is a salt of the
compound having the formula IlIB, or is a salt of the tautomer of the

compound having the formula 111B



where structure VIl represents the group that can be referred to as the
-OCH2CH2(2-tetrahydrofuranyl) group and structure IX represents the group that can be referred to as
the -OCH2 M2 28%%844AYtrofuranyl) group. When the heterocyclyl group is BAVESHE Y Heterocycle,
such as, but not limited to piperidine, piperazine, morpholine, or pyrrolidine, the heterocycle can be
bonded to the methylene carbon through a ring carbotf3atom or through a -39- nitrogen atom in the
ring of the N-containing heterocycle. Both of these are preferred. Where the heterocyclyl group is a
piperidine and q is 2 for an -0CH2(CH2)q(heterocyclyl) group, the following structures are possible

and preferred:  XIIXIII [0073]Structure X is an example of -O(Cw-piperidinyl) or
N

AN

F NH; N\
H H
N N
H N o)
H
H
1B
[0068] 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. In some such embodiments, the compound having the formula |1I1B
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 I, 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 benzimidazolyl
quinolinone compound is a compound having the formula lll,



-0(CH2)3(1-piperidinyl) group. Structure XI is an example of a piperidinyl) group. Structure XIl is an
example of a -0(CH2)3(3-piperidinyl) group. Structure Xlll is an example of a -0(CH2)3(4-piperidinyl)
group. WheMQRE%EHea38y clyl group is a piperazine and q is 1 for an -OCHRCHONHETHT/cly1)
group, the following structures are possible and preferred: XIVXV [0074]Structure XIV is an example of
a -0(CH2)2(2-piperazinyl) group, and structure XV is-@8example of a -0(CH2)2(1-piperazinyl) or
-0(CH2)2(Npiperazinyl)group. Where the heterocyclyl group is a morpholine and q is 1 for an

-OCH2(CH2),I(heterocyclyl) group, the following structures are possible and preferred: WO -
2005/046590PCT/U52004/037051 -40- \if-2 XVI XVII RS A

R7

R8

/

R3

Iz
o

I

wherein:

R' R2 R3, and R* may be the same or different and are
independently selected from H, Cl, Br, F, 1, -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

heterocyclylalkyi groups;

RS 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



XVIII [0075]Structure XVI is an example of a -0(CH2)2(3-morpholinyl) group, structure XVII is an
example of a -0(OH2)2(4-morpholinyl) or -0(CH2)2(Nmorpholinyl) group, and structure XVIIl is an
example of ¥etpHUAF group. It will be observed that where the group isP% BteAA&704hd q is 1,
the structures available include -0(C12)z(1-pyrrolidinyl) or -O(CH2)2(N-pyrrolidinyl),
-0(CH2)2(2-pyrrolidinyl), and -0(CH2)2(3-pyrrolidiny1)3f3076]Scheme 1 depicts one exemplary
synthetic route for the synthesis of a compound of a benzimidazolyl quinolinone compound and should
not be interpreted to limjt the invention in any manner. As shown below, the reaction of a first
compound with $nsststiiéed-@saxyatkpaeipsicpRtitetediaransabptiizteraimeEited. However,

this will be undegeippd1BraUETiLAGR B aRSBARERK NI ENGRSHERaisof the resulting
intermediate

compound having the formula 11l produced on cyclization of the as been found to have

reduced solubility resulting in precipifatipn of the product from the reaction. This was surprising and
unexpected given that precip ticﬁ{eﬁt/ nBtdh Srmm%%rl#lﬁﬁm%ﬂ%@ﬁea@@ﬁnm'wgs used

rather than a poseksited salbesabstiutetMi» IinshpstRatefithkypapsspansiasiabied Gran a lithium salt
provides a greatly enhanced,yield of compound ving the formula Ill such as compounds having the
formula IlIB as éi%o‘i}drh%“é%ﬁ’e%\é?9’8§|&$‘ci8ﬁﬂﬁ1§ﬁt§9§agé %nu%‘glbégtg &ggﬁfﬁcé{ﬁ&tgft?%h as
potassium t-butoxide is employed. The reaction of the first compound with the second compound was
also found to provide significdhtfyaniiRr yiey e thenspoumds Hiférentranid ame lndieperetetitly reaction

d d i it | : . le, the yield
foundi 10 mprov S S L e TR S by

] t
_ com[l)ound W. as
azeotropic evapdnatibativeiecs@bgreunhanosubatitntedeactiosukstiiuley hepemeyichd gtiompst THE
followed by distillation. The yield of the compound having the formula VI, such as a compound having

the formula VIH, produced byﬂ“"eié%@é%ef@&#s@isx{iﬁj%%%%&tﬁ\%&@&&%ﬂ%eﬁé&zine with

the compound havina the formula VII, was increased when the temperature was lowered and the

amount of the c® tEh QViHB MBS HHRAANL 9rRHRS neFcsivied sspmaubsiieliesmpound having

the formula VI. hbeiecrayplrsmel HivirrasienwyRirlawered and the reaction was diluted with
ethanol during scale up. For example, good yields were obtained when the reaction was conducted at

f 90C to 100G, and th d haying the formula HR7, sych as N- |
Diperavine, was prosent in arf S ILEN UM Al 26 EHIRARNED (R0 SapE TARE &Mlount of the

compound havibg theidbtbaksed loalbe agightiddthe bulizianidiagoly! gaineiBimieatohashnedis, the
compound havirw the formula HR7 is present in an amount of greater than 2.8, greater than 2.9,

greater than S.d, Gr SPERP SRS 1s equivalents with respect to the amount of the compound having the
formula VI.
[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 quinolinone 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.



Scheme 1 [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 YHA2f&/&R%tion of a substituted or unsubstituted diaminobenzZBAE BF4/88HSHtuted or
unsubstituted anthranilonitrile allows for the synthesis of a wide variety of compounds having the
formula ill. Those skilled in the art will also recognize tB& certain groups may need protection using
standard protecting groups for the final cyclization reaction. The extremely versatile synthetic route
allows a plethorg of compounds having the formula Ill to be readily prepared by a highly convergent

and efficient syrth®fidkoute. WEVBBHBRAYAISEE OEPs0RetRTeSiions Peavidatkheren, the

benzimidazolyl quinolinone compound having the formula Il is a compound
having the formula |11B

NH, N\
H N N H
H N o)
H
1B
[0072] In various groups that include heterocyclyl groups, the

heterocyclyl group may be attached in various ways. For example, in an
-OCHz(CHy)q(heterocyclyl) group, where q is selected from 0, 1, 2, 3, or 4, the
heterocyclyl group may be bonded to a methylene carbon of the -OCHx(CHz),
group of the -OCH2(CH;)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,CHay(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,CHa(3-tetrahydrofuranyl) 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



Rs OEtOHO NH HCI HCIEtOR7 heatEtO2C / CNA-AOEt Rs R4 KHM DS R2 NO R4 H [0078]The
present invention, thus generally described, will be understood more readily by reference to the
following exXHAFS/ 044 are provided by way of illustration and are not in®nHES29HE3RPAking of the
present invention. The following documents including the examples in the documents are hereby
incorporated by reference for all purposes as if fully se8%rth 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 13118888 §'8npinheding /b Nrseniainsegbeternsyiries JRato el thisse 8'€2002: U.S.

Provisional Appiirefienddo. BHARS tRE BRI MMARBNS s 8 P RS aRIQY siongl-Application No.
60/428,210 filed Q&hﬂg@ﬁt}eﬁf%zooz U.S. Provisional Application No. 60/460,327 filed on April 3,
(G

2003; U.S. Provi Rl 6y ehdd Fouyihs iwing Stiscivrss miemssRRiRANG.
60/460,493 filedpvefépel3, 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.
N
}{C’\/\/O j?{o\/\/Q
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[0073] Structure X is an example of a —O(CHz)s(N-piperidinyl) or

-O(CHz)3(1-piperidinyl) group. Structure Xl is an example of a —O(CHy)z-(2-
piperidinyl) group. Structure Xll is an example of a —FO(CH2)3(3-piperidinyl)
group. Structure Xll| is an example of a -O(CHy)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
\/\[ j ‘\/N
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(CH,)z(1-piperazinyl) or ~O(CHa)a(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:



-44- EXAMPLES [0079]The following abbreviations are used in the Examples: EtOH: H20: HCI:

HPLC: KHMDS: LIHMDS: NaHMDS: NaOH: N2: TBME: THF: Ethanol Water
WO 2005/046590 PCT/US2004/037051

-40-

aeclane

XVIII

[0075] Structure XVI is an example of a ~O(CHz2)2(3-morpholinyl) group,
structure XVl is an example of a —O(CHz)2(4-morpholinyl) or -O(CHz)(N-
morpholinyl) group, and structure XVIIl is an example of a -O(CH2)2(2-
morpholinyl) group. It will be observed that where the group is a pyrrolidine,
and q is 1, the structures available include —O(CH,)(1-pyrrolidinyl) or
-O(CHz)2(N-pyrrolidinyl), —O(CH,)2(2-pyrrolidinyl), and -O(CHz)2(3-pyrrolidinyl).

[0076] Scheme 1 depicts one exemplary 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 Ill 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 [l 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



Hydrochloric acid High Performance Liquid Chromatography Potassium bis(trimethylsilyl)amide
Lithium bis(trimethylsilyllamide Sodium bis(trimethylsilyl)Jamide Sodium hydroxide Nitrogen t-Butyl
methyl etheVRIPAYRAGIWu ran [0080]Nomenclature for the Example compuR&S$3&0378¥ded using
ACD Name version 5.07 software (November 14, 2001) available from Advanced Chemistry
Development, Inc., ChemInnovation NamExpert + NorhénclatorTm brand software available from
Chemlnnovation Software, Inc., and AutoNom version 2.2 available in the ChemOffice(r) Ultra
software package version 7.0 available from CambridgeSoft Corporation (Cambridge, MA). Some of

the compounds SPIMERLHARY FRactits Wi IeymuataserpieatsiafoiRDpIeTibeRldavas
100811Various fartintbiraiRons s AaRchiiRE LIBAEEIRIpound was dried as

described herein such as by azeotropic evaporation from absolute ethanol or
in the reaction vessel by repeated addition of THF followed by distillation. The
yield of the compound having the formula VI, such as a compound having the
formula VIH, produced by the reaction of an N-alkyl piperazine such as N-
methyl piperazine with the compound having the formula VII, was increased
when the temperature was lowered and the amount of the compound having
the formula HR” was increased with respect to the compound having the
formula VI. The temperatures of the reaction were lowered and the reaction
was diluted with ethanol during scale up. For example, good yields were
obtained when the reaction was conducted at a temperature of 90°C to

100°C, and the compound having the formula HR, such as N-methyl
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.



sources and prepared by methods known to one of skill in the art. -45- Example 1 Synthesis of
5-(4-Methyl-piperazin-1-yl)-2-nitroaniline Procedure A [0082]5-Chloro-2-nitroaniline (500 g, 2.898
mol) and 1-WERWIMEIYine (871 g, 8.693 mol) were placed in a 2000 mL RaSUAEE/ Withsh
condenser and purged with N2. The flask was placed in an oil bath at 100C and heated until the
5-chloro-2-nitroaniline was completely reacted (typicat§Zovernight) as determined by HPLC. After
HPLC confirmed the disappearance of the 5-chloro-2-nitroaniline, the reaction mixture was poured
directly (still warm).into 2600 mL of room temperature water with mechanical stirring. The resulting
mixture was stirrR@N#MEheached room temperature and then it was filtered. The yellow solid thus
obtained was added to 1000 mL of wajgy and stirred fQNr/Bﬂ Nminutt%sN The resulting mixture was filtered,

and the resulting solid was washed with 500 mL\-2X) and the Sdried under vacuum for one
hour using a rubber dam. The resulting S transferred to a dryitg trgy and dried in a vacuum
oven at 50C to a constant weight to yi€ld 670 g (97.89%) B i& titlé®ompdund }sih/ellow powder.
Procedure B R”\
Ha, PA/C, 95% EtOH
o Nt Hel ) ' 50°C, 6 hours

0
£10 HN
‘<—</N ElOMOEt 2

N 50° C, 2 hours

H N/w HoN N
: (_ _
N N
]ij ) | h
HN

KHMDS, THF
40° G, 6 hours

. N VAR
O

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 Il to be readily prepared by a
highly convergent and efficient synthetic route.



[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 pUfReMHMHEIX 1-Methylpiperazine (758.1 g, 840 mL, 7.57 mol) A3 WAI&¥hanol (508
mL) were added to the reaction flask with stirring. The flask was again purged with N2, and the
reaction was maintained under N2. The flask was het8d in a heating mantle to an internal
temperature of 97C (+/- 5C) and maintained at that temperature until the reaction was complete
(typically -46- about 40 hours) as determined by HPLC. After the reaction was complete, heating was
discontinued a tion was cooled to an internal temperature of about 20C to 25C with stirring,
and the reaction was stirred for 2 to 3 hours. Seed crystals (0.20R§, 0.85 mmol) of
5-(4-methyl-piperazin-1- y1)-2-nitroaniline were added to tHgNteaatigrRmixture unless precipitation had

temperature of 20C t@ 30C. Theggpulting mixtuwie wasl then filtered, and the flask gndyfilté cake were
washed with water Ik 258 Lﬁh?g%ltgeﬁ\\_z,eﬁqyéolid produc,yas ariegés) stantArejght of 416
g (98.6% yield) under vacuum df%bout50C in a vacuum oven. Procedure C RS

[0084]5-Chloro-2-nitroaniline (401 g, 2.32 mol) was added to a 4-neck 12 L round bottom flask fitted
with an overhead stirre1r, condenser, gas inlet, addition funnel, and thermometer probe. The flask was
then purged with N2.-Methylpiperazine (977 g, 1.08 L, 9.75 mol) and 100% ethanol (650 mL) were

added to the red With stirring. The flask was again purged with N2, and the reaction was
maintained under3 e flask was heatedmd a Rfating mantle to an internal temperature of 97C (+1-
5C) and maintaiffed a tha’t”ﬂémperature until eaction was complete (typically about 40 hours) as

determined by HPLCR:&fter the rédctitiiaw e'ﬁa7, heating was discontinued and the reaction was
cooled to an interngHmpwerBtureQf akQ
mixture via an addi ﬂp annel a
at 82C (+1- 3C). After waterRiddiffon Was @omplete, heating was discontinued and the reaction mixture
was allowed to cool over a periodkdf no less than 4 hours to an internal temperature of 20-25C. The
reaction mixtur hen stirted for an additional hoyr at an i t 0-30C. The
resulting mixturi&@% hen filtéﬁé%i%%%eﬁ%%ée&ﬁgﬂd %fi]IPesr %%rlléllt\%@?é%@% %gé&%ﬂé%fvﬁh water (1 x 1 L),
50% ethanol (1 sridersaodPhioretheadily by referdnesgoldea fedltovingptdamplest waichiated in a
crying pan and died fo PS5 S RIS BA7 4R S8 Yol RSP BE R BHesOC 1 2
present invention. The following documents including the examples in the

documents are hereby incorporated by reference for ali 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.



Example 2 Synthesis of (6-(4-Methyl-piperazin-1-y1)-1H-benzimidazol-2-y1Facetic acid ethyl ester
Procedure A 02NH2N H2, Pd/C, EtOH H2N ONI-I. HCI EtOA-XOEt (0085]A 5000 mL, 4-neck flask

was fitted wiHP2YAPMermometer, PCT/US2004/037051
-44-
EXAMPLES
[0079] The following abbreviations are used in the Examples:
EtOH: Ethanol
H20: Water
HCI: Hydrochloric acid
HPLC: High Performance Liquid Chromatography
KHMDS: Potassium bis(trimethylsilyl)amide
LiIHMDS: Lithium bis(trimethylsilyl)amide
NaHMDS: Sodium bis(trimethylsilyl)amide
NaOH: Sodium hydroxide
No: Nitrogen
TBME: t-Butyl methyl ether
THF: Tetrahydrofuran
[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 ChemlInnovation 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 to one of skill in the art.



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-yl)-2-nitroaniline and 2125 nnL of 200 proof EtOH. The resulting solution was
purged with'N@ 3#51363Putes. Next, 20.0 g of 5% Pd/C (50% H20 w/w) waBE@dHEWIFHE Y8hction was
vigorously stirred at 40-50C (internal temperature) while I-12 was bubbled through the mixture. The
reaction was monitored hourly for the disappearance-#65-(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 N2 for 15 -48- minutes. Next, 440.0 g (2.25 MI 3-ethoxy-3-iminopropanoate
hydrochloride wgyritiéaisasfoes@ind iy 19pera 24479 SH2dmtrdakiliné nternal temperature) until the
reaction was complete; The reaction was monitored by following the disappearance of the diamino
compound by I_C@.ef'Hﬁylbical reaction time was 1-2 hours. After the reaction was complete, it was
cooled to room tempergtHre and filtered thro)t;\pﬂpad of Celite filtering material. The Celite filtering
material was washed with™ K50 tOH (2 250/M0), and TReilyrat@was concentrated under
reduced pressure providing & hrownferange-ei—He resulting as taken up in 850 mL of a

0.37% HCI solution. S?—!iﬂ NaQHA£Z5¢ vas then added in one pe zand a ipitate formed. The
resulting mixture was stfited for 1 hour and then filtered. Th&2blid was was@ H20 (2 x 400 mL)

and dried at 50C in a vacuum oven providing 251.7 9 (74.1%) of N
[6-(4-methyl-piperazin-1-y1)-1Hbenzoimidazol-2-y1]-acetic acid ethyl ester as ale?ellow powder.
Procedure B [0087]A 5000 mL, 4-neck jacketed flask was fitted with a mechanical stirrer, condenser,
temperature prdP@88hs inlet, atthtirbibbitnodrtiine(dipd erl 28K8wasizhad)dehvdthy300 g (1.27 mol) of

5-(4-methyl-pi k= Y1 )s2:n] Al 0] 0 . ' b d
& e D T el AR 09 2 R RN A b
reaction). The resulfienssslatidrpwegestivithl Nod Phegiiabtvitvas placekbimanitibbitbxat 22.0%of 5%
Pd/C (50% H20_w/ i I ' i 2 for 15
minutes. After Fl S SIaR ROt e St fate 2SS Woas Komisesl PaaduiRiiny ”

constant flow ofoMertrightyastiste tersrineddone Hitidn. wilastit Bl Greesipedrite tisappearanse) while

i oo e SRS BRI T AR e LRl g o
5-(4-methyl-pip&fatin)- in{e) 250@radndin bautemapgpriaredreader widhrsaetbanicrl sbfngn WAe purged
with N2 for 15 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 (typically



-49- minutes. The diamine intermediate is air sensitive so care was taken to avoid exposure to air. 500
g (2.56 mol) of ethyl 3-ethoxy-3-iminopropanoate hydrochloride was added to the reaction mixture over
a period of ABIEPMIMtes. The reaction was stirred at 45-55C (internal t€APERNEYXiRNer N2 until
the diamine was completely consumed as determined by HPLC. The typical reaction time was about 2
hours. After the reaction was complete, the reaction w48filtered while warm through a pad of Celite.
The reaction flask and Celite were then washed with 200 proof EtOH (3 x 285 mL). The filtrates were
out 3300 mL of ethanol was removed under vacuum producing

combined in aVS\%EO g{lﬁak z}nd a (

an orange oil. QPT HiSA RS el inge PYIHB L& ) Aies thedeaelioncvassarpisteand the

resulting mixturéneaiingtinas diseoreisuliacaseluHenysMoREsIsboRgres yilaeday NaOH (200 mL)

was added over,a Bgllerio of abg)ég 20 g&q%es maintaining the internal temperature at about 25-30C
a

while the pH walSBIBGIHUIS BLARLH 19 or freWHB IR S ghch s ontion MaststiHBEut 4 hours

while maintainintp ti2etm e hualtenPesatergsth @2 82085 TmsesoftBLganhdgpasdiliensd.-and the
filter cake was Wﬁ_ ed,with H20 é%?gﬁgé)%é)' The collected solid was dried to a constant weight at

50C under vaculMiar B 9ZRNINIR 19 Br8ar(9H. I9kyide unless precipitation had

[6-(4-methyl-pipehaezdylect)iidde Vifaiteri (228 Pnyll |-weetisdrkid eitieestrrab reddion giRwrowder.
In an alternative work UBP Pr%ﬁef%% the filtrates were combined and the ethanol was removed under
SULH I, Y

vacuum until at R5&ta HHERS ROHEWIR Pagcnigrg JGPRYAMEWASH added to the
resulting oil, andvthinteohech atvecte oyeeat tosatxmyging frdm bR AE020%oNTOE! safdiomhwas then
added slowly with,rapid stirring to bring the pH up to 9.2 (read with pH meter). The resulting mixture
was then filtered gﬁ%ﬁ)o fied 'y éé"(’:?%ga’gﬁg‘)%}&: ) gﬂ\)@'ﬁéf% Wﬁrﬁ@éﬁﬂr&bﬁkﬁ&l&@ﬁe light
tan to light yellohoproala tteémpelddias loigpEE 33%B0°C0-ThearepldtigMeiktaciordsataning Water
Content of [6-(4:Methyl-pi Zig-1-y1)- enzoimidazol-2-y1l-acetic acid ethyl ester
[0089][6-(4-Metﬁhfﬁﬁ?ger%’f?ﬁ£ ?yﬂ?ﬂ{gBé#ﬁﬁﬁﬁg%-\ﬁsﬁ)%% r%cﬁ\@'.bﬁ‘em%% rXéZg&?Lbra{m?) that
had been previqsigenortoiupdaiddoodddbveas ahée o totz monk trttuw it ¢f 201 rg(9Bees in a 2000
mL round botton). ﬂﬁﬁéa d dissolved | bsoé#lﬁo hanol F%500 mL). The amber solution was

I at

concentrated to’a t %letfs\fﬁguau%tgf Vs rlRn 85”% [F-all solvent was removed. The

procedure was repeated two more times. The thick oil thus obtained was left in the flask and placed in
a vacuum oven Re@eedlHf&6C overnight. Karl Fisher analysis results indicated a water content of

5.25%. The owggegater costepaRanel B4 NTA P s NResBlaIRlISin e grocecure

of Example 4. Other solvents such as toluene an e usedin place of the ethanol tor this
drying process. t&é-nﬁ%é‘d bgﬁquggagslg,fﬁtted with an overhead stirrer, condenser, gas inlet,

4-Amino-5-fluorg st rBY AHeak Ridridist BRUZ Miaatisk WasH GV W Ekd QiR Riocedure A
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



[0090][6-(4-Methyl-piperazin-1-y1)-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 condenseMW &SP stirrer, temperature probe, and purged with argonP STARZHGLE37051
fluoro-benzonitrile (95.3 g, 700 mmol) was added to the solution, and the internal temperature was
raised to 40C. When all the solids had dissolved and-#hé&-solution temperature had reached 40C, solid
KHMDS (376.2 g, 1890 -51- mmol) was added over a period of 5 minutes. When addition of the
potassium base was complete, a heterogeneous yellow solution was obtained, and the internal

temperature ha¥@&gsdavgbwvataet 'othod?f bcethmned €] med Wiiearndl WBferikanal te¥rébled back
to 40C, and theTRaGIB&KAFMHBIRSBIRE B SRR CRE [RERBY Hpmw%gﬂigﬂm%ﬂ%oé uncyclized
nche

intermediate was present). The thick reaction mixture was then qué by pouring it into H20 (6000
mL) and stirring"MeStBRE RISt RAQ A9 MaYirldk HadabyATHRpat Abeut PREGrk®@re was then
filtered, and the#ltgiipadyeds washed with water (1000 mL 2X). The bright yellow solid was placed in
a drying tray and dried in a vacuum oven at 50C overnight providing 155.3 g (47.9%) of the desired
4-amino-5-fluoro-3-[6-(4-methyl-piperazin-1-y1)-1Hbenzimidazol-2-y1]-1H-quinolin-2-one. Procedure B
[0091]A 5000 mL 4-neck jacketed flask was equi@;ﬂ #ﬁg 3 distillation apparatus, a temperature
probe, a N2 gas inlet, an addition funnel, and a tirrer.
[6-(4-Methyl-pigtyathesis19fi8-ceMethybriperpzindet) ddithengiotdazo 2§ 1) &ticmol) was
charged into th%é?ﬁ%tﬂ{ytggﬂé}e reactor was purged with N2 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 (vacltneasiingoBpheric (the higher temperature helps to remove the water) using heat as
necessary. After 10@vqL okgolvent had been removed, distillatiaq was stopped and the reaction was
purged with N2. 1000 mU] THF was thgnRddes, to the refp o vessel, and when all solid was
dissolved, distillation (vaeuum-sr at pheric)was-again cond ntil apother 1000 mL of solvent
had been removed. Tis process 9f addjng dry THF and $Blvent removiil wag repeated at least 4 times
(on the 4th distillation, 60% of the sQlventis removed instead of just 40% as m the first 3 distillations)
after which a 1 nnL 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 showefl m 7e'than 0.20% water, then the

EtO’ OEt
(0]
EtO N
ot
. N N/\
k/“\

[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-yl)-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,0O w/w) was added. The reaction was
vigorously stirred at 40-50°C (internal temperature) while H, was bubbled
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-methyi-piperazin-1-yl)-2-nitroaniline had

disappeared from the reaction, the solution was purged with N, for 15



-52- drying process described above was continued until a water content of less than 0.20% was
achieved. [0092]After a water content of less than or about 0.20% was achieved using the procedure
described iMXRSMEHOTY paragraph, the distillation apparatus was replaced WY 2403 ¢Dndenser,
and the reaction was charged with 2-amino-6-fluoro-benzonitrile (66.2 g, 470 mmol)( in some
procedures 0.95 equivalents is used). The reaction w#Bthen heated to an internal temperature of
38-42C. When the internal temperature had reached 38-42C, KHMDS solution (1313 g, 1.32 mol, 20%
KHMDS in THF)mwa added t t; reactjon via the addition funnel over a period of 5 minutes
maintaining the wﬁ%ﬁte&%ﬁ@r fﬁQe(aeﬂ é%%ét@@JEQ&%ﬁYﬂrﬁﬁq@%ﬁHﬂ!W&P%@ﬁﬁwn of the
potassium basenhyix® ERIDARSNHEHRIEH A WD B! ThEFehBHO VPRSI sompespemples it was

stirred for 30 to 60 minutes and the reaction may be complete within that time) while maintaining the

internal temper (iR AR SMPRgakiEe) AaliltherepalionaNas rPiicicen Feemadianavasalyzed by
HPLC. If the reastiaiores ByTeRoMIRIehaddsige sl Srmetiaamas %Gﬂ?ﬁo%%}'?—ﬁ&%?f a
s

period of 5 minytes and the reaction was stirred at 38-42C for 45-60 minutes (the amount of KHMDS

solution added WAS NAISRhIRASIRNEIRNGSiIrg2 Ipevssp Aftaridhe eadionmgscemalet®ad added; if
10.0 IPC ratio 3 HaeilbtotovinsanperaiirdshiPenia #otinn SpaBloresfedrtiitae IPC ratio

is equal to the area corresponding to, . . . )
4-amino-5-f|uor61§t-%'-?l;- ﬁ]ﬁ-‘?ﬁﬁewﬁﬂnﬂ-mﬂfp@%ﬁm%w&‘]‘-fﬁsﬁﬂﬁ%lﬁ@fbﬁ%y(divided by

the area correspe0diilg) fa tiethe diette dviasesoirtatal tENGRIB L rERARI M%&Q@E}%Rﬂdlﬁ’ ratio >
25-30C, and water (350 mL) was charged

20), the reactor was cqoled to an internal temperature of. :

into the reactor%\t%'f’g 59}’(‘58? Bfal@f:hm%tj ﬁ/ﬁﬁé‘f&%ﬂtﬁlh\'ﬁ@stﬁ%kﬁﬁeﬁ‘ﬁdf‘t BrkiQfea - 82 85C (in

one alternative HiBt seastion. isenddla®H {239 wa¢d thiateaideddacowsiBriicninatiesa The quicker

guench reduces the.amgggt of irgpt\ﬂ%t{%gtéﬁfrms qver time). The reflux condenser was then replaced
I

with a distillatioR &SI { AR N S0EAWE WaRISHERIVIEI R Yr 38 d8BReric) using
heat as required|taféa. 2002/ 84 AEWRCTAIRSI MMAIING Y2534 Bdten 18 akied selsepthacbeen

removed, distillation was discontinued and the reaction was purged with N2. Water (1660 mL) was

then added to tHBFRUEYONSRLEQNIIBG i Sl g4nm bl dsmsthytiriparaznsbal THe reaction
mixture was th%ﬁ&ﬁﬁﬁié&i&@oﬂf%%@mé@myp&ﬁéﬂ%|£1ﬁé1é‘3/éﬂbiwtf?mﬁdjéﬁmperatufe of 5-10C

and then stirring for 1 hour. The resulting suspension was filtered, and the flask and filter cake were
washed with w er 3 cy'uG'_SOénL). The solid thus obtained was dried to a constant weight under vacuum
at 50C in a vaculm-gven fo provide 103.9 g (42.6% vyield) of 4-

amir:jo-S-fIuoro;j[{mg]-?Oeéhngﬁmam#;}@ﬂmdm'Mmmo daam«agsudmwrwmwmheme? yillcl)w
powder. Proceduyre 1[6-(4-Methyl-piperazin-1-y0-1H-benzimidazol2-y1]-acetic acid ethyl ester
(608 g, 2.01 mcﬁL;'r(rtfrfe Qﬁﬁi?é%%@%gﬁ&‘ifc?@éﬂ%n%% '(f?i an .Bﬁﬁaﬁ&ér%ﬁarged into a
4-neck 12 L flaglqagaied fdask veadicharged|evithB 00ay (1i2Varcolh &€ Ss@t-methighpipalatimet - gas inlet,
and temperaturgpgobe. The reactionvessel w ed wi ,,and toluene (7.7 L) was charged into
the reaction miﬁlzoréeoﬁ i We?s%?%ﬁf?@l?ﬁc |onq3/rgs°\ge v@aﬁ ﬂdgirr]egg Egd&}v?%%agrqd maintained
under N2. The iImerbekte ocpedaties ovitheObfktetieanabandiduntt aceegsagttoaisE6 (+/- 3C) was

e e R JhE B e DRI i g e
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



reduced pressure (380 +/- 10 torr, distilling head t = 40C (+/- 10C) (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 WA ZMREHEAY distillation was repeated. This process was repeXel/ UPAl0a/Wa88t content of
less than 0.03% was achieved). After a water content of less than WO
2005/046590PCT/US2004/037051 -54- 0.03% was réﬁ@hed, heating was discontinued, and the
reaction was cooled under N2 to an internal temperature of 17-19C. Potassium t-butoxide in THF (20%

in THF; 3.39 kg, 6.04 mol otassium.t-putoxide) was then added to the reaction under N2 at a rate
such that the in@ﬂﬁﬁ?@m@@éﬁm%ﬁ@ RABI RS REAILNS 80 CRIRVaRdRIBN PR YBtassium

t-butoxide was eoppiete theaieabiongwassstinief) of athiyiterati dkinparinep Rfgandatan 20C for 30
minutes. The tem{)ﬁerratllge .\q]gs then Crlalsgci tj 25C, aﬂd theégaction was stirred for at least 1 hour, The
temperature waSther rareet 9 304K 1R IT%&S% WLLFHER ReUPdPhARAE 3G he reaction
was then monitenilites corheledactissingadRlifda shaskgsrCanmemaliesnaddnatatastingeasesials
materials were consumed (less than 0.5% by area % HPLC)). If

(typically in 2-3 hours, both startin !

the reaction Waglﬂ@ﬂ%&ﬁm&fﬂ@%ﬁ PRty R e ared AR SRR WIS R ERNG-bifside was
added at a timetypichihe asteasinvewaoapiried Hotit1 PAGes oy pshiltRiipae astigerastaemplete.
After the reaction wag? c&rgl%?g% 650 r%h of water was added to the stirred reaction mixture. The

reaction was th&ERAFEIR IR ANe R ARTANEP:h Baghof e e - ThesraRgiiRR B8%%) (about 3
L by volume) ursied Gsliteaieptetiserensmed ovige200rprovf EEOM/ adex 088 mil WaTheehipaieed

dropwise to the reaction mixture usi addjtion funnel. The mixture was then cgoled to room

temperature and'SlFr&8 '3?%5‘5?%%@@%&%@@ \?/Bgl{eﬁg}?ﬁh%tj@?éo&zﬁmoﬂff@stake was

washed with watem@vad unuigh Vasawihpned(tidd hreochndd o5%/¢awen@$0.mL).areethgght yellow
lid I ' ' d dried, i il igh

S P B R B S ke 2 e e SR TS e SRR g e

4-amino5-fluoronax§Gs(itretkt pheiraltinglspl)tibr Wweas g slezehy stirted-nhile B 0%2 NaiGH -55-

Example 5 Purification of 4-Amino-5-fluoro-346-(4-methyl-pinerazin-1-y1)-11-1-,

penzimidazor 2 GUDLF I MRS RSB Yo PR i RS Lk T B TIRR Hhoncienser,

tﬁm De;]aturedprd?]mrh@ mb&:%m&amsbaﬂzm PORWhiRS thlagstd wWad besligiot oabdivddre dlask was

then charged with 4-amiqo-5-fluorg-346-(4- | , .

methyl-piperazififdy =1ql:%ﬁé'ﬁf1%@§z§ﬂ%9§fﬁm-&ﬁﬁ5ﬁﬁfgdom eRPHHHNBWE WP and the yellow

solid was suspendastdhRyersharehailempd-hauie atiapeutpecrBeCashseaR Siulingl YRRt A0 is
used. The suspension was then heated to a gentle reflux (temperature of about 76C) with stirring over

a period of abolYasHilgreth@ndp filtgasaken@swasbed svith FaRu{s4wIft minluxEae At this point,
the heat was reg\eEiiosBIHSRSH RS SHRBRIINEIYAS &/s0ad i geplivadsmperature of

25-30C. The suspension was then filtered, and the filter pad was washed with water % x 500 mL). The
yellow solid way @i m2eninre\iding 34 had Widdahaf [BédunetndrriresoginmyB-¢bhstant weight

was obtained (tyaifadiHEARIE)-EE S PN A5 DRI MR UbIRISS aryaliow powder.

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%.



-56- Example 6 Preparation of Lactic Acid salt of
4-Amino-5-fluoro-346-(4-methylpiperazin-1-y1)-1H-benzimidazol-2-y1]-1H-quinolin-2-one /\N N | O,
L-Lactic AcitVet&IaS/846590 [0095]A 3000 mL 4-necked jacketed flask was fit®ReHRQ+bHE&hser,

-50-

Example 3
Method for Reducing Water Content of [6-(4-Methyl-piperazin-1-yl)-1H-

benzoimidazol-2-yl]-acetic acid ethyl ester

[0089] [6-(4-Methyl-piperazin-1-yl)-1H-benzimidazol-2-yi}-acetic acid
-ethyl ester (120.7 grams) that had been previously worked up and dried to a
water content of about 8-9% H,O was placed in a 2000 mL round bottom flask
and dissolved in absolute ethanol (500 mL). The amber solution was
concentrated to a thick oil using a rotary evaporator with heating untif all
solvent was removed. The procedure was repeated two more times. The
thick oil thus obtained was left in the flask and placed in a vacuum oven
heated at 50°C overnight. Karl Fisher analysis results indicated a water
content of 5.25%. The lowered water content obtained by this method
provided increased yields in the procedure of Example 4. Other solvents such
as toluene and THF may be used in place of the ethanol for this drying

process.

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

[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



a temperature probe, a N2 gas inlet, and a mechanical stirrer. The reaction vessel was purged with N2
for at least 15 minutes and then charged with 4-

amino-5-flud¥&: 30546 thyl-piperazin-1-y1)-1H-benzimidazol-2-y1]-1HquRfe it L2HH&IZEA 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 tHet charged to the reaction flask. Stirring was
initiated at a medium rate, and the reaction was heated to an internal temperature of 68-72C. The
internal temperature of the reaction was maintained at 68-72C for 15-45 minutes and then heating was

discontinued. THAMEHNRE FH0@G & VRisrneriad of Suginates- 2V hetreddiioniafdhegodtasisivne in a 12
L flask. The 12 pilaskwasaapl ,%M&%&&ﬁ&&@é@@&ﬁﬂﬁiﬁtﬂﬁ%%ﬁ%ﬁ&& ndeqsre an

addition funnel, a gas inlet an outlet, and an overhead stirrer. The filtrate was then stirred at a medium

rate and heatediféeramlfempsiayteipdraasa tsf 630t 70y s\nekad ah G0rmniguiesrihe reflux,
ethanol (3,596 the 1l fi a minytes. The reaction flask was
then cooled to gﬁt %ﬁ%ﬁﬁ%gﬁt&rﬁ%@% %%%%ﬁ%ﬁ%%?&%%%ﬁ%%ﬁg eﬁf#hﬁnl\g% minutes and this
temperature wagetenmiaeeipibecpmidtefabbitl 3D (ninstadintheatecaovaadystizeted for crystals.

If tal t Is,of lacti ' It of.
samino-s fuon 0 ER e HERER, TYe it I8N Hitue was toen AUARCHRA Y8 mo,
0.1 mole %) wepsutiogadt it &15Ras(6 Y nile) maat sbinrivg dhetineslitingiRTR @ foruBilntimaies before

ini ti f t irri d dt | t
i the reaction Socn 2t et RAASRAIRES TNE IR it Y, MR R B ootea o
about 0C over aNgsrivasttesbvithovasard 1460 nd. @2Xultimbertisight welevilsakd was yhhca@ 50 micron

fritted filter. The 1ed Wi h 34 m tirred until the jnterpal temperature
was about OC. %@g@ggﬁg\#gﬁ \'5?/%@ '\Le{sgf %8 @\ga%hg%ﬁan fﬁ@?@ggvg%??ﬁf‘sp&’a’é%‘&i %ag ﬁapeated 2
more times. Thé4bRS6)eaf Hudidlesiredridioirosbrfkiant BBy -ansd@lpiderazinutuyl)inl Hvacuum
oven yielding 510Q. %h0fthe erystalline yellow lactic acid salt of 4-amino-5-
fIuoro-346-(4-m%%1@%%%r%oz/f;r?-]‘.’-Ii/hﬁﬁjb%#\hzqm (?a{]z%l-Z-Ol-lH-quinolin-2-one. A rubber dam or inert

conditions were typically used during the filtration process. While the dry solid did not appear to be
very hygroscopB!’ﬂ?@Mﬁ‘iﬁer cake tends to pick up water and become sticky. Precautions were taken

to avoid prolonqg@@ﬂoosure gfgbgdvﬁﬁ_ﬁ@ﬁg@k&&&g@f@g@%(&%ﬁ%ﬁmmdgﬁ%ﬁ acid

generally contains about 8-12% w/w water, and contains dimers an iontot

monomeric lactRRRABIHEeshiBERaRI bR KM cR Nirsastt el fonaeiditi e flenae), snslie1.0:4.7.
Commercial gradiedrecaricivey e waadd-isRIBRAR deprrieb s isssngrpaagraPh as the

monolactate salt preferentially precipitates from the reaction mixture. [0097]lt should be understood

that the organicade®hrhestaeddrdiy 30 270 immpaboras shaaagiiniethrdeasioncanst Betonnerism.
As the chemical shsteippss ¥ g‘éﬁ‘(ﬁiﬂp?@%ﬁﬂ%ﬁmf&@y m'?r?ﬁﬁﬂkmye\(%@%ﬁ tautomeric
forms at a time, it should be understood that the invention -58-

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

No. 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



encompasses any tautomeric form of the drawn structure. For example, the compound having the
formula IlIB is shown below with one tautomer, Tautomer 1118a: 11113 OH Tautomer llIBa Other
tautomers oMAEWSH9SYhd having the formula 111B, Tautomer 1111Bb and TE&HHEH{9BESbre shown
below: -59-[0099]lt is understood that the invention is not limited to the embodiments set forth herein
for illustration, but embraces all such forms thereof as2&me within the scope of the following claims.

drying process described above was continued until a water content of less
than 0.20% was achieved.

[0092] After a water content of less than or about 0.20% was achieved
using the procedure described in the previous paragraph, the distillation
apparatus was replaced with a reflux condenser, and the reaction was
charged with 2-amino-6-fluoro-benzonitrile (66.2 g, 470 mmol)( in some
procedures 0.95 equivalents is used). The reaction was then heated to an
internal temperature of 38-42°C. When the internal temperature had reached
38-42°C, KHMDS solution (1313 g, 1.32 mol, 20% KHMDS in THF) was
added to the reaction via the addition funnel over a period of 5 minutes
maintaining the internal temperature at about 38-50°C during the addition.
When addition of the potassium base was complete, the reaction was stirred
for 3.5 to 4.5 hours (in some examples it was stirred for 30 to 60 minutes and
the reaction may be complete within that time) while maintaining the internal
temperature at from 38-42°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 = IPC
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.



60 CLAIMS What is claimed is:- 1. A method of synthesizing a substituted or unsubstituted
benzimidazolyl quinolinone compound of formula Ill, Il a tautomer thereof, a salt thereof, or a salt of
the tautomeY @3Api14038° reacting a first compound having the form#al/ WiH04/4&@8hd
compound having the formula Il in a suitable solvent in the presence of a sodium or potassium salt of a
base selected from the group consisting of potassmm‘s@'rtbutomde potassium bis(trialkylsilyl)amide
and sodium bis(trialkylsilyeamide to provide a reaction product comprising the benzimidazolyl

roaction and hERRE LERTBrR SIS EEEAREBARBEUIR n o0 LD IR A RTEONES B10
the reaction was purged with N,. Water (1660 mL) was then added to the
reaction flask while maintaining the internal temperature at 20-30°C. The
reaction mixture was then stirred at 20-30°C for 30 minutes before cooling it to
an internal temperature of 5-10°C and then stirring for 1 hour. The resuiting
suspension was filtered, and the flask and filter cake were washed with water
(3 x 650 mL). The solid thus obtained was dried to a constant weight under
vacuum at 50°C in a vacuum oven to provide 103.9 g (42.6% yield) of 4-
amino-5-fluoro-3-[6-(4-methyl-piperazin-1-yl)-1H-benzimidazol-2-yl]-1H-
quinolin-2-one as a yellow powder.

Procedure C

Ko Cﬁt\(k
N Toluene

[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 Nz, and toluene (7.7 L) was
charged into the reaction mixture while it was stirred. The reaction vessel was
again purged with N2 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



Il wherein R1 is F; R2, R3, and R4 are all H; R5 and R8 may be the same or different and are
independently selected from H, CI, Br, F, I, -OR13 groups, -NR14R15 groups, -SR16 groups,
substituted 3YQAIHEREd primary, secondary, or tertiary alkyl groups, suB§EHEWOY A% bstituted
aryl groups, substituted or unsubstituted alkenyl groups, substituted or unsubstituted alkynyl groups,
substituted or unsubstituted heterocyclyl groups, sub€ftuted or unsubstituted heterocyclylalkyl groups,
substituted or unsubstituted alkoxyalkyl groups, substituted or unsubstituted aryloxyalkyl groups, or
substituted or unsubstituted heterocyclyloxyalkyl groups; One of R6 or R7 is an N-methyl gi erazinyl

group and the &P@%f"r@?dﬁR@hﬁdaﬁ‘@ﬁtﬂ%%s-éiﬁﬁﬁ%iﬁﬁﬁq radidhereRCtiBRMAR FENSFgroup
having from 1 tg 81ea"ROMARiernal teMprataRICSIaT MEPCSU PYiBESH A UBStaGId e d RIRY!

groups, substituted or unsubstituted aryl groups, substituted or unsubstituted heterogc(%cl | groups,
59

substituted or U@t hdtdfbkgc Rdnejrsupatanaiumibyioxidelumasthen apdsgdikyl groups,
substituted or uRLRSHLG @M&%m'%x'egrgw@ueﬁ HastiutntahBnaapdaddetarmeyclyloxyalkyl

groups; 62 R14 is selected from substituted or unsubstituted alkyl groups, substituted or

unsubstituted argbgtisupwas kepkbelevs 20 GhsaftanaddiipnabiiRppiassiyem t-butoxide was
complete, the reaction was stirred at an internal temperature of less than 20°C
for 30 minutes. The temperature was then raised to 25°C, and the reaction
was stirred for at least 1 hour. The temperature was then raised to 30°C, and
the reaction was stirred for at least 30 minutes. The reaction was then
monitored for completion using HPLC to check for consumption of the starting
materials (typically in 2-3 hours, both starting materials were consumed (less
than 0.5% by area % HPLC)). If the reaction was not complete after 2 hours,
another 0.05 equivalents of potassium t-butoxide was added at a time, and
the process was completed until HPLC showed that the reaction was
complete. After the reaction was complete, 650 mL of water was added to the
stirred reaction mixture. The reaction was then warmed to an internal
temperature of 50°C and the THF 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.



R15 is selected from substituted or unsubstituted alkyl groups, substituted or unsubstituted aryl
groups, or substituted or unsubstituted heterocyclyl groups; and R16 is selected from
substituted SYQAAIHEHed alkyl groups, substituted or unsubstituted aryl FOEF 2894 8ftuted or
unsubstituted heterocyclyl, wherein the alkyl group has from 1 to 10 carbon atoms; the aryl group has
from 6 to 14 carbon atoms; the alkenyl group has frorb2-to 8 carbon atoms; the alkynyl group has
from 2 to 8 carbon atoms; the alkoxy has from 1 to 10 carbon atoms; the aryloxy has from 6 to 14
carbon atoms; and the hererocyclyl group is selected from the group consisting of unsaturated or
saturated 3 to 8 membered rings with the hetero &xample®in consisting of 1 to 4 nitrogen atoms,
condensed uns ; (o' URSVVItbAhe dacigr 5 i consisting of 1 to 4 nitrogen
atoms, unsaturgggﬁg?%ggi@??ﬂ%%ﬁ%gﬁﬁgg‘éﬁi&i(&igﬂ%@rfg@%?%ﬁnﬁg t@rréﬁ]rfconsisting of 1 to
2 oxygen atomPandimisiazelr-3gdl-ahauinekiatdrere condensed heterocyclic groups with the hetero
atoms therein cgysasting of 1 a_ﬁ(é[a§ 3,1 t urated 3to 8
membered rings with 1he heté%inggt@oé%@%thn%rem cgégéi?r%l %IE 1& %g%ﬁu%fgrm;%énﬁg%lhd 1 to 3 nitrogen

atoms, satur_ate@@ﬁ?@fﬁéﬁrm Mxﬁﬂﬁiiﬁ'%eﬂﬁ'@i@ﬁ@@h@ﬁi%héwﬁ@dﬁéi@ﬂﬁ@edfim ® 2 sulfur atoms
and 1 to 3 nitrogenMeMa S HEGHAK FRLTRAEH chin G SR sthiiRgs Wil iBeshiqro atoms

therein consisting of 1'to 2 sulfur atoms, unsaturated condensed heterocyclic groups with the hetero

atoms therein cBIeiRYingiReraZ IskliutEAbanzisndaze-2 Mird fbavinntia-2mesa (it d 9:0 26
membered ringgquiih 4@ HeLeyRIRKIES IASIBY SRIREHHEHGh DY UCRINES (tRIHIg A Fondensed

heterocyclic groups with the hetero atoms therein consisting of 1 to 2 oxygen atoms, unsaturated 3 to
8 membered rirf4TRh {RsSREISr6aRBFRN IR IHRIVERLIKATR) IBUSSSxyHRM SHEREARIPN Was Hilfur atoms,

saturated 3 to 6Reisied GBARILAKS BRBAADDIRISIR 7878 PUne Ak PoRgraen 63 atom

and 1 to 2 sulfur atoms, unsaturated condensed heterocyclic groups 'with the hetero atoms therein

consisting of 1.wi@dlﬂfraiichisl beskitufdre deasiipsneies Heesrstivisid @fo‘&@g ﬁ/imimluéelﬁetéTibeatoms
therein consistinggpfia §ul tﬂﬁggﬂ%ﬂﬂfj %83&%%%@%@0%% REHAALHSA BN Herein the second

compound is a compound having the formula TIC or IID
suspension was allowed to cool to a temperature of 25-30°C. The suspension

was then filtered, and the filier pad was washed with water (2 x 500 mL). The
yeliow solid was then placed in a drying tray and dried in a vacuum oven at
50°C until a constant weight was obtained (typically 16 hours) to obtain 97.2 g
(96.2%) of the purified product as a yellow powder.



TICHD where R9a has the values defined in claim 1. 3. The method of claim 2, wherein R9a is
a straight or branched chain alkyl group selected from methyl, ethyl, propyl, butyl, pentyl, i-propyl,
s-butyl, or t-WEOETOAE0 4. The method of claim 3, wherein R9a is BREFAGIEIHIS1 5.
The method of claim 1, wherein the suitable solvent is sglected from a dialkyl ether, a cyclic ether, an
aromatic solvent, or a combination thereof. 6. The method of claim 5, wherein the solvent is
tetrahydrofuran or toluene. 64 7. The method of claim 1, wherein the sodium or potassium salt

of the base is Example 6
Preparation of Lactic Acid salt of 4-Amino-5-fluoro-3-[6-(4-methyl-
piperazin-1-yl)-1H-benzimidazol-2-yl]-1H-quinolin-2-one

F NH, N N N——
Cfﬁ
N

D,L-Lactic Acid
EtOH, H,0

F NH, N N NE— )
| \—/\
A N o
H
OH

N® - 0

H

[0095] A 3000 mL 4-necked jacketed flask was fitted with a condenser,

a temperature probe, a N3 gas inlet, and a mechanical stirrer. The reaction
vessel was purged with N for at least 15 minutes 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



potassium t-butoxide. 8. The method of claim 1, wherein the sodium or potassium salt of the
base is sodium bis(trimethylsilyl)amide or potassium bis(trimethylsilyl)amide. 9. The method
claim 1, wh@¥&RW046¥im or potassium salt of the base is present in an fhdUR2894( 3 to 4
equivalents with respect to the molar quantity of the first compound. 10. The method of claim 1,
wherein the sodium or potassium salt of the base is p5<¥sent in an amount of from 2 to 4 equivalents
with respect to the molar quantity of the second compound. 11. 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

quantity of the PSIRSFABBEA@NTING frop apeutRd{Od oMtk 15 auminstesarsthiisdding the

sodium or potagsiHpe frliel WiEshasthiaiAdalIoHE o SbELR Bshrameaunthdeserand

compound, and the suitable solvent at a temperature of from 15C to 50C.
was inspected for crystals. If no crystals were present, then crystals of the
lactic acid salt of 4-amino-5-fluoro-3-[6-(4-methyl-piperazin-1-yl)-1H-
benzimidazol-2-yl}-1H-quinolin-2-one (484 mg, 0.1 mole %) were added to the
flask, and the reaction was stirred at 64-70°C for 30 minutes before again
inspecting the flask for crystals. Once crystals were present, stirring was
reduced to a low rate and the reaction was stirred at 64-70°C for an additional
90 minutes. The reaction was then cooled to about 0°C over a period of
about 2 hours, and the resulting mixture was filtered through a 25-50 micron
fritted filfer. The reactor was washed with ethanol (484 mL) and stirred until
the internal temperature was about 0°C. The cold ethanol was used to wash
the filter cake, and this procedure was repeated 2 more times. The collected
solid was dried to a constant weight at 50°C under vacuum in a vacuum oven
yielding 510.7 g (85.7%) of the crystalline yellow lactic acid salt of 4-amino-5-
fluoro-3-[6-(4-methyl-piperazin-1-yl)-1H-benzimidazol-2-yl]-1H-quinolin-2-one.
A rubber dam or inert conditions were typically used during the filtration
process. 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



65 13. 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, WP d8MAePY portion of the aromatic solvent from the reaction fRSKUSAM38Pkating (a)
and (b) until the water content of the reaction mixture is less than 0.05%. 14. The method of
claim 1, wherein the second compound is placed in a%8action 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 flask, and
(c) repeating (a) and (b) until the water content of the reaction mixture is less than 0.5%. 15.

The method of ERFRMPASERS GYiRBIARY irsating the dramm pirHe whe. Whescxenwie.dhge reaction
mixture is less EsAgs A ALAMRYAKe formulalfiBTE RRMNAERIGIHITH brshairihie second

compound is dried by: (a) mixing the second compound with an organic solvent to form a solution; (b)

removing a portié\ &nic solvent to provide the dried second compound; (c) optionally
repeating (a) and (b) one or more additional times; and (d) additionally drying the dried second
compound by heating it under a vacuum. 17. The metho claim 1, wherein the first
compound is reacted with the second compound in the nc \cﬁ/t?i*e/sodium or potassium salt of
the base for a period of from 30 to 360 miputes,
"
H S N H
H N o]

II1B
H

H //\
N—"

N/
F NH, N\
H H
m\ ﬁ
P
H N OH
H
Tautomer I1IBa

Other tautomers of the compound having the formula llIB, Tautomer 1111Bb

and Tautomer lllIBc, are shown below:

Or
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F NH, HN

X
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H
Tautomer IIIBb

O

F NHa  HN
H x = H
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H N OH

H
Tautomer IIIBc



66 18.The method of claim 1, further comprising reacting a compound having the formula IV
with a compound having the formula V to prepare the second compound, wherein the
compound having the formula IV and the compound having the formula V have the following
structures, IVV wherein the variables R5, R6, R7, R8, and R9a have the values defined in
claim 1 and X is a halogen atom selected from F, Cl, Br, or I, or is the conjugate base of an

acid. 19.The method of claim 18, wherein the compound having the formula IV is a
compound havimgpttiesiomssasla VA PCT/US2004/037051
-59-
[0099] It is understood that the invention is not limited to the

embodiments set forth herein for illustration, but embraces all such forms
thereof as come within the scope of the following claims.



N IVA 20.The method of claim 18, wherein the compound having the formula V is a compound having
the formula VA 67 ONH HCI 'Z--ZO EtOEt

60

CLAIMS

What is claimed is:-

1. A method of synthesizing a substituted or ussituied benzimidazolyl

guinolinone compound of formula I,

RS

R8

/

[l ,
a tautomer thereof, a salt thereof, or a salt @ft#utomer, comprising:
reacting a first compound having the formula | vateecond compound having the
formula Il in a suitable solvent in the presenca gbdium or potassium salt of a base selected from
the group consisting of potassium tertbutoxideapsium bis(trialkylsilyllamide and sodium
bis(trialkylsilyl)amide to provide a reaction pradicomprising the benzimidazolyl quinolinone

compound, wherein the benzimidazolyl quinolinonmpound precipitates from the reaction and the

first compound and the second compound have thenfilg structures



VA 21.The method of claim 18, wherein the compound having the formula IV is reacted with the
compound having the formula V in an alcohol solvent at an internal temperature of from 30C to 70C for
a period of time of from 45 minutes to 240 minutes to prepare the second compound. 22.The method
of claim 18, further comprising reducing a compound having the formula VIA, VIB, or a mixture thereof
to produce the compound having the formula IV R5 02N H2N RG6R6 VIAVIB
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R! RS

R* Rg

wherein

R'is F;

R? R® and R are all H;

R>and R may be the same or different and are independeatécted from H, Cl, Br,
F, I, -OR groups, -NR'R groups, -SE groups, substituted or unsubstituted primary, seaoy,
or tertiary alkyl groups, substituted or unsubsgéitbiaryl groups, substituted or unsubstituted glken
groups, substituted or unsubstituted alkynyl grospbstituted or unsubstituted heterocyclyl groups,
substituted or unsubstituted heterocyclylalkyl greusubstituted or unsubstituted alkoxyalkyl
groups, substituted or unsubstituted aryloxyalkglugs, or substituted or unsubstituted
heterocyclyloxyalkyl groups;

One of R or R is an N-methyl piperazinyl group and the otheRbbr R’ is an H;

Z is an —OR? group;

R%is an unsubstituted alkyl group having from 1 tce8bon atoms;

R'3is selected from substituted or unsubstitutedlajkyups, substituted or
unsubstituted aryl groups, substituted or unsulistitheterocyclyl groups, substituted or
unsubstituted heterocyclylalkyl groups, substitutednsubstituted alkoxyalkyl groups, substituted

or unsubstituted aryloxyalkyl groups, or substitube unsubstituted heterocyclyloxyalkyl groups;



and the variables R5, R6, R7, and R8 have the values defined in claim 1. 23.The method of claim 22,
wherein H2 and a hydrogenation catalyst are used to reduce the compound having the formula VIA,
the compound having the formula VIB, or the mixture thereof. 68 24. The method of claim 23,
wherein the hydrogenation catalyst comprises palladium on carbon. 25. The method of claim
22, wherein one of R6 or R7 is an N-methyl piperazinyl group such that the compound having the
formula VIA or VIB is a compound having the formula VIG or VIH 26. The method of claim
25, wherein the compound reduced to provide the c&®pound having the formula IV is the compound
having the formula VIH. 27. The method of claim 22, further comprising reacting a compound

having the formula 1 ipuith. 2 sempeydnaing el Yra BRT LA SR e sabieibreaie the
compound having the formula :

unsubstituted aryl groups, or substituted or unstuibsd heterocyclyl groups;

R™ is selected from substituted or unsubstitutedlajkyups, substituted or
unsubstituted aryl groups, or substituted or unstuibsd heterocyclyl groups; and

R'®is selected from substituted or unsubstitutedlajkyups, substituted or
unsubstituted aryl groups, or substituted or unstuibsd heterocyclyl,

wherein the alkyl group has from 1 to 10 carbomregto

the aryl group has from 6 to 14 carbon atoms;

the alkenyl group has from 2 to 8 carbon atoms;

the alkynyl group has from 2 to 8 carbon atoms;alkexy has from 1 to 10 carbon atoms; the
aryloxy has from 6 to 14 carbon atoms; and

the hererocyclyl group is selected from the grooipsisting of unsaturated or saturated 3 to 8
membered rings with the hetero atoms therein ctngisf 1 to 4 nitrogen atoms, condensed
unsaturated heterocyclic groups with the hetermattnerein consisting of 1 to 4 nitrogen atoms,
unsaturated or saturated 3 to 8 membered ringsthgthetero atoms therein consisting of 1 to 2
oxygen atoms and 1 to 3 nitrogen atoms, unsatucatedensed heterocyclic groups with the hetero
atoms therein consisting of 1 to 2 oxygen atomslatal3 nitrogen atoms, unsaturated 3 to 8
membered rings with the hetero atoms therein congisf 1 to 3 sulfur atoms and 1 to 3 nitrogen
atoms, saturated 3 to 8 membered rings with therdi@toms therein consisting of 1 to 2 sulfur
atoms and 1 to 3 nitrogen atoms, unsaturated oragatl 3 to 8 membered rings with the hetero
atoms therein consisting of 1 to 2 sulfur atomsatuarated condensed heterocyclic groups with the
hetero atoms therein consisting of 1 to 2 sulforret and 1 to 3 nitrogen atoms, unsaturated 3 to 8
membered rings with the hetero atoms therein ctngisf oxygen atoms, unsaturated condensed
heterocyclic groups with the hetero atoms theremststing of 1 to 2 oxygen atoms, unsaturated 3 to
8 membered rings with the hetero atoms thereinisting of an oxygen atom and 1 to 2 sulfur

atoms, saturated 3 to 8 membered rings with therdiettoms therein consisting of 1 to 2 oxygen



R5 R8 69 wherein the variables R5, R6, and R8 have the values defined in claim 1 and Y is
selected from Cl or F. 28. The method of claim 27, wherein the compound having the formula
VIl is a compound having the formula VITA or VIIB 02NH02N H2NCIH2N
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atom and 1 to 2 sulfur atoms, unsaturated conddemstedocyclic groups with the hetero atoms
therein consisting of 1 to 2 sulfur atoms, unsaada@ondensed heterocyclic groups with the hetero

atoms therein consisting of a sulfur atom and Igexyatom.

2. The method of claim 1, wherein the second aamgd is a compound having

the formula IIC or 1ID

H //\N/
R o{{N RO o{{N:@
N N/\ N H
H K/N\ H
lc 1D

where R? has the values defined in claim 1.

3. The method of claim 2, whereiff®s a straight or branched chain alkyl group

selected from methyl, ethyl, propyl, butyl, pentyhropyl, s-butyl, or t-butyl groups.
4. The method of claim 3, whereif{%s an ethyl group.

5. The method of claim 1, wherein the suitableesat is selected from a dialkyl

ether, a cyclic ether, an aromatic solvent, orralmoation thereof.

6. The method of claim 5, wherein the solverieisahydrofuran or toluene.



VITA VIIB 29. The method of claim 28, wherein R7 is an N-methyl piperazinyl group and HR7
is a compound having the formula HR7(a) HR7(a). 30. The method of claim 28, wherein the
compound having the formula VII and the compound having the formula HR7 are reacted at a
temperature of from 70C to 120C for a period of from 2 hours to 24 hours to prepare the compound
having the formula VIA. 70 31.The method of claim 1, wherein the benzimidazolyl quinolinone
compound is
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7. The method of claim 1, wherein the sodiumatapsium salt of the base is
potassium t-butoxide.
8. The method of claim 1, wherein the sodiumatapsium salt of the base is

sodium bis(trimethylsilyl)amide or potassium bistethylsilyl)amide.

9. The method claim 1, wherein the sodium or ggtan salt of the base is
present in an amount of from 2 to 4 equivalent$ \wespect to the molar quantity of the first

compound.

10. The method of claim 1, wherein the sodiumpatassium salt of the base is
present in an amount of from 2 to 4 equivalent$ wespect to the molar quantity of the second

compound.

11. The method of claim 1, wherein the secondgmmd is present in an amount

of from 1 to 2 equivalents with respect to the maojaantity of the first compound.

12. The method of claim 1, further comprisingiaddhe sodium or potassium
salt of the base to a mixture comprising the imhpound, the second compound, and the suitable

solvent at a temperature of from 15°C to 50°C.



a compound having the formula 111B, is a tautomer of the compound having the formula 111B, is a salt of
the compound having the formula I11IB, or is a salt of the tautomer of the compound having the formula
B 1B 32. The method of claim 31, further comprising reacting the benzimidazolyl
guinolinone compound with lactic acid to provide the lactic acid salt of the benzimidazolyl quinolinone
compound. 33. The method of claim 32, wherein the lactic acid and the benzimidazolyl
qguinolinone compound are reacted in a mixture of water and ethanol. 34. The method of claim
1, wherein the water content of the reaction mixture 85less than or equal to 0.2%.

13. The method of claim 1, further comprisingdddling an aromatic solvent to a
reaction flask to provide a reaction mixture corsing the solvent, the first compound, and the
second compound, (b) distilling a portion of theraatic solvent from the reaction flask, and (c)

repeating (a) and (b) until the water content efrgmaction mixture is less than 0.05%.

14. The method of claim 1, wherein the secondgmmd is placed in a reaction
flask and dried by (a) adding THF to the reactiasK to create a reaction mixture, (b) distilling a
portion of the THF from the reaction flask, andr@peating (a) and (b) until the water contenhef t

reaction mixture is less than 0.5%.

15. The method of claim 14, further comprisinge&ting (a) and (b) until the

water content of the reaction mixture is less thaequal to 0.2%.

16. The method of claim 1, wherein the secondgmmd is dried by: (a) mixing
the second compound with an organic solvent to fasolution; (b) removing a portion of the
organic solvent to provide the dried second comgdo(g) optionally repeating (a) and (b) one or
more additional times; and (d) additionally drythg dried second compound by heating it under a

vacuum.

17. The method of claim 1, wherein the first connpd is reacted with the second
compound in the presence of the sodium or potassaltof the base for a period of from 30 to 360

minutes.
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18. The method of claim 1, further comprisingcteéeg a compound having the
formula IV with a compound having the formula Vpepare the second compound, wherein the

compound having the formula IV and the compoundrigathe formula V have the following

structures,
R5
HoN RS 0 NH HX
RQaO ORQa
HoN R’
R
v \

wherein the variables®RRC, R’, R?, and R? have the values defined in claim 1 and X

is a halogen atom selected from F, Cl, Br, or isdhe conjugate base of an acid.

19. The method of claim 18, wherein the compduaeng the formula IV is a

compound having the formula IVA

HoN H

z

N O

IVA

™~

20. The method of claim 18, wherein the compoduavng the formula V is a

compound having the formula VA
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o] NH HCI

EtO OEt

VA

21. The method of claim 18, wherein the compduang the formula IV is
reacted with the compound having the formula Vrirakzohol solvent at an internal temperature of
from 30°C to 70°C for a period of time of from 4%nutes to 240 minutes to prepare the second

compound.

22. The method of claim 18, further comprisinguging a compound having the

formula VIA, VIB, or a mixture thereof to produdeet compound having the formula IV

RS RS
O,N R® HoN R®
H,N R’ O,N R’
Rg Rg
VIA VIB

and the variables RR®, R’, and K have the values defined in claim 1.

23. The method of claim 22, wherein &d a hydrogenation catalyst are used to
reduce the compound having the formula VIA, the pound having the formula VIB, or the

mixture thereof.
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24. The method of claim 23, wherein the hydrogjenacatalyst comprises

palladium on carbon.

25. The method of claim 22, wherein one 60RR’ is an N-methyl piperazinyl
group such that the compound having the formula ®A/IB is a compound having the formula

VIG or VIH

O,N N

HoN H H,N O

VIG VIH

26. The method of claim 25, wherein the compowthliced to provide the

compound having the formula IV is the compound hgthe formula VIH.

27. The method of claim 22, further comprisingateng a compound having the
formula VIl with a compound having the formula H& a salt thereof to prepare the compound

having the formula VIA,

R5

Rg

VI



69

wherein the variables5RR6, and R have the values defined in claim 1 and Y is

selected from Cl or F.

28. The method of claim 27, wherein the compoduaxeng the formula VIl is a

compound having the formula VIIA or VIIB

H,N cl HoN F

VIIA VIIB

29. The method of claim 28, whereihiR an N-methyl piperazinyl group and

HR’ is a compound having the formula H&)

-

HR'(a),

30. The method of claim 28, wherein the compduadng the formula VIl and
the compound having the formula H&re reacted at a temperature of from 70°C to 126f@

period of from 2 hours to 24 hours to prepare ramound having the formula VIA.
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31. The method of claim 1, wherein the benzimatidzjuinolinone compound is
a compound having the formula IlIB, is a tautomiethe compound having the formula IlIB, is a
salt of the compound having the formula IlIB, oaisalt of the tautomer of the compound having

the formula I11B

/

B

32. The method of claim 31, further comprisingateng the benzimidazolyl
qguinolinone compound with lactic acid to provide thctic acid salt of the benzimidazolyl

guinolinone compound.

33. The method of claim 32, wherein the lacticland the benzimidazolyl

guinolinone compound are reacted in a mixture dewand ethanol.

34. The method of claim 1, wherein the water enhof the reaction mixture is

less than or equal to 0.2%.





