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SWEET FLAVOR MODIFIER

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of priotity to U.S. Provisional Patent Application No.
61/320,528, filed April 2, 2010 and entitled “SWEET FLAVOR MODIFIER”; and U.S.
Provisional Patent Application No. 61/422,341, filed December 13, 2010 and entitled “SWEET
FLAVOR MODIFIER”, The contents of these applications are hereby incorporated by reference

in their entireties for all purposes.

FILED OF THE INVENTION

The invention relates to compounds usefitd as sweet flavor modifiers and/or tastants.

BACKGROUND OF THE INVENTION

The taste system provides sensory information about the chemical composttion of the
external world. Taste transduction is one of the most sophisticated forms of chemical-triggered
sensation in animals. Signaling of taste is found throughout the animal kingdom, from simple
metazoans to the most complex of vertebrates. Mammals are believed to have five basic taste
modalities: swect, bitter, sour, salty, and umami {the taste of monosodium ghitamate, a.k.a.
savory taste).

Obesity, diabetes, and cardiovascular discase are health concerns on the rise globally, but
are growing at alarming rates in the United States. Sugar and calories are key components that
can be limited to render a positive nutritional cffect on health, High-intensity sweeteners can
provide the sweetness of sugar, with various taste gualitics. Because they arc many times
sweeter than sugar, much less of the sweetener is reguired to replace the sugar,

High-intensity sweetencrs have a wide range of chemically distinet structures and hence
possess varying propertics, such as, without limitation, odor, flavor, mouthfecl, and aftertaste.
These propertics, particularly flavor and afiertaste, are well known to vary over the time of
tasting, such that cach temporal profile is sweetener-specific (Tunaley, A, "Perceptual
Characteristics of Swecteners”, Progress in Sweeteners, T. H. Grenby, Ed. Elsevier Applied

Science, 1989).
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Sweeteners such as saccharin and 6-methyl-1,2,3-oxathiazin-4{3H)-one-2.2-dioxide
potassium salt (acesulfame potassium) arc commonly characterized as having bitter and/or
metallic aftertastes. Products prepared with 2.4-dihydroxybenzote acid are claimed to display
reduced undesirable aftertastes associated with sweeteners, and do so at concentrations below
those concentrations at which their own tastes are perceptible. Also, high intensity sweeteners
such as sucralose and aspartame are reporied to have sweetness delivery problems, e., delayed
onset and lingering of sweetness (5. G, Wiet, et al., 1. Food Sci., S8(31:599-602, 666 (1993)).

It has been reported that an exira~-cellular domain, e g, the Venus flytrap domam of a
chemosensory receptor, especially one or more inferacting sites within the Venus flytrap domain,
is a suitable target for compounds or other entities to modulate the chemosensory receptor and/or
its ligands. Certain compounds have been reporied to have superior sweet taste enhancing
propertics and are described in the four patent applications listed below.

(1) U.S. Patent Application Serial No. 11/760,592, entitied “Modulation of
Chemosensory Receptors and Ligands Associated Therewith”, filed June 8, 2007; (2) U.S. Patent
Application Serial No. 11/836,074, entitled “Modulation of Chemosensory Receptors and
Ligands Associated Therewith”, filed August 8, 2007; (3} U.S. Patent Application Serial No.
61/027,410, entitied “Modulation of Chemosensory Receptors and Ligands Associated
Therewith”, filed February 8, 2008; and {4) International Application No, PCT/US2008/365650,
entitled “Moduiation of Chemosensory Receptors and Ligands Associated Therewith”, filed June
3, 2008, The content of these applications are herein incorporated by reference in their entivety
for all purposes.

The present invention provides novel and inventive sweet taste enhancers with desirable

characteristics,

SUMMARY OF THE INVENTION
In one embodiment, the present mvention provides a compound having structural

Formula (I) or (')
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f
B /N| B /Nl
C N C
A (I} or A (I

or a tawtomer, salt, and/or solvate, wherein;

Ais -ORY, -NRIC(OR?, -NHOR', -NR'R?, -NR'CO.R?, -NR'C{OINR'R,
NRICSINR R or -NRICENHINRRY,

B is hvdrogen, alkyl, substituited alkyl, arvl, substituted aryl, arylalkyl, substituted
arylalkyt, acyl, substituted acyl, heteroalkyl, substituted heteroalkyl, heteroaryl, substituted
heteroaryl, heteroarylalkyl, substituted heteroarylalkyl, -CN, -OR?, -8(O)LR", -NR'R’,
C{OWRR’, -COR?, -NR'CO.R”, -NRICOINRRS, -NRIC(SINRRY, -NRIC(ENHINRRS,
SSONRR -NRISOLR, -NRISONRRE, -BORNWORY), -PIOWORNOR?), or -PIOYRNORY),

Cis -OR'-S(O)R7, SOR, -C(OINR'R®, -CO-RT, -NR'CORY, NR'COWRR’,
NRICENHINR'R?, -SO,NRRE, -NRISO.RS, -NRISONR'R?, -BORTYORY,
PIOHORWORY), -P(OYR'WOR™), or heteroaryl (for example, tetrazole);

D is an aryl, substituted aryl, heteroaryl, substituted heteroaryl, cycloalkyl, substituted
cycloalkyl, cycloheteroalkyl or substituted cycloheteroalkyl ring wherein the ring is optionally
fused to another arvl, substituted aryl, heteroaryl, substituted heteroaryl, cyeloalkyl, substituted
cycloalkyl, cycloheteroalkyl, or substituted cyclohetercalkyl ring;

a and b are independently 0, T or 2; and

RLURSRLRYL RS RS R R® and R are independently hvdrogen, alkyl, substituted alkyl,
aryl, substituted aryl, arvlalkyl, substituted arylalkyl, acvl, substituted acyl, heteroalkyl,
substituted heteroalkyl, heteroaryl, substituied heteroaryl, heteroarylalkyl or substituted
heteroarylalkyl; or alternatively, R and R,z, R” and R,3, R and R°, R and R,6, R’ and R,g, or R®
and R’, together with the atoms to which they are bonded, form a eycloheteroalkyl or substituted
cycloheteroallovl ring,

In another embodiment, the present invention provides an ingestible composition
comprising a compound of the present invention and an ingestibly acceptable excipient.

In another embodiment, the present invention provides a flavoring concentrate

formudation comprising a compound of the present invention and a carrier.

2
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In another embodiment, the present invention provides a method of modulating the sweet
taste of an ingestible composition comprising contacting the ingestible composition or precursors
thercot with a compound of the present invention to form a modified ingestible composition.

In another embodiment, the present invention provides a mcethod for preparing a

compound of the present invention,

DETAILED DESCRIPTION OF THE INVENTION

These and other embodiments, advantages, and features of the present invention are
provided in the sections below, Unless defined otherwise, all technical and scientific terms use
herein have the same meaning as conunonly understood by one of ordinary skill in the art to
which this invention belongs.

“Alkvl,” by itself or as part of another substituent, refers to a saturated or ynsaturated,
branched, straight-chain or cyclic monovalent hydrocarbon radical derived by the removal of one
hydrogen atom from a single carbon atom of a parent alkane, alkkene or alkyne. The term “alloyt”
includes “cycloatky!” as defined herein below. Typical alkyl groups inclade, but are not limited
to, methyl; ethyls such as ethanyvl, ethenyl, ethynyi; propyis such as propan-1-vl, propan-2-vi,
cyclopropan-1-yl, prop-1-en-1-yvi, prop-l-en-2-vi, prop-2-en-1-y1 (allyh}, eycloprop-l-en-1-yk
cycloprop-2-en-1-vi, prop-t-yn-1-vi, prop-2-yn-1-yi, efc.; butyls such as butan-1-vi, butan-2-yl,
2-methyl-propan-1-vi, Z-methyl-propan-2-y{, cyclobutan-1-yi, but-1-en-1-vl, but-1-en-2-yi,
2-methyl-prop-1-en-1-vi, but-Z-en-i-vi, but-2-en-2-yl, buta-1,3-dien-1-vi, buta-1,3-dien-2-yi,
cyclobut-1-en-1-vi, cyclobut-1-en-3-yl, cyclobuta-1,3-dien-1-yi, but-1-yn-1-v, but-1-yn-3-vi,
but-3-yn-i-yl, efe.; and the like. The term “alkyl” is specifically intended to include groups
having any degree or level of saturation, i.e., groups having exclusively single carbon-carbon
bonds, groups having one or more double carbon-carbon bonds, groups having one or more triple
carbon-carbon bonds and groups having mixtures of single, double and triple carbon-carbon
bonds. Where a specific level of saturation 1s intended, the expressions “alkanyl,” “alkenyl,” and
“alkynyl” are used. In some embodiments, an atkyl group comprises from 1 to 20 carbon atoms
(C-Cop alkyl), In other emboduments, an alkyl group comprises from | to 10 carbon atoms
(C1-Cho alkyl)., Tnostill other embodiments, an alkyl group comprises from 1 to 6 carbon atoms

(Ci-Co alkyl), It is noted that when an alkyl group is further connected to another atom, 1t
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becomes an “alkylene” group. In other words, the term “alkylene” refers to a divalent alkyl. For
example, -CH>(CH; 18 an cthyl, while -CH,CHy- 15 an cthylene. That is, “Alkylene,” by itself or
as part of another substituent, refers to a saturated or vmsaturated, branched, straight-chain or
cychic divalent hydrocarbon radical derived by the removal of two hydrogen atoms from a single
carbon atom or two different carbon atoms of a parent alkane, alkene or alkyne. The term
“alkylene” includes “cycloalkylene” as defined herein below, The term “alkylene” 13
specifically intended to mclude groups having any degree or level of saturation, i.e., groups
having exchusively single carbon-carbon bonds, groups having one or more double
carbon-carbon bonds, groups having one or more triple carbon-carbon bonds and groups having
mixtures of single, double and triple carbon-carbon bonds, Where a specific level of saturation
is intended, the expressions “alkanylene,” “alkenviene,” and “alkyoylene” are used. Tn some
embodiments, an alkylene group comprises from 1 to 20 carbon atoms (Ci-Cy alkylene). In
other embodiments, an alkylene group comprises from 1 to 10 carbon atoms (C;-Cyp alkviene).
In still other embodiments, an alkylene group comprises from 1 to 6 carbon atoms (C-Cse
alkyiene).

“Alkanyl,” by itself or as part of another substituent, refers to a saturated branched,
straight-chain or cyelie alkyl radical derived by the removal of one hyvdrogen atom from a single
carbon atom of a parent alkane. The term “alkany!” inclndes “cycloakanyl” as defined herein
below, Typical alkanyl groups include, but are not limited to, methanyl; ethanyl; propanyls such
as propan-1-vi, propan-2-yi (isopropvl}, cyclopropan-1-yl, efc.; butanvls such as butan-1-vyl,
butan-2-yi (sec-butyl), Z-methyi-propan-1-yl (isobutyl}, 2-methyl-propan-2-vi {(#-butyl),
cyclobutan-1-vi, efc.; and the like.

“Alkenyl” by wtself or as part of another substituent, refers to an unsaturated branched,
straight-chain or cychic alkyl radical having at least one carbon-carbon double bond derived by
the removal of one hydrogen ators from a single carbon atom of a parent alkene. The term
“alkenyl” includes “cyeloalkeny!” as defined herein below. The group may be in either the cis or
trans conformation about the double bond(s). Typical alkenyl groups include, but are not limited
o, ethenyl; propenyls such as prop-1-en-1-vl, prop-1-en-2-yi, prop-2-en-i-yi {aliyl),
prop-2-en-2-v1, cycloprop-1-en-1-yi; cycloprop-2-en-1-yl; butenyls such as but-1-¢en-1-yL

but-1-en-2-yl, Z-methyl-prop-l-en-i-yL, but-2-en-1-v1, but-2Z-en-1-vl, but-2-en-2-vl,
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buta-1,3-dien-1-yl, buta-1,3-dien-2-vl, cyclobut-1-en-1-vl, cyclobut-1-en-3-yl,
cyclobuta-1,3-dien-I-vl, efc.; and the like,

“Alkynyl,” by ttself or as part of another substituent refers to an unsaturated branched,
straight-chain or cyclic alkyl radical having at least one carbon-carbon triple bond derived by the
removal of one hydrogen atom from a single carbon atom of a parent alkyne, Typical alkynyl
groups inchude, but are not himited to, ethynyl; propynyls such as prop-~1~yn-i-vi, prop-2-vo-1-yl,
etc.; butynyls such as but-1-yo-1-yi, but-1-yn-3-vi, but-3-yn-1-vl, erc.; and the like.

“Alkoxy,” by itself or as part of another substituent, refers to a radical of the forroula -0-R'%,
where R™ is alkyl ot substituted alkyl as defived herein.

“Acyl” by itself or as part of another substituent refers to a radical ~C{OR™, where R*
is hydrogen, alkyl, substituted alkyl, aryl, substituted arvl, arylalkyl, substituted arvialkyl,
heteroalkyl, substitnted heteroalkyl, hetercarvialkyl or substituted heteroarylalkyl as detined
herein. Representative examples include, but are not timited to formyl, acetyl,
cyelohexyicarbonyl, cyelohexyimethylearbonyl, benzovl, benzylcarbonyt and the hike.

“Aryl” by ttself or as part of another substituent, refers to a monovalent aromatic
hydrocarbon group derived by the removal of one hydrogen atom from a single carbon atom of a
parent aromatic ring system, as defined herein. Typical aryi groups inclade, but are not limited
to, groups derived from aceanthrvlene, acenaphthylene, acephenanthrylene, anthracene, azulene,
benzene, chrysene, coronene, flucranthene, fluorene, hexacene, hexaphene, hexalene,
as-indacene, s-indacene, indane, indene, naphthalene, octacene, octaphene, octalene, ovalene,
penta-2 4-dicne, pentacene, pentalene, pentaphene, peryiene, phenalene, phenanthrene, picene,
pleiadene, pyrene, pyranthrene, rubicene, triphenylene, trinaphthalene and the like. In some
embodiments, an aryl group comprises from 6 to 20 carbon atoms (Cg-Cyg aryl), In other
erabodiments, an aryl group comprises from 6 to 15 carbon atoms {(Ce-Cis aryl). In still other
embodiments, an aryl group comprises from 6 to 15 carbon atoms (Ce-Cyo aryl),

“Arylalkyl” by itself or as part of another substituent, refers to an acyclic alkyl group in
which one of the hydrogen atoms bonded to a carbon atom, typically a terminal or sp’ carbon
atom, 15 replaced with an aryl group as, as defined herein. Typical arylalkyl groups include, but
are not limited to, benzyl, 2-phenylethan-1-yl, 2-phenviethen-1-vl, naphthylmethyl,
2-naphthylethan-1-yi, 2-naphthylethen-1-vl, naphthobenzyl, 2-naphthophenylethan-1-yl and the

iike. Where specific alkyl moietics are intended, the nomenclature arylalkanyl, arylalkenyl
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and/or arylalkynyl is used. In some embodiments, an arylalkyl group 1s (Cs-Cyg) arylalkyl, e.g.,
the alkanyl, alkeny! or alkynyl moicty of the arylalkyl group is (Ci-Cyo) alkyl and the aryl moicty
18 {{U¢-Chap) aryl. In other embodiments, an arvialkyl group is (Ce-Cog) arvialkyl, e g., the alkanyl,
alkenyl or alkynyi moicty of the arvialkyl group is {((C-Cy) alkyl and the aryl moicty is (Co-Ciy)
aryl, In still other embodiments, an arvialkyl group is (Ce-Cis) arylalkyl, e.g., the alkanyl,
alkeny! or alkynyl moicty of the arvialkyl group 15 (C-Cs) alkyl and the aryl moiety 18 (Co-Cig)

aryl.

(19

“Cycloalkyl” or “Carboceyelyl,” by itself or as part of another substituent, refers to a
saturated or unsaturated cyclic alkyl radical, as defined herein, Similarly, “Cyeloalkylene,” or
“Carbocyclylene,” by itself or as part of another substituent, refers to a saturated or unsaturated
cychic alkylene radical, as defined heremn, Where a specific level of saturation 1s intended, the
nomenclatare “cycloalkanyl”, “cvcloalkeny]”, or “cycloalkynyl” is used. Typical cycloalkyl
groups inchude, but are not limited to, groups derived from cyclopropane, cyclobutane,
cyclopentane, cvelohexane, and the like. In some embodiments, the cycloalkyl group comprises
from 3 to 10 ring atoms {Us-Cip cycloalkyl). In other embodiments, the cycloalkyl group
comprises from 3 to 7 ring atoms (Cs-Cy cyeloalkyl). The eycloalkyl may be further substituted
by one or more heteroatoms including, but not limited to, N, P, G, S, and Si, which attach to the
carbon atoms of the cycloalkyl via monovalent or multivalent bond.

“Heteroalkyl,” “Heteroalkanyl,” “Heteroalkenyl” and “Heteroalkynyl,” by themselves or
as part of other substituents, refer to alkyl, alkanyl, alkenyl and alkynyl groups, respectively, in
which one or more of the carbon atoms {and optionally any associated hydrogen atoms), are
cach, independently of one another, replaced with the same or different heteroatoms or

RIS

heteroatomic groups. Similarly, “Heteroalkylene,” “Heteroalkanylene,” “Heteroalkenvlene” and
fa > o = > o

“Heteroalkynylene,” by themselves or as part of other substituents, refer to alkylene, alkanylene,
alkenylene and alkynyenel groups, respectively, in which one or more of the carbon atoms (and
optionally any associated hydrogen atoms), are each, independently of one another, replaced
with the same or different heteroatoms or heteroatomic groups, Typical heteroatorms or
heteroatomic groups which can replace the carbon atoms inclade, but are not limited to, -O-, -8+,
-N-, ~St-, -NH-, -S(O)-, -S{O)a-, -S(O)NH-, -5(0),NH- and the like and combinations thercof,
The heteroatorns or heteroatomic groups may be placed at any interior position of the alkyl,

alkeny! or alkynyi groups. Typical hetercatomic groups which can be included in these groups
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include, but are not imted to, -0O-, -S-, -0-0-, -8§-S-, -(3-8-, ~NR2"”R202~3 =N-N=, -N=N-,
N=N-NRR™, PR, -P(O ), -POR™-, -0-P(O)-, -SO-, -SOs-, -SaR™'R*- and the tike,
where R™, R™ R™ R™ &Y, 1Y R and R*™ are independently hydrogen, alkyl,
substituted alkyl, aryl, substituted aryl, arylalkyl, substituted arylalkyl, cycloalkyl, substituted
cycloalkyl, cycloheteroalkyl, substituted cycloheteroalkyl, heteroalkyl, substituted heteroatkyl,
heteroaryl, substituted heteroaryl, heteroarylalkyl or substituted hetercarylalkyl,
“Cycloheteroalkyl,” or “Heterocyelyl,"by itself or as part of another substituent, refers to
a saturated or unsaturated cvelic alkyl radical in which one or more carbon atoms (and optionally
any associated hydrogen ators) are independently replaced with the same or different
heteroatom. Similarly, “Cycloheteroalkylene,” or “Heterocyelylene,” by itself or as part of
another substituent, refers to a saturated or unsaturated cyclic alkyiene radical in which one or
more carbon atoms (and optionally any associated hydrogen atorns) are independently replaced
with the same or different hetercatom. The cyclohetercalkyl may be further substituted by one
or more heteroatoms inchuding, but not hmited to, N, P, O, §, and 81, which attach to the carbon
atoms of the cyeloheteroalkyl via monovalent or multivalent bond. Typical hetercatoms to
replace the carbon atom(s) include, but are not limited to, N, P, O, §, $1, efe. Where a specific
level of saturation s intended, the nomenclature “cycloheteroalkanyl” or “cycloheteroatkenyl” s
used. Typical cycloheteroalkyl groups melude, but are not limited to, groups derived from
epoxides, azirines, thiiranes, imidazolidine, morpholine, piperazine, piperidine, pyrazolidine,
pyrrolidone, guinucliding, and the like. In some embodiments, the cyclohetercalkyl group
comprises from 3 to 10 ring atoms (3-10 membered cycloheteroalkyl} In other embodiments, the
cyeloalky! group comprise from 5 to 7 ring atoms (5-7 membered cyclohetercalkyl). A
cycloheteroalkyl group may be substituted at a hetercatom, for example, a nitrogen atom, with a
(Ci-Cs) alkyl group. As specific examples, N-methyl-imidazolidinyl, N-methyl-morpholinyl,
N-methyl-piperazinyl, N-methyl-piperidinyl, N-methyl-pyrazolidinyl and N-methyl-pyrrolidinyl
are incladed within the definition of “cycloheteroalkyl” A cyclohetercalkyl group may be
attached to the remainder of the molecule via a ring carbon atom or a ring heteroatom.
“Compounds” refers to compounds encompassed by structural formulae disclosed herein,
such as (1), (1), (Ha), (Ih), (1), (Wla), (1b), (Hlc), and (1ild), and includes any specific
compounds within these formulae whose structure is disclosed herein. Compounds may be

identified either by their chemical structore and/or chemical name. When the chemical strocture
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and chemical name contlict, the chemical structure is determinative of the identity of the
compound. The compounds described herein may contain one or more chiral centers and/or
double bonds and therefore, may cxist as stereoisomers, such as double-bond isomers {(i.e,
geometric isomers), cnantiomers or diastereomers. Accordingly, the chemical structures
depicted herein encompass all possible enantiomers and stereoisomers of the illostrated
compounds including the sterecisomenically pure form {e.g., geometrically pure,
enantiomerically pure or diastercomerically pure) and enanfiomeric and stercoisomeric mixtures,
Enantiomeric and stereoisomeric muxtures can be resolved into their component enanfiomers or
stereoisorners using separation technmques or chiral synthesis techrugues well known to the
skilled artisan. The coropounds may also exist in several tantomeric forms incloding the enol
form, the keto form and mixtures thereof, Accordingly, the chemucal structures depicted herein
encompass all possible tautomeric forms of the ilustrated compounds. The term “tautomer” as
used herein refers to isomers that change into one another with great case so that they can exist
together in equilibrium. In general, compounds may be hydrated, solvated or N-oxides. Certain
compounds may exist in mutltiple crystalline or amorphous forms. In general, all physical forms
are equivalent for the nses contemplated herein and are intended to be within the scope of the
present invention. Further, it should be understood, when partial structures of the compounds are
ilhustrated, that brackets indicate the point of attachment of the partial structure o the rest of the
molecule.

“Halo,” by itself or as part of another substituent refers to a radical -F, -Cl, -Bror -L

“Heteroaryl,” by itsclf or as part of another substituent, refers to a monovalent
heteroaromatic radical derived by the removal of one hydrogen atom from a single atom of a
parent heteroaromatic ring systems, as defined herein, Typical heteroaryl groups include, but are
not limtted to, groups derived from acridine, B-carboline, chromane, chromene, cinnoline, furan,
imidazole, mdazole, indole, indoline, indolizine, isobenzofuran, isochromene, isoindole,
isoindoline, 1soquinoline, 1sothiazole, isoxazole, naphthyridine, oxadiazole, oxazole, perimidine,
phenanthridine, phenanthroline, phenazine, phthalazine, pteridine, purine, pyran, pyrazine,
pyrazole, pyridazine, pyridine, pyrimidine, pyrrole, pyrrolizine, guinazoline, quinoline,
guinolizine, guinoxaline, teirazole, thiadiazole, thiazole, thiophene, triazole, xanthene, and the
iike. In some embodiments, the heteroaryl group comprises from $ to 20 ring atoms (5-20

membered heteroaryl), In other embodimnents, the hetercaryl group comprises from S to 10 ring
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atoms {5-10 membered heteroaryl). Exemplary hetercaryl groups include those derived from
furan, thiophene, pyrrole, benzothiophene, benzofuran, benzimidazole, indole, pyridine,
pyrazole, guinoline, imidazole, oxazole, isoxazole and pyrazine.

“Heteroarylalkyl” by itself or as part of another substituent refers to an acyclic alkyl
group in which one of the hydrogen atoms bonded to a carbon atom, typically a terminal ot sp”
carbon atom, is replaced with a heteroaryl group, Where specific alkyl moteties are intended, the
nomenclature heteroarylalkanyl, heteroaryiakenyl and/or heteroarylalkynyl is used. In some
embodiraents, the heteroarylalkyl group 1s a 6-21 membered heteroarylalkyl, e.g., the alkanyl,
alkenyl or alkyny! moiety of the heteroarylalkyl 15 (C-Ce) alkyl and the heteroaryl moiety is a
S-1S-membered heteroaryl. In other embodiments, the heteroarylalloyl is a 6-13 membere
heteroarvialkyl, e z., the alkanyl, alkenyl or alkvnyvi moiety is (Ci-Cs) alkyl and the heteroaryl
moiety is a S-10 membered heteroaryl.

“Protecting group” refers to a grouping of atoms that when attached to a reactive
functional group 1n a molecunle masks, reduces or prevents reactivity of the functional group.
Examples of protecting groups can be found in Green ef of., “Protective Groups in Organie
Chemistry”, (Wiley, 2™ ed. 1991} and Harrison et of., “Compendinm of Synthetic Organic
Methods”, Vols. 1-8 (John Wiley and Sons, 1971-1996). Representative amino protecting
groups inclnde, but are not himited to, formyl, acetyl, trifluoroacetyl, benzyl, benzyloxycarbonyl
{(“CBZ"}, rert-butoxycarbonyl (“Boc™), trimethylsilyl ("TMS”}, 2-trimethylisilyl-cthanesulfonyl
(“SES™), trityl and substituted trityl groups, allyloxycarbonyl, 9-fluorenylmethyloxycarbonyl
{(“FMOC”}, nitro-veratryloxycarbonyl ("NVO{”} and the like. Representative hydroxy
protecting groups include, but are not limited to, those where the hydroxy group is either
acylated or alkylated such as benzyl, and trityl ethers as well as alkyl cthers, tetrahydropyranyi
ethers, trialkylsilyl ethers and allyl ethers,

“Salt” refers to a salt of a compound, which possesses the desired pharmacological
activity of the parent compound. Such salts include: (1) acid addition salts, formed with
morganic acids such as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid,
phosphoric acid, and the hike; or formed with organic acids such as acctic acid, propionic acid,
hexanoic acid, cyclopentancpropionic acid, glycolic acid, pyruvic acid, lactic acid, malonic acid,
suceinic acid, malic acid, maleic acid, fumaric acid, tartaric acid, citric acid, benzoic acid,

3-{(4-hydroxybenzoyl) benzoie acid, cinnamic acid, mandelic acid, methanesulfonic acid,
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ethanesulfonic acid, 1,2-cthane-disulfonic acid, 2-hydroxyethanesulfonic acid, benzenesulfonic
acid, 4-chlorobenzenesulfonic acid, 2-naphthalencsulfonic acid, 4-tohuencsulfonic acid,
camphorsulfonic acid, 4-methylbicyelo[2.2.2}-oct-2-¢ne-L-carboxylic acid, glucoheptonic acid,
3-phenylpropionic acid, rimethylacetic acid, tertiary butylacetic acid, lavryl sulfuric acid,
gluconic acid, glutamic acid, hydroxynaphthoic acid, salicyhic acid, stearic acid, nmuconic acid,
and the hike; or (2) salis formaed when an acidic proton present in the parent compound is
replaced by a metal ion, e.g., an alkali metal ion, an alkaline carth 1on, or an aluminum on; or
coordinates with an organic base such as ethanolamine, diethanolamine, tricthanolamine,
N-methylglocamine and the like.

“Solvate” means a compound formed by solvation (the combination of solvent molecules
with molecules or ions of the solute), or an aggregate that consists of a solute ion or molecule,
i.¢., a compound of the present imvention, with one or more solvent molecules. When water is
the solvent, the corresponding solvate 1s “hydrate”™.

“N-oxide”, also known as amune oxide or amine-N-oxide, means a compound that derives
from a compound of the present invention via oxidation of an amine group of the compound of
the present invention. An N-oxide typically contains the functional group RsN'-Q~ (sometimes
written as RaN=( or RsN--().

“Substituted,” when used to modify a specified group or radical, means that one or more
hydrogen atoms of the specified group or radical are cach, independently of one another,
replaced with the same or different substituent{s). Substituent groups useful for substituting
saturated carbon atoms in the specified group or radical include, but are not Himited to -R”, halo,
-0, =0, -OR", -SR”, -8, =8, -NRR, =NR", =N-OR", trihatomethyl, -CFs, -CN, -OCN, -SCN,
“NO, -NO,, =N,, -Na, -8{0):R”, -S{O1NR, -§(0),0, -8(0),0R", -0S(OLR", -08(0),0,
-O8(0),0R”, -P(OYO s, -POXOR IO, -PONORMYOR?), -CIOIR, -C(SHR”, -CINRR",
-C(OYO, -C(OYORP, -C{SYOR®, -C{OINRRE, -C(NRMINRR®, -OC(OIR", -OC(SIR®, -OC(0)0",
-OCIOHOR", -OC(SYORY, -NRPC(OIR, -NRC(SIR®, -NR"C(OYO, -NRC(OYOR",
NRPC(SYOR®, -NRPC(OINR RS, -NRC(NRDIR" and -NRPCONRPINRR®, where R” is selected
from the group consisting of alkyl, cycloalkyl, heteroalkyl, cycloheteroalkyl, aryl, arylalkyl,
heteroaryl and heteroarylalkyl; each R® is independently hydrogen or R and each R® is
independently R® or alternatively, the two R may be taken together with the vitrogen ator to

which they are bonded form a 4-, 5-, 6~ or 7-mermbered cycloheteroalkyl which may optionally
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include from 1 to 4 of the same or different additional hetercatoms selected from the group
consisting of O, N and S. As specific examples, -NR°R® is meant to include -NH,, -NH-alkyl,
N-pyrrolidiny] and N-morpholinyl. As another specific example, a substituted alkyl 15 meant to
include —alkylene-O-alkyl, -alkylene-heteroaryl, -alkyiene-cycloheteroalkyl, -alkylene-C(GOR”,
~alkylene-C(OWR R, and —CH,-CHL-C{O)-CHa. The one or more substituent groups, taken
together with the atorns to which they are bonded, may form a cyclic ring mcluding cycloalkyl
and ¢cycloheteroalkyl.

Sirmlarly, substituent groups useful for substituting unsaturated carbon atoms in the
specified group or radical include, but are not limited to, -R?, halo, -0, -OR”, -8R, -§", -NRR®,
trihalomethyl, ~CF3, -CN, -OCN, -SCN, -NG, -NOs, -N3, -S5(0):R", -S(O10, ~S{OROR",
SOS(ORRY, -OS(0L0, -OS(OROR, -POYO ), -PONORMNO), -P(ONOR"NORY), -C{OR],
CHRY, -CINRIIRY, -CLOWY, -CIMOR?, -C{SIOR?, -CIOINRRE, -CINRIINRRS, -OC(OR",
-OC(EIRY, -OC(OY0, -OCIMOR?, -OC(SIORT, -NRPC{OIR®, “NRPC(SIR®, -NRPC(OMO,
NRPC{OMOR®, -NRC(SYOR?, -NRPCONRRE, -NRPCINRDIR® and -NRPCONRPINRRE, where
R, R® and R® are as previously defined.

Substituent groups useful for substituting nitrogen atoms in heteroalkyl and
eycloheterpatkyl groups include, but are not Himited to, -R", -0, -OR", -8R®, -§" -NRR",
trihalomethyl, ~CF3, -CN, -NO, -NOs, -S$(0}:R?, -8$(0),07, -S{(OL0R?, ~-O8(0RR", -OS(0L0,
SO8(0)0RD, -PIOYO . -PIONORNO, -PONORPHORD), -CLORY, -C{SIR®, -CINRMR®,
-C(OYOR®, -CISYORD, -CLOINRRY, -CINRIINRRY, -OC(OIRY, ~OC(S)IRY, -OC(OYOR”,
SOC(SORY, -NRPCIOIRY, -NRC(SHR, -NRPC(OOR®, -NRC(SYOR®, -NRPC(OINR RS,
NRPCINRDIR and -NRPCONRPINRRS, where R®, R” and R® are as previcusly defined.
Substituent groups from the above lists uscful for substituting other specified groups or atoms
will be apparent to those of skill in the art,

The substitucnts used to substitute a specified group can be further substituted, typically
with onc or more of the same or different groups sclected from the various groups specified
above.

“Vehicle” refers to a diluent, adjuvant, excipicnt or carrier with which a compound is
adnnmistered.

As used herein, an “ingestible composttion” 1ncludes any substance that, either alone or

together with another substance, can be taken by mouth whether intended for consumption or
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not. The ingestible composition includes both “food or beverage products” and “non-edible
products”. By “Food or beverage products”, it is meant any edible product intended for
consumption by humans or animals, inchuding solids, semi-solids, or higuids {¢.g., beverages).
The term “non-edible products” or “noncomcestible composition” includes any product or
composition that ¢an be taken by humans or ammals {for purposes other than consumption or as
food or beverage. For example, the non-edible product or noncomestible composition includes
supplements, mitraceuticals, functional food products {e.g., any fresh or processed food claimed
to have a health-promoting and/or discase-preventing properties beyond the basic nutritional
function of supplying nutrients), pharmaceuntical and over the counter medications, oral care
products such as dentifrices and mouthwashes, cosmetic products such as sweetened Hp balms
and other personal care products that may or may not contain any sweetener.

A "ingestibly acceptable carrier or excipient” is a medium and/or composition that is used
to prepare a destred dispersed dosage form of the inventive compound, in order to administer the
inventive compound in a dispersed/diluted form, so that the biological effectiveness of the
mventive compound 1s maxumized. The medium and/or composition may be in any form
depending on the itended use of a product, e.g., solid, semi-solid, liguid, paste, gel, lotion,
cream, foamy material, suspension, solution, or any combinations thereot {such as a hquid
contaiming solid contents). Ingestibly acceptable carriers inchudes many common food
ingredients, such as water at neutral, acidic, or basic pH, fruit or vegetable juices, vinegar,
marinades, beer, wine, natural water/fat emulsions such as milk or condensed milk, edible oils
and shortenings, fatty acids and their alkyl esters, iow molecular weight oligomers of propylenc
ghycol, glyceryl esters of fatty acids, and dispersions or cmulsions of such hydrophobic
substances in agueous media, salts such as sodium chloride, wheat flours, solvents such as
ethanol, solid edible diluents such as vegetable powders or flours, or other Hgquid vehicles;
dispersion or suspension auds; surface active agents; isotonic agents; thickening or emulsifying
agents, preservatives; solid binders; lubricants and the like.

An “enhancer” herein refers to a compound, or an ingestibly acceptable salt or solvate
thercot, that modulates (increases) the activation of a particular receptor, preferably the
chemosensory, e.g., TIRZ/TIR3 receptor. Herein such enhancers will enhance the activation of
a chemmosensory receptor by its higand., Typically the “enhancer” will be specific to a particular

figand, i.e., it will not enhance the activation of a chemosensory receptor by chemosensory
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Higands other than the particular chemosensory ligand or ligands closcly related thereto. Most
enhancers, at its ligand enhancing concentration, do not result in substantial activation of the
particular receptor by themsclves, Usually the ligand enhancing concentrations of an enhancer
ar¢ concentration levels of the enhancer that increases or enhances the activation of a particular
receptor by a ligand without substantially activating the particular receptor by the enhancer
itself. In some embodiments, certain enhancers, when used at a concentration higher than the
ligand enhancing concentration, can also activate a particular receptor by themselves in addition
to modulating {e.g., increase or enhancement) the activation of the receptor. For example,
certain enhancers, when used at a concentration higher than the ligand enhancing concentration,
can be sweeteners (i.e., sweet flavoring agent/entity) as well,

A "flavor” herein refers to the perception of taste in a subject, which inclade sweet, sour,
salty, bitter and umami. The subject may be a human or an amimal.

A "flavoring agent” herein refers to a compound or the ingestibly acceptable salt or
solvate thereof that induces a {flavor or taste in an animal or a buman. The flavoring agent can be
natural, semi-synthetic, or synthetic.

A "flavor modifier” or “flavor modifying agent” herein refers to a compound or the
mgestibly acceptable salt or splvate thereof that modulates, mcluding enhancing or potentiating,
and/or inducing, the tastes of a flavoring agent in an animal or a human.

A "tlavor enhancer” herein refers to a compound or ingestibly acceptable salt thercot that
enhances and/or multiplics the tastes of a flavoring agent, or an ingestible composition
comprising the flavoring agent.

A “sweet flavor” refers to the sweet taste typically induced by sugar, such as sucrose, in
an animal or a human,

A "sweet flavoring agent”, "sweet flavor entity”, "swectener”, "sweet compound”, or
"swecet receptor activating compound” herein refers to a compound or ingestibly acceptable salt
thereof that clicits a detectable sweet tlavor in a subject, .g., sucrose or a compound that
activates a TIR2/T1R3 receptor in vitro, The subject may be a human or an animal.

A Msweet flavor modifier” or "sweet flavor modifving agent"herein refers to a compound
or ingestibly acceptable salt or solvate thereof that modulates, inchuding enhancing or

potentiating, inducing, or blocking, the sweet taste of a sweet flavoring agents in an animal or a
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human. The sweet flavor modifier includes both sweet flavor enhancer and sweet flavoring
agent.

A "sweet flavor enhancer” or "sweet flavor enhancing agent” herein refers to an enhancer
of a sweet flavor wherein the term enhancer is the same as defined above.

A "sweet receptor activating compound” herein refers to a compound that activates a
sweet receptor, such as a TIR2/TIR3 receptor. One example of a sweet veceptor activating
compound s a sweetener, such as sucrose,

A "sweet receptor modulating compound” herein vefers to a compound that modulates
{activates, block, or enhances/reduces activation of) a sweet receptor such as a TIR2Z/TIR3
receptor,

A "sweet receptor enhancing compound” herein refers to a compound that enhances or
potentiates the effect of a sweet receptor activating compound, e.g., Sucrose.

Although most sweet receptor enhancing compounds or sweet flavor enhancers, at its
ligand enhancing concentration of use, do not result in substantial activation of the particular
receptor by themselves, some of the sweet receptor enhancing compounds or sweet flavor
enhancers, when used at a concentration higher than its ligand enhancing concentration, can also
activate a particular receptor by themselves in addition to modulating (increase) the activation of
the receptor. For example, some of the sweet receptor enhancing compounds or sweet flavor
enhancers, when used at a concentration higher than their igand enhancing concentrations, can
also activate a swect receptor, such as a TIR2/T1R3 receptor, acting as the receptor agonists.

A "sweet flavor modulating amount” herein refers to an amount of a compound of
Formula (1} that is sufficient to alter (cither increase or decrease} sweet taste in an ingestible
composition, or a precursor thereof, sufficiently to be perceived by a human subject. In many
erabodiments of the invention, at least about 0.001 ppm of the present compound would need to
be present in order for most human subjects to perceive a modulation of the sweet flavor of an
mgestible composition comprising the present compound, A broad range of concentration that
waould typically be employed in order to economically provide a destrable degree of sweet flavor
modulation can be from about 8.001 ppm to 100 ppm, or a narrow range from about 0.1 ppm to
about 10 ppm. Alternative ranges of sweet flavor modulating amounts can be from about (.01
ppmt to about 30 ppm, from about 8.05 pprm to about 15 ppm, from about 6.1 ppm to about §

ppr, ot from about 8.1 ppm fo about 3 ppm,
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A "sweet flavor enhancing amount” herein refers to an amount of a compound that is
sufficient to enhance the taste of flavoring agents, ¢.g., sucrose, in a ingestible composition, as
perecived by an animal or a human, A broad range of a sweet flavor enhancing amount can be
from about 0.001 ppm to 100 ppm, or a narrow range from about 0.1 ppm to about 10 ppm.
Alternative ranges of sweet flavor enhancing amounts can be from about 0.01 pprm to about 30
ppro, from about 0.05 ppim to about 15 ppm, from about 0.1 ppm to about 5 ppimn, or from about
0.1 ppm to about 3 ppm. In some emboediments, sweet flavor enhancing amount is the amout
corresponding to ligand enhancing concentration(s) of a sweet flavor enhancer of the present
mvention,

A “sweet receptor moduolating amount” herein refers fo an amount of a compound that is
sufficient to modulate (activate, enhance or block) a sweet taste receptor protein. In many
embodiments of the invention, a sweet receptor modulating amount is at least about 1 pM, or at
least about 1 nM, or at least about 10 nM, or at least about 1060nM (ie. about 0.1 uM). A
"TIR2/TIR3 receptor modulating or activating amount” is an amount of compound that is
sutficient to modulate or activate a TIR2/TIR3 receptor. A “sweet receptor” is a taste receptor
that can be modulated by a sweet compound. Preferably a sweet receptor is a G protein coupled
receptor, and more preferably the sweet receptor 1s a TIR2/TIR3 receptor.

Compounds
In onc embodiment, the present invention provides a compound having structural

Formula (I} or (I'):

¥
B /Nl B /Nl
N Yy
A (h or A (ry,

or a tagtomer, salt, and/or solvate, wherein:

Ads -OR!, NRIC(OIR?, -NHOR', -NR'R®, -NR'CO.R?, -NRIC(OINRR’,
NR'C(SINR R or -NR'CE=NHINRRY,

B is hydrogen, alkyl, substituted allovl, aryl, substituted aryl, arylalkyl, sabstituted
arylalkyl, acyl, substituted acyl, heteroalkyl, substituted heteroalkyl, heteroaryl, substituted

heteroaryl, hetercarylalkyl, substituted heteroarylalkvl, -CN, -ORY, *S({})R'Rfﬁ’, NRR,
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SC{OWRR’, -CO.RY, -NRICOR?, -NRIC(OINR RS, -NRIC(SINRRY, -NRICENHINRRS,
SSONRRY, -NRISO,R®, -NRSONRRY, -B(ORMWOR’), -PIOYORNOR?), or -PIONRNOR):
Cis -OR, -S(OWR’, SOsR’, -C(OINRRE, -CO,R, -NR'COR®, -NR'C(OWRR’,
NRICENHINRR, -SORNR'RE, -NR'SO.RY, -NR'SONR'R?, -B(ORYORY),

-PIOHORWORY), -P(OURWORY), or heteroaryl (for example, tetrazole);

D is an aryl, substituted aryl, heteroaryl, substituted heteroaryl, cycloalkyl, substituted
cycloalkyl, cycloheteroalkyl or substituied cycloheteroalky! ring wherein the ring s optionally
fused to another arvl, substituted aryl, heteroaryl, substituted heteroaryl, cycloalkyl, substituted
cycloalkyl, cycloheteroalkyl, or substituted cvcloheteroalkyl ring;

a and b are independently 0, T or 2; and

R R’ R, R'q, R, R° R, R® and R are independently hvdrogen, alkyl, substituted alkyl,
aryl, substituted aryl, arvialkyl, substituted arylalkyl, acvl, sabstituted acyl, heteroalkyl,
substituted heteroalkyl, hetercaryl, substitated heteroaryl, heteroarylalkyl or substituted
heteroaryialkyl; or alternatively, Rland RO R and R? R and R°, R and R®, R and R®, or R®
and R”, together with the ators to which they are bonded, form a eycloheteroalkyl or substituted
cyeloheteroaloyl ring,

In one embodiment of the present invention, the Formmla (I} is subject to the following
Provisos:

(a) when 2 is substituted phenyl; B is hydrogen; C is -CO,R"; R’ is hydrogen or alkyl; A
is -NR'R”; and one of R! and R” is hydrogen; then the other of R’ and R is not substituted
arylalkyl; and

(b} when D is phenyt or substituted phenyl: C is -COR: R is alkyl; A is -NR'R”; and R
and R” arc both hydrogen; then B is not -CO,R”; wherein R is alkyl.

In one embodiment of the present imvention, the Formula (1) does not include the
following compounds:

§-Bromo-4-(4-methoxybenzyljamino-5-methoxyquinoline-3-carboxylic acid cthyl ester;

4-(4-MethoxybenzylDamino-3-methoxyquinoline-3-carboxylic acid cthyl ester;

4-(4-Methoxybenzyhamino-5-methoxyquinoline-3-carboxylic acid;
4-(4-MethoxybenzyDamino-8-methoxyquinoline-3-carboxylic acid cthyl ester;
4-(4-Methoxybenzyhamino-8~-methoxyguinoline-3-carboxyhc acid;

4-Amino-3-cthoxycarbonyl-2-cthoxycarbonylmethylgquinoling; and

17
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4-Armnmo-3-cthoxyearbonyl-2-cthoxycarbonylmethyl-5-methoxyquinoline.

In one embodiment of Formula (1), R’ and R” are independently hydrogen, alkyl,
substituted alkyl, arvl, substituted aryl, arylalkyl, acvl, substituted acyl, heteroalkyl, substituted
heteroalkyl, heteroaryl, substituted heteroaryl, heteroarylalkyl or substituted heteroarylaltkyl; or
alternatively, Rland R R and B, R and R®, R and R®, R and R®, or R% and Rg, together with
the atoms to which they are bonded, form a cycloheteroalkyl or substituted cycloheteroalkyl ring.

In one embodiment of Formula (T), when B 1s substituted alkyl, then the substituent on
the alkyl is not ~C{OYOR®; where R” is alkyl.

In one embodiment of Formula (T), when B 1s substituted alkyl, then the substituent on

the alkyl is selected from the group consisting of -R”, halo, -0, =0, -OR®, -SR”, -8, =8, -NR°R",
=NR®, =N-OR", trihalomethyl, -CF;, -CN, ~OCN, ~SCN, -NO, -NO,, =N3, -N3, -S{0):R”,
S{OBNRD, -S(010, -8(0RLOR®, ~O8(0)R", -O8(0K0", -OS(OLORY, -P(ONO ),
PIOHORM N, -PIOXORTHOR), -CHORY, -CSRY, -CNROR®, -0, -C(SIORD,
C{OINRRE, -CINROINR RS, -OC(OIRY, -OC(SIR, -OCO0, -OC{OHORY, -OC(SYOR",
NRPCOIR®, -NRPCSR®, -NRPC(OYT, -NRC(OYOR, -NRPC(SYOR®, -NRPC(OINRRY,
NRPCONRMIR® and -NRPCINRINRRS, where R” is selected from the group consisting of aflkyl,
eycloalkyl, heteroalkyl, cycloheteroalkyl, aryl, arylalkyl, heteroaryt and heteroarylalkyl; each R
is independently hvdrogen or R and each R is independently R® or alternatively, the two R's
may be taken together with the nitrogen atom to which they are bonded form a 4-, 5-, 6- or
7-membered cycloheteroalkyl which may optionally include from 1 to 4 of the same or different
additional heteroatoms selected from the group consisting of O, N and S.

In one embodiment of the present imvention, the compounds of Formula (1) or (1) have a

structural Formula (11 or (1),

f
B.__N
z | W\Y B /N| W\
s Y
C A Z C A Z/
A (1 or A {1,

ot 4 tavtomer, salt, and/or solvate, wherem:
Y forms a single bond with ¢ither W or 2 and a double bond with the other of W or 7

W is -C(R)-, -8, -N-, -N(R"')-, or -O-;

i&
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Y is -C{R)- or -N-;

Z is -C(R)-, -8, N-, -NER-, or ~O-;

R is hydrogen, alkyl, substituted aikyl, aryl, substituted aryl, arylalkyl, substituted
arylalkyl, acyl, substituted acyl, heteroalkyl, substituted heteroalkyl, heteroaryl, substituted
heteroaryl, heteroarylalkyl, substituted heteroarylalkyl, halo, -CN, -ORY, -S{O)R ", -NRRY,
SC(OINRPRY, -CORY, -SONRVR', -NRPSO:R'®, -P(OYORHOR") or -P(OHRHOR');

R is bydrogen, alkyl, substituted alkyl, aryl, substituted aryl, arylalkyl, substituted
arylalloyl, acyl, substituted acyl, heteroalkyl, substituted heteroalkyl, heteroaryl, substituted
heteroaryl, heteroarylalkyl, substituted heteroarylalkyl, halo, -CN, -ORY, -S(O)RY, -OCHORY,
NRURE -CONRTRY, -COLRY ) -SONRTR, SNRUSOR, -PIONORTHOR™) or
-PO}RTHOR™;

RY is hydrogen, alkyl, substituted alkyl, aryl, substituted aryl, arylatkyl, substituted
arylalkyl, acyl, substituted acyl, heteroalkyl, substituted heteroalkyl, heteroaryl, substituted
heteroaryl, heteroarylalkyl, substituted heteroarvlalkyl, halo, -CN, , -ORY -8(O)R",
SOCOIRY, NRPRY, -CONRPRY, -COMRY, -CORY, -SONRVRY, -NRPSO.RY,
POWORWOR™) or -POURWOR™); or alternatively R'® and R, or R™ and RV, together
with the atoms to which they are attached, form a cycloalkyl, substituted cycloalkyl,
cyeloheteroalkyvt or substituted cycloheteroalkyl ring;

¢, d and ¢ are independently 0, 1, or 2;

R and R are independently hydrogen, alkyl, substituted alkyl, aryl, substituted aryi,
arylalkyl, substituted arvialkyl, acyl, substituted acyl, heteroalkyl, substituted heteroalkyl,
heteroarvl, substituted hetercaryl, heteroarylalkyl or substituted heteroaryialkyl; and

RY RO RY R RY, and RY are independently hydrogen, alkyl, substituted alkyl, aryl,
substituted aryl, arylatkyl, substitited arylalkyl, acyl, substituted acyl, heteroalkyl, substituted
heteroalkyl, heteroaryl, substituted heteroaryl, heteroarylalkyl or substituted heteroarylaltkyl; or
alternatively R and R'®, R’ and R', or R" and RY, together with the atoms to which they are
attached, form a cycloheteroalkyl or substituted cycloheteroalkyl ring; and

with the following provisos:

{a) when W is -O- or -S- or -NR''-, then Z is ~C(R")- or -N-;

{b) when Z is ~0- ot ~S- or -NR'-, then W is -C(R'%}- or -N-; and

{¢) when W is -C(R'%)- or -N-, then Z cannot be —C(RY)- or -N-,

19
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In one embodiment of the present invention, the compounds of Fornula (I or (II') have

a structural Formula (Ila) or (11a’},

f
BN
z | V\\/\ BN W
AN 2l X | \/Y
C z c z
A {iia) or A {ita’),

; ; ; . v - T . .o ~rs 12 .
or a tautomer, salt, and/or solvate, wherein, W is ~L(RJ -, 01 -N-; Y s nL{RJ 3= or =N-;

5  and 7 is -5-, ~N(RM)“, or -O-,
In one embodiment of the present invention, the compounds of Fornula (I or (II') have

a structural Formula (Ilb) or (I1b7),

{
B. _N
2 W\ B N W
~ | //Y ~ | \Y
C z S Z//
A (TTh) or A {ib),

: ; : : : i1 - 12
ot a4 tavtomer, salt, and/or solvate, wherein, Wis -S-, -N(R '}, or -0~ Y 18 -C{R"“}- or
o 13 .
0 -N-jand Z s -C(R 7 ), or ~N-,
Tn one embodiment of the present mvention, the compounds of Formula (I} or (I') have a

structaral Formula (1) or (HI),

{
2J !
A (1) or A (HI),

or a tautomer, salt, and/or solvate thercof, wherein:
15 H is -C(R*')- or -N-;
Iis -C{R™) or -N-;
J s -C(R™)- or -N-;
K is ~C(R™)- or -N-;
R is hydrogen, alkyl, substituted alkyl, halo, -CN, -OR™;
20 R* is hydrogen, allkyl, substituted alkyl, halo, -CN, -OR™";

R? is hydrogen, alkyl, substituted atkyl, aryl, substituted aryl, arylalkyl, substitated
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arylalkyl, acyl, substituted acyl, halo, hetercalkyl, substituted heteroalkyl, heteroaryl, substituted
heteroaryl, heteroarylalkyl, substituted heteroarvialkyil ,-CNN, -OR™, “S(O)fR’Z’g? -0 OIRY
NRPRY LCOINRPRY, -CORY, -SONRPRY, NRYSO.RY, -BORPHOR™),

30

-PLOYOR™HOR™) o -P(OYR™HOR™);

R* is bydrogen, alkyl, substituted alkyl, aryl, substituted aryl, arylalkyl, substituted
arylalloyl, acyl, substituted acyl, halo, heteroalkyl, substituted heteroalkyl, heteroaryl, substitoted
heteroaryl, heteroarylalkyl, substituted beteroarylalkyl, -ON, -OR™, ~S(O)gR319 -OCOWRY,
NRYR? CIOINRRY, -COIRY, -COR™M, -SONRR, -NRYISOR™, -BORYOR™),
-PAOHORYWOR) or -PIONRHOR™); or alternatively R™ and R, taken together with the
atom to which they are attached, form a cycloalkyl, substituted cycloalkyl, cycloheteroalkyl, or
substituted cycloheteroalkyl ring;

f and g are independently 0, 1 or 2; and

R R R, R® RP R RV and R are mdependently hydrogen, alkyl, substituted
alkvi, aryl, substituted aryl, arvlalkyl, substituted arylalkyl, acyl, substitnted acyl, heteroalkyl,
substitnted heteroalkyl, hetercaryl, substitated heteroaryl, heteroarylalkyl, or substituted
heteroarylalkyl: or alternatively R™ and R, R and R*, R and R, or R*" and R”, together
with the atoms to which they are attached, form a cycloheteroalkyl or substituted
cyeloheteroalkyl ring;

with the proviso that at most, two of H, [, J and K are -N-.

In one embodiment of Formula (1), one or two of H, L, § and K are -N-.

fn one embodiment of Formula (11D, I is -N-, 1 is -C(R™)-, } is -C(R™)-, and K is
R

In one embodiment of Formula (IID), T is -C(R*D-, Tis -N-, Tis -C(R™)-, and K is
SCR™M-,

In one embodiment of Formula (I, 1 is -C(R*D-, Tis -C(R™)-, T is -N-, and K is
SCR™M-,

In one embodiment of Formula (1), H is -C(R*D-, Tis -C(R™), J is -C(R™)-, and K is
~N-.,

In one embodiment of Formula (1), H and [ are -N-,

In one embodiment of Formula (1), H and T are -N-.

In one embodiment of Formula (1), H and K are -N-,
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In one embodiment of Formula {(I11),  and I are -N-.

In one embodiment of Formula (1), T and K are -N-,

In one embodiment of Formula (1), J and K arc -N-,

In one cmbodiment of the present invention, the compounds of Formula (I} or (IH")

have a structural Formula (IHa) or (IHa'),

R21 o)
B_ _N R22 }oR
~ B _N R22
e
™
C R23 C A R23
A R ([la) ot A R¥ {Iiia’},

or a tawtomer, salt, and/or solvate thereof,

fn one embodiment of Formula (Ifa), two or three of RY, R% R, and R* are hydrogen.

In one embodiment of Formula (ITTa}, R is hydrogen; R is hydrogen, alkyl, substituted
alkyl, halo, -CN, or -ORY: R™ is hydrogen, alkyl, substituted allyl, -ON, ~OR™, -S(O)R>’,
QCORY, NRPRY CONRPRY, -C(OIRY, -CORY | -SONRPRY, or -NRYSORY; R is
hydrogen, alkyl, substituted alkyl, -CN, -OR’, -8(0),R’!, -OC(O)RY, -NRVR?, .COMNRR?,
COMR’Y, -CORY -SOONRPR™, or -NRPISO,R™M: or alternatively R and R, taken together
with the atoms to which they are attached, form a cycloalkyl, substituted cycloalkyl,
cycloheteroalkyl, or substituted cycloheteroalkyl ring; and R R R R and R are
mdependently hydrogen, alkyl, substituted alkyl, aryl, substituted aryl, arylalkyl, substituted
arylalkyt, acyl, substituted acyl, heteroalkyl, substituted heteroalkyl, heteroaryl, substituted
heteroaryl, heteroarylalkyl, or substituted heteroarylalkyl; or alternatively R* and R, R and
R* RY and R, or R and RY, together with the atoms to which they are attached, form a
cycloheteroalkyl or substituted cycloheteroalkyl ring.

Tn one embodiment of Formula (Iffa), R*' and R* are all hydrogen.

In one embodiment of Formula (Ila), R* and R*, taken together with the atom to which
they are attached, form a cycloalkyl, substituted cycloalkyl, cyvcloheteroalkyl, or substituted
cycloheteroalkyl ring,

In one embodiment of Formula (1ffa), R™ and RY, taken together with the atom to which
they are attached, form a substituted cycloheteroalkyl ring contaiming one or more substituents

selected from the group consisting of -R?, halo, -, =0, -OR", -8R®, -§", =S, “NRR, =NR”,
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=N-OR", trihalomethyl, -CF;, -CN, -OCN, -SCN, -NO, -NO», =N», -Ns, ~S(O1R”, -S{O}NR",
-S(0)07, -S(ORORY, -OS(01RY, -0S(0),07, -0S(0)L0R, -P(OXT ), -POYOR O,

PO ORMWORY), -C(ORY, -C{OOR”, -C(SIR”, -C(NRIR®, -C(OYD, -C{SYOR", -C{OINRRY,
SCNRDINRRY, -OC(OIR", -OC(SIR®, -OC(OY0, ~-OC(OHOR", -O(SYOR, -NRC(OR®,
NRPC(SIR®, NRPC(OYY, -NRCIOIOR", -NRPC{SYOR®, -NRC(GINR RS, -NR"C(NRYR® and
NRPCNRPINRCRS, where R* is selected from the group consisting of alkyl, eycloalkyl,
heteroalkyl, cycloheteroalkyl, arvl, arylalkyl, heteroaryl and heteroarylalkyl; cach R” is
independently hydrogen or R% and cach R® is independently R or alternatively, the two R% may
be taken together with the nitrogen atom to which they are bonded forma 4+, 5-, 6- ot
T-membered cycloheteroalkyl which may optionally melude from 1 to 4 of the same or different
additional heteroatoms selected from the group consisting of O, N and §; or aliernatively, two of
the substittients on the cycloheteroalkyl ring, together with the atoms to which they are bonded,
form a cycloalkyl, substituted cycloalkyl, cycloheteroalkyl, or substituted cycloheteroalkyl ring.

In one embodiment of Formula (IIa), R?Y, R, R™, and R* are all hydrogen.

In one embodiment of Formula (Ha), A is -OR! »’NRICZ?( ())Rz, *N}'i()Rl, NRIRZ, -NORY
NRICORY, -NRICIOINRR?, -NRICSNRRY, or -NR'C(=NH)NR'R".

In one embodiment of Formula (Hla), Cis *S((})bi,{i Sk R7,~C(()}NR7RS, -COLRY,
NRICORY, -NRTCIOINRRY, SNRICEONRIR?, -NRTC(E=NIHINRR?, -SONRRY, -NRSOLRE,
NRISONRPRY, -BORTHOR®), -PIOYORTHOR®), or -PIOYRHOR®).

In one embodiment of Formula ({ila), B is hydrogen, alkyl, substituted alkyl, aryl,
substituted aryl, arylalkyl, substituted arylalkyl, acyl, substituted acyl, heteroalkyl, substituted
heteroalioyl, heteroaryl, substitited heteroaryl, hetercarvialkyl, or substituted hetercarylalkyl

In one embodiment of Formula (Hla), three of R R™ RY, and R are hydrogen; A is
-ORY, -NR'C(OWR?, -NHOR', -NR'R?, -NR'CO,R?, -NR'C{ONRR, -NR'C(SINRR?, or
NRICENHINRRY, C is -S(O)R, SORT --C(OINR'RS, -COR7, NR'TCO.RY,
NRICOWRR?, -NRIC(SINR'R®, -NRICENHINRR?, -SONR RS, -NRTSO,RE,
-NR'SO,NRR?, -B(ORYOR®), -P(OWORHOR®), or -P(OHRHORY or tetrazole; B is
hydrogen, alkyl, substituted alkyl, aryl, substituted aryl, arvialkyl, substituted arylalkyl, acyl,
substituted acyl, heteroalkyl, substituted heteroalkyl, heteroaryl, substituted heteroaryl,

heteroarvialkyl, or substituted heteroarylaliovl,
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In one embodiment of the present mvention, the compounds of Formula (Ia) or (Iffa")

have a structural Formula (Hib) or (HIb7),

0

B.__N 1

- BN
NS

A O A

LR (i or OSU—2—R® ().
or a tautomer, salt, and/or solvate thereof; wherein
5 Llis alkylenc or substitated alkylene;

L7 is -NR, 2O, 8-, -NRC(O)-, -CIORNRYM | -0-C(0)-, -C(O)-O-, -NR*-C(O)-O-,
-O-C{O)-NR ™ - NR™-CO)-NR -, O-C(0-0-,-hetereyelylene-C(O)-, or —(substituted
hetercyelylene}-C{O)-;

2 is alkyl, substituted atkyl, carbocyelyl, substituted carbocyelyl; aryl, substitated aryi,

10 arvialkyl, substituted arylalkyi, heterocyclyl, substituted heterocyelyl, heteroalkyl, substituted
heteroalkyl, heteroaryl, substituted heteroaryl, heteroarylalkyl, or substituted hetercarylatkyl; and

R and R are independently hydrogen, alkyl, substituted alkyi, carbocyclyl, substituted
carbocyelyl; aryvl, substituted aryl, arylalkyl, substituted arylalkyl, heterocyelyl, substituted
heterocycelyl, heteroalkyl, substituted heteroalkyl, heteroaryl, substituted heteroaryl,

I5  heteroarylalkyl, or substituted heteroarylalkyl.
In one embodiment of the present invention, the compounds of Fornula (1b) or (1)

have a structural Formula (1ilc), (He”), (1d), or (IHd’),

o
B.__N !
~ B _N
\ r’d
C 1 X
A A O
R 116y or R
o)
B N T
~ ” BN
N /R R33
A (HIdy  or A ,
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or a tantomer, salt, and/or solvate thereof; wherein R is alkyl, substituted alkyl, carbocyelyl,
substituted carbocyclyl; arvl, substituted arvl, arylalkyl, substituted arvlalkyl, heterocyelyl,
substituted heterocyelyl, heteroalkyl, substituted heteroalkyl, heteroaryl, substituted heteroaryl,
heteroarylalkyl, or substituted heteroarylaltkyl.

To one erabodiment of Fornula (ITTe) or (1T7d), R™ is alkyl, substituted alkyl, carbooyelyl,
substituted carbocyclyl; heterocyelyl, substitnied heterocyelyl, heteroalkyl, or substituted
heteroalkyl,

In one embodiment of Formula (1Tb), (ITe), or (I11d), A is -OR', NR'C(O)R?, -NHIOR',
NRIR?, -NR'COR?, -NR'CIOINRIRY, -NRICSNRRY, or -NRIC({=NIDNRRY.

In one embodiment of Formula (1b), (Ife), or (Hid), C is ~S(OKR, SO:R" -C(OWNR'RY,
SCOR, NRTCORE, NRTC(OINRR’, -NRICSINR R, NRIC(=NHINRR’, -SO.NR'RY,
NR7SOLRE, -NRTSONRERY, -B(ORWORY), -PIOWORNOR®), or -PIOYRNORE).

In one embodiment of Formula (b)), (IHcey, or (HId),B is hydrogen, atkyl, substituted
alkvi, aryl, substituted aryl, arvlalkyl, substituted arylalkyl, acyl, substitnted acyl, heteroalkyl,
substitnted heteroalkyl, hetercaryl, substitated heteroaryl, heteroarylalkyl, or substituted
heteroarylialkyl,

In one embodiment of Formula (Hib), A is -OR , -NHOR', or NRIR%: B s hydrogen,
alkyl, substituted alkyl, aryl, or substitated aryl; C is -8O3R7 ~C(OINR'R?, -CO,R7, -SO,NR'R?,
-BIORMYORY), -PONORNORY), or -PIOWRYWORY; L' s alkylenc or substituted alloylene; L7 is
SNRYM 2O, S NRILC(O)-, -CLO-NRM -, -0-C(0)-, -C(0)-0-, —hetercyelylene-C(O)-, or —
(substituted hetereyclylene}-C(Q)-; R™ is alkyl, substituted alkyl, carbocyclyl, substituted
carbocyclyl; aryl, substituted aryl, arylalkyl, substituted arylaliyl, heterocyelyl, substituted
heterocycelyvl, heteroalkyl, substituted heteroalkyl, heteroaryl, substituted heteroaryl,
heteroarylalkyl, or substituted heteroarylalkyl; and R* and R*® are independently hydrogen,
alkyl, or substituted alkyl,

In one embodiment of Formula (Iffc) or (1d), A is -OR', -NHOR', or -NR'R% B is
hydrogen, alkyl, substituted alkyl, aryl, or substituted aryl; C is -SO;R’-C(OINR'R®, -CO.R,
-SONRTRY, -BIORYORY), -PONORWORY, or -PONRYOR™); R is alkyl, substituted alkyl,
carbocyelyl, substituted carbocyelyl; heterocycelyl, substituted heterocyelyl, heteroalkyl, or

substitoted heteroalkyl.

[\
W
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In some specific emboduments of the present invention, the compound is selected from
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o another embodiment, the present invention provides a method for preparing a
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compound of Formula (IV):

wherein
B is hydrogen, alicyl, substituted alkyl, aryl, substituted aryl, arylalkyl, substituted
arylalkyl, acyl, substituted acyl, heteroalkyt, substituted hetercalkyl, heteroarvl, substituted
14 heteroarvl, heteroarylalkyl, substituted hetercarylalkyl;
®', R?, and R’ are independently hydrogen, alkyl, substituted alkyl, aryl, substituted aryl,
arylalkyt, substituted arylalkyl, heteroalkyl, substituted heteroalkyl, heteroaryl, substituted

heteroaryl, heteroarylalkyl or substituted heteroarvlalkyl; or alicrnatively, R! and R, together
} ry J o i Y o

with the atoms to which they are bonded, form a cycloheteroalkyl or substituted cycloheteroalkyl

5 g
RY is hydrogen, alkyl, substituted alkyl, halo, -CN, -OR™;
R” is hydrogen, alkyl, substituted alkyl, halo, -CN, -OR”;
R™ is hydrogen, alkyl, substituted aikyl, aryl, substituted aryl, arylalkyl, substituted
arylalloyl, acyl, substituted acyl, halo, heteroalkyl, substituted heteroalkyl, heteroaryl, substituted
20 heteroaryl, heteroarylalkyl, substituted heteroaryialkyl, ~0R‘q i) EtR‘g - O}R29 NR Rac

34
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2

SC{OWRZRM, -CO,RY, -SO.NRPRY, -NR¥SO,R, -B(OR?
-PLOYRHOR™);

WOR™), -PIOYORWOR™) or

R™ is hydrogen, alkyl, substituted alkyl, aryl, substituted aryl, arylalkyl, substituted
arylalkyl, acyl, substituted acyl, halo, heteroalkyl, substituted heteroalkyl, hetercaryl, substituted
$  heteroaryl, heteroarylalkyl, substituted hetercarylalkyl, ~-OR™, -S(O)gRﬂ, SOCHOHRY, -NRIRT,
SC(OINRRY, -COR™, -CORY, -SONR R, -NRV'SORY, -B(ORTYOR™),
-PAOHORYWOR) or -PIONRHOR™); or alternatively R™ and R, taken together with the
atom to which they are attached, form a cycloalkyl, substituted cycloalkyl, cycloheteroalkyl, or
substituted cycloheteroalkyl ring;
10 fand g are independently 0, 1 or 2; and
R7 R RYRY R R R, and R are independently hydrogen, alkyl, substitoted
alkvi, aryl, substituted aryl, arvlalkyl, substituted arylalkyl, acyl, substitnted acyl, heteroalkyl,
substitnted heteroalkyl, hetercaryl, substitated heteroaryl, heteroarylalkyl, or substituted
heteroarylalkyl: or alternatively R” and R%, RY and R*®, R? and R, or R¥' and R™, together
IS with the atoms to which they are attached, form a cycloheteroalkyl or substituted
cyeloheteroaloyl ring,

The method comprises reacting a compound of Formula (Va):

NH,
R //N
RZ2 R4
R (IVa)
with a compound of Formula (IVb):
O O

20 BMOR”’ (IVh)

in the presence of a Lewis acid v an anhydrous and nou-polar solvent; wherein R is atkyl,
substituted alkyl, aryl, substituted aryl, arvlalkyl, substituted arylalkyl, heteroalkyl, substituted
heteroalkyl, heteroaryl, substituted heteroaryl, heteroarylalkyl or substituted hetercarylalkyl; and
Rﬂ, RZZ, RZE, and R?*, are the same as defined in Formula (V).

25 When R in Formula (IV) is hydrogen, then the compound may be obtained by

hydrolyzing the corresponding compound where R’ is alkyl or substitited atkyl, which in tum
o & bl - -
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can be prepared from the reaction of the compounds of Formulae (IVa) and {(IVb), Sucha
hydrolyzation condition may be basic, acidic, or any condition known to one skilled in the art.

By “Lewis acid”, it is meant a compound that is an clectron-pair acceptor and therefore
able to react with a Lewis base to form a Lewis adduct, by sharing the clectron pair furnished by
the Lewis base. One illustrative example is that the reaction of tnimethylboron (Lewis acid) and
ammonia (Lewis base) to give the adduet Me;BNH;3, The Lewis acid suitable for the reaction of
compounds of Forraulae (IVa) and (IVb) may be any Lewis acid known to one skilled in the art,
In one specific embodiment, the Lewis acid is a metal halide, for example, stannic chionide,
horon frihalides, or alwminium chlonde.

Solvents for carrying out chemical reactions can be broadly classified mto two categories:
polar and noupolar. Generally, the dielectric constant of the solvent provides a rough measure of
a solvent’s polarity. Solvents with a dielectric constant of less than 15 are generally considered
to be nonpolar. Examples of nonpolar solvents inchade, but are not limited to, pentane,
cyelopentane, hexane, cyclohexane, benzene, toluene, 1,4-dioxane, chloroform, diethyl cther,
and a combination thereof.

In one embodiment of the method, the reaction of the compound of Formula (JVa) and
the compound of Formula (IVh) is conducted at least in part at a temperature of about 60°C or
higher. For example, the reaction may be conducted at the room temperature in part and at a
temperature of about 60°C or higher in part. In one embodiment, the temperature of about 60°C
or higher is a temperature of about 70°C or higher; in another embodiment, the temperature of
about 60°C or higher is a temperatare of about 80°C or higher; in another embodiment, the
temperature of about 60°C or higher is a temperature of about 90°C or higher; in another
embodiment, the temperature of about 60°C or higher is a temperature of about 100°C or higher;
in another embodiment, the temperature of about 60°C or higher is a temperature below about
130°C.

Tn one embodiment of Formula (IV), R, RY, and R are hydrogen.

In one embodiment of Formula (IV), B is alkyl or substituted alkyl

In one embodiment of Formula (FV), R*is-OR™ and R is alkyl, substituted alkyl,
carbocyelyl, substituted carbocyelyl; aryl, substituted aryl, arvlalkyl, substituted arylalkyl,
heterocyelvl, substituted heterocyelyl, heteroalkyl, substituted heteroalkyl, heteroaryl, substitute

heteroaryl, heteroarylalkyl, or substituted heteroarylalkyl,
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In one embodiment of the invention, the compound of Formula (IV) is represented by

Formula (IVe):

B.__N
’d
HO A
O NH, O

R (1ve),
Wherein B is alkyl or substituted alkyl; and R™' is alkyi, substituted alkyl, carboeyelyl, and

substituted carbocyclyl.

{ompositions

The present compounds can be used for one or more methods of the present invention,
e.g., modulating or enhancing sweet flavor, In geveral, the compounds of the present mvention,
ndividually or in combination, can be provided in a coraposition, such as, e.g2., an ingestible
compostion,

The compounds of Formula (1) and uis various subgenuses, and thew salts and/or solvates,
should preferably be comestibly acceptable, e.g., deemed suitable for consumption in food or
drink from the perspective of giving unmodified comestible compositions an improved and/or
pleasing sweet taste, and would not be significantly toxic or causes unpleasant or undesirable
pharmacological or toxicological effects on an animal or human at the typical concentrations
they are employed as flavoring agents for the comestible compositions.

The typical method of demonstrating that a flavorant compound is comestibly acceptable
is to have the compound tested and/or evaluated by an Expert Panel of the Flavor and Extract
Manufacturers Association and declared as to be "Generally Recognized As Safe” ("GRAS").
The FEMA/GRAS evaluation process for flavorant compounds is complex but well known to
those of ordinary skill in the food product preparation arts, as is discussed by Smith, et al. in an
article entitled "GRAS Flavoring Substances 21," Food Technology, S7(5}, pgs 46-59, May
2003, the entire contents of which arc hercby incorporated herein by reference.

In one embodiment, the compounds of the present invention can be used at its ligand
enhancing concentrations, ¢.g., very low concentrations on the order of a few parts per million, in
combination with one or more known sweeteners, natural or artificial, so as to reduce the
concentration of the known sweetener required to prepare an ingestible composition having the

desired degree of sweetngess.
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Commonly used known or artificial sweeteners for use in such combinations of
sweeteners include but are not limited to the commeon saccharide sweeteners, e.g., sucrose,
fructose, glucose, and sweetener compositions comprising natural sugars, such as corn syrup
{(inchuding high fructosc corm syrup) or other syrups or swectener concentrates derived from
natural frutt and vegetable sources, senmu~-synthetic “sugar alcohol” sweeteners such as erythritol,
isomalt, lactito], mannitol, sorbitol, xylitol, maltodextrin, and the like, and artificial swecteners
such as aspartame, saccharin, acesulfame-K, cyclamate, sucralose, and alitarne. Sweeteners also
mchude cyclamic acid, mogroside, tagatose, maltose, galactose, mannose, sucrose, fructose,
lactose, neotame and other aspartame derivatives, glucose, D-tryptophan, glveine, maltitol,
lactitol, isomalt, hydrogenated ghicose syrup (HGS), hydrogenated starch hydrolyzate (H3H),
stevioside, rebaudioside A and other sweet Stevig-based glveosides, carrelame and other
guanidine-based sweeteners, ete. The term “sweeteners” also includes combinations of
sweeteners as disclosed herein.

In one embodiment, the present compound s added to a noncomestible composition or
non-edibie product, such as supplements, nutraceuticals, functional food products (e.g., any fresh
or processed food claimed to have a health-promoting and/or disease-preventing properties
beyond the basic nutritional function of supplying nutrients), pharmaceutical and over the
counter medications, oral care products such as dentifrices and mouthwashes, cosmetic products
such as sweetened lip balms and other personal care products that use sucrose, sucralose and/or
other sweeteners.

In general, over the counter (OTC) product and oral hygiene product generally refer to
product tor houschold and/or personal use which may be sold without a prescription and/or
without a visit to a medical professional. Examples of the OTC products include, but are not
Hmited to Vitamins and dictary supplements; Topical analgesics and/or anesthetic; Cough, cold
and allergy remedies; Antihistamines and/or allergy remedies; and combinations thereof.
Vitamins and dictary supplements include, but are not limited to vitamins, dictary supploments,
tonics/bottled nutritive drinks, child-specific vitamins, dietary supplements, any other products
of or relating to or providing nutrition, and combinations thereof. Topical analgesics and/or
ancsthetic include any topical creams/ointments/gels used to alleviate superficial or deep-seated
aches and pains, ¢.g. muscle pain; tecthing gel; patches with analgesic ingredient; and

combinations thereof. Cough, cold and allergy remedies include, but are not imited to
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decongestants, cough remedics, pharyngeal preparations, medicated confectionery,
antihistamines and child-specific cough, cold and aliergy remedics; and combination products,
Antihistamines and/or allergy remedics include, but are not limited to any systemuic treatments
for hay fever, nasal allergies, mnscct bites and stings. Exaroples of oral hygiene product include,
but are not limited to mouth cleaning sirips, toothpaste, toothbrushes, mouthwashes/dental rinses,
denture care, mouth fresheners at-home teeth whiteners and dental floss.

o another embodiment, the present compounds are added to food or beverage products or
formulations. Examples of food and beverage products or formaulations include, but are not
Himited to sweet coatings, frostings, or glazes for comestible products or any entity included in
the Soup category, the Dried Processed Food category, the Beverage category, the Ready Meal
category, the Canned or Preserved Food category, the Frozen Processed Food category, the
Chilled Processed Food category, the Snack Food category, the Baked Goods category, the
Confectionary category, the Datry Product category, the Ice Cream category, the Meal
Replacement category, the Pasta and Noodle category, and the Sauces, Dressings, Condiments
category, the Baby Food category, and/or the Spreads category.

In general, the Soup category refers to canned/preserved, dehydrated, instant, chilled,
UHT and frozen soup. For the purpose of this definttion soup(s) means a food prepared from
meat, poultry, fish, vegetables, grains, fruit and other ingredients, cooked in a liquid which may
mclude visible pieces of some or all of these ingredients. It may be clear (as a broth) or thick {(as
a chowder}, smooth, purced or chunky, ready-to-serve, semi-condensed or condensed and may
be served hot or cold, as a first course or as the main course of a meal or as a between meal
snack {sipped like a beverage). Soup may be used as an ingredient for preparing other meal
components and may range from broths {(consommd) to sauces {cream or cheese-based soups).

“Dehydrated and Culinary Food Category” usually means: (1) Cocking aid products such
as: powders, granules, pastes, concentrated liguid products, including concentrated bouillon,
bouillon and bowuillon like products in pressed cubes, tablets or powder or granulated form, which
are sold scparately as a finished product or as an ingredient within a product, sauces and recipe
mixes {regardicss of technology): (1) Meal solutions products such as: dehydrated and freeze
dried soups, including dehydrated soup mixes, dehydrated mstant soups, dehydrated
ready-to-cook soups, dechydrated or ambicnt preparations of ready-made dishes, meals and single

serve entrees inchuding pasta, potato and rice dishes; and (i1} Meal embellishment products such
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as: condiments, marinades, salad dressings, salad toppings, dips, breading, batter mixes, shelf
stable spreads, barbecue sauces, liquid recipe mixes, concentrates, sauces OF sauce mixes,
mncluding recipe nuxes for salad, sold as a finished product or as an ingredient within a product,
whether dehydrated, liquid or frozen.

The Beverage category usually means beverages, beverage mixes and concentrates,
meluding but not furuted to, carbonated and non-carbonated beverages, alcoholic and
non-alcoholic beverages, ready to drink beverages, iquid concentrate formulations for preparing
beverages such as sodas, and dry powdered beverage precursor mixes. The Beverage category
also mcludes the alcoholic drinks, the soft drinks, sports drinks, 1sotonic beverages, and hot
drinks. The alcobolic drinks inclade, but are not limited to beer, cider/perry, FABs, wine, and
spirits. The soft drinks include, but are not hmited to carbonates, such as colas and non-cola
carbonates; fruit juice, such as juice, nectars, juice drinks and frutt flavored drinks; bottled water,
which inchudes sparkling water, spring water and purified/table water; functional drinks, which
can be carbonated or still and melude sport, encrgy or elixir drinks; concentrates, such as Hgumd
and powder concentrates in ready to drink measure. The drinks, either hot or cold, include, but
are not limited to coffee or ice coffee, such as fresh, instant, and combined coffee; tea or ice tea,
such as black, green, white, oolong, and flavored tea; and other drinks including flavor-, malt- or
plant-based powders, gramiles, blocks or tablets mixed with milk or water.

The Snack Food category generally refers to any food that can be a light informal meal
including, but not limited to Sweet and savory snacks and snack bars. Examples of snack food
include, but arc not limited to fruit snacks, chips/crisps, extruded snacks, tortilla/corn chips,
popcorn, pretzels, nuts and other sweet and savory snacks. Examples of snack bars include, but
are not limited to granola/muecsli bars, breaktast bars, energy bars, fruit bars and other snack
bars.

The Baked Goods category generally refers to any edible product the process of
preparing which involves exposure to heat or excessive sunlight. Examples of baked goods
imchude, but arc not limited to bread, buns, cookics, muffins, cereal, toaster pasirics, pastries,

3
1
¥

waftles, tortillas, biscuits, pies, bagels, taris, quiches, cake, any baked foods, and any
combination thereof.
The tee Cream category generally refers to frozen dessert containing cream and sugar and

flavoring. Examples of tee cream tnclude, but are not hodted to: mmpulse ice creamy take-home
=
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ice cream; frozen yoghurt and artisanal ice cream; soy, cat, bean {e.g., red bean and mung bean),
and rice-based ice creams.

The Confectionary category generally refers to edible product that is sweet to the taste.
Examples of confectionary include, but are not lmited to candies, gelatins, chocolate
confectionery, sugar confectionery, gum, and the likes and any combination products,

The Meal Replacement category generally refers to any food intended to replace the
normal meals, particulatly for people having health or fitness concerns. Examples of meal
replacement include, but are not limited to shimming products and convalescence products.

The Ready Meal category generally refers to any food that can be served as meal without
extensive preparation or processing. The ready meal includes products that have had recipe
"skills" added to them by the manufacturer, resulting n a high degree of readiness, completion
and convenience. Examples of ready meal include, but are not limited to canned/preserved,
frozen, dried, chilled ready meals; dinner mixes; frozen pizza; chilled pizza; and prepared salads.

The Pasta and Noodle category includes any pastas and/or noodles including, but not
Himited to canned, dried and chilled/fresh pasta; and plain, instant, chilled, frozen and snack
noodles.

The Canned/Preserved Food category inchades, but is not limited to canned/preserved
meat and meat products, fish/seafood, vegetabies, tomatoes, beans, fruit, ready meals, soup,
pasta, and other canned/preserved foods.

The Frozen Processed Food category includes, but is not limited to frozen processed red
meat, processed poultry, processed fish/scafood, processed vegetables, meat substitutes,
processed potatoes, bakery products, desserts, ready meals, pizza, soup, noodles, and other
frozen food.

The Dried Processed Food category includes, but is not limited to rice, dessert mixes,
dricd ready meals, dehydrated soup, instant soup, dricd pasta, plain noodles, and instant noodles.

The Chill Processed Food category includes, but is not limited to chilled processed meats,
processed fish/seafood products, lunch kits, fresh cut fruits, ready meals, pizza, prepared salads,
soup, fresh pasta and noodles,

The Sauces, Dressings and Condiments category includes, but is not Hmited to tomato
pastes and purces, bouillon/stock cubes, herbs and spices, monosodiurm glutamate (MSG), table

saices, soy based sauces, pasta sauces, wet/cooking sauces, dry sauces/powder mixes, ketchup,
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mayonnaise, mustard, salad dressings, vinaigretics, dips, pickled products, and other sauces,
dressings and condiments,

The Baby Food category includes, but is note limited to milk- or soybean-based formula;
and prepared, dried and other baby food.

5 The Spreads category inchudes, but 15 not hmited to jams and preserves, honey, chocolate
spreads, nut based spreads, and yeast based spreads.

The Dawry Product category generally refers to edible product produced from mammal’s
milk. Exaroples of dairy product inclhude, but are not hmited to drinking mulk products, cheese,
voghurt and sour milk drinks, and other dairy produocts.

10 Additional exaraples for comestible composition, particularly food and beverage products
or formulations, are provided as follows. Exemplary comestible compositions include one or
more confectioneries, chocolate confectionery, tablets, countlines, bagged selflines/softlines,
boxed assortments, standard boxed assortments, twist wrapped mimatures, seasonal chocolate,
chocolate with toys, alfajores, other chocolate confectionery, mints, standard munts, power mints,

IS boiled sweets, pastilles, gums, jeilies and chews, toffees, caramels and nougat, medicated
confectionery, lollipops, liquorice, other sugar confectionery, gum, chewing gum, sugarized
gum, sugar-free gum, functional gum, bubble gum, bread, packaged/imdustrial bread,
unpackaged/artisanal bread, pastries, cakes, packaged/industrial cakes, ympackaged/artisanal
cakes, cookics, chocolate coated biscuits, sandwich biscuits, filled biscuits, savory biscuits and

2%+ crackers, bread substitutes, breakfast cereals, rie cereals, family breakfast cereals, flakes, muesli,
other cereals, children's breakfast cercals, hot cercals, ice cream, impulse ice cream, single
portion dairy ice cream, single portion water ice cream, muklti-pack dairy ice cream, mmlti-pack
water ice cream, take-home ice cream, take-home dairy ice cream, ice cream desserts, bulk ice

cream, take-home water ice cream, frozen yoghurt, artisanal ice cream, dairy products, milk,

bJ
5

fresh/pasteurized milk, full fat fresh/pasteurized milk, semu skimmed fresh/pasteurized milk,
iong-hife/uht milk, full fat long life/uht milk, semi skinmed long life/ult milk, fat-free long
fife/ubt milk, goat milk, condensed/cvaporated milk, plain condensed/cvaporated mulk, flavored,
functional and other condensed milk, flavored milk drinks, dairy only flavored milk drinks,
flavored nulk drinks with froit juice, soy milk, sour milk drinks, fermented dairy drinks, coffec
30 whiteners, powder milk, flavored powder milk drinks, cream, cheese, processed cheese,

spreadable processed cheese, unspreadable processed cheese, unprocessed cheese, spreadable
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unprocessed cheese, hard cheese, packaged hard cheese, unpackaged hard cheese, yoghurt,
plain/natural yoghurt, flavored yvoghurt, fruited yoghurt, probiotic yoghurt, drinking yoghurt,
regular drinking voghurt, probiotic drinking yoghurt, chilled and shelf-stable desserts,
dairy-based desserts, soy-bascd desserts, chilled snacks, fromage frais and guark, plain fromage
frais and quark, flavored fromage frais and quark, savory fromage frais and quark, sweet and
savory snacks, fruit snacks, chips/crisps, extruded snacks, tortitla/corn chips, popeorn, pretzels,
nuts, other sweet and savory snacks, snack bars, granola bars, breakfast bars, energy bars, fruit
bars, other snack bars, meal replacement products, slimming products, convalescence drinks,
ready meals, canned ready meals, frozen ready meals, dried ready meals, chilled ready meals,
dinmer mixes, frozen pizza, chilled pizeza, soup, canned soup, dehydrated soup, mstant soup,
chilled soup, hot soup, frozen soup, pasta, canned pasta, dried pasta, chilled/fresh pasta, noodles,
plain noodles, instant noodles, cups/bowl instant noodles, pouch instant noodles, chilled noodles,
snack noodies, canned food, canmed meat and meat products, canned fish/seafood, canned
vegetables, canned tomatoes, canned beans, canned fruit, canned ready meals, canned soup,
canned pasta, other canned foods, frozen food, frozen processed red meat, frozen processed
poultry, frozen processed fish/scafood, frozen processed vegetables, frozen meat substitutes,
frozen potatoes, oven baked potato chips, other oven baked potato products, non-oven frozen
potatoes, frozen bakery products, frozen desserts, frozen ready meals, frozen pizza, frozen soup,
frozen noodles, other frozen food, dried food, dessert mixes, dried ready meals, dehvdrated soup,
instant soup, dricd pasta, plain noodles, instant noodles, cups/bowl instant noodles, pouch instant
noodles, chilled food, chilled processed meats, chilled fish/seafood products, chilled processed
fish, chilled coated fish, chilled smoked fish, chilled hunch kit, chilled ready mcals, chilled pizza,
chilled soup, chilled/fresh pasta, chilled noodles, oils and fats, olive oil, vegetable and sced oil,
cooking fats, butter, margarine, spreadable oils and fats, functional spreadable oils and fats,
sauces, dressings and condiments, tomato pastes and purees, bouillon/stock cubes, stock cubes,
gravy granules, liquid stocks and fonds, herbs and spices, fermented sauces, soy based sauces,
pasta sauces, wet sauces, dry sauces/powder mixes, Ketchup, mayonnaise, regular mayonnaise,
mustard, salad dressings, regular salad dressings, low fat salad dressings, vinaigrettes, dips,
pickled products, other sauces, dressings and condiments, baby food, nulk formula, standard
milk formula, follow-on milk formula, toddler milk formula, hypoallergenic milk formula,

prepared baby food, dried baby food, other baby food, spreads, jams and preserves, honey,
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chocolate spreads, nut-based spreads, and yeast-based spreads. Exemplary comestible
compositions also include confectionerics, bakery products, ice creams, dairy products, sweet
and savory snacks, snack bars, meal replacement products, ready meals, soups, pastas, noodles,
canned foods, frozen foods, dried foods, chilled foods, oils and fats, baby foods, or spreads or a
mixture thereof, Exeroplary comestible compositions also melude breakfast cereals, sweet
beverages or solid or hiquid concentrate compositions for preparing beverages, ideally 50 as to
enable the reduction in concentration of previously known saccharide sweeteners, or artificial
SWECteners.,

Typically at least a sweet receptor modulating arount, a sweet receptor ligand
modulating amount, a sweet flavor modulating amount, a sweet flavoring agent amount, ot a
sweet flavor enhancing amount of one or more of the present compounds will be added to the
ingestible composition, optionally in the presence of known sweeteners, e.g., so that the sweet
flavor moditied ingestible composition has an increased sweet taste as compared to the ingestible
composttion prepared without the compounds of the present invention, as judged by human
beings or animals in general, or in the case of formulations testing, as judged by a majority of a
panel of at least eight human taste testers, vig procedures commonly known in the field.

The concentration of sweet flavoring agent needed to modulate or improve the flavor of
the ingestible composttion will of course depend on many variables, including the specific type
of the ingestible composition and its various other ingredients, especially the presence of other
known sweet flavoring agents and the concentrations thereof, the natural genetic variability and
mdividual preferences and health conditions of various human beings tasting the compositions,

3
1
¥

and the subjective cffect of the particular compound on the taste of such chemosensory
compounds.

One application of the present compounds is for modulating (inducing, enhancing or
mhibiting) the sweet taste or other taste properties of other natural or synthetic sweet tastants,
and ingestiable compositions made therefrom, In one embodiment, the compounds of the
present invention 15 used or provided in its ligand enhancing concentrationds). For example, a
broad but also low range of concentrations of the compounds or entitics of the present invention
would typically be reguired, i.e., from about 0.001 ppim to 100 ppm, or narrower alicrnative

ranges from about 0.1 ppm to about [0 ppm, from about 0.01 ppm to about 30 ppim, from about
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0.05 ppm to about 10 ppm, from about 0.01 ppiu to about 5 ppm, or from about 0.02 ppm to
about 2 ppm, or from about 0.01 ppm to about | ppm.

In one embodiment, the present invention provides a sweet enhancing composition. The
sweet enhancing composition comprises a compound of the present invention in an amount
effective to provide sweetenung, e.g., sweet flavor enhancing amount in combination with a first
amount of sweetener, wherein the sweetening 1s moore than the sweetening provided by the first
arpount of sweetener without the compound.

In one embodiment, the present invention provides an ingestible composition which
comprises the sweet enhancing coraposition of the present invention. In certain embodiments,
the present mgestible composition is in the form of a food or beverage product, a pharmaceutical
composition, a nutritional product, a dictary supplement, over-the-counter medication, or oral
care product.

In one embodiment, the present invention provides a sweetener replacement composition
which comprises one or more compounds of the present invention in an amount effective to
provide sweetening, €.2., at a concentration higher than their ligand enhancing concentration o
the absence of a sweetener, e.g., sucrose other than the present compound(s). .

According to another aspect of the invention, the compounds of the present invention are
provided in a flavoring concentrate formulation, e.g., suttable for subseguent processing (o
produce a ready-to-use {i.¢., ready-to-serve} product. By “a flavoring concentrate formulation”,
it s meant a formulation which should be reconstituted with one or more diluting medium to
become a ready-to-use composition. The term “ready-to-use composition” is used herein
interchangeably with “ingestible composition”, which denotes any substance that, cither alone or
together with another substance, can be taken by mouth whether intended for consumption or
not. In one embodiment, the ready-to-use composition includes a composition that can be
directly consumed by a human or animal. The flavoring concentrate formulation is typically
used by nmixing with or diluted by one or more diluting medium, ¢.g., any consumable or
mgestible ingredient or product, to impart or modify one or more flavors to the diluting medium.
Such a use process is often referred to as reconstitution. The reconstitution can be conducted ina
houschold setting or an industrial setting, For example, a frozen fruit juice concentrate can be
reconstituted with water or other aqucous medium by a consumer in a Kitchen to obtain the

ready-~to-use fruit juice beverage. In another example, a soft drink syrup concentrate can be
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reconstituted with water or other agucous medium by a manufacture in large industrial scales to
produce the ready-to-usce soft drinks, Since the flavoring concentrate formulation has the
flavoring agent or flavor modifying agent in a concentration higher than the ready-to-usc
composition, the flavoring concentrate formulation is typically not suitable for being consumed
directly without reconstitution. There are many benefits of using and producing a flavoring
concentrate formulation. For example, one benefit is the reduction in weight and volume for
iransportation as the flavoring concentrate formulation can be reconstituted at the time of usage
by the addition of suitable solvent, sohid or ligmd.

In one embodiment, the flavoring concentrate formulation comprises 1} as flavor
modifving ingredient, a compound of the present invention; 1) a carrier; and 1) optionally at
lcast one adjuvant. The term “as flavor modifying ingredient” denotes that the compound of the
present invention acts as a flavoring agent or a flavor modifying agent (such as a flavor
enhancer) in the formmulation. The term “carrier” denotes a usually inactive accessory substance,
such as solvents, binders, or other inert medium, which is used in combination with the present
compound and one or more optional adjuvants to form the formulation. For example, water or
starch can be a carrier for a flavoring concentrate formulation. In some embodiments, the carrier
is the same as the diluting medium for reconstituting the flavoring concentrate formulation; and
in other ewbodiments, the carrier is different from the diluting mediom. The term “carrier” as
used herein inchudes, but is not limited to, ingestibly acceptable carrier.

The term “adjuvant” denotes an additive which supplements, stabilizes, maintains, or
enhances the intended function or effectivencss of the active ingredient, such as the compound of
the present invention. In one embaodiment, the at least one adjuvant comprises one or more
flavoring agents. The flavoring agent may be of any flavor known to one skilled in the art or
consumers, such as the flavor of chocolate, coffee, tea, mocha, French vanilla, peanut butier,
chai, or combinations thereof, In another embodiment, the at least one adjuvant comprises one
or more sweeteners. The one or more sweeteners can be any of the sweeteners described in this
application. In another embodiment, the at lcast one adjuvant comprises one or more ingredionts
sclected from the group consisting of a emulsifier, a stabilizer, an antimicrobial preservative, an
antioxidant, vitamins, mincrals, fats, starches, protein concentrates and isolates, salts, and
combinations thereof. Examples of emulsifiers, stabilizers, antimicrobial preservatives,

antioxidants, vitamins, minerals, fats, starches, profein concentrates and isolates, and salis are
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described in U.S. 6,468,576, the contents of which are hereby incorporated by reference in its
entirety for all purposes,

In one embodiment, the present flavoring concentrate formulation can be in a form
selected from the group consisting of liquid including solution and suspension, solid, foamy
material, paste, gel, eream, and a combination thereof, such as a liguid contaiming certain arsount
of solid contents. Tn one embodiment, the flavoring concentrate formulation 15 1o form ofa
hguid including agueous-based and nonagueous-based. The present flavoring concentrate
formoulation can be carbonated or non-carbonated.

The flavoring concentrate formulation may further comprise a freezing pont depressant,
nucleating agent, or both as the at least one adjuvant. The freezing point depressant is a
ingestibly acceptable compound or agent which can depress the freezing point of a lignid or
solvent to which the compound or agent is added. That is, a liguid or solution containing the
freezing point depressant has a lower freezing point than the Hquid or solvent without the
freezing point depressant. In addition to depress the onset freezing point, the freezing point
depressant may also lower the water activity of the flavoning concentrate formulation. The
examples of the freezing pomt depressant include, but are not limited to, carbohydrates, oils,
ethyi alcohol, polyol, e.g., glycerol, and combinations thereof. The nucleating agent denotes a
ingestibly acceptable compound or agent which is able to facilitate nucleation. The presence of
nucleating agent in the flavoring concentrate formulation can improve the mouthfeel of the
frozen shishes of a frozen shush and to help maintain the physical properties and performance of
the slush at freezing temperatures by increasing the number of desirable ice crystallization
centers, Examples of nucleating agents include, but are not limited to, calcinm silicate, calcium
carbonate, titanium dioxide, and combinations thereof,

In one embodiment, the flavoring concentrate formulation is formulated to have a low
water activity for extended shelf life. Water activity is the ratio of the vapor pressure of water in
a formulation to the vapor pressure of pure water at the samc temperature. In one embodiment,
the flavoring concentrate formulation has a water activity of less than about 0.85. In another
erabodiment, the flavoring concentrate formulation has a water activity of less than about 0.80,
In another embodiment, the flavoring concentrate formulation has a water activity of less than

about .78,
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In one embodiment, the flavoring concentrate formulation has the present compound in a
concentration that is at least 2 times of the concentration of the compound in a ready-to-use
composition. In one cmbodiment, the flavoring concentrate formulation has the present
compound in a concentration that is at least 5 times of the concentration of the compound in a
ready-to~-use composition. In one embodiment, the flavoring concentrate formulation has the
present compound in a concentration that s at least 10 times of the concentration of the
compound in a ready-to-use composttion. In one erobodiment, the flavoring concentrate
forraulation has the present compound i a conceniration that s at least 15 times of the
concentration of the compound n a ready-to-use composition. Tn one embodiment, the flavoring
concentrate formulation has the present compound in a concentration that is at least 20 times of
the concentration of the compound in a ready-to-use composition. In one embodiment, the
flavoring concentrate formulation has the present compound in a concentration that is at least 30
times of the concentration of the compound in a ready-to-use composition. In one embodiment,
the flavoring concentrate formulation has the present compound in a conceuntration that is at Jeast
40 times of the concentration of the compound in a ready-to-use composition. In one
embodiment, the flavoring concentrate formulation has the present compound in a concentration
that is at least SO times of the concentration of the compound iu a ready-to-use composition. In
one ewbodiment, the flavoring concentrate formudation has the present compound in a
concentration that is at least 60 times of the concentration of the compound 1 a ready-to-use
composition. In one embodiment, the flavoring concentrate formulation has the present
compound in a concentration that is up to 100 times of the concentration of the compound in a

ready-to-use composition.

Preparations

The starting materials used in preparing the compounds of the invention, 1.¢. the various
structural subclasses and species of the compounds of the synthetic precursors of the present
compounds of Formula (I}, arc often known compounds, or can be synthesized by known
methods described in the literature, or are commercially available from various sources well
known to those of ordinary skill in the art, such as for cxample, Sigma- Aldrich Corporation of
St. Louis, Missouri USA and their subsidiaries Fluka and Riedel-de Haen, at their various other

worldwide offices, and other well known chenucal suppliers such as Fisher Scientifie, TCI
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America of Philadelphia, PA, ChembDiv of San Dicgo, CA, Chembridge of San Diego, CA,
Asinex of Moscow, Russia, SPECS/BIOSPECS of the Netherlands, Maybridge of Cornwall,
England, Acros, TimTec of Russia, Comgenex of South San Francisco, CA, and ASDI
Biosciences of Newark, DE,

It 1s recognized that the skilled artisan in the art of organic chemistry can readily carry
out the synthesis of many starting materials and subseguent manipulations without further
direction, that 1s, it is well within the scope and practice of the skilled artisan to carry out many
desired manipulations. These include reduction of carbonyl compounds to their corresponding
alcohols, oxidations, acylations, aromatic substitutions, both electrophilic and nucleophilic,
ctherifications, esterification, saponification, nitrations, hydrogenations, reductive aniroation and
the Bike. These manipulations are discussed in standard texts such as March's Advanced Organic
Chemistry (3d Edition, 1985, Wiley-Interscience, New York}, Feiser and Feiser's Reagents for
Organic Synthests, and in the various volumes and editions otMethoden der Organischen Chemie
{Houben-Wevl), and the like. Many general methods for preparation of starting materials
comprising variously substituted heterocychic, hetereoarvl, and arvl rings (the precursors of Ar,
hAr', and/or hAr’) can be found in Methoden der Organischen Chemie (Houben-Wevl), whose
various volumes and editions are available from Georg Thieme Verlag, Stutigart. The entire
disclosures of the treatises recited above are hereby incorporated by reference in their entirictics
for their teachings regarding methods for synthesizing organic compounds and their precursors.

The skilied artisan will also readily appreciate that certain reactions are best carried out
when other functionality is masked or protected in the molecule, thus avoiding any undesirable
side reactions and/or increasing the vield of the reaction. Gften the skilled artisan utilizes
protecting groups to accomplish such increased vields or to avoid the undesired reactions. These
reactions are found in the litcrature and are also well within the scope of the skilled artisan.
Examples of many of these manipulations can be found for example in T. Greene and P, Wuts,
Protecting Groups in Organic Synthesis, 3 Ed., John Wiley & Sons (1999).

Some exemplary synthetic methods for preparing the present compounds are illustrated in

the Schemes 1 to 4 below,

Scheme 1: Preparation of substituted 4-aminoguineline-3-carboxylate derivatives (V§)

from substituted anilings (1}
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CO,R"
OR' .
R'0,C7 CORY, ,
HoN X n R R'O C)\(N SN RNy
[ R ———— " L R —— [ 1 =
HTNF & R'0,C
I 111 OH
v
POCI,
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socl
, R3R*NH 2
RA N vil RZ__N
| = \—R1 -— | = \—R1
" NF
R'0,C R'0,C7 N N7
R3'N‘R4 Cl
VI v

As shown i Scheme 1, substituted 4-aminogquinoling-3~carboxylate derivatives (V1) can
be prepared by reacting the corresponding anilines I with 2-(alkoxymethylencymalonates @
followed by cyclization of the intermediates TH pnder elevated temperature to provide the
hydroxyl intermediates TV that can be treated with POCE; or SOLCL to provide the corresponding
chloride derivatives V that can be further treated with ammonia or amines to give the desired
amino-quinolines VL (Kamal, A. et al. Rivorg. Med. Chem. 2888, 13, 2021-2029; Fryer, R. L ot
al. J. Med. Chem. 1993, 36, 1669-1673; By, Y. ¢t al. Bicorg. Med Chem. Left. 2884, 14, 1577-
1580; Li, 8. Y. et al. Bicore. Med Chem. 2806, 14, 7370-7376. Koga, H. et al. J. Med Chem.
1988, 23, 1358-1363.).

Scheme I: Preparation of substituted 4-aminsguineline-3-carboxylate derivatives (Vi)

from substituted Z-aminobenzeoic acid derivatives {VE)

» R COR .
HQN\/\\‘ O Ny, % RE_Ng, N, N R |,r\1%=/~\\\\E N
iRt e L |;;“R — E/ RN s A AP R
Hogc‘/\";J hd o RO ~ R'0,C
Vil O IX OH aiNegs
v I.VE

Substituted 4-aminoguinoline-3-carboxylate derivatives (V1) can also be prepared by
reacting the corresponding 2-aminobenzoic acids VEH with phosgene or equivalent to provide
the 1satoic anhydrides IX that can be further reacted with X to give the denivatives TV (Mai, A, et
al. J. Med. Chem. 2886, 49, 6897-6907. Beutner, G. L. et al. J. Org. Chem. 2887, 72, 7058-7061,

and references cited therein.), which can be converted to VI as described in Scheme 1.
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Scheme 3: Preparation of substituted 4-aminsguineline-3-carboxylate derivatives (Vi)

from substituted 2-amine benzonitrile derivatives (X1

-
COR
RZL 2 RZ N
HoN “ X E/ \V/\\\:L_R —
I ..... =Y E—— e M
RlOQb

- P
NC 7
- NH,
RO i Xit
N com
g? XN 7
Qr H /
£22 - ! /
Z TcoR N R2 /
XKy & DQC/I\( ’
X =0l Br, | MN
or _ Y
R5 - GOR" N C“/{\\»{f)
XV XYY

Alternatively, substituted 4-aminoguinoline-3-carboxylate derivatives (VE) can be

e

prepared by reacting the corresponding amino benzonitriles X1 with X to provide the amino
dertvatives XIE (Sestil, L. et all Eur. J. Med. Chem. 2804, 39, 1047-1057. Doucet-Personeni, C.
et al. J. Med. Chem. 20801, 44, 3203-3215. Veronese, A, C, ¢t al. Terrahedron 1995, 51, 12277-
12284, and the references cited therein.) that can be further alkylated to give the substituted
arpinoquinolines VI as shown in Scheme 3. Amino quanolines X can also be prepared via a
0 Michael addition of the 2-amino benzomntriles X1 to various o.p-unsaturated carboxylate
derivatives XTH, XTIV or XV to provide the adducts XVE (MacNab, H. et al. Synthesis 2009,
21712174, Vicanio, §. L. Synthesis 2087, 2065-2092, and references cited therein, ) that can be
further cyclized to give the amino quinolines XE (Haun, G. F. et al. Svirh. Commun. 2009, 39,
2492-2505. Tabarrini, O. ¢t al. Bioorg, Med. Chem. 20881, 9, 2921-2928. Shutske, G. M. et al. J.
IS Med Chem. 1989, 32, 1805-1813, and references cited therein.).
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Scheme 4: Preparation of substituted 4-aminoquinsline-3-carboxylic acids (XVI, XX} and

amides (XVHE and XXI}

R uN\‘}/\\\\{ \ R /NW RSN _:R\,T/N\ .
P R Aok | A R XX R Ry
R OZC/ /A\\“ H C'zC d . Rﬁ N \Tl/\f; -
3N~ R =
R RS RYRY 0 Ny
R x¥n XV

X11 (RO=R4=H)

As deseribed in Scheme 4, hydrolysis of 4-aminoguinoline-3-carboxylate derivatives Vi
or X1 in the presence of NaOH provide 4-aminoquinoline-3-carboxvlic acids XVE (Zhao, Y.
L.etal Bur J Med Chem. 2808, 40, 792-797.y which can be further coupled with amines XXI1
under standard conditions to give 4-aminoquinoline-3-carboxamide derivatives XVIIL When R
and/or R* = H, 4-aminoquinoline-3-carboxylates VI or X1 can be further functionalized by
coupling with acids XXH{ to give 4-carboxamidoguinoline-3-carboxylates X1X. Compound
XIX can be further hydrolyvzed to the acids XX that can be further coupled to the amines XX to

provide amide derivatives XXE

Examples

Having now generally described the invention, the same will be more readily understood
by reference to the following examples, which are provided by way of illustration and arc not
mtended as limiting, It 15 understood that various modifications and changes can be made to the
herein disclosed ecxemplary embodiments without departing from the spirit and scope of the

nvention.

Example 1: 4-amino-6-methoxyguinoline-3-carboxylic acid
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N\
HO,C - OMe
NH,

To a stirred sohution of cthyl 4-amino-6-methoxyquinoline-3-carboxylate (Example la,
1.23 g, 5.0 mmol) in EtOH (20.0 mL) was added agueous NaOH (2.0 N, 5.0 mL) at room
temperature. The reaction mixture was then refluxed for 3 hr. The solution was then filtered and
washed with water, The filtrate was cooled to 0 °C and neutralized carefully with 1 N HCl to pH
7. Most of the EtOH was removed under reduced pressure, and the precipitate was collected by
filtration, washed with cold water, and dried under vacuum to give the title compound as an off-
white solid (1.01 g, 93%). 'H NMR (400 MHz, DMSO-dy) 6 3.89 (s, 3H), 7.40 (dd, J = 2.8, 9.4
Hz, 1), 7.73 (4, F = 9.4 Ha, 11D, 7.77 (d, J = 2.8 Hz, 111), 8.77 (s, 1H). MS 219 (M),

Example 1a; ethyl 4d-amino-6-methoxyquinoline-3-carboxylate

A muxture of ethyl 4-chloro-6-methoxyquinoline-3-carboxylate (Example 1b, 796 mg, 3.0
mmol} and ammonia (25% agueous solution, 10 mb) in isopropanol (40 mL) was stirred at 110
°C in a pressure reactor overnight. Most of the solvent was then removed under reduced
pressure, and the reaction muxture was diluted with water. The precipitate was collected by
filiration, washed with cold water, and dried under vacuonm to give the title compound as an off-
white solid {680 mg, 92%). 'H NMR (400 MIz, DMSO-ds) 6 1.33 (¢, T= 7.0 Fz, 311), 3.88 (s,
3H), 4.324q, F=7.0Hz, 21), 736 (dd, J=2.8, 8.8 He, 1H), 7.72(d, J=88 Hz, IH), 7.74(d, I =
2.8 Hz, 111}, 8.23 (bs, 2H), 8.77 (s, 1H). M8 247 (M1},

Example 1b: ethyl 4-chloro-6-methoxyguinoline-3-carboxylate

A solution of ethyl 4-hydroxy-6-methoxyguinoline-3-carboxylate (Example I¢, 1.24 g,
5.0 mmol) in POCY; was refhuxed under nitrogen for 3 hrs. The sohition was cooled to room
temperatire and evaporated under reduced pressure. The residue was carefully guenched with
ice, and neutralized with 2.0 N NaOH to pH 7. The precipitate was collected by filtration,
washed with cold water, and dried under vacuum to give the title compound as a pale-yellow
solid (1.29 g, 97%). 'H NMR (400 MHiz, DMSO-ds) 6 1.36 (t, F = 7.0 Hz, 3H), 3.96 (s, 311,
441 (g, I=70Hz 2H), 7.57(d, J= 2.8 Hz, 1H), 7.61 {(dd, F = 2.8, 8.8 Hz, 1H), 8.05(d, } =88
Hz, 1H), 8.97 (5, 1H). MS 266, 268 (MH").

Example ic: ethyl 4-hydroxy-6-methoxyquinoline-3-carboxylate
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A mixture  of 4-methoxyaniline (123 g 100 mmol} and dicthyl 2-
{cthoxymcthyleneymalonate (21.6 g, 100 mumol) was stirred at 120 °C under nitrogen for 4 hrs.
The solution was cooled to room temperature and PhoO (100 mL} was added. The reaction
mixture was refluxed at 260 °C under nitrogen for 8 hrs. The solution was cooled to room
temperature and diluted with hexanes. The resultant precipitate was collected by filtration,
washed with 25% ethyl acetate in hexanes, and dried under vacuum to give ethyl 4-hydroxy-6-
methoxyguinoline-3-carboxylate as a pale-yellow solid (4.21 g, 17%). 'H NMR (400 Milz,
DMSO-dgy 0 1.26 (t, = T7.0 Hz, 3H), 3.83 (5, 3H}, 419 (g, J = 7.0 Hz, 2H), 7.32 (dd, } = 3.2, 9.6
Hz, 1H), 7.55(d, J = 3.2 He, 1H}, 7.56 {d, J = 9.6 Hz, 1H), 847 (s, 1H), 12.27 (s, 1H). MS 248
(M),

Example 2: 4-aming-5-2,2-dimethyl-3-0xo-3-{propylaming}propoxy)-2-methyl-guinoline-3-

carboxylic acid

Me N
g
HOLC™ y
NH; O\><WN\/\

0]

Prepared as in Example 1 from ethyl 4-amino-5-(2,2-dimethyi-3-ox0-3-(propylamino -
propoxy)-2-methylgquinoline-3-carboxylate (Example 2a) as an off-white solid (41%). "H NMR
(400 MHz, DMSO-d5) 8 0.73 (1, J = 7.6 Hz, 3H), 1.25 (s, 6H), 1.33-1.42 {(m, 2H), 2.76 (s, 3H),
3.00-3.05 (m, 2H), 416 (5, 2H), 7.01 (d, J = 8.0 Hz, 1H), 7.29(d, J = 8.0 Hz, 1H}), 7.67 (1, J = 8.0
Hz, 1H), 7.89 (1, J = 5.8 Hz, 1H), 8.85 (bs, 1H), 12.28 (bs, 1H), 12.78 {bs, 1H). M8 360 (MH").

Example  2a:  cthyl  4-amino-5-(2,2-dimethyl-3-0x0-3~(propylaminopropoxy)-2

methylguinoline-3-carboxylate

To a solution of 3-(3-amino-Z-cyanophenoxy)-2.2-dimethyl-N-propyipropan-amide
{Tachdjian, C. ¢t al. PUT /nt. Appl. 2088, WO 2008154221, 1.38 g, 5.0 mmol} and cthyl
acetoacetate (0.66 g, 5.0 mmol) in dry toluene (150 mL) was added SaCl (2.61 g, 10.0 mmol)
dropwisc via syringe at room temperature under nitrogen. After | hr at room foemperature, the
reaction mixture was refluxed for an additional 5 hrs, The solution was cooled to room
temperature and the solvent removed vnder reduced pressure. The residue was diloted with

EtOAc, and agueous NaOH (2N} was added at room teroperature to pH >8. The solution was
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filtered and the organic layer separated. The aqueous layer was extracted with EtOAc¢ (5X), The
combined organic layers was washed with brine, and dried over NaySO4. After evaporation of the
solvent, the residue was purified by chromatography on silica gel (8.5% MeQOH in EtOAc) to
give the title compound as an off-white solid (1.63 g, 84%). 'H NMR (400 MHz, DMSO-d;) &
0.73(t, J=7.6 Hz, 3H), 1.25 (5, 6H)}, 1.32 (1, I = 7.4 He, 3H), 1.35-1.42 (m, 2H), 2.54 (s, 3H),
3.00-3.05 (o, 2H), 412 ¢s, 2H), 431 (g, F = T4 He, 2H), 687 (4, J = R0 Hz, 1H), 723 (4, J =
8.0 Hz, 1H), 7.50 (1, J = 8.0 Hz, 11D, 7.80 (t, I = 5.6 Hz, 11}, 8.08 (s, 2H). MS 388 (MH").

Example 3: 4-amino-6-methoxy-2-methylguinsline-3-carbexylic acid

Me N
| N
HO,C™ N OMe
NH,

Prepared as in Example 1 from ethyl 4-amino-6-methoxy-2-methylguinoline-3-
carboxylate (Example 3a) as a white solid (87%). "H NMR (400 Milz, DMSO-d;) 4 2.83 (s, 31D,
390 (s, 3H), 7.57 (dd, F =24, 82 Hz, iH), §.09 (d, F =82 Hz, IH), 8.10{d, J =24 Hz, 1H),
9.39 (s, 1H), 9.67 (s, 1H). MS 233 (MH").

Example 3a; cthyl 4-amino-6-methoxy-2-methylguinoline-3-carboxylate

Prepared as in Example 2a from 2-amino-5-methoxybenzonitrile (Campbell, J. B. ¢t al.
Synth, Commun. 1988, 19, 2255-2263.) and cthyl acetoacetate as an off-white solid (92%). 'H
NMR (400 MHz, DMSO-d) 6 133 (1, T =6.8 Hz, 3H), 2.57 (5, 3H), 3.86 (5, 3H), 433 (¢, I = 6.8
Hz, 2H), 728 {dd, I = 2.8, 9.2 He, 1H), 7.59(d, F =92 Hz, 1H), 7.60 (bs, 2H), 7.63 (4, F = 2.8
Hz, 1H). MS 261 (M.

Example 4 4-amino-2-phenyiguineline-3-carboxyHe acid

Pho _N
| ~N
HOL,C”
NH,

Prepared as in Example | from ethyl 4-amino-2-phenylguinoline-3-carboxyiate (Example
42} as an off-white solid (33%). 'H NMR (400 Milz, DMSO-dy) 6 7.39-7.52 (m, 7H), 7.79 (m,
34, 8.33(d, = 8.0 Hz, 1H), 12.63 (bs, 1H). MS 265 (MH"),

Example 4a; cthyl 4-amino-2-phenylguinoline-3-carboxylate

N
W
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Prepared as i Example 2a from 2-aminobenzomtrile and  cthyl  3-ox0-3-
phenylpropanoate as a yellow solid (45%). 'H NMR (400 MHz, DMSO-dj) 6 0.72 (1, ] = 8.0 Hz,
3H), 3.92 (g, = 8.0 Hz, ZH), 7.44 (m, SH), 7.50 (m, [H), 7.61 {bs, ZH), 7.73 (m, 1H), 7.83 (d, ]
= 8.0 Hz, 1H), 8.37(d, J = 8.0 Hz, {H). MS 293 (MH").

Example 5: 4-amino-2-ethylgquinoline-3-carboxylic acid
Et N

N

HO,C”
NH,

Prepared as in Example 2 from methyl 4-amino-2-cthylguineline-3-carboxylate (Example
5a) as a white solid (26%). "H NMR (400 MHz, DMSO-ds+ 1 drop Dy0) 6 1.24 (t, § = 8.0 Hz,
3H), 328 (g, J=80Hz, 2H), 756 (1, } =80 Hz, IH), 778 (d, } =80 Hz, 1H), 783 (t, = 8.0
Hz, 1H), 8.36(d, I=80Hz 1H). ). MS 217 (MH".

Example Sa: ethyl 4-amino-2-phenylquinoline-3-carboxylate

Prepared as in Example 2a from 2-amincbenzonitrile and methyl 3-oxopentanocate as a
solid (27%). 'H NMR (400 MHz, DMSO-d:) § 118 (t, F = 8.0 Hz, 3H), 2.88 (g, J = 8.0 Hz, 2H),
3.86 (s, 3H), 7.40 (m, 1H), 7.44 (bs, ZH), 7.64 (m, IH), 7.08 {m, 1H), 8.26 (d, ] =80 Hz, 1H).
MS 231 (MH").

Example 6; 4-amine-2-methylquineline-3-carboxylic acid

Me N
| N
HOL.C”
NH,

Prepared as in Example 1 from cthyl 4-amino-2-methylguineline-3-carboxylate (Example
6a} as a off-white solid {(41%). "H NMR (400 MHz, DMSO-ds) 4 105 (¢, J = &.0 Hz, 3H), 2.84
{s, 3H), 7.56 (bs, 1H), 7.76 {m, 1H}, 7.82 (bs, 1H}, 839 (d, I = 8.0 Hz, 1H}, 8.99 (bs, 1H), 12.60
{bs, 1H), 12.98 (bs, 1H). MS 203 (MH").

Example 6a: ethyl 4-amino-2-methylquinoline-3-carboxylate

Prepared as in Example Za from Z-aminobenzonitrile and cthyl 3-oxobutancate as a

yellow solid (32%). "H NMR (400 Mz, DMSO-ds) 8 1.33 (1, I = 8.0 Hz, 31, 2.61 (s, 311), 4.34

N
o
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(g, J= 8.0 Hz, 2H), 7.41 (m, 1H), 7.66 (m, 2H), 7.74 (bs, 210}, $.27 (d, } = 8.0 Hz, 1H). MS 231
(MH").

Example 7: 4-amino-S-(2,2-dimethyl-3-oxe-3-(propylamino)propoxyi-2-cthyl-guinoline-3-

carboxylic acid

Eta N
|
HO,C™ Y y
NH; O%(N\/\

0]

Prepared as i Example 1 from methyl  4-amino-5-(2,2-dimethyi-3-0x0-3-
(propylamino)propoxy -2~ethylquinoline-3-carbosylate (Exaraple 7a) as a solid (75%). 'HI NMR
(400 MHz, DMSO-ds) 6 0.75 (4, T = 8.0 Hz, 3H), 1.03 (1, J= 8.0 Hz, 3H), 1.27 (s, 6H), 1.39 (m,
2H), 3.04 (¢, I =4.0 He, 2H), 3,45 (g, T = 4.0 He, 2H), 4.17 (s, 2H), 7.04 (d, ] = 8.0 He, 1H),
7324, J=8.0Hz IH), 763 (1, F = 8.0 He, [H), 790 (t, I = 4.0 Hz, 1H), 8.89 (bs, 1H}, 12,75
(bs, 1H). MS 374 (MH ).

Ta:

Example methyl  4-amino-5-(2,2-dimethyl-3-ox0-3-(propylanmuno)propoxy }-2-

cthylguinohine-3-carboxylate

Prepared as in Example 2a from 3-(3-amino-2-cyanophenoxy)-2,2-dimethyl-N-
propylpropan-amide {Tachdjian, C. et al. FOT fnr. Appl. 2088, WO 2008154221) and methyl 3-
oxopentanoate as a vellow solid (17%). 'H NMR (400 MHz, DMSO-ds) 8 0.75 (t, § = 8.0 Hz,
3H), 117 (t, J = 8.0 He, 3H), 1.26 (s, 6H), 1.40 {m, 2H), 2.84 (g, 1= 8.0 Hz, 2H), 3.04 (g, ] = &0
Hz, 2H}, 3.85 (s, 3H), 4.13 (5, 2H}, 688 (d, F = R0 Hz, 1H), 7.27 (dd, F = &0 Hz, 1H), 7.51 (¢, ]
= 8.0 Hz, 1H), 7.81 (m, 3H). MS 388 (MH").

Example 8: 4-amino-6-phenoxyquinoline-3-carboxylic acid
N

R

HO,.C” OPh

NH,
Prepared as in Example | from cthyl 4-ammo-6-phenoxyquinoline-3-carboxylate

{(Example 8a) as a off-white solid {50%). 'H NMR {400 Mz, DMSO-ds) 6 7.07 (4, I = 8.0 Tz,
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2H), 716 (1, J = 8.0 Hz, 1H), 742 (m, 2H), 749 (dd, 1 = 8.0 Hz, 1H), 7.87 (d. I = 8.0 Hz, 1H),
8.13(d, I=4.0 Hz, 1H), §.86 (5, 1H). MS 281 (MH").

Example 8a; cthyl 4-amino-6-phenoxyquinoline-3-carboxylate

Prepared as in  Example la from cthyl 4-chloro-6-phenoxyquinoline-3-carboxylate
{Example 8b) and ammouia as a off-white solid (82%96). 'H NMR (400 Mz, DMSO-ds) & 1.35
(t, 7=8.0Hz, 3H), 435 (g, I=R0 Hz, 2H), 705 (4, I = 8.0 Hz, 2H), 7.15 1, F = 8.0 He, 1H),
740 ¢m, 4, 2H), 746 (dd, I =80 Hz, 1H), 7.87(d, J=8.0 Hz, IH), 8.13(d, J=4.0 Hz, 1H), 827
(bs, 2H), 8.87 (s, {H). MS 309 (MIT}

Prepared as in Exmnpie ib from ethy} 4-hydroxy~6-phenoxyquinoline-3-carboxylate
{Example 8§¢) and POCL as a tan solid {96%). 'H NMR (400 MHz, DMSO-ds) 8 1.36 (1, J = 8.0
Hz, 3H), 4.40 (g, J = 8.0 Hz, 2H), 7.23 (d, J = 8.0 He, 2H), 7.29 (1, J = R0 He, 1H), 750 (1, I =
8.0 Hz, 2H), 7.63(d, I =40 Hz, 1H), 7.76 (dd, J = 8.0 Hz, 1H), 8.21 {d, I = &0 Hz, 1H}, 8.06 (s,
1H). MS 328, 330 (MIT).

Example 8¢: ethyl 4-hydroxy-6-phenoxyguinoline-3-carboxylate

Prepared as in  Example 1¢  from  4-phenoxyaniline and  diethyl  2-
{ethoxymethylenemalonate as a white solid (41%). 'H NMR (400 MHz, DMSO-ds) 6 1.24 (1,1
= 8.0 Hz, 3H), 418 (g, F= 80 Hez, 2H}, 7.07 (d, F = 8.0 Hz, 2H), 7.20 (¢, J = 8.0 Hz, 1H), 743 (4,

= 8.0 Hz, 2H), 7.47 (m, 2, 7.69(d, I = 12.0 Hz, 1H), 12.39 (bs, 1H). MS 310 (MH").

Example 9: 4-amine-7-Hluoroguineline-3-carboxylic acid
N F

| N

HO,C”

NH,

~
I
i

Prepared as 1o Exarmple § from ethyl 4-ammo-7-flaoroquinoline~3~carboxylate (Example
9a) as an off white solid (66%). 'H NMR (CD;0D, 400 MHz) J 7.49 (m, 2D, .50 (dd, T = 10.0,
5.2 Hz, 1H), 8.94 (s, 1H). MS 207 (MH"),

Example 9a; ethyl d-amino-7-fluoroquinchine-3-carboxylate

Prepared as in Example la from ecthyl 4-chloro-7-fhuoroguinoline-3-carboxylate
(Example 9b) and anumonia as an off white solid (99%). MS 235 (MH").

Example 9b: ethvl 4-chioro-7-flnoroguinoline-3-carboxylate
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Prepared as i Example 1b from cthyl 7-fluoro-4-hydroxyquinoline-3-carboxylate
(Example 9¢) and POCH as an off white solid {96%). MS 254, 256 (ME").

Example 9¢; cthyl 7-fluoroe-4-hydroxyquinoline-3-carboxylate

Prepared as i Example lc from  3-floorcaniline  and  diethyl  2-

5 {ethoxymethylene)malonate as a brown solid (51%). M3 236 (M)

Example 16: 4-amino-6-isopropoxyguinoline-3-carboxylic acid

N
B *
NH,

Prepared as in Example 1 from ecthyl 4-amino-6-isopropoxyquinoline-3-carboxylate
10 (Example [0a) as a an off white solid (94%). 'H NMR (400 MHz, DMSO-d)) § 1.30 (s, 31D,
132 (s, 3H), 482 (m, 1H), 737(d, =92 Hz, 1H), 7.72(d,. I =92 Hz, 1H), 7.78 (s, 1H}, 875
(s, 1TH). MS 247 (MH").
Example 10a; cthyl 4-amino-6-isopropoxyquinoline-3-carboxylate
Prepared as in Example la from cthyl 4-chloro-6-isopropoxyguinoline-3-carboxylate
15 (Example 10b) and amimonia as an off white solid (73%). MS 275 (MH"),
Example 10b: 4-chloro-6-isopropoxyquinoline-3-carboxylate
Prepared as in Examople b from cthyl 4-hydroxy-6-isopropoxyquinoline-3-carboxylate
(Exanple 10¢) and POCL as a pale yellow solid (93%), MS 294, 296 (M),

Example 10c; ethyl 4-hydroxy-6-isopropoxyguinoline-3-carboxylate

20 Prepared as 1o Example f¢  from  4-isopropoxvaniline and  dicthyl  2-
{ethoxyrmethyleneymalonate as a yellow solid (20%). MS 276 (M),

Example 11: 4-amino-6-methoxy-2-methyl-1,5-naphthyridine-3-carboxylic acid

Me |N\ N
o
HO,C” > N “OMe
NH,

B
e

Prepared as in Example 1 from ethyl 4-amino-6-methoxy-2-methyl-1,5-naphthyridine-3-
carboxylate {Exampie |1a) as an off white solid (56%). 'H NMR (400 Milz, DMSO-dy) 6 2.68
(s, 3H), 4.02 (s, 3H), 7.21 (d, J = 8.8 Hz, 1H), 7.99 (d, 1 = 9.2 Hz, 1H). MS 234 (MH").
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Example |la; cthyl 4-amino-6-methoxy-2-methyi-1,5-naphthyridine-3-carboxylate

Prepared as in Example 2a from 3-amino-6-methoxypicolinonitrile (Example 11b) and
ethyl 3-oxobutanoate as an off white solid (45%). MS 262 (MH ).

Example 11b; 3-amino-6-methoxypicolinonitrile

To a solution of 6-methoxy-3-nitropicolinoniirile (Picrsant, G. et al. Org. Biomolecular
Chem, 2087, 5, 2567-2571) (2.0 g, 111 mwool) in diglyme (52 wl) was added dropwise a
solution of SnCl (6.35 g, 33.5 mumol) in concentrated HCI solution (26 mL) at § °C. The
solution was stirred at O °C for 1 hr, then the reaction mixture was neutralized with concentrated
NaOH solntion, and extracted with EtQOAc (2X).  The combined organic layers were washed
with brine, and dried over Na;S{O4. After evaporation of the solvent, the residue was purified by
chromatography on  silica gel ( 50% FEtOAc¢ in  hexanes) to  give 3-amino-6-
methoxypicolinonitrile (966 mg, 58%) as a brown solid. 'H NMR (400 Mz, CDCL) 8 3.81 (s,
3H), 4.10 (bs, 2H), 6.81 (d, F = 8.0 Hz, 1H), 7.08 {d, I = 8.0 Hz, 1H). MS 150 (MH").

Example 12: 4-amineo-2,5-dimethylquinsline-3-carboxylic acid

Me N
| NS
HO,C™
NH, Me

Ethyl 4-(4-methoxybenzylamnoe)-2,5-dimethylquinoline-3-carboxviate (Example 12a,
0.563 g, 1.54 mmol) was dissolved in TFA (8 mL) and the resultant solution was stirved at room
temperature for 15 minutes, TFA was then removed under vacuum to give the crude ethyl 4-
amino-2,5-dimethylguinoline-3-carboxvlate product, which was dissolved in EtOH (4 mL). To
this solution was added NaCOH (4.0 KN, 3.86 mL) and the reaction mixture was stirred at 100 °C
for I hr, Water (25 b)) was added, and the solvent was decanted away from nsoluble material
then acidified with AcOH to pH 5.5, The precipitate was collected by filtration to give the title
compound (300 g, 90%) as a white solid. "H NMR (400 MHz, DMSO-ds) & 2.78 (s, 3H), 2.88
(s, 3H), 7.30 (d, /= 7.2 Hz, 1H), 7.58 {(d, J = 8.0 Hz, 1H), 7.65 (m, 1H), 7.8-8.0 ¢br, 1H), 12.2-
12.9 (br, 2H), MS 217 (MH").

Example 12a; ethyl 4-{4-methoxybenzylamino}-2,5-dimethylquinoline-3-carboxylate

A solution of ethyl 4-chlore-2,5-dimethylguinoline-3~carboxylate (Example 12b, 0.518 g,

1.96 mmol) and (4-methoxyphenyDmethanamine (115 mL, &.86 mmol} in tolnene {10 mbL) and
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DMF (5 mL}) were stirred at 115 °C under nitrogen for 12 hrs, The solvent was removed under
vacuum, and the residue was purified by chromatography on silica gel (0% to 30% EtOAc in
hexanes) to give the title compound as an oif (563 mg, 79%). 'H NMR (400 Mz, DMSO-dy) J
1.24 {t, /= 7.6 Hz, 3H), 2.45 (s, 3H), 2.78 (s, 3H}, 3.73 (s, 3H), 4.2-43 (m, 4H), 6.27 (¢, /= 6.0
Hz, 1H), 6.88 {d, /= 8.4 Hz, 2H), 7.19 {(m, 3H), 7.48 (m, 1H}, 7.58 (d, /= €4 Hz, 1H}. MS 365
(MH").

Example 12b: ethyl 4-chloro-2,5-dimcthylquinoline-3-carboxylate

A solution of S-methyl-1 H-benzo[d]] 1,3 joxazine-2,4-dione (Example 12¢) (1.36 g, 7.68
mmol), cthyl 3-oxobutancate (1.46 mbL, 11.5 mmol), and NaOH (0.046 g, 115 mmol) in
anhydrous dioxanc (10 ml} were refluxed under nitrogen for 15 hrs. The solvent was then
removed under vacuum, and the residue was re-dissolved in DMF (15 mL). To this solution was
added POCL (1.41 mL, 15.4 munol}, and the reaction mixture was stirred at room temperature for
45 minutes. The reaction was carefully quenched with ice water (150 mb), and extracted with
DCM (2 x 75 mL). The combined organic layers were washed with brine, and dried over
WNar80y. After evaporation of the solvent, the residue was purified by chromatography on silica
gel eluting with 50% EtOAe in hexanes to give the title compound as red oil {520 mg, 26%). 'H
NMR (400 MHz, DMSO-ds) 0 1.36 (1, J = 7.6 He, 3H), 2.58 (s, 3H), 2.97 (5, 3H), 446 (g, J =
7.6 Hz, 2H), 7.51 (d, J = 7.2 Hz, IH), 7.71 (m, 1H), 7.87 {d, /= 7.6 Hz, 1H). M35 264, 266
(MH

Examople 12¢; S-methyl-EH-benzold]] 1 3loxazime-2,4-dione

Trichloromethyl carbonochloridate (2.04 ml., 16.9 mmol) was added to Z-amino-6-
methylbenzotc acid (2.13 g, 14.1 mmol) in anhydrous dioxane (32 mL) vnder nitrogen, then
refluxed for 30 minutes, Diethyl ether (100 mL} was added, and the precipitated solid was
collected by filtration to give S~-methyl-1H-benzo[4/H 1,3 joxazine-2,4-dione (1.4 g, 56%) which

was used without further purification.

Example 13: 4-amine-6-cthoxyguineline-3-carboxylic acid
N

=

HO,C™ o™
NH,
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Prepared as in Example 1 from cthyl 4-amino-6-cthoxyquinoline-3-carboxylate
(Example 13a) as an off white solid (76%). T NMR (400 Mz, DMSO-ds) 6 1.39 (1, I=7.2 Hz,
3H)Y, 418 (g, ¥ = 7.2 Hz, 2H), 7.50-7.53 (m, 1H), 7.86 (d, } = 8.8 Hz, I1H}, 7985 (d, J = 2.0 Hz,
1H}, 8.86 (s, 1H), 9.26 (bs, 1H), 9.86 (bs, 1H). MS 233 (MH ).

Example 13a; ethyl 4~-amino-6-ethoxyguinohne-3-carboxylate

Prepared as im Example la from ethyl 4-chloro-6-cthoxyquinoline-3-carboxylate
{(Example 13b) and ammonia as an off white solid (77%). 'H NMR (400 Mz, DMSO-ds) 6
1.31-1.40 Gm, 6H), 415 (q. I =72 Hz, 2H), 431 (g, J=6.8 Hz, 2H), 7.34 (g, T = 6.4 Hz, 1H),
7.69-7.74 (m, 21, 8.21 (bs, 2H), .77 (s, 1H). MS 261 (MH),

Example 13h: ethyl 4-chloro-6-cthoxyguinohine-3-carboxylate

Prepared as in Example 1b from ecthyl 6-cthoxy-4-hydroxyquinoline-3-carboxylate
(Example 13¢) and POCI as pale yellow solid (100%). 'H NMR (400 Miiz, DMSO-ds} & 1.34-
1.42 (m, 6H), 421 (g, J = 72 Hz, 2H), 440 (g, } = 7.2 Hz, IH), 7.52 (d, J = 2.8 Hz, 1H), 7.56-
7.59 (m, 111}, 8.02 (d, I = .8 Tz, 1), 8.94 (s, LH). MS 280, 282 (Mi1'").

Example 13c: ethyl 6-ethoxy-4-hydroxyquinoline-3-carboxyiate

Prepared as in Example lc¢  from  4-cthoxvaniline and  diethyl  2-
{ethoxyrmethylene Jmalonate as a white solid (26%). 'H NMR (400 MHz, DMSO-ds) § 1.24-1.37
(m, 6H), 4.09 (q, ] = 6.8 Hz, 2H}, 4.19 (g, 1 = 7.2 Hz, 2H), 7.29-7.32 (m, 1H}, 7.52-7.56 (m, 2H),
8.47 (s, 1H), 12.27 (s, 1H). MS 262 (MH).

Fxample 14: 4-amins-6-propoxyguineline-3-carboxylic acid
N\
HO,C L~ o ™"
NH,
Prepared as wm Example 1 from ethyl 4-amuno-6-propoxyguinoline-3-carboxylate
(Exanple 14a) as a white solid (56%). 'H NMR (400 MHz, DMSO-ds) 6 1.01 (¢, F = 7.6 Hz, 3H),
1.77-1.82 {m, 2H), 4.06 (£, I = 6.8 Hz, 2H), 743 {(d, J = 2.0 Hz, 1H), 7.71-7.78 {m, 2H), 8.77 {s,
). MS 247 (M)
Example 14a: 4-amino-6-propoxygquinoline-3-carboxylate
Prepared as in Example la from ecthyl 4-chloro-6-propoxyquinoline-3-carboxylate

{(Example 14b) and ammonia as a white solid. M8 275 (M),
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Example 14b: cthyl 4-chloro-6-propoxyquinoline-3-carboxylate

Prepared as in Example 1b from ethyl 4-hydroxy-6-propoxyguinoline-3-carboxylate
{Example 14¢) and POCL as a pale yellow solid. MS 294, 296 (MH").

Example 14¢; ethyl 4-hydroxy-6-propoxyquinoline-3-carboxylate

Prepared as in Example Ic¢  from  4-propoxyanilive and  diethyl 2-
(cthoxymethylene)malonate as a white solid (65%). 'H NMR (400 Mz, DMSO-ds) 6 098¢t J
=72 He, 3H), 125, T =72 Hz, 3H), 1.72-1.77 Gu, 2H), 3.98 (¢, I = 6.0 Hz, 2H), 4.16-4.21 (m,
2H), 6.97-6.99 (w, 1H), 7.53-7.56 (m, 2H), 847 {d, I = 5.2 Hz, IH), 12.27 (5, TH), M5 276
(M),

Example 18: 4-amino-S-methoxy-2-methylguinoline-3-carboxylic acid

Me N
| N
HOL,C” N
NH, OMe

Prepared as in Example 1 from ethyl 4-amino-S-mcthoxy-2-methylguinoline-3-
carboxylate (Example 152) as a off-white solid. 'H NMR (400 MHz, DMSO-d;) § 2.49 (s, 31D,
405 (s, 3H), 7.19(d, =76 Hz, 1H), 7.61 {(d, F =8.0 Hz, 1H), 7.85 (1, = 8.0 Hz, 1H), 949 (s,
1H), 9.85 (s, 1H). MS 233 (MH.

Example |3a; cthyl 4-amino-5-methoxy-Z2-methyiquinoline-3-carboxylate

Prepared as i Example 2Za from 2-amino-6-methoxybenzonirile and ethyl 3-
oxobutanoate as a pale vellow solid. 'H NMR (400 MIlz, DMSO-d) 6 1.32 (¢, T = 7.2 Hz, 31,
255 (s, 31}, 3.96 (s, 3H), 430 {q, =72 Hz, 2H), 688 (d, =84 Hz, 1H), 722 (d, J = 7.6 He,
1), 7.52 (t, J = 8.0 Hz, 1H), R.15 (s, 2H). MS 261 (MH ).

Example 16: 4-aminoe-2-methyl-5-(neopentviexygquinoline-3-carboxylic acid
Me. N

HOZC: ’j/\/ ;
NH, 0J<

Prepared as in Example 1 from ecthyl 4-amino-2-methyl-S-(neopentyloxyjquinoline-3-

carboxylate (Example 16a) as a white solid. 'H NMR (400 MHz, DMSO-d,) § 1.06 (s, 9H), 2.76

N
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{s,3H}, 3.93 (5, 2H), 705 (d, F =84 Hz, 1H), 731 (d, J=8.0 Hz, 1H), 7.66 (¢, ] = 8.0 Hz, 1H).
MS 289 (MH").

Example 16a; cthyl 4-amino-2-methyl-3-(ncopentyloxy)quinoline-3-carboxylate

Prepared as in Example 2a from 2-amino-6-(neopentyloxyibenzonitrile (Tachdjian, C. ot
al. PCT Int. Appl. 2008, WO 2008154221) and ethy] 3-oxobutanoate as a white solid {(64%). 'H
NMR (400 MHz, DMSO-ds) & 1.06 (s, 9H), 1.32 (1, J = 6.8 Hz, 3H), 2.54 (5, 3H), 3.86 (s, 2H),
431 (g, =68 He, 2ZH). 6.88-691 (m, 1H), 7.22-7.25 (m, 1H), 7.50 (1, J = 8.0 Hz, 1H), 8.06 (s,
2H). MS 317 (M.

Example 17: 4-amine-2~{carboxymethyhguinoline-3-carboxylic acid

N
HOLCT S
HOL,C™ N

NH,

Prepared as in Example | from cthyl 4-amino-2-(2-cthoxy-2-oxocthyhquinoline-3-
carboxylate (Example [7a) as a white solid (26%). 'H NMR {400 MHz, DMSO-ds) 6 3.76 (s,
2H}, 736 (1, J=8.0Hz, 1H), 758 (t, J=8.0 Hz, 1H), 764 (d, = 12.0 Hz, 1H), 7.87 (bs, 2H},
8.17 (d, J=8.0 Hz, 1H). MS 188 (MH' - CH,CO,H).

Example 17a; ethyl 4-amino-2-(2-cthoxy-2-oxocthyljguinoline-3-carboxylate

Prepared as in Example 2a from 2-aminobenzonitrile and dicthyl 3-oxopentancdioate as a
pale yellow solid (25%). 'H NMR {400 MHz, DMSO-dy) 6 119 (t, I = 8.0 Hz, 311, 130 ¢, T =
8.0 Hz, 3H),4.08 (m, 4H), 4.28 (g, J = 8.0 Hz, 2H), 7.50 (m, 1H), 7.73 {(m, 2H), 8.10 (bs, 2H),
R.53 (d, J = 8.0 Hz, 1H), MS 303 (M),

Example 18: 4-amine-5-{cyclopentylmethoxy)-2-methylguinoline-3-carboxylic acid

Me N
| N
HO,.C™
NH, O

To a sohution of ethyl 4-amino-5-{cyclopentylimethoxy)-2-methylguinoline-3-carboxylate

(Example 183, 16.8 g, S1.2 munol) m EtOH (100 wl) was added NaOH (2 N, 64 ml) at room
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temperature. The reaction mixture was refluxed for 4 b, Afier it was cooled down to room
temperature, the reaction solution was filicred to remove any possible solid residue. The filtrate
was carefully neutralized with 2N HCl to pH 7 at 0 °C. The resultant precipitate was collected by
filtration, washed with water, re-dissolved in EtOH (500 mL} and water (30 mb), and treated
with activated charcoal (650 mg) at 70 °C for 0.5 h. The charcoal was removed by filtration, and
the filtrate was concentrated and stored at 4 °C overnight. The resulting precipitate was collected
by filtration, washed with cold 25% EtOH m H,0, and dried under vacuum at 60°C overnight to
give the title compound as an off-white solid (7.5 g, 49%). 'l NMR (400 Mz, DMSO-ds) 8
1.31-1.37 (m, 2H), 1.53-1.64 {(m, 4H), 1.79-1.85 (m, ZH)}, 2.47-2.50 (m, 1H), 2.75 (s, 3H), 4.11
(d, J =88 Hz, 2H), 703 (d, I =80 Hz, 1H), 7.26 {(d, I = 8.4 Hz, 1H), 7.66 {t, I = &0 Hz, 1H),
8.77 ¢ors, 1H), 12.26 (brs, L), 12.75 (brs, 1H). 'H NMR (400 MHz, CD:0OD) 6 1.39-1.49 (m,
2ZH), 1.63-1.77 {m, 4H), 1.91-1.98 (m, 2H), 2.51-2.61 (m, 1H)}, 2.78 (s, 3H}, 4.16 (4, J = &.0 Hz,
2H), 7.08(d, I = 8.0 Hz, 1H), 7.23 {d, ] = 8.0 Hz, 1H), 7.72 (t, T = 8.0 Hz, 1H). MS 301 (MH").

Example 18a: ethyl 4-amino-5-(cyclopentyimethoxy)-2-methyvlguinoline-3-carboxylate

To a solution of 2-amino-6-(cyclopentylmethoxyibenzonitrile (Tachdjian, C. et al. PCT
int. Appl. 2008, WO 20081542213 (21.63 g, 100.0 mmol) and cthyi acetoacetate (12.6 mi, 100.0
nunol} in anhydrous toluene (300 mL) was added SnCly (23.1 mb, 200.0 mmol} over a period of
25 minutes at room temperature under nitrogen. The stirred reaction mixture was then refluxed
for 5 h under nitrogen. After it was cooled down to room temperature, the reaction solution was
concentrated to remove most of the solvent under reduced pressure. The residue was re-dissolved
in EtOAc (3.5 L) and carcfully neutralized to pH § with agueous NaOH solution (6.0 N, ~130
mb} at 0 °C. The resultant mixture was stirred at room temperature overnight. The precipitate
was {iltered off, and the organic layer was separated and washed with brine (400 mL), dried over
Nao80s and concentrated onder reduced pressure. The residue was purified by cohummn
chromatography on silica gel eluting with 30% EtOAc in hexanes to give the title compound as a
pale vellow solid (24.6 g, 75%). 'H NMR (400 MHz, DMSO-dy) 6 1.30-1.36 (m, 5H), 1.53-1.65
(m, 4H), [.81-1.86 (m, 2H), 2.42-2.45 ¢m, 1H), 2.54 (5, 3H),4.05 (4, J =72 Hz, 2H), 431 (g, I =
7.2 Hz, 2H), 6.88 (d, J = 7.6 He, 11}, 7.21-7.23 (m, 1H), 7.50 (1, F = 8.0 Hz, 1H), 8.08 (5, 2H).
MS 329 (ML)

Example 19: 4-amino-S-{cyclopentyloxy)-2-methylquinoline-3-carboxylic acid
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Me N

N

=

NH, o\Q

Prepared as in Example 1 from ethyl 4-ammo-5-(cyclopentyloxy)-Z-methylguinoline-3-
carboxylate (Example 19a) as a off white solid (83%). 'H NMR (400 MHz, DMSO-dg) 6 1.56-
1.60 {(m, 2H}, 1.67-1.70 (m, 2H), 1L.¥3-1.87 (m, 2H), 1.92-1.96 (m, 2H), 2.67 (s, 3H)}, 5.05-5.07
{m, 1H)}, 6.93 {d, J = &4 Hz, 1H), 718 (d, J = 84 Hz, IH), 757 {t, § = 8.4 Hz, 1H). MS 2¥%7
(MH".

HO,C

Example 19a: ethyl 4-amino-5-{cyclopentyloxy)-2-methylquinoline-3-carboxylate

Prepared as in Example 2a from 2-amino-6-(cyclopentyloxybenzonitrile {Tachdjian, C.
et al. PCT Int. Appl. 2008, WO 2008154221) and cthyl 3-oxobutanoaie as a yellow solid (40%:).
MS 315 (MH.

Example 2§: 4-amino-2,3-butylene-6-methylthiene{2,3-bipyridine-5-carboxylic acid

Me |N\ S
/
HO,C™ N
NH,

1

Prepared as mwm Example 1 from ethyl 4-amino-2,3-butylene-6-methylthieno[2,3-

bipyridine-5-carboxvlate (Example 20a) as a solid. "H NMR (400 MHz, DMSO-dy) 5 1.78-1.79

(m, 4H), 2.53 (s, 3H), 2.71-2.72 (m, 2H), 2.94-2.96 (m, 2H)}, 6.86 (s, 2H). MS 263 (MH").
Example 20a; ethyl 4-amino-2,3-butylene-6-methylthienof2,3-bipyridine-5-carboxylate
Prepared as in Example 2a from 2-amino-4,5,6,7-tetrahydrobenzo{blthiophene-3-

carbonitrile (Tachdjian, C. et al. PCT fnr. Appl 2008, WO 2008154221 and ethyl 3-

oxobutanocate as a yellow solid. MS 291 (MH ).

Example 21: 4-amino-5-(3,3-dimethylbutyl)-2-methylguinoline-3-carboxylic acid

Me N
]

HOLC™
NH,
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Prepared as in Example 1 from cthyl 4-amino-5-(3.3-dimcthylbutyl}-2-methylguinoline-
3-carboxylate (Fxample 21a) as a white solid (88%). 'H NMR (400 MHz, DMSO-ds) 5 0.93 (s,
OH), 1.40 (1, =88 Hz, 2H), 2.75 (s, 3H), 3.17 (1, ¥ =84 Hz, 2H}, 735 (d, F = 7.2 Hz, 1H), 7.57
(d, =84 Hz, 1H), 7.66 (t, I = 8.0 Hz, 1H), 12.78 (s,1H). MS 287 (MH"),

Example 21a; ethyl 4~-amino-5-(3,3-dimethylbutyl)-2-methylquinoline-3-carboxylate

Prepared as in Example 2a from 2-amino-6-(3,3-dimethylbutylbenzonitrile (Example

21b) and ethyl 3-oxobutanoate as a white solid {95%). ‘T NMR (400 Mz, DMSO-ds) 6 0.93 {s,
OH), 1.32¢, J=7.2 He, 3H), 1.42-1.46 (m, 1H), 2.55 (s, 3H), 3. 11305 (m, 2H),4.33 (g, I1=72
Hz, 2H), 7.12 (s, 2H), 7.19-7.21 (1, 11}, 7.46-7.52 (m, 2F). MS 315 (MH").

A suspension of 2-arno~-6-(3,3-dinethyibut- l-ynyDbenzonitrile (Examaple 21¢, 690 mg,
348 mmol) and 0% Pd/C (100 mg) n EOACEOH (11, 20 mL) was stirred under an
atmosphere of H; with a balloon at room temperature overnight. The PA/C was removed by
filtration, the filtrate was concentrated, and purified by chromatography on silica gel eluting with
20% BtOAc in hexanes to give the title compound as a Hght yellow oil {620 mg, 88%). 'H NMR
(400 MHz, DMSO-dg) 6 0.92 (5, 9H), 1.36-1.40 (m, 2H), 2.52-2.56 {m, 2H}, 5.88 (s, 2H)}, 6.45
(d,J= 7.6 Hz, 11}, 6.57(d,J=7.6 Hz, 1}), 7.15 (t, J = 8.0 Hz, 1H). MS 203 (M.

Example 21¢; 2-amino~-6-(3,3-dimethylbut-T-ynyhbenzonitrile

I
7
i

To a solution of 2-amino-6-bromobenzonitrile (1.97 ¢, 10.0 mmol), 3,3-dimethylbut-1-
yne {2.46 g, 30 mmol), KoCO; (2.76 g, 20.0 mmob), and Cul (191 mg, .1 mmel) in DME/HO
{4:1, 50 mL) was added Pd{PPh;)s (1.16 g, 0.1 mmol) at room temperature under nitrogen. The
reaction mixture was refluxed under nitrogen overnight. After it was cooled down to room
temperature, the reaction was guenched with brine, extracted with EtOAc. The organic layer was
washed with brine, dried over Na;SOs, and concentrated. The residue was purified by
chromatography on silica gel eluting with 20% EtOAc in hexanes to give the title compound as a
light brown oil (1.84 g, 93%). 'H NMR (400 Mz, DMSO-ds) 8 1.27 (s, 9H), 6.10 (s, 2H), 6.59
(d,J=72Hz 1H),6.71 {(d,J=8.0 Hz, 1H), 7.18-7.22 (m, [H). MS 199 (MH"},

Example 22: 4-amine-5-2-ethyibutoxy)-2-methylguineline-3-carboxylic acid
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Me N

’d

HOzC: \’\(\ ;
NH, O

Prepared as in Example | from ethyl 4-amino-5-(2-cthylbutoxy)-2-methylguinoline-3-
carboxylate (Exarople 22a) as a white solid (45%). Mp.: 145-151 °C. 'H NMR (400 Mz,
DMSO-ds) 0 .90 (1, J= 8 Hz, 6H), 1.48-1.41, (im, 4H), L.84-1.78 (m, 1H), 2.73 (5, 3H), 4.11 {d,

J=8 Hz, 2H), 6.99 (4, J = 8 [z, 11, 7.32 (d, J = 8 Hz, 111), 7.59 (1, J = 8 Hz, 111, 8.40 (brs,

1H), 11.00 (brs, TH), 13.91 (brs, TH). MS 303 (M),

Example 22a: ethyl 4-amino-5-(2-cthyibutoxy)-2-methylguinoline-3 -carboxylate

Prepared as in Hxample 2a from 2Z-amino-6-(2-cthylbutoxyibenzonitrile (Example 22b)
and ethyl 3-oxcbutanoate as a white solid {89%). 'H NMR (400 Milz, DMSO-ds) 4 0.90 (, ./ = 8
Hz, 6H), 1.32(t, J =8 Hz, 3H), 1.48-1.41 (m, 4H), 1.79-1.73 (m, 1H}, 2.54 (s, 31}, 4.08{d, /=4
Hz, 2H), 431 (g, /=8 Hz, 2H), 692 (dd, /=2, 8 Hz, I1H)}, 7.23 {dd, /=2, 8 Hz, 1H)}, 7.50(, J
= 8 Hz, 1H), 8.04 (brs, 1H). MS 331 (MH".

Example 22b: 2-amino-6-{2-cthylbutoxy)benzonitrile

To a solution of Z-ethylbutan-1-of (1.02 g, 106.0 mmol} in dry THF (60 mL) was carefully
added NaH (60% in mincral oil, 480 mg, 12.0 mmol) in small portions at § °C under nitrogen.
The reaction mixture was stirred at ¢ °C under nitrogen for 2 hrs. To this solution was added 2-
amino-6-fluorobenzonitrile (1.36 g, 10.0 wmmol), and the reaction solution was stirred at § °C —
RT for 2 hrs, and then at 65 °C overnight under nitrogen. The reaction was cooled down to room
temperature then guenched with brine, and extracted with EtOAc (3X). The combined organic
fayers were washed with brine, dried over Na;SO4. Filtered and evaporated under reduced
pressure. The residue was purified by chromatography on silica gel {chuent: 20% EtOAc in
hexanes) to give the title compound as colorless oil (1.29 g, 59%). '"H NMR (400 MHz, CDCh) &
0.93 {t, J= 8 Hz, 6H), 1.55-1.43 (m, 4H), 1.73- 1.65 (m, 1H), 3.90 (d, J = 4 Hz, 2H)}, 4.10 (brs,
2H), 6.25(d, /=¥ Hz, 1H), 634 (d, /=8 Hz, 1H)}, 7.20(, /=8 Hz, 1H).

Example 23: 4-amino-5-(heptan-d-viexy)-2-methylguineline-3-carboxylic acid

68
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Me N
]

Y

HO,C
NH2 O\C/

Prepared as in Example | from ethyl 4-amino-5-(heptan-4d-yloxy)-2-methylgquinoling-3-

carboxylate (Example 23a) as a white solid (59%). 'H NMR (400 MUz, DMSO-ds) 6 0.87 (¢, J=

7.2 Hz, 6H), 1.49-1.25 (m, 4H), 1.84-1.60 (m 4H), 2.74 (s, 3H), 4.74-4.71 (m, 1H), 707 (d, J =

S 84 Hz I, 7.24 (d, J= 8.0 Hz, 1H), 7.64 (, 7= 8.4 Hz, 1H), 8.82 (brs, 1), MS 317(MH"),

Prepared as in Example 2a from 2-amino-6-theptan-4-yloxyibenzonitrile (Example 23b)

and ethyl 3-oxobutanoate as a pale yellow solid (65%). 'H NMR (400 MHz, DMSO-ds) 6 0.87 {1,

J= 72 He, 6H), 131 (1, J = 7.2 Hz, 3H), 1.47-1.33 {m, 4H)}, 1.77-1.59 (m, 4H), 2.54 {s, 3H),

1y 430 (g, J=7.2 Hz, 2H), 4.67-4.64 (m, 1H), 692 (d, J = 7.6 Hz, 1H), 7.19 (dd, /= 0.&, 8.4 Hz,
1), 7.49 (1, J = 8.0 Hz, 1H), 8.13 (brs, 25, MS 345 (MH").

Example 23b: 2-amino-6-(heptan-4-yloxyibenzonitrile

Prepared as in Example 22b from heptan-4-ol and Z-amino-6-fluorcbenzonitrile as a

white solid (24%). "H NMR (400 Milz, CDCL) 6 0.92 (1, J = 7.2 Hz, 61D, 1.55-1.31 (m, 811},

E5  3.88(s, br, 1H), 4.33-4.27 (m, 1H), 6.26 (d, /= &0 Hz, 1H}, 6.35{(d, /= 8.0 Hz, 1H),7.20 (¢, /=
8.0 Hz, 1H).

Example 24: 4-amine-5-(2-(isonicotinamids)-2-methyipropoxy)-Z-methylguineline-3-
carboxylic acid

Me N

’d

|
HO,C

: \’j/\ ; 0
NH, O\><N N
Ho |l |
20 P

Prepared as in Example | from cthyl 4-amino-5-(2-(isonicotinamido}-2-methylpropoxy -
2-methylguinoline-3-carboxylate (Example 24a) as a white solid (67%). M.p.: 195-198 °C. 'H
NMR (400 MHz, DMSO-ds) & 151 (s, 6H), 2.75 (s, 3H), 4.48 (s, 2H}), 7.07 (d, J =8 Hz, 1H),
7304d, J=8Hz, IH}, 7.67(, J=8 Hez, 1H), 7.70 (dd, /=1, 8§ Hz, 2H), 850 (s, 1H), 867 (dd, J

25 =1, 8 Hz, 2H), 8.76 (brs, 1), 12,19 (brs, 11, 12.85 (brs, 11, M8 395 (M),

69
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Example 24a; cthyl 4-amino-5-(2-(isonicotinamido}-2-methylpropoxy}-2-methylguino-
line-3-carboxylate

To a solution of cthyl 4-amino-5-(2-amino-2Z-methylpropoxy)-2-methylguinoline-3-
carboxylate (Example 24b, 1.0 g, 3.15 mmol) in dry DMF (20 mL) was added isonicotinic acid
(504 mg, 4.10 mmol), followed by EDCT (783 mg, 4.10 mmol), HOBt (554 mg, 4.10 muol), and
tricthylamine (414 mg, 4.10 wmmol) at room temperature under nitrogen. After it was stirred at
room temperature for 12 hrs, the reaction nuxture was concentrated under redoced pressure. The
residue was diluted with water, and extracted with EtOAc (3X). The agueous layer was basified
with 2N NaOH to pH 8 and extracted with EtOAc (3X). The combined organic layers were
washed with brine, dried over MgSO,, filtered, concentrated, and purified by chromatography on
stlica gel eluting with 10% MeOH in dichloromethane to give the title compound as a yellow
solid (1.1 g, 83%). "1 NMR (400 Mz, DMSO-d,s) 6 1.29 (4, /= 4 Hz, 31D, 1.51 (s, 611), 2.94
(s, 3H), 4.28 (g, J =4 Hz, 2H), 442 (s, 2H), 693 (dd, /= |, 8 Hz, 1H), 7.24 (dd, J = 1, 8 Hz,
2H}, 7.52(t, J= 8 Hz, 1H}, 7.69 (dd, /=2, 4 Hz, 2H), 8.14 (5, 2H), 8.37 (s, 1H}, &.67 (dd, J =2,
4 Hz, 2H). MS 423 (MIT).

Example  24b:  ethyl  4-amino-5-(2-amuno-2-methyipropoxy )-2-methylguinoline-3-

carboxylate

Prepared as in Example 2a from benzyl 1-(3-amino-2-cyanophenoxy)-2-methylpropan-2-
vicarbamate (Example 24¢) and ethyl 3-oxobutanoate as a vellow-brown solid (919%). 'H NMR
(400 MHz, DMSO-dg) 6 115 (s, 6H), 1.31 (t, /=4 Hz, 3H), 2.54 (s, 3H), 3.87 (5, 2H}, 431 (q, J
=4 Hz, 2H), 6.85(d, /=4 Hz, 1H), 7.21 (d, /=4 Hz, 1H)}, 749 {t. /= & Hz, 1H), 8.38 {(brs, 2H).
MS 318 (MH ).

Example 24¢; benzyl 1-(3-amino-2-cyanophenoxy »-2-methylpropan-2-ylcarbamate

To a solution of Z-amino-6-(2-amino-2-methylpropoxybenzonitrile (Example 244, 30.5
g, 148.6 mumol) in THF/HO (111, 400 mL) was added NaHCO; (24.7 g, 294 mumol), followed by
benzyl (2,5-dioxopyrrolidin- -yl carbonate {44.0 g, 176 mmol) at room temperature. The
reaction was stirred at room temperature for 4 h then the organic layer was separated and the
aqueous layer was extracted with EtQAc (2X). The combined organic layers were washed with
brine and dricd over MgSOs. After filtration, the solvent was evaporated and the crude oil was
purified by chromatography on silica gel {cluent: 0-60% EtOAc in hexane) to give the title

compound as vellow oil (44.8 g, 89%). 'H NMR (400 Mz, DMSO-dy) § 1.30 (s, 610), 4.02 (s,
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2H), 4.96 (s, 2H}, 598 (5, 2H), 6.14{d, /=8.0 Hz, 1H). 6.32(dd, /=08, 84 Hz, 1H}, 712 (¢, J
= 8.4 Hz, 1H), 7.38-7.21 (m, 6H). MS 340 (MH").

Example 24d; 2-amino-6-(2-amino-2-methylpropoxy benzonitrile

To a solution of 2-amino-2-methylpropan-1-ol (144 g, 161 mmol) in anhydrous THF
{150 mL) was added Nall (6.8 g, 161 nmunol, 60% n muneral o1} in small portions at 0 °C under
nitrogen. The mixture was stirred at § °C for 30 minutes and then stivred at roorn temperature for
another 30 mnutes, The solution was cooled down to 0 °C agaim, and to this solution was added
dropwise a sohution of 2-amino-6-fluorobenzonitrile (20.0 g, 147 ywomol} in anhydrous THF (50
ml). The reaction mixture was then refluxed overnight under nitrogen. The reaction nuxture
was cooled down to room temperature and carefully quenched with aqueons NHLCl solution and
extracted with ethyl acetate (3X). The combined organic layers were washed with brine, dried
over MgSQO,, filtered and concentrated. The crude mixture was purified by chromatography on
silica gel eluting with 105 MeOH in BCM to give the title compound as yellow solid (234 ¢
71%). "H NMR (400 MHz, DMSO-ds) 6 1.08 (s, 6H), 3.15 (s, 2H), 3.64 (5, 2H), 5.98 (s, 2H),
6.13(d, J= 8.0 Hz, 11D, 631 (d, /=84 Hz, 1H), 7.15 (t, /= 8.4 Hz, 1H). MS 236 (M.

Example 25 4-amino-5-2-3-hydroxybenzamide}-2-methyipropoxy)-2-methylguinoline-3-
carboxylic acid

Me N

’d

: \’\(\ ; 0
NH \X
2 O N)K©/OH
H

Prepared as it Example 1 from ethyl 4-amino-5-2-(3-hydroxybenzamido)-2-methyi-

HO,C

propoxy }-2-methyiguinoline-3-carboxylate (Example 252} as a white solid {65%;). M.p.: 195-198
°C. TH NMR (400 MHz, DMSO-ds) 5 1.48 (s, 6H), 2.75 (s, 3H), 4.47 (s, 2H), 6.87 (dt, /= 8, 4
Hz, 1H), 7.22-7.16 {m, 3H), 7.06 (4, /=8 Hz, 1H), 7.27(d, /=8 Hz, 1H), 7.67 (1, /= § Hz, 1H)},
8.08 (s, 1H), 8.84 (brs, 1H), 9.69 (s, 1H), 12.12 (brs, 1H), 12.78 (brs, 1H). MS 410 (MH").

Example Z25a: ethyl 4-amino-5-(2-(3-hvdroxybenzamido)-2-methylpropoxy)-2-methyl-
quinoline-3-carboxylate

Prepared as in Example Z4a from 4-amino-5-(2-aming-Z-methylpropoxy)-2-methyl-
quinoline-3-carboxylate (Example 24b) and 3-hydroxybenzoic acid as a yelow-brown solid

(64%). "H NMR (400 MHz, DMSO-ds) 6 1.30 (t, J = 4 Hz, 3H), 1.48 (s, 68, 2.55 (s, 3H), 4.30
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(g, J = 4 Hz, 21, 4.41 (s, 2H), 6.85-6.88 (m, 111}, 6.92 (d, J = 8 Hz, 1H), 7.25-7.15 (m, 41D),
7.52 (t,J =8 Hz, 1H), 7.98 (s, 1H), 8.19 (s, 2FL}, 9.59 (s, 111}, MS 438 (MH").

Example 26: (S)-4-amine-5-2-(cyclohexanecarboxamido)propoxy)-2-methylguinoline-3-
carboxylic acid

Me N

’

N Me O
LI
H

Prepared as in Example 1 from (8)-ethyl 4-amimo-5-(2-(cyclohexanecarboxamido}-

HO,C

propoxy -2-methylguinoline-3-carboxylate (Example 26a) as a white solid (53%). "H NMR (400
MHz, DMSO-dy) 8 1.25-1.10 {m, 5H), 1.34-1.31 (m, 2H}, 1.69-1.62 (m, SH), 2.11-2.05 (m, 1H),
269 (s,3H), 3.93 (1, /=92 Hz, 1H), 413 (dd, /=4, 9.6 Hz, IH), 414411 (m, 1H), 686 (d, J
= 8.0 Hz, 1H}, 728 (d, J= &4 Hz, 1H), 749 (1, /= 8.0 Hz, 1H)}, 7.95 (d, J = 8.4 Hz, 1H}. MS
386 (MH").

Example 26a; (S)ecthyl 4-amino-5-(2-(cvclohexanecarboxamido}propoxy)-2-methyl-

quinoline-3-carboxylate

Prepared as in Example 24a from (8)-ethyl 4-amino-5-(2-aminopropoxy)-Z-methyi-
quinchine-3-carboxylate (Example 26b) and cyclohexanecarboxylic acid as brown solid (28%;).
MS 414 (MH).

Example 26b: (8)-ethyl 4-amino-5-(2-aminopropoxy }-2-methyiquinoline-3-carboxylate

Prepared as in Example 2a from (S)-benzyl (1-(3-amino-2-cyanophenoxy)propan-2-yii-
carbamate (Example 26¢) and ethyl 3-oxobutanocate as brown solid. MS 304 (MH"),

Example 26¢; (S-benzyl (1-(3-amino-2-cyvanophenoxy jpropan-2-yljcarbamate

Prepared as in Example 24¢ from (§})-2-amino-6-(2-aminopropoxy jbenzonttrile (Example
26d) as brown solid (86%). 'H NMR (400 MHz, DMSO-d;) § 1.12 (d, J = 6.4 Hz, 3H), 3.81 (d, J
= 8.4 Hz, 1H), 3.95-3.92 (m, 1H), 4.99 (s, 2H), 5.36 (s, 2H), 596 (s, 2H), 6.20 (d, /= 8.0 Hz,
1, 6,30 (d, J= 8.4 Hz, 11D, 7.13 {4, J = §.4 Hz, 111}, 7.44-7.38 (m, ST MS 326 (M),

Example 26d; (§)-2-amino-6-2-aminopropoxy yhenzoniirile

Prepared as in Example 24d from (5)-2-aminopropan-i-ol and 2-amino-6-fluoro-

benzonitrile as brown solid (73%). 'H NMR (400 MHz, DMSO-ds) 6 1.01 (d, J = 6.5 Hz, 3H),
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3.08 (m, 1H), 3.71 (d. J= 6.1 Hz, 21, 5.95 (s, 2H), 6.15 (d. /= 8.3 He, 11}, 6.2 (d, J = 8.3 Hz,
1H), 7.13 (4, J = 8.3 Hz, 1H). MS 192 (MH").

Example 27: {(§-4-amino-S-{2-(iconicotinamide)propoxyi-2-methyiguinoline-3-carboxylic
acid
Me N
9

HOLC™ Y e O

NH, O\/'\NJ\C
H |
N

Prepared as i Example 1 from (S)-cthyl 4-amino-5-(2-(isonicotinamido jpropoxy -2-

" §

methylguinoline-3-carboxylate (Exarple 27a) as an off-white solid (42%). 'H NMR (400 MHz,
DMSO-dgy 0 1.31{(d, /=68 Hz, 3H), 2.66 (5, 3H),4.14 (1,/=92 He, 1H),428{dd, /=3.6,9.6
Hz, i1H), 4.70- 455 (m, 1H), 6.92(d, J=80Hz, 1H), 726 (d,J=84Hz, IH), 751 /=84
Hz, tH), 7.75 (dd, /= 1.2, 6.0 He, 2H), 871 (dd, /= 1.2, 6.0 Hz, 2H), 8.95 (d, /= 8.0 He, 1H).
MS 409 (ML)
carboxylate

Prepared as in Example 24a from (S)-cthyl 4-amino-5-(2-aminopropoxyj-2-methyl-
quinoline-3-carboxylate {(Example 26b) and isonicotinic acid as brown solid {36%). MS 409

(ME .

Example 28: (§)-4-amino-5-2-(3-hydroxybenzamido)propoxy)-2-methylguineline-3-
carboxylic acid

Me N

-

HOL,C™ Y Me O

NH, O\/g\NJ\Q/OH
H

Prepared as in Example 1 from (§)-ethyl 4-amino-5-(2-(3-hydroxybenzamido jpropoxy -
2-methylquinoline-3-carboxylate (Example 282) as a white solid (58%). 'Fl NMR (400 Miiz,
DMSO-dg) 6 1.28 (4, J=7.2 Hz, 3H), 2.65 (5, 3H}, 411 (, /=88 Hz, 1H), 422 (dd, /=40, 10
Hz, 1), 4.65-4.55 (m, 1H), 6.88 {d, ./ = 8.0, 2H), 7.25-7.13 (m, 4H)}, 7.48 {t, J = 8.0 Hz, 1H),
.49 (d, J=8.0, 1H), 9.93 (brs, 1H). MS 3% (MH".
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Example  28a: (S)ethyl  4-amino-5-(2-(3-hydroxybenzamido jpropoxy)-2-methyl-

quinoline-3-carboxylate
Prepared as in Example 24a from (S)-cthyl 4-amino-5-(Z-anminopropoxy)-2-methyl-
quinoline-3-carboxylate (Example 26b) and 3-hydroxybenzoic acid as brown solid (41%). MS

424 (MHY.

Example 29 4d-amine-5-G-(cyclopentylamine)-2,2-dimethyl-3-oxopropoxy)-2-methyl-
guinsline-3-carboxylic acid

Me N

’d

e,

Prepared as in Example 1 from ethyl 4-amino-5-G-(cyclopentylamino)-2,2-dimethyl-3-

HO,C

oxopropoxy »-2-methylguinoline-3-carboxylate {Fxample 29a) as a white powder (74%). '
NMR (400 MHz, BMSO-ds) ¢ 1.27 (s, 6H), 1.36-1.46 (m, 4H), 1.57-1.59 (m, 2H), 1.72-1.78 (m,
2H), 2.78 (s, 3H), 4.04 {m, 1H), 4.19 (s, 2H), 7.02 {d, I = 8.8 Hz, 1H}, 7.33 (4, J = 8.0 Hz, 1H),
7.64-7.71 {m, 2H), 8.83 (brs, 1H)}, 12.25 (brs, TH), 12.93 (brs, 1H). MS 386 (MH)

Example 29a: ethyl 4-amino-5-(3-(cvclopentylamine)-2,2-dimethyl-3-0x0opropoxy -
methylguinoline-3-carboxylate

Prepared as i Example 2a from 3-(3-amino-Z-cyanophenoxy)-N-cyclopentyl-2,2-
dimethyipropanamide (Examplc 29b) and ethyl 3-oxobutanoate as a bright vellow solid (62%).
"H NMR (400 MHz, DMSO-dg) 8 1.26 (s, 6H), 1.34 (t, § = 8.0 Hz, 3H), 1.40-1.46 (m, 4H), 1.57-
1.59 (m, 2H), 1.74-1.77 (m, 2H), 2.57 (s, 3H), 4.09 (g, J = 4.0 Hz, 1H), 4.15 (5, 2H}, 433 (g, J =
8.0 Hz, ZH), 6.89(d, J =40 Hz, 1H), 7.26(dd, J=8.0Hz, 1H), 7.53(d, I = 8.0 Hz, 1H), 7.56 (s,
1H), 8.09 (brs, 2H). MS 414 (MH.

Example 29b: 3-(3-amino-2-cyanophenoxy -N-cyelopentyl-2,2-dimethylpropanamide

Prepared as in Example 22b from N-cyclopentyl-3-hydroxy-2,2-dimethylpropanamide
(Example 2%¢) and 2-amino-6-fluorobenzonitrile as a white solid (45%). 'H NMR (400 MHz,
DMSO-ds) 6 1.19 (5, 6H), 1.40-1.49 {m, 4H), 1.61-1.63 (m, ZH), 1.74-1.79 (m, ZH). 3.95 (s, 2H),
4.03 (m, 1H), 5.98 (5, 2H), 6.19(d, J =80 Hz, 1H), 633 (4, J=80Hz 1H), 717t ] =80 Hgz,
1H), 7.23(d, F= 8.0 Hz, 1H). MS 302 (MH'*},
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Prepared as in Example 24a from hydroxypivalic acid and cvclopentyl amine as an
orange oil (32%). 'H NMR (400 MHz, DMSO-ds)  1.00 (s, 6H), 1.32-1.40 (m, 2F), 1.43-1.49
(m, 2H), 1.37-1.65 (m, 2H), 1.73-1.81 (m, 2H), 334 (d, I =40 Hz, 2H), 398 {1, 1H}, 487 (1. 1
= 4.0 Hz, 1), 7.22 (d, F = 4.0 Hz, IT). MS 186 (MH").

Example 38: 4-Amino-S-{cyciobutylmethoxy)-2-methylguinoline-3-carboxylic acid

Mo _N
9@
HOLCT
NH, oﬂ

Prepared as in Example | from cthyl 4-amino-S-(cyclobutylmethoxy)-2-methylquinoline-
3-carboxylate (Example 30a) as a white powder (51%). ' NMR (400 MHz, DMSO-d;) & 1.84-
PG 199 (m, 4H), 210-2.05 (m, 2H), 2.77 (5, 3H), 2.92 (m, 1H), 423 (4, I =8.0Hz, 2H),7.05(d,J =
8.0 Hz, 1H), 729 (d, I = 8.0 Hz, 1H), 7.68 (t, ] = 8.0 Hz, 1H), 8.71 {brs, 1H), 12.23 (brs, 1H),
12.81 (brs, 1H). MS 287 (MH"),
Example 30a; cthyl 4-amino-5-{cyclobutylmethoxy)-2-methylquinoline-3-carboxvlate
Prepared as in Example 2a from 2-amino-6-{cyclobutylmethoxy)benzonitrile (Tachdjian,
15 C.etall POT I Appl. 2008, WO 2008154221) and ethyl 3-oxobutanoate as an orange sohid
(26%). 'H NMR (400 MHz, DMSO-d;) 6 1.32 (¢, J = 8.0 Hz, 3H), 1.83-1.90 (m, 4H), 2.10- 2.13
(m, 2H), 2.59 (s, 3H), 2.86 (m, iH), 4.16 (d, I = 4.0 Hz, 2H), 432 {q, I =80 Hz, 2H), 6.90 (d, ]
= 8.0 Hz, 1), 7.23 (d, J = .0 Hz, 111), 7.51 (¢, F = 8.0 Hz, 1H), 8.05 (brs, 2H). M3 315 (MH").

24 Example 31 4-amine-5-2~{cyclopentanccarboxamido-2-methylpropoxy)-Z-methyl-
guineline-3-carboxylic acid

Me N

’d

Qs

Prepared as in Example 1 from ethyl 4-amino-53-(2-{cyclopentanccarboxamido)-2-

HO,C

methylpropoxy)-2-methylquinoline-3-carboxylate (Example 31a) as an off~white solid (68%).

25 11 NMR (400 Milz, DMSO-dg) 6 1.36 (s, 611), 1.43-1.51 (m, 6ID), 1.65-1.69 (m, 2F), 2.58 (m,

~d
W
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1H), 2.78 {m, 3H), 437 (s, 2H), 7.04 (m, 1H), 7.29 (d, } = 8.0 Hz, 1H), 7.68 (m, 1H), 7.80 (s,
1H}, 8.84 (brs, 111}, 12.42 (brs, 1), 12.73 (brs, 1H). MS 386 (MH").

Example  3la; ethyl  4d-amino-5-(2-(cyclopentanccarboxamido)-2-methylpropoxy}-2-

methylquinoline-3-carboxylate

Prepared as in Example 24a from ethyl 4~-amino-5-(2-amino-2~-methyipropoxy)-2-methyl-
guinoline-3-carboxylate (Example 24b) and cyclopentane carboxylic acid as a vellow solid
{33%). 'F NMR (400 MIlz, DMSO-~ds) 8 1.34 (1, J = 4.0 Tz, 310, 1.37 (s, 61, 1.42-1.53 (m,
6H), 1.64-1.69 (m, 2H), 2.58 (m, 1H), 2.62 (5, 3H), 4.32 (5, 2H), 4.35 Gu, 2H), 6.96 (m, iH),
7.28¢d, J= 8.0 Hz, [H), 7.58 (my, L), 7.66 (s, 1H), 8.41 (d, 211). MS 414 (M.

Example 32: 4-Amino-8-{cycloheptyloxy)-2-methylguinoline-3-carboxylic acid
Me N

e

HOLC™ Y

NH, O. :

Prepared as in Example 1 from ethyl 4-amino-5-(cyeloheptyloxy)-2-methylquinoline-3-
carboxylate (Example 32a) as a light vellow solid (34%). 'H NMR (400 MHz, DMSO-ds) &
1.49-1.65 (im, 8H), 1.83-1.89 (m, ZH}, 2.04-2.09 (m, 2H), 2.74 (5, 3H), 4.85 (m, 1H), 7.03 (4, § =
8.0 Hz, 1H), 7.23 {d, J = 8.0 Hz, 1H)}, 7.65 {t, J = 8.0 Hz, 1H), 8.82 {brs, 1H), 12.24 (brs, 1H)},
12.64 (brs, 1H). MS 315 (MH").

Example 32a; ethvl 4-amino-5-(cycloheptyioxy)-2-methylguinoline-3-carboxylate

Prepared as in Example 2a from 2-amino-6-{cycloheptyloxy jhenzoniirite (Example 32b)
and cthyl 3-oxobutancate as a bright veliow solid (72%). 'H NMR (400 MHz, DMSO-dy) & 1.32
(t, J = 8.0 Hz, 3H), 1 49-1.65 (m, 8H), L.78-1.87 (m, 2H), 2.04-2.10 (m, 2H), 2.53 (s, 3H). 4.31
{q, J =80 Hz 2H), 4.79 (m, 1H}, 6.89(d, F =80 Hz, 1H), 7.20(d, J=80Hz, 1H), 749 (¢, J =
8.0 Hz, 1H), 8.14 (brs, ZH). MS 343 (MH ).

Example 32b: 2-amino-6-{cycloheptyloxy)benzonitrile

Prepared as in Example 22b from cycloheptanol and 2-amino-6-fluorobenzonitrile as
yellow oil (11%). '"H NMR (400 MHz, DMSO-ds} § 1.42-1.71 (m, 10H), 1.88-1.93 {m, 2H), 4.56
{m, 1H), 5.95 (s, 2H), 6.20 (d, I =&8.0 He, 1H)}, 6.30 (d, I =80 Hz, 1H), 7.15 (1, ] = 8.0 Hz, iH).
MS 231 (M.

~J4
)
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Example 33: 4-Amino-2-methyl-5-3-phenexypropoxyjquineline-3-carboxylic acid
Me N
e

HOLCT

NH, O _~_-O- :

Prepared as in Example 1 from ethyl 4-ammno-2-methyl-3-3-phenoxypropoxy yquinoline-
3-carboxylate (Example 33a) as a yellow solid (30%). 'H NMR (400 Mz, DMSO-ds) § 2.35
(m, 2H), 2.77 (3, 3H), 4.19 (1, I = 4.0 Hz, 2H), 442 {t, ] = 4.0 Hz, 2H), 6.91-6.96 {m, 3H), 7.09
(d, J=R8.0 Hz, 1H), 7.26-7.30 (mw, 3H}, 7.70 {t, J = &.0 Hz, 1H), 8.96 (brs, 1H), 12.24 (brs, 1H),
12.75 (brs, 1HD. MS 353 (MH ).

Example 33a: ethyl 4-amino-2Z-methyl-3-(3-phenoxypropoxy yguinoline-3-carboxylate

Prepared as in Example 2a from Z-amino-6-(3-phenoxypropoxyibenzonitrile (Example
33b) and ethyl 3-oxobutancate as a yellow solid (47%). 'H NMR (400 Mz, DMSO-ds) § 1.33
(t, § = 8.0 Hz, 3H), 2.34 (m, ZH), 2.57 (s, 3H), 419 (1, J = 4.0 Hz, ZH)}, 4.33 (g, J = &0 Hz, 2H),
4.37 {t, § = 4.0 Hz, 2H), 6.91-0.97 (m, 4H), 7.24-7.29 {m, 3H), 7.53 (¢, § = 8.0 Hz, 1H), 8.17 {s,
2H). MS 381 (MH.

Example 33b: 2-amino-6-(3-phenoxypropoxybenzonitrile

Prepared as in Example 22b from 3-phenoxy-1-propanol and 2-amino-6-fluorobenzo-
nitrile as a yellow oil (93%:). "H NMR (400 MHz, DMSO-d,) 5 2.14 (m, 2H), 4.10-4.16 {m, 4H),
S98 (s, 2H), 623 (d, ] =8.0 Hz, 1H), 633 (d, } = 8.0 Hz, 1H}, 6.89-6.94 (m, SH), 7.16 (1, I = &.0
Hz, 1H).

Example 34: 44-Amine-5-{{1-(3-hydroxybenzoyi}piperidin-4-viimethoxy)-Z-methyi-
guinoline-3-carboxylic acid

Me /N o

H
HOZC: \/\(\ ; N ©
NH, O

Prepared as m Example 1 from ethyl 4-amino-S-({1-(3-hydroxybenzoyhpiperidin-4-
ylymethoxy)-2-methylguinoline-3-catboxylate (Example 34a) as an orange powder (23%). 'H
NMR (400 MHz, DMSO-ds} ¢ 1.24 (ors, 2H), 1.79-1.88 {m, 2H), 2.29 (m, 1H), 2.77 (s, 3H),
3.07 (brs, 2H}, 3.65 (brs, 1H), 4.17 {(d, J = &0 Hz, 2H), 4.50 (brs, 1H), 6.74-6.83 (m, 3H)}, 7.07
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(6, §=8.0Hz, [H),7.23 (t, J = 8.0 Hz, 1H), 7.29 (d, ] = 8.0 Hz, 15, 7.69 (t, J = 8.0 Hz, 11),
8.74 (brs, 1H), 9.75 (s, 1H), 12.25 (brs, 1H), 12,71 (brs, 1H). MS 436 (MH"),

Example  34a; cthyl  4-amino-53-((1-(3-hydroxybenzoylpiperidin-4-vhmethoxy -2~

methylquinoline-3-carboxylate

Prepared as i Example 2a from  2-amino-6-({(1-(3-hydroxybenzoyhpipenidin-4-
yhmethoxybenzonitrile (Example 34b) and ethyl 3-oxobutanoate as a yellow solid (49%). 'H
NMR (400 MHz, DMSO-ds) 8 1.24 (m, 21, 131 (t, J = 4.0 He, 31, 1.77-1.89 (m, 2H), 2.22
{(brs, [H), 2.55 (5, 3H), 2.79 (brs, 1H), 3.04 (brs, 1H), 3.64 {(brs, 1H), 4.10 (m, 2H), 432 (g, 1 =
8.0 Hz, 2H), 4.49 (brs, 1H), 6.71-6.82 {m, 3H), 6.93 (d, I} = 8.0 Hz, 1H), 7.19-7.25 (m, 2H), 7.52
(t, = 8.0 Hz, H), 8.06 (brs, 2H), 9.64 (s, 1), MS 464 (MH ).

Example 34b; 2-amino-6-({1-3-hvdroxybenzoylpiperidin-d-ylmethoxy ybenzoniirile

Prepared as i Example 24a from 2-amino-6-(piperidin-4-yimethoxybenzonitrile
(Example 34c) and 3-hydroxybenzoic acid as an orange glass (66%). 'H NMR (400 Miiz,
DMSO-ds) 8 1.29 (m, 2H), 1.66-1.92 (m, 2H), 2.06 (m, 1H)}, 2.80 (brs, 1), 3.05 (brs, 1H), 3.62
{brs, 1ID), 3.91 (d, I = 8.0 Hz, 2, 4.49 (brs, 111}, 5.99 (5, 21, 6.22 (d, J = 8.0 Hz, 111), 6.34 (4,
T=8.0Hz, 1H), 6.72-6.83 (in, 3H), 7.15-7.24 (in, 2HD), 9.65 (s, 1TH). MS 352 (MH").

Example 34c: 2-amino-6-(piperidin-4d-ylmethoxybenzonitrile

To a solntion of fere-butyl 4-((3-amino-2-cyanophenoxy ymethyDpiperidine~1 ~carboxylate
{Example 344, 1.33 g, 4.0 mmol) in EtQAc (20 mL) was added dropwise agueous HCI solution
(12 N, 6.6 mL} at 0 °C. The reaction mixture was stirred at room temperature overnight. The
sofvent was removed under reduced pressure to give the title compound (1060%) as a brown solid,
which is pure enough and used directly in the next step without further purification. MS 232
(MH").

Example 34d: 2 rerf-butyl 4-((3-amino-2-cyanophenoxyymethyhpiperidine- L -carboxylate

Prepared as in Example 22b from N-Boc-4-piperidinemcthanol and 2-amino-6-fluoro-
benzonitrile as an off-white solid (37%). "H NMR (400 MHz, DMSO-dg) 4 1.15-1.21 (m, 2H),
1.40 (5, 9H), 1.74 (m, 2H), 1.99 (brs, 1H}, 2.74 (brs, 2H), 3.87 (d, § = 4.0 Hz, 2H), 3.96 {m, 2H),
599 (s, ZH), 621 (4, J=80Hz, IH), 633, F=8.0Hz 1H),7.17 (1, I=80Hz, 1H). MS 232
(MH -Boc),
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Example 35: d-Amine-5-({(1-butyrvipiperidin-4-yhmethoxy)-2-methylguinsline-3-
carboxylic acid

Me /N o

HOZC: \/\(\ ; NJ\/\
NH, O

Prepared as in Example 1 eothyl 4-amino-5-{(1-butyrylpiperidin-4-ylimethoxy)-2-
methylguinoline-3-carboxylate (Example 35a) as a white solid (61%). 'H NMR (400 MHz,
DMSO-dg) 6 0.87 (¢, J = 8.0 Hz, 3H), 1.05-1.22 (m, 2H), 1.50 (m, 2H), L.80 (m, 2H), 2.24-2.31
(m, 3H), 2.65 (s, 3H}, 3.02 (2H), 3.88-3.92 (m, 1H), 4.11 (m, 2H), 4.44 (m, 1H}, 7.05 (m, 1H),
7.26 (d, J = 8.0 Hz, 1H), 7.69 (m, 1H), 8.76 (brs, [H), 12.33 (brs, 1H), 12.65 (brs, 1H). MS 386
(M),
carboxylate

Prepared as in Hxample 24a from ethyl 4-amimo-2Z-methyl-3-(piperidin-4-ylmethoxy)-
guinoline-3-carboxylate (Example 35b) and butyric acid as a yellow oil (30%). MS 414 (MH ),

Example 35b: ethyl 4-amino-2-methy-5-(piperidin-4-ylmethoxyquinoline-3-carboxylate

Prepared as in Example 2a from benzyl 4-((3-amino-2-cyanophenoxy ymethylpiperidine-
-carboxylate (Example 35¢) and ethyl 3-oxobutanoate as an orange solid (25%). 'F NMR (400
MHz, DMSO-dy) 5 1.29-1.37 (m, SH}, 1.77-1.80 {m, 2H), 2.07 {brs, 1H}, 2.53 (5, 3H), 2.55-2.65
(m, 3H), 3.06-3.09 (m, 2H), 4.06 (4, ] = 8.0 Hz, 2H), 432 {q, I = &0 Hz, 2H)}, 6.92 (d, J = 80
Hz, 1H), 7.24 (d, J = 8.0 Hz, 1H), 7.51 (t, } = 8.0 Hz, 1H), 8.08 (s, 2H). MS 344 (MH").

Example 35¢; 4-({(3-amine-2-cyanophenoxy imethyhipiperidime--carboxvlate

Prepared as in Example 22b from 1-N-Cbz-4-(hydroxymethyl)piperidine and 2-amino-6-
fluoro-benzonitrile as a yellow ot (18%). TH NMR {400 MHz, DMSO-dg) 0 1.20-1.25 (m, 2H),
1.75-1.78 (m, 2H), 1.96 (brs, 1H}, 3.88 (d, J = 8.0 Hz, 2H), 3.99-4.04 (m, 4H)}, 5.07 {s, 2H), 5.99
(s, 2H), 6.21 {d, } =80 Hz, IH), 634 (d, J =8.0Hz, 1H), 7.17 (, ] = 8.0 Hz, 1H), 7.29-7.40 {m,
SH). MS 366 (MH .

Example 36: 4-amine-5-(cyclohexyloxy-2-methylguinoline-3-carboxylic acid
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Me N

~

S

NH, O. :

To a solution of cthyl 4-amino-5-(cyclohexyloxy)-Z-methyviguinoline-3-carboxylate

{(Example 36a, 110 g, 0.335 mol) in EtOH {450 mL) was added a solution of NaOH (335 g,

HO,C

0.837 mol} in water (200 mL)} at room temperature. The reaction mixture was then refluxed
overnight. The reaction solution was cooled down to 0 °C and carefully neutralized with 4N HCI
to pH 7. The resultant solution was concentrated under reduced pressure to remove most of the
EtOH. The precipitate was collected by filtration, and re-dissolved in EtOH (4 L) at 65 °C and
treated with activated charcoal (5 g} for (.5 h. The charcoal was removed by filtration over
celite, and the filtrate was concentrated. The precipitate was collected by filtration, washed with
cold water, and dried under vacuum at 60 °C overnight to give the title compound as a white
solid (100 g, 99%). M.p.: 220.0-221.5 °C. 'H NMR (400 MHz, DMSO-d:) § 1.28-1.72 (m, §H),
2.00-2.04 (m, 2H), 2.75 (s, 3H), 4.69-4.71 {m, 1H), 7.10-7.12 (4, F = &0 Hz, 1H), 7.24-7.26 (d,
= 8.0 Hz, 1H), 7.65 (1, J = 8.0 Hz, 1H), 12.80 (brs, 1H). MS 301 (MH"). Elemental Analysis
Calculated {(Found) for CiyHaelNoOs: €, 67.98% (67.74%); H, 6.71% (7.01%); N, 9.33% (8.40%:).

Example 36a; ethyl 4-amino-5-(cyclohexyloxy)-Z-methyiquinolineg-3-carboxylate

A solution of ethyl 3-oxobutancate (29.9 g, 0.230 mol) in anhydrous toluene (200 mL)
was added to a solution of 2-amino-6-{cyclohexyloxy)benzonitrile (Example 36b, 49.8 g, $.230
mol} in anhydrous toluene (1000 mL) under nitrogen in a 3 L round bottom flask sitting in an oil
bath at room temperature. SnCly (53.9 ml, 0.461 mol) was added slowly over & peried of
approximately 1 h. The oil bath temperature was then raised to 110 °C and the reaction mixture
was stirred at that temperature for 2.5 h, It was then cooled down to 5 °C, still under nitrogen,
and the toluenc was decanted away from the tmmiscible viscous oil at the bottom of the flask,
The viscous o1l was further concentrated under vacuom at 60 °C, re-dissolved in boiling cthyl
acetate {1 L), and transforred to a 4 liter Erlenumeyer flask., The solution was diluted with more
EtOAc (1.5 L), cooled down to -15 °C, and neutralized with NaOH (3 N, 300 mL). The organic
layer was separated, and the aqueous comulsion was extracted once more with cthyl acetate. The
msoluble tin salts were filtered out from the aqueons layer, then both the salts and agueons

filtrate were washed once more with ethyl acetate. The combined organic layers were dried over

80
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MgSQy, concentrated, and passed through a silica column using 0% to 60% cthyl acetate in
hexanes. The product was purified by recrystallization from EtOAc to give the title compound
as an off-white solid (64.3 g, 85%). 'H NMR (400 MHz, DMSO-d,) 6 1.28-1.34 (m, 111}, 1.32 (&,
3H), 1.37-14S (m, 2H), 1.51-1.63 (m, 3H), 1.67-1.71 (m, 2H), 1.99-2.03 (m, 2H), 2.54 {5, 3H),
4.28-433(q, J = 6.8 Hz, 2H), 4.64 (u, 1H), 6.95-6.97 (4, T =7.6 Hz, 1H), 719721 (d, I =84
Hz, 1H), 7.65 (t, F = 8.4 Hz, 11, 8.15 (brs, 2H). MS 329 (MH").

To a solution of eyclohexanol (19.1 g, 0.191 mol) in anhydrous THF (500 mL) was added
WNaH (7.6 g, 40% i muineral oil, 0.191 mol) in small portions at § °C under nitrogen. The mmxture
was stirred at room temperature for | h and a solution of Z-amino-6-fluorohenzonitrile (20.0 g,
0.15 mol) in anhydrous THF (150 mL) was added drop-wise at room temperature. The reaction
mixture was heated to reflux overnight then cooled to room temperature and most of the THF
removed under reduced pressure. fce water (100 mb) was added to the concentrated reaction
mixture followed by EtOAc¢ (500 mL). The organic layer was separated and successively washed
with water and brine, dried over NapSQs, filtered and evaporated under reduced pressure. The
residue was purified by chromatography on silica gel eluting with 25-30% EtOAc¢ in hexanes to
give 2-amino-6-(cyelohexyloxyloenzonitrile as a light yellow oil {(17.9 g, 56%), 'H NMR (400
MHz, CDCL) 6 1.32-1.43 (m, 3H), 1.51-1.55 {m, IH), 1.62-1.69 (m, 2H), 1.79-1.95 (i, 4H),
4.31-4.36 (m, 31, 6.23-6.27 (m, 2H), 7.18 (d, T = 8.0 Hz, 111). MS 329 (MH ).

Example 36b; 2-amino-6-{cyclohexvioxyjbenzonitrile

Afternative Methode a): To a solution of 2-(cyclohexyloxy)-6-nitrobenzonitrile

{Example 36¢, 50.0 g, (.20 mol) in THEF/AcOH (1.1 by volume, 500 mL} was added iron powder
(34.0 g, 0.61 mol} in one portion at room temperature vnder nitrogen. The reaction mixture was
refhixed for 40 min under nitrogen and cooled down to room temperature and EtOCAc (2 1) was
added. The precipitate that formed was filtered off and washed with EtOAc. The organic layer
was separated and washed successively with water (2 X 300 mL}, agueonus NaOH {(1.0N, 2 X
300 ml), saturated NaxCO; solution (300 mb), brine (300 mL), dried over Na,SQq filtered and
evaporated under reduced pressure, The residue was purified by chromatography on silica gel
cluting with 25% EtOAc in hexanes to give 2-amino-O-{cyclohexyloxyibenzonitrile as a pale

yvellow oil {(45.0 g, 94%6), which solidified after storage overnight at room temperature.

81
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Alternative Methede 5): A 3-L 3-neck round bottom flask was first purged with

nitrogen. 0% Pd/C (2.81 g) was then added under nitrogen, followed successively by 2-
{cyclohexyioxy)-6-nitrobenzonitrile (Example 36¢, 43.2 g, 0.175 mol), anhydrous methanol (389
mL}, and acctic acid (80.4 mL). A reflux condenser, a dropping funnel containing a solution of
aramoniom formate (49.8 g, 0.790 mol) in anhydrous methanol (498 ml), thermoreter, nitrogen
mlet and nitrogen outlet were attached.  Ammonium formate solution (75 ml) was added at
room temperature, then the reaction was slowly heated to a maximum of 42 °C. The mixture
was monitored carcfully until itiation of the reaction was observed (an evolution of gas
occurred with roughly a 10°C exotherm). Initiation of the reaction often took up to 40 munutes
betore starting. The remaining of the amunonium formate solotion was then added at a rate
which mamtained an nternal reaction temperature of 40 °C to 48 °C.  Afier the addifion was
complete, the reaction mixture was stitred for another 10 minuotes at 45 °C, then cooled down to
room temperature.  The Pd/C was filtered ount using a Teflon filter, and the solvent was
evaporated. Ice water (1 L) was added to the residue, then the water was decanted and discarded.
The residue was dissolved w diethyl cther, washed with water, then saturated sodium
bicarbonate solution, then dried with magnesium sulfate and concentrated. The product was then
purified on silica gel using isocratic DCM to give the product as a yellow o1l (31.5 ¢, 83%).

Example 36¢; 2-{cyciochexvioxy}-6-nitrobenzonitrile

To a solution of cyclohexanol (46.8 grams, 0.467 mol} in anhydrous THF (1 L) was
added sodium hydride (20.3 grams, 0.508 mol) at -40 °C under nitrogen, The reaction mixture
was allowed to warm slowly to room temperature and stir for another 1 hour. It was then cooled
down to -55 °C and 2.6-dinitrobenzonitrile (78.4 g, $.406 mol} was added. The reaction was
stirred at room temperature overnight, then cooled down to -20 °C, and citric acid (23.4 grams,
0.122 mol) was added. The mixture was then poured into ice water (5 L} which contained citric
acid (7.8 g, 0.041 mob), stirred for 15 minutes, and the precipitated product was collected by
filtration, The crude product was recrystallized from isopropanol (750 mL, hested to boiling,
then cooled down to 0 °C), filtered, washed with isopropanol (300 mL), then air dried to give
84.4 g vellow solid. The solid was dissolved i dichloromethane (169 mL) and filtered through a
plug of alumina to give the title compound as a pale vellow solid (83.2 g, 83.2%). 'H NMR (400
MHz, DMSO-ds) 6 1.4 (m, 4H), 1.6 (m, 2H), 1.7 (m, 2H), 1.9 6m, 2H), 4.75 (m, 1H), 7.79 ({dd, J
= 2.0, 8.0 He, [H), 7.84-7.91 (m, 2H).
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Example 37: 4-amine-5-2-(cyclohexanecarboxamido)-2-methylpropoxy}-2-methyl-
guinoline-3-carboxylic acid
Me N

g
HOLC™ Y

O
NH \><
H

Prepared as in Example 1 from cthyl 4-amino-5-(2Z-{cyclohexanccarboxamido)-2-
methylpropoxy)-2-methylguinoline-3-carboxylate (Example 37a) as a white powder (78%). 'H
NMR (400 MHz, DMSO-ds) 6 1.11-1.22 {m, 5H), 1.33 (s, 6H), 1.56-1.62 (m, 5H), 2.14 (m, 1H),
278 (s, 3H), 4.34 (s, 2H), 7.01 (d, I = 84 Hz, 1H), 730 (d, ] = €4 Hz, 1H), 7.66 {t, J = &4 Hz,
1H), 7.74 (s, 1H). MS 400 (MH).

Example 37a: cthyl 4-amino-5-(2-(cycichexanecarboxamido}-2-methylpropoxy)-2-

methylguinoline-3-carboxylate

Prepared as in Example 2a from N-(1-{3-amino-2-cyanophenoxy)-2-methylpropan-2-
vhcyclohexanccarboxamide (Example 37b) and ethyl 3-oxobutanoate as a bright yellow solid
(55%). MS 428 (MH"),

Example  37b:  N-(1-(3-amino-2-cyanophenoxy -2-methylpropan-2-vheyclohexane-

carboxamide

Prepared as in Example 22b from N-(1-hydroxy-2-methylpropan-2-vhcyclohexane-
carboxamide (Example 37¢) and 2-amuno-6-fluorobenzonitrile as an off-white solid (29%). MS
316 (MH Y.

Prepared as i Example 24a fHom cyclohexanecarboxylic acid and 2-amino-2-

methylpropan-{-of as a colorless oil (15%). MS 200 (MH').

Example 38: 4-aminoe-5-2-3-C-hydroxyethoxy)-S-methoxybenzamido)-2-methylpropoxy -

Z-methylguineline-3-carboxyHe acid

&3
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Me N

NH, o)( )k©/o\/\OH

To a solution of 4-amino-5-(2-(3-(2-(benzyloxy)ethoxy -5-methoxybenzamido}-2-methy-

H02C

ipropoxy}-2-methylgoinoline-3-carboxylic  acid (Example 38a, 237 wmg, 0.5 mmol) m
EtOH/EIOAc (111, 20 mL) was added 10% PA/C (wet, 30 mg). The suspension was then stirred
under an atmosphere of hydrogen at room temperature overnight. The PA/C was filtered off, and
the filtrate was concentrated. The residue was purified by HPLC {(cluent: 10-100% MeOH 1o
10 to give the title compound as an off-white solid (152 mg, 63%). 'H NMR (400 MHz,
DMSO-~dg) 0 1.49 (5, 6H), 2.75 (s, 3H), 3.68 (1, I = 5.2 He, 2H), 3.73 (s, 3H), 399, 1=52 Hg,
TH), 4.47 (s, 2H}, 6.57 (5, 1H), 6.88 (s, 1H), 6.96 (s, 1H), 7.06 (d, ] Hz, TH), 7.28(d, I =8
Hz, 1H), 7.67 (1, J = 8 Hz, 1), &.14 (s, 1H). MS 484 (MH").

Example 38a: 4-amino-5-(2-(3-2-(benzyioxyjethoxy}-5-methoxyvbenzamido)-2-methyl-
propoxy }-2-methyiquinoline-3-carboxylic acid

Prepared as in Example 1 from ethyl 4-amino-5-(2-(3-(2-hydroxyethoxy -S-methoxy-
benzamido}-2~-methyipropoxy)-2-methylguinoline-3-carboxylate  (Example 38b) as a white
powder (85%). MS 574 (M),

Example  38h:  cthyl  4-amino-5-(2-(3-(2-hydroxyethoxy)-S-methoxy-benzamido }-2-

methylpropoxy)-2-methyiquinoline-3-carboxylate

Prepared as in  Example 242 from 4-amino-S-(2-amino-2-methvipropoxy)-2-
methylquinoline-3-carboxylate {(Example 24b) and 3-(2-(benzyloxyjethoxy)-S-methoxybenzoic
acid {Example 39¢) as a pale-brown solid {(20%). MS 602 (MH").

Example 38¢c: 3-(2-(benzyloxy)ethoxy}-S-methoxybenzoic

Prepared as in Example 1 from methyl 3-(2-(benzyloxy)cthoxy -5-methoxybenzoate
{(Example 38d) as a white solid (64%). 'H NMR (400 MHz, DMSO-ds) 8 3.83 (s, 3H), 3.84 (1, J
=48 Hz 2H), 418 &, J=4.8 Hz, 2H}, 4.65 (5, 2H), 6.74 (s, 1 H), 7.25 - 7.37 (m, TH),

Example 38d: methyl 3-(2-(henzyloxyjethoxy)-S-methoxybenzoate

To a solution of methyl 3-hydroxy-3-methoxybenzoate (Chakraporty, T. K. and Reddy,
G. V. J Org. Chem, 57,1992, 5462.) (3.3 g, 181 muwol) in dry DMF (30 mL) was added K,CO;

(6.3 g, 45.3 munol} at room temperature. The reaction was stirred at room ternperature for 10

84
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minutes then ((2-bromoethoxy ymethyvhbenzene (3.4 mi, 21.7 numol) was added and the mixture
stirred at 160 °C for 2 hrs. The reaction was cooled down to room temperature and diluted with
EtOAc, washed with water and brine, and dried over MgSO4, filiered and concentrated to give

the crude product (90%) which was used in the next step without further purification.

Example 39: 4-amino-5-((2-iscbutyramidecyclohexyloxy)-2-methylguinoline-3-carboxylic
acid

Me /N o

HOZC: \’j/\ ; HN)H/
NH, O. t

Prepared as in Example 1 from ethyl 4-amino-5-((2-isobutyramidocyclohexyljoxy}-2-
methylquinoline-3-carboxvlate (Fxample 39a) as a white powder (90%). "1 NMR (400 Milz,
DMSO-dgy 6 0.83 (d, J = 6.4 Hz, 3H), 0.93 (d, J = 6.4 Hz, 3H), 1.42 (m, 3H), 1.65 (m, 4H), 1.96
(m, 1), 2.40 {m, 1H}, 2.76 (5, 3H), 4.13 (m, 1), 4.99 (m, 1H), 707 (d, ] = &4 Hz, 1H), 7.25
(d, T=84Hz, 1H), 7.63 (1, T= 8 hz, 171, 7.93( 4, J = 7.6 Hz, 1H). MS 386 (MH ).

Example 3%a: cthyl 4-amino-5-((Z-isobutyramidocyclohexyljoxy)-2-methylguinoline-3-
carboxylate

Prepared as in Example 2a from N-{2-(3-amino-Z-cyanophenoxyjeyclohexyliisobutyr-
amide {Example 39b) and ethyl 3-oxobutanocate as a vellow solid (63%). MS 414 (MH").

Example 39b: N-(2-(3-amino-2-cyanophenoxyjcycichexylisobutyramide

Prepared as in Example 22b from N-(2-hydroxycyelohexylhisobutyramide (Example 39¢)
and 2-amino-6-fluorobenzonitrile as a brown solid (70%). MS 302 (ME").

Example 39¢; N-(2-hydroxycyclohexyljisobutyramide

Prepared as in Example 24a from isobutyric acid and 2-aminocyclohexanol as a colorless

oil (53%). MS 186 (MH").

Example 40: 4-amino-5-((4-iscbutyramidecyclohexyloxy)-2-methylguinoline-3-carboxylic

acid
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Me N

’d

[
NH, O
2 o)
N
[ lH)g(

Prepared as in Example | from ethyl 4-amuno-5-{{4-1sobutyramidocyclohexyDoxy -2~

HO,C

methylquinoline-3-carboxylate (Example 40a) as a white powder (87%). 'H NMR (400 Mz,
DMSO-~dsy 2 0.97 (d, § = 7.2 Hz, 6H), 1.34-1.37 {m, 2H), 1.65-1.68 (m, 2H), 1.&1-1.84 (m, Z2H},
243-2.16 (m, 2H), 2.33 (m, 1H), 2.75 (s, 3H), 3.58 (m, 1H), 4.84 (m, 1H), 7.15 (d, I = &4 Hz,
D), 7.234(d, J = & Hz, TH), 7.65(d, J = 7.6 Hz, 2H). MS 386 (MH").

Example 40a; ethyl 4-amino-5-({4-isobutyramidocyclohexylioxy)-2-methylguinoline-3-
carboxylate

Prepared as in Example 2a from N-{4-(3-amino-2-cyanophenoxyeyclohexylisobutyr-
amide (Example 40b) and ethyl 3-oxobutancate as a yellow solid (57%). MS 414 (MH").

Example 40b: N-(4-(3-amino-Z-cyvanophenoxyjcyelohexyl jisobutyramide

Prepared as in Example 22b from N-(4-hydroxycyclohexylisobutyramide (Example 40c)
and 2-amino-6-flucrobenzonitrile as an off-white solid (99%). MS 302 (MH".

Example 40c; N-(4-hydroxycyclohexylisobutyramide

Prepared as in Example 24a from isobutyric acid and 4-aminocyclohexanol as a coloriess

oil (44%). MS 186 (MH".

Example 41: 4-amino-S-isohutoxy-2-methyiguinsline-3-carboxyiic acid
Me N

|
HOLC™ Y
N, 0k

To a solution of cthyl 4-amino-5-isobutoxy-2-methylquinoline-3-carboxylate {(Example
41a, 18.0 g, 59.53 mmol) in EtOH (150 mb} was added aqueous NaOH selution (3 N, 50 mL)
and the reaction mixture was refluxed overnight. It was then cooled down to room temperature
and the solution was filtered to remove any possible solid residue. The filtrate was carefully
neutralized with 6N HCl to pH 7 at 0 °C. The resultant precipitate was collected by filiration,

washed with water, re-dissolved in EtOH (700 mL) and water (20 mL), and treated with
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activated charcoal (650 mg) at 70 °C for 0.5 h. The charcoal was removed by filtration, and the
filtrate was concentrated and stored at 4 °C overnight. The resulting precipitate was collected by
filtration, washed with cold H0, and dried under vacuum at 60 °C overnight to give the title
compound as a white solid (4.24 g, 26%). M.p.: 203.7 °C. 'H NMR (400 MHz, DMSO-d,) d
1.01-1.02 (m, 6H}, 2.19-2.24 {m, 1H), 2.77 {s, 3H}, 4.05(d, I = 6.4 Hz, 2H), 7.08 {d, I = 8.0 Hz,
1H), 7.33 (4, J = 8.0 Hz, 1H), 7.71 (¢, J = 8.0 Hz, 1H), 8.9 (brs, [H), 11.45 {brs, 1H), 13.2 {brs,
1), MS 275 (MH'"). Elemental Analysis Calculated (Found) for CisHigsN-030.751,0: C,
62.59% (62.23%); H, 6.83% (7.25%; N, 9.76% (9.73%).

Example 41a; ethyl 4-amino-5-isobutoxy-2-methylguinoline-3-carboxylate

To a solution of Z-amino-6-isobutoxybenzonitrile (Example 41b, 16.4 g, 86.32 mmol}
and ethyl aceteacetate (16.9 ml, 86.32 mmol} in anhydrous toloene (200 ml} was added SnCly
{(19.9 mb, 172.63 mmol} over a period of 15 minutes at room temperature under nitrogen. The
stirred reaction mixture was then refluxed for 3.5 b under nitrogen. After it was cooled down to
room temperature, the reaction schution was concentrated to remove most of the solvent under
reduced pressure. The residuc was re-dissolved in EtOAc (3 L) and carefully neutralized to pH 8
with agucous NaOH solution (6.0 N, ~110 mbL) at § °C. The resultant mixtare was stirred at
room temperature overnight, The precipitate was filtered off, and the organic layer was scparated
and washed with brine (400 mL), dried over Na,8O, and concentrated under reduced pressure.
The residue was purified by coluomn chromatography on silica gel eluting with 50% EtOAc in
hexanes to give the title compound as a white solid (18.0 g, 69%). MS 303 (MH").

Example 41b: 2-amino-6-isobutoxybenzonitrile

To a solution of 2-isobutoxy-6-nitrobenzonitrile (Example 41c¢, 343 g, 0.156 mol} in
AcOH/THF (1:1 by volume, 250 wml) was added iron powder (17.36 g, 6.311 mol} in one
portion, The stitred suspension was heated to reflox for 30 minutes. After it was cooled down 1o
room temperature, the reaction solution was diluted with EtOAc (1 L), The sohd was removed
by filtration, and the filtrate was washed subsequently with water (300 mL X 2), 1N NaOH (300
ml), saturated Na;COs agueous sohution (300 mbL), brine (300 ml), and dried over NaxSQ,.
After evaporation of the solvent, the residue was purified by chromatography on silica gel
eluting with 20 % EtOAc in hexanes to give the title compound as a yellow oil {16.4 g, 83%). 'H

NMR (400 MHz, DMSO-dg) ¢ 0.96 (d, 1 = 6.8 Hz, 6H), 1.96-2.02 (m, 1H), 3.75 (d, ] = 6.4 Hz,

&7
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2H), 5.96 (s, 2H}, 6.17 (d, I = 8.4 Hz, 1H), 6.30(d, I = 8.4 Hz, 11}, 7.15 (t, I = $.8 Hz, 1H}. M8
191 (e,

Example 41b alternative procedure: 2-amino-6-isobutoxybenzonitrile

Sodmm hydride {(60% suspension in oil, 25.0 g, 0.625 mol) was suspended in anhydrous
THF (1008 wlL} under nitrogen and heated to an internal temperature of 40°C to 45°C. 2-
methylpropan-i-of (61.2 mL, 0.661 mol} was then added slowly and portionwise. The mixture
was heated at 40°C 1o 45°C for 1 hour, then cooled to 35°C. 2-amino-6-fluorobenzonitrile (50.0
g, 0.367 mol} was added and refluxed for 21 hours. The muxtare was cooled to r.t., then ice (250
g}, e water {750 mL}, and hexanes (1000 mlL} was added. Insoluble solids were filtered ount
and the organic layer was separated. The aqueouns layer was extracted once more with a mixture
of diethyl ether (250 mL) and hexanes (250 mL). The combined organic layer was washed
twice with a solution of citric acid {53 g} in water (500 mL)}, then washed with 80% brine (300
mkb}, then dried with magnesium sulfate, filtered and concentrated under reduced pressure. The
residuc was dissolved in methanol (500 mL), and the immiscible oil carried through from the
sodimim hydride suspension was separated oft in a separatory funnel. The solvent was evaporated
under vacuum, and the residue was washed with hexanes (250 mL)}, atter which the product 2-
amino-6-isobutoxybenzonitrite was obtained as a viscous oil (46 grams, yield: 66%). 'H NMR
(400 MHz, DMSO-dgy 0 7.16 (1, /= 8.0 Hz, 1H), 633 (d, /=80 Hz, 1H), 6.17 (d, /=80 Hz,
1H), 597 (s, 2H), 3.75 (d, I = 7.2 Hz, ZH), 2.00 (m, 1H), 0.97 (d, J = 6.8 Hz, 6H) ppm. MS 191
(MH").

Example 4 1¢; 2-isobutoxy-6-nitrobenzonitrile

To a solution of Z-methylpropan-1-ol (9.6 mL, 0.104 mol} in anhydrous THF (200 mL)
was added NaH (60% in nuveral oil, 4.565 g, 0.114 mwol) wm small portions at 0§ °C under Na.
After it was stirred at room temperature for 30 min, the reaction mixture was cooled down to -70
°C and 2,6-dinittrobenzonitrile (20.0 g, $.104 mol) was added portionwise. After the addition was
complete, the reaction mixture was stirred at -70 °C — RT overnight, then poured into ice water
{600 mL). The resultant precipitate was collected by filtration and rinsed with water, hexane, and
air dried to provide 2-isobutoxy-6-nitrobenzonitrile as a light yellow solid (34.3g, 100%). 'H
NMR (400 MHz, DMSO-ds) 6 1.0 (d, § = 6.8 Hz, 6H), 2.04-2.11 (m, 1H), 4.02 (d, ] = 6.8 Hz,
2H), 7.69-7.71 {m, 1H), 7.84-7.90 (m, 2H). MS 221 (MH"}



WO 2011/123693 PCT/US2011/030802

Example 42: 4-amino-S-isopropoxy-2-methylquinsiine-3-carboxylic acid
Me N
|

HOLCT

NH2 O\l/

Prepared as m Example 1 from ethyl 4-amino-5-isopropoxy-2-methylguinoline-3-
carboxylate (Example 422) as a white solid (71%). 'H NMR (400 MHz, DMSO-d;) 6 1.4 (d, =
6.4 Hz, 6H), 2.73 (s, 3H), 4.87-4.93 (m, 1H), 701 (d, I = 8.0 Hz, 1H), 7.27 (d, = 8.0 Hz, 1H),
7.60 (t, F= 8.4 Hz, 1H). MS 261 (MH".

e

Example 42a; cthyl 4-amino-5-isopropoxy-2-methyvlguinoline-3-carboxylate

Prepared as in Example 2a from 2-amino-6-isopropoxybenzonitrile (Tachdjian, C. ot al.

PCT Int. Appl. 2008, WO 2008154221) and ethyl 3-oxobutanoate as an off-white solid (32%). 'H

10 WNMR (400 MHz, DMSO-dg) 0 1.32¢t, J = 7.6 Hz, 3H), 1.38(d, J = 6.0 Hz, 6H), 2.54 (5, 3H), 4.3

{q, =72 Hz, IH), 4.83-4.8% (m, 1H), 6.93 (d, J =80 Hz, 1H), 7.20(d, J=8.0 Hz, 1H), 7.50 (1,
J=8.4Hz, 11, .14 (s, 2H). MS 289 (MH".

Example 43: 4-amine-S-((I-(hydroxymethylicyclohexylimethoxy)-2-methylguinoline-3-

15  carbexylic acid

Me N

]

HOLC™ Y
NH, O

OH
Prepared as in Hxample 1 from ethyl 4-amino-5-((1-(hydroxymethyljcyclohexyl)-
methoxy)-2-methylguinoline-3-carboxylate (Example 43a) as an off-white solid (49%). 'H NMR
(400 MHz, DMSO-d;) 5 1.37-1.48 {m, 10H)}, 2.75 (s, 3H), 3.50 (s, 2H), 4.03 (s, 2H), 5.08 (brs,
20 1H)L 7.06(d, J =84 Hz, 1H), 7.25(d, J =88 Hz, 1H), 7.66 (1, J = 8.4 Hz, TH), 9.39 {brs, 1H},
12.17 (brs, 1H}, 12.74 (brs, TH). MS 345 (MH ).

Example 43a: cthyl  4-amino-5-((1-(hydroxymethvljcyclohexylimethoxy)-2-methyl-

quinoline-3-carboxylate

89
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Prepared as in Example 2a from (1-{(3-amino-2Z-cyanophenoxy ymethylicyclohexyly-
methyl acetate (Tachdjian, C. et al. PCT . Appl. 2808, WO 2008154221} and cthyl 3-

oxobutanoate as an off-white solid (60%). MS 373 (MH").

e

Example 44: 4-amine-5-(2-(3,5-dihyvdroxybenzamide)-2-methyipropoxy)-2-methyl-

Me N
L)
HOLC™ Y \>< 0
NH, O NJ\Q/OH
H
OH

Prepared as m Example 1 from cthyl 4-amino-5-(2-(3.5-dihydroxybenzanudo)-2-

guinsline-3-carboxylic acid

methylpropoxy)-2-methylquinoline-3-carboxylate (Example 44a) as a white solid (73%). 'H

10 NMR (400 MHz, DMSO-dy) 6 1.46 (5, 6H), 2.75 (s, 3H), 4.44 (5, 2H), 6.3-6.31 (m, 1H), 6.61 {5,
2H), 7.04(d, I=80Hz, 1H),727{d, =84 Hz, 1H), 7.66 (1, I=8.0 Hz, 1H), 7.98 (s, 1H), 8.79
(brs, 1H), 9.48 (5, 2H). MS 426 (MH").

Example  44a;  cthyl  4-ammo-5-(2-(3,5-dihydroxvbenzamido )-2-methylpropoxy}-2-

methylguinoline-3-carboxylate
15 Prepared as  in Example 24a  from  4-amuno-5-(Z-amuino-2-methylpropoxy)-2-
methylguinotine-3-carboxvlate (Example 24b) and 3,5-dihvdroxybenzoic acid as a yellow-brown

solid (15%). MS 454 (MH }

Example 45: 4-amine-3-({d-(IsopropyvicarbameyDeyelshexyDoxy)-2-methylguinaline-3-
28 carbexylic acid
Me N

’d

HOLC™ Y

NH, O
H
[ j\ ,NY
0]

Prepared as in Hxample 1 from cthyl 4-amino-5-{{4-(isopropylcarbamovijcyclohexyl)-

oxy)-Z~-methylquinoline-3-carboxylate (Example 45a) as a white powder (71%). 'H NMR (460

MHz, DMSO-ds) § 1.01(d, I = 6.4 Hz, 611), 1.59-1.68 (m, 611}, 2.06-2.09 {m, 21, 2.2-2.22 {m,

80
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1H), 2.76 €s, 3H), 3.77-3.83 (m, 1H), 4.96 (5, 1H), 7.06 (d, I = 8.0 Hz, 1H), 7.26 (d, ] = 8.4 Hz,
1H), 7.58 (d, F = 8.0 Hz, 1H), 7.65 (1, J = 8.4 Hz, 1H), §.79 (brs, 11), 12.84 (brs, 2H). MS 386
(MH".

Example  45a; ethyl  4-amino-5-((4-(isopropylearbamoyhjcyclohexyloxy)-2-methyl-
quinoline-3-carboxylate

Prepared as in Example 2a from 4-(3-amino-2-cyanophenoxy )-N-isopropyleyclohexane-
carboxamide (Exampie 45]3) and ethyl 3-oxobutanoate as a vellow solid (56%). MS 414 {MH':"}.

Prepared as in Example 22b from 4~hydmxy-]\’~1sopropyicyciohexmiecarboxmnide
(Example 45¢) and 2-amino-6-fluorobenzonitrile as an off-white solid (17%). "H NMR (400
MHz, DMSO-dg) 6 1.01(d, J = 6.4 Hz, 6H), 1.47-1.57 (m, 41, 1.67-1.77 {(m, 2H), 1.8§9-1.93 (m,

2H}, 2.08-2.15 {m, 1H), 3.75-3.84 (m, 1H), 4.57 (brs, TH), 5.93 (5, 2H), 6.19 (d, I = &0 Hz, 1H),

6.28(d, F =80 Hz, 1), 713 (1, 1= 8.0 Hz, 1H), 748 (4, J = 8.0 Hz, 1H). MS 302 (MH").

Example 45¢; 4-hyvdroxy-N-isopropylevelohexanecarboxamide

Prepared as in Example 24a from 4-hydroxyeyclohexanccarboxvlic acid and propan-2-

amine as a colorless oif (68%). MS 186 (MH").

Example 46 4-aming-3-3-(G-methoxyvhenzyliamine}-2,2-dimethyk-3-oxopropoxy)-2-
methylquinsline-3-carboxylic acid

Me N

d

o ) H\Q\
NH, O N
2 \><H/ OMe

0]

Prepared as in Example | from cthyl 4-amino-5-(3-((3-methoxybenzyljamino}-2,2-
dimethyl-3-oxopropoxy -2-methylquinoline-3-carboxylate (Example 46a) as a white powder
(58%%). M.p.: 172~174 °C . '"H NMR (400 MHz, DMSO-ds) & 1.31 (s, 6H), 2.76 (s, 3H), 3.53 (s,
3H), 4.21 (5, 2H),4.27 (d, F = 5.6 Hz, 2H), 6.64 (dd, } = 8.0, 2.4 Hz, 1H}, 6.69 (m, 1H), 6.72(d, ]
= 8.0 Hz, 1H), 6.98-7.10 (m, 2H), 7.28 (d, I = 8.0 Hz, 1H)}, 7.66 (t, ] = 8.0 Hz, 1H), 847 (1.}
5.6 Hz, 1H), 8.77 {brs, 1H}, 12.26 (brs, 1H), 12.79 (brs, 1H). MS 438 (MH").

Example 46a: ethyl 4-amino-3-{3-{{3-methoxybenzylyamino }-2,2-dimethyl-3-

oxopropoxy -2-methylguinoline-3-carboxylate

81
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Prepared as in Example 2a from 3-(3-amino-2-cvanophenoxy )-N-(3-methoxybenzyl}-2,2-
dimethylpropanamide (Example 46h) and ethyl 3-oxobutanoate as a yvellow solid (42%). MS 466
(MH".

Example _46b: 3-(3-amino-2-cyanophenoxy )-N-(3-methoxybenzyl)-2,2-dimethylpropan-

S ammde

Prepared as in Hxample 22b from 3-hydroxy-N-(G-macthoxybenzyl)-2,2-dimethyl-
propanarnide (Example 46¢) and 2-amino-6-fluorobenzoniirile as a white solid (41%). MS 354
(MH").

10 Prepared as i Example 24a from 3-hydroxy-2,2-dimethylpropancic acid and (3-

a3

N . PR o -+
methoxyphenylymethanamine as an orange ol (41%). MS 238 (MH ).

Example 47: 4-amine-5-3-(cyclohexylamine -2, 2-dimethy-3-oxopropoxy)-2~-methyl-
guingline-3-carboxyiic acid

Me N

’

AN
H
NH, O)%N\O

HO,C

- 6]
Prepared as in Example 1 from cthyl 4-amino-5-(3-(cyclohexylamino}-2,2-dimethyl-3-
oxopropoxy i-2-methylguinoline-3-carboxylate (Example 47a) as an off-white solid (13%). MS
400 (M)
Example 47a; cthyl 4-amino-5-(3-{cyclohexyvlamino)-2,2-dimethyl-3-oxopropoxy -2-
20 methylguinoline-3-carboxylate
Prepared as in Example 24a from 3-({4-anino-3-{cthoxycarbonyl}-2-methylquinolin-5-
vhoxy}-2,2-dimethylpropanocic acid (Example 47b) and cyclohexanamine as a vellow-brown
solid (46%). MS 428 (MH ).

Example 47b; 3-({4-amino-3-{cthoxycarbonyl)-2-methylguinolin-5-vhoxy)-2,2-dimethyl-

bJ
5

propanoic acid
Prepared as in Example 2a from benzyl 3-(3-amino-2-cvanophenoxy)-2,2-dimethyl-

propanoate {Example 47¢) and ethyl 3-oxobutanoate as a brown solid {R0%). M5 192 (MH"),

892
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To a solution of benzyl 3-(2-cyano-3-nitrophenoxy)-2,2-dimethylpropancate (Example
47d, 200 mg, 0.56 mmol} in AcOH (5 mL) was added iron powder (158 mg, 2.82 nunol) at room
temperature. The reaction muxture was then stirred at 90 °C for | h. The reaction mixture was
was cooled to room temperature then diluted with AcOEL The precipitate was filtered off and the
filtrate was successively washed with 1 N NaOH and brine, then dried over NaxS(,, filtered and
evaporated. The residue was purified by chromatography on silica gel (ehuent: 40% EtOAc
hexanes) to give a title compound as a colorless oil (187 mg, 100%). MS 325 (MH"),

To a solution of benzyl 3-hydroxy-2,2-dimethyipropancate {Yang, D. et al. J. 4m. Chem.
Soc. 2082, 124, 9966. 6.68 g, 32.1 mmol} in dry THF (200 ml) was carctully added NaH (60%
in mineral otl, 3.5 g, 87.5 mmol) in small portions at 0 °C under nitrogen. The reaction mixture
was stirred at § °C under nitrogen for 2 hrs. To this solution was added 2,6-dinitrobenzonitrile
{6.19 g, 32.1 mmol), and the reaction solution was stirred at 0 °C — RT under nitrogen overnight.
The reaction mixture was guenched with brine, and extracted with EtOAe (3X). The combined
organic lavers were washed with brine, dried over Na;SO4. After evaporation of the solvent, the
residue was purified by chromatography on silica gel ehuting (Elunet: 20% EtOAc in hexanes) to

give the title compound as a brown solid (10.0 g, 87%). MS 355 (Mi1").

Example 48: 4-amino-5-(3-{cycleheptylaming}-2,2-dimethyl-3-oxopropoxy)-2-methyiguine-

fine-3-carbexylic acid

Me N
]

HOLC™ Y ’
NH, o\><mN

Prepared as in Example 1 from ethyl 4-amino-5-(3-(cvcloheptvlamine}-2,2-dimethyl-3-
oxopropoxy i-2-methylguinoline-3-carboxyiate (Example 48a) as an off-white solid (12%). MS
414 (MH",

Example 48a: cthyl 4-amino-5-(3-(cyeioheptvlamino)-2,2-dimethyl-3-oxopropoxy -2-

methylguinoline-3-carboxylate

93
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Prepared as in Example 24a from 3-({(4-amino-3-(cthoxycarbonyl)-2-methylguinolin-5-
vhoxy)-2,2-dimethylpropanoic acid (Example 47b) and cycloheptanamine as a brown solid
YLIOXY Yiprog \ it Y P

{43%). MS 456 (MH").

Example 49: 4-amine-5-3-{cyclooctylamine)-2,2-dimethyl-3-oxopropoxy)-2-methylguine-

line-3~carboxviic acid

Prepared as in Example 1 from ethyl 4-amino-5-(3-(cvelooctylamine)-2,2-dimethyl-3-
oxopropoxy i-2-methylguinoline-3-carboxylate (Example 4%a}) as an off-white solid (11%). MS
428 (MIEL).

Example 49a; cothyl 4-amino-5-3-(cyclooctylaminoe)-2,2-dimethyl-3-oxopropoxy )-2-

methylguinoline-3-carboxylate
Prepared as in Example 24a from 3-({4-anino-3-{cthoxycarbonyl}-2-methylquinolin-5-
vhoxy}-2,2-dimethylpropanocic acid (Example 47b) and cyclooctanamine as a brown solid

(46%). MS 456 (MH"),

Example 56: 4-amine-5-(3-((3-hydroxy-2,2-dimethyipropyliaming)-2,2-dimethyl-3-oxopreo-

poxy-2-methviguinoline-3-carbexylic acid

X
O

Prepared as in Example 1 from ethyl 4~ammo-5-(3-((3-hydroxy-2,2-dimethylpropyl)-
amino)-2,2-dimethyl-3-oxopropoxy -2 -methylguinoline-3-carboxylate (Example 50a) as an off-
white solid (87%). 1T NMR (400 Mz, DMSO-ds) 8 0.71 (s, 611), 1.28 (s, 611), 2.74 (s, 3H),
297 (d, 1= 6.0 Hz, 2H}, 3.0 (s, 2H), 4.57 (brs, 1H), 6,99 (d, J = 84 Hz, 1H), 7.27 (4, I = 8.0 Hz,
TH), 7.65 (t, I =84 He, 1H), 7.77 (1, = 6.4 Hz, 11}, 878 (brs, 1H), 12.04 (brs, 1H), 12.82 {tws,
). MS 404 (M),

94
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Example 50a; cthyl 4-amino-5-(3-((3-hydroxy-2,2-dimethyipropyvhamine)-2,2-dimethyl-
3-oxopropoxy -2-methylguinoline-3-carboxylate

Prepared as in Example 24a from 3-({(4-amino-3-(cthoxycarbonyl)-2-methylguinolin-5-
vhoxy-2,2-dimethylpropanocic acid (Example 47b) and 3-amino-2,2-dimethylpropan-1-ol as a

brown solid (40%). MS 432 (MH").

Example 51: 4-amino-5-(3-(chroman-4-ylamine)-2,2-dimethyl-3-oxopropoxy)-2-methylk

guinsline-3-carboxylic acid
Me N

’d

9

H
NH; O\>§(N

0O O

HO,C

Prepared as in Example 1 from ethyl 4-amino-5-(3~(chroman-4-vlamino}-2,2-dimethyl-3-
oxopropoxy}-2-methylquinoline-3-carboxvlate (Example 51a) as an off-white solid (80%). 'H
NMR (400 MHz, BMSOC-d;) 6 1.31 (d, J = 4.0 Hz, 6H), 1.80-2.00 (m, 2H), 2.76 {s, 3H), 4.05-
419 {m, 2H}, 4.24 (s, 2H), 5.10 (g, F = 6.8 Hz, 1H), 6.51 (1, J = 7.6 Hz, 1H), 6.89 (d, J = &4 Hz,
1H), 6.94 (d,§ = &0 Hz, 1H}, 7.01 (dd, J = 15.0, 8.4 Hz, 2H)}, 730 (d, I = 8.8 Hz, 1H}, 7.66 (. ]
= §.4 Hz, 1H), 8.26 (d, J = 8.8 Hz, 1H), 8.77 {brs, 1H), 12.31 (brs, 1H), 12.86 {bws, 1H). MS 450
(MH".

Example Sla: ethyl 4-amino-5-(3-{chroman-4-viamino}-2,2-dimethyl-3-oxopropoxy}-2-
methylguinoline-3-carboxylate

Prepared as in Example 24a from 3-({4-amino-3-{cthoxycarbonyl}-2-methylguinolin-5-
vhoxy)-2,2-dimethylpropanoic acid (Example 47b) and chroman-4-amine (Lu, Y. et al. PCT fns.

Appl. 2008, WO 2008043019) as a brown solid (37%). MS 478 (MH".

Fxample 52 4-amino-S-3-((S-methoxy-1,2,3 4-tetrahydronaphthalen-1-yhamine)-2,2-

dimethyi-3-oxepropexy)-2-methylguinoline-3-carboxylic acid
Me N

‘e

|
HOLCT

H
NH N
2 O\>§( OMe

O
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Prepared as i Example | from cthyl 4-amino-5-(3-{(5-methoxy-1,2,3 4-tetrahydro-
naphthalen- I -yDamino}-2 . 2-dimcthyl-3-oxopropoxy)-2-methylguinoline-3-carboxylate (Example
52a) as an off-white solid (69%). 'H NMR (400 MHz, DMSO-d,) 6 1.30 (d, § = 4.0 Hz, 6H),
1.52-1.87 (m, 4H), 2.75 (5, 3H), 4.22 (s, 2H}, 4.95-5.05 ¢m, 1H)}, 6.59 (d, } = 7.2 Hz, 1H), 6.67-
6.75 (m, 2H), 6,97 (d, F =84 Hz, 1H), 7.28 (d, I = 8.0 Hz, 2H), 7.64 (1, ] = 8.4 Hz, 1H}, §.13 (d,
J=8.8 Hz, 1), 8.74 (brs, 1H), 12.22 (brs, 1H), 12.80 (brs, 11). MS 478 (MH").
-2,2-dimethyl-3-oxopropoxy »-2-methylquinoline-3-carboxylate

Prepared as in Example 24a from 3-((4-amino-3-{ethoxycarbonyl}-2-methylguinolin-5-
yhoxy}-2,2-dimethylpropanoic acid (Example 47b) and 5~-methoxy-1,2,3 4~tetrahydronaphtha-

len-1-amine as a brown solid (40%). MS 506 (MH'),

Example 53: 4-amino-5-(2-(d-methoxybenzamido)-2-methylpropoxy)-2-methyiguincline-3-
carboxylic acid

Me N

’

: \/\(\ ; 0
N
H
OMe

Prepared as in Example 1 from ethyl 4-amino-5-(2-(4-methoxybenzamido}-2-methylpro-

HO,C

poxy)-2-methylquinoline-3-carboxylate (Example 53a) as a white solid. MS 424 (MH").
Example 53a; cthyl 4-amino-3-(2-(4-methoxybenzamido}-2-methyipropoxy 3-2-methyl-
quinoline-3-carboxylate
Prepared as in Example 24a from 4-amino-5-(2-amino-2-methylpropoxy - 2-methyvlguino-

line-3-carboxylate (Fxample 24b) and 4-methoxybenzoic acid as a brown solid. MS 452 (MH").

Fxample 54: 4-amine-5-(2-(2-hyvdroxybenzamido}-2-methylpropoxy)-2-methyiguinoline-3-
carboxylic acid
Me N

]

N \>< O OH
XA
H

HO,C
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Prepared as in Example | from ethyl 4-amino-5-2-(2-hydroxybenzamido)-2-methyl-
propoxy -2-methylquinoline-3-carboxylate (Example 54a) as an off-white solid. MS 410 (MH"}.

Example S54a: ethyl 4-amino-5-(2-(2-hydroxybenzamido)-2-methylpropoxy)-2-methyl-
quinoline-3-carboxylate

Prepared as in Example 24a from 4-amino-5-(2-amino-2-methylpropoxy)-2~-methylguino-

line-3-carboxylate (Example 24b) and 2-hydroxybenzoic acid as a brown solid. MS 438 (MH").

Example 55: 4-amine-5-(2-(3-methoxybenzamido)-2-methyipropoxy)-2-methylguineline-3-
carboxylic acid

Me N

’

NH, oﬂ k@

Prepared as in Example 1 from cthyl 4-amino-5-(2-(3-methoxybenzamido-2-methylpro-

HO,C

poxy)-2-methylquinoline-3-carboxylate (Example $5a) as a white solid. MS 424 (MH"),
Example 53a; cthyl 4-amino-5-{2-(3-mcthoxybenzamido}-2-methylpropoxy)-2-methyl-
quinoline-3-carboxylate
Prepared as in Example 24a from 4-amino-5-(2-amino-2-methylpropoxy-2-methylguino-

line-3-carboxylate (Example 24h) and 3-methoxybenzoic acid as a brown solid. MS 452 (MH').

Example 56: 4-amine-5-(2-benzamide-Z-methyipropoxy)-2-methylguineline-3-carboxylic
acid

Me N

2

AREYS
H

Prepared as in Example | from ethyl 4-aming-5-(2-benzamido-Z-methyipropoxy)-2-

HO,C

methylquinoline-3-carboxylate (Example 56a} as a white solid. MS 394 (MH ).
Example S56a; ethyl 4-amino-5-{2-benzamido-Z-methyipropoxy)-2-methylguinoline-3-

carboxylate
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Prepared as in Example 24a from 4-amino-5-(2-amino-2-methylpropoxy-2-methylguino-

line-3-carboxylate (Exanmple 24b) and benzoic acid as a brown solid. MS 422 (MH").
Example 57: 4-amino-S-(2-(d-hydroxybenzamide)-Z-methylpropoxy-2-methylguinoline-3-
Me N
g
X
NH, OQ(NJ\@L
H
OH

Prepared as in Example 1 from ethyl 4-amino-5-(2-(4-hydroxybenzamido)-2-methylprop-

carboxylic acid

oxy)-2-methylgninoline-3-carboxylate (Example 57a) as an off-white solid. MS 410 (MH").
Example 57a; cthyl 4-amino-5-(2-(4-hydroxybenzamido)-2-methylpropoxy)-2-methyl-
guinoline-3-carboxylate
Prepared as in Example 24a from 4-amino-5-(2-amino-2-methylpropoxy)-2-methylguino-

line-3-carboxylate (Example 24b) and 4-hydroxybenzoic acid as a brown solid. M8 438 (MH").

Example 358: d-amine-5-{2-(2-fluorchenzamido)-2-methyipropoxy)-2-methylguincline-3-
carboxylic acid

Me N

]

:\,\(\ ;)( o F
NH, O N)K@
H

Prepared as in Example 1 from ethyl 4-amino-5-(2-(2-fluorobenzamido)-2-methyl-

HO,C

propoxy }-2-methylquinoline-3-carboxylate { Example 58a) as an off-white solid. MS 412 (MH").

Example 58a: ecthyl 4-amino-5-(2-(2-fluorobenzamido)}-2-methylpropoxy)-2-methyl-

quinoline-3-carboxylate
Prepared as in Example 24a from 4-amino-5-(2-amino-2-methylpropoxy-2-methylguino-

line-3-carboxylate (Example 24b) and 2-fluorobenzoic acid as a brown solid. MS 440 (MH ).

Fxample 89: 4-amine-5-(2-(3-flusroebenzamidso}-2-methylpropexy)-2-methylquineline-3-

carboxylic acid
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Me N

’

Ry

Prepared as in Example 1 from cthyl 4-amino-5-(2-(3-fluorobenzamido)-2-methylpro-

HO,C

poxy-2-methylquinoline-3-carboxylate (Example 39a) as an off-white solid. MS 412 (MH").

Example 59a; ecthyl 4-amino-5-(2-(3-fluorobenzamido)}-2-methylpropoxy)-2-methyl-

quinoline-3-carboxylate
Prepared as in Example 24a from 4-amino-5-(2-amino-2-methylpropoxy)-2-methylguino-

line-3~carboxylate (Example 24b) and 3-fluorobenzoic acid as a brown solid. MS 440 (MH").

Example 64: 4&-amino-3-(2-(3-hydroxy-d-methoxybenzamide}-2-methvipropoxy)-2-methyl-
guinsline-3-carboxylic acid

Me N
e

Bt

Prepared as in Example | from ethyl 4-amino-5-{2-(3 ~hydroxy—é@—methoxybenzamido)—iZ—

HOLC

methylpropoxy)-2-methylquinoline-3~carboxylate (Example 60a) as an off-white solid. MS 440
(MF)

Example 60a; ethyl 4-amino-5-(2-(3-hydroxy-4-methoxybenzamido -2-methylpropoxy)-
Z2-methylguinoline-3-carboxylate

Prepared as in Example 24a from 4-amino-5-(2-amino-2-methylpropoxy)-Z-methyiguino-
ling-3-carboxylate (Example 24b} and 3-hydroxy-4-methoxybenzoic acid as a brown solid. MS

468 (MH".

Fxample 61: 4-amine-5-(2-{3-carbameylbenzamide)-2-methyipropoxyi-2-methvlquinoline-

3-carboxylic acid
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Me N

’

: \/j/\ ; 0
NH, o\><NJ\©/CONH2
H

Prepared as in Example 1 from ethyl 4-amino-5-(2-(3-carbamoylbenzamido}-2-methyl-

HO,C

propoxy }-2-methylguimoline-3-carboxyviate (Example 61a) as an off-white solid. MS 437 (MI1).
Example 6la; ethyl 4-amino-5-(2-(3-carbamovibenzamido}-2-methylpropoxy)-2-methyl-
quinoline-3-carboxylate
Prepared as in Example 24a from 4-amino-5-(2-amino-2-methylpropoxy)-Z-methyiguino-
ling-3-carboxylate (Example 24b) and 3-carbamoylbenzoic acid as a brown solid. MS 465

{(MH").
Fxample 62: 4-aminoe-5-(2-(2,3-dihydrobenzoibi{l,4]dioxine-§-carboxamido}-2-methyipro-

poxy)-i-methylquineline-3-carbexylic acid
Me N
‘e

Dby

Prepared as in Example 1 from cthyl 4-amimo-5-(2-(2,3-dihvdrobenzofbif 1,4 |dioxine-6-

HO,C

carboxamido)-2-methylpropoxy-2-methylguinoline-3-carboxylate  (Exampic 62a) as a pale-
yeliow solid (18%). "H NMR (400 MHz, DMSO-d;) 0 1.49 (s, 6H), 2.76 (s, 3H), 4.25 (m, 4H),
448 (s, 2H), 6.87 (d, /=88 Hz, 1H), 7.06 (d, /= 7.6 Hz, 1H), 739726 (m, 3H), 767 (1, /=
7.2 Hz, 1H), 7.99 (s, 1H), §.83 (brs, 1H), 12.31 (s, 1H), 12.71 (brs, 1H). MS 452 (MH").

Example 62a: ecthyl 4-amino-5-(2-(2.3-dihydrobenzofblii|.4]dioxine-6-carboxamido}-2-
methylpropoxy)-2-methylguinoline-3-carboxylate

Prepared as in Example 24a from 4-amino-5-(2-amino-2-methylpropoxy)-2~-methylguino-
fine-3-carboxylate (Example 24b) and 2,3-dihydrobenzofbli 1 4]dioxine-6-carboxylic acid as a

brown solid (60%). MS 480 (MH").

Example 63 4-amino-5-(2-(Z-cthylbutanamide)-2-methylpropoxy)-Z-methylguinoline-3-

carboxylic acid
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Me N

’d

X 0
NH, 0. X
H

Prepared as in Example 1 from ethyl 4-amino-5-(2-(Z-cthylbutananudo)-2-methyl-

HO,C

propoxy)-2-methyiquinoline-3-carboxylate (Exarple 63a) as an off-white solid. MS 388 (M),

Example  63a; ethyl  4-amino-3-(2-(2-cthylbutanamido)}-2-methylpropoxy)-2-methyl-

guinoline-3-carboxylate
Prepared as in Example 24a from 4-amino-5-(2-amino-2-methylpropoxy)-2-methvlguino-

line-3-carboxylate (Example 24b) and 2-ethylbutanoic acid as a brown solid. MS 416 (M)

Example 64: 4-amine-5-(2-(3-methoxypropanamide)-2-methylpropoxy)-Z-methylquineline-
3-carboxylic acid

Me N

’

|
] X
NH, O H)K/\OMe

Prepared as in Example 1 from ethyl 4-amino-5-2-3~-methoxypropanamido)-2-methyl-

HO,C

propoxy )-2-methylquinoline-3-carboxylate {Example 64a) as an off-white solid. MS 376 (MH ).
Example 64a: ethyl 4-amino-S-(2-3-methoxypropanamido}-2-methylpropoxy)-2-methyl-
quinoline-3-carboxylate
Prepared as in Example 24a from 4-amino-5-(2-amino-2-methylpropoxy-2-methylguino-
fine-3-carboxylate (Example 24b) and 3-methoxypropanoic acid as a brown solid. MS 404

(MH".

Fxample 65: 4-amino-5-(Z-butyramido-Z-methyipropoxyi-2-methvlguinsline-3-carboxylic
acid
Me N

’

|
T LS
NH, O HJ\/\

HO,C
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Prepared as in Example | from cthyl 4-amino-5-(2-butyramido-2-methylpropoxy}-2-
methylquinoling-3-carboxylate (Example 65a) as an off-white solid. MS 360 (MH").

Example 65a; ethyl 4-amino-5-(Z-butyramido-2-methylpropoxy-2-methylgumoline-3-
carboxylate

Prepared as in Example 24a from 4-amino-5-(2-amino-2-methylpropoxy)-2~-methylguino-

line-3-carboxylate (Example 24b) and butyric acid as a brown solid. MS 388 (MH').

Example 66: 4-amino-2-methyi-S-(Z-methyi-2-{tetrahydrofuran-3-carboxamido}propoexy}-
guingline-3-carboxyiic acid

Me N

‘e

N 0
NH Q(
, O N)KE}
H
o

Prepared as in Example 1 from ethyl 4-amino-2-methyi-5-(2-methyi-2-(tctrahydrofuran-

HO,C

3-carboxamidopropoxy jquinoline-3-carboxvlate (Example 662} as an off-white solid. MS 388
(MH").

Example 66a:; cthyl 4-amino-2-methyl-5-(2-methyl-2-(tetrahydrofuran-3-carboxamido)-
propoxy jgquinoline-3-carboxylate

Prepared as in Example 24a from 4-amino-5-(2-amino-2-methylpropoxy-2-methylguino-
fine-3-carboxylate (Example 24b) and tetrahydrofuran-3-carboxylic acid as a brown solid. MS

416 (MH").

Example 67 4-amine-5-2-(4-(thydroxymethyDbenzamido)-2-methylpropoxy)-Z-methyl-
guinoline-3-carboxylic acid

Me N
’d

HOLCT o
NH )(
2 O N
H

Prepared as in Example 1 from ecthyl 4-amino-5-(2-(4-(hydroxymethylibenzamido}-2-

OH

methylpropoxy)-2-methyiquinoline-3-carboxylate (Example 67a) as an off-white solid. MS 424

(MH".
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Example 67a: ethyl 4-amuno-5-(2-{4-(hydroxymethylbenzamido)}-2-methylpropoxy}-2-
methylquinoline-3-carboxylate

Prepared as in Example 24a from 4-amino-5-(2-amino-2-methylpropoxy-2-methylguino-
fine-3-carboxylate (Example 24b) and 4-(hydroxymethyhbenzoic acid as a brown solid. MS 452

5 (M.

Example 68 4-amino-3-(I-{I-methexyacetamido)-Z-methyipropoxy)-2-methylguinoline-3-
carboxylic acid
Me N

]
X 0
NH, o\><” J_owme

10 Prepared as in Example 1 from ethyl 4-amino-5-(2-(2-methoxyacetamido }-2-methylpro-

HO,C

poxy)-2-methylquinoline-3-carboxylate (Exaraple 68a) as an off-white solid, MS 362 (MH").
quinoline-3-carboxylate
Prepared as in Example 24a from 4-amino-5-(2-amino-2-methylpropoxy - 2-methvlguine-

1S line-3-carboxylate (Example 24b) and 2-methoxyacetic acid as a brown solid. MS 390 (M.

Example 6% 5-(Z-acctamideo-2~-methyipropoxy)-4-amine-2-methylguineline-3-carboxylic
acid

Me N

e

|
N o)
H

26 Prepared as in Example 1 from ethyl 5-(2-acetamido-2-methylpropoxyi-4-amino-2-

HO,C

methylquinoline-3-carboxylate (Example 69a) as an off-white solid. MS 332 (MH").

Example 6%a: ethyl 5-(2-acetamido-2-methylpropoxyi-d-amino-2-methylgquinoling-3-
carboxylate

Prepared as in Example 24a from 4-amino-5-(2-amino-2-methylpropoxy }-2-methviguino-

25  line-3-carboxylate {Example 24b) and acetic acid as a brown solid. MS 390 (MH").
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Example 78 4-amino-5-(2-(2,3-dihydrebenze{b}]i 4|dioxine-5-carboxamideo}-2-methyipre-

poxy-2-methyvlguineline-3-carboxylic acid

Me N
]
XD
2 O\XN)K(j/O
H

A
NH

Prepared as in Example 1 from ethyl 4-amino-5-(2-(2,3-dihydrobenzo{blf 1,4 |dioxine-5-
carboxamido}-2-methylpropoxy}-2-methylquinoline-3-carboxyiate (Exampie 70a} as an off-
white solid. MS 452 (MH").

Example 70a: cthyl 4-amino-5-(2-{2,3-dihydrobenzolbi{l,4]dioxine-5-carboxamido}-2-
methylpropoxy-2-methylguinoline-3-carboxylate

Prepared as in Example 24a from 4-amino-5-(2-amino-2-methylpropoxy)-2-methylguino-
line-3-carboxylate (Example 24b) and 2,3-dihvdrobenzofbl{l,4]dioxine-S-carboxylic acid as a

brown solid, MS 480 (MH"),
Example 71: 4-amine-5-(2-(3,5-dimethoxybenzamido)-2-methylpropoxy)-Z-methyiguine-
Me /N
I
X
HOZCI(\(; 0
NH; O%N OMe
H
OMe

Prepared as in Example 1 from cthyl 4-amino-5-(2-(3,5-dimethoxybenzamido}-2-methyl-

line-3-carboxylic acid

propoxy j-2-methylquinoline-3-carboxylate (Example 71a) as an off-white solid. MS 454 (MH"}.

Example  7la:  ethyl  4-amino-5-(2-(3,5-dimethoxybenzamido)-2-methylpropoxy 3-2-
methylquinoline-3-carboxylate

Prepared as in Example 24a from 4-amino-5-(2-amino-2-methylpropoxy-2-methylguino-
fing-3-carboxylate (Example 24b) and 3,5-dimcthoxyvbenzoic acid as a brown solid. MS 482

(MH").

Example 72: 4-amine-5-(2-(34-dimethoxybenzamido)-2-methyipropoxy)-2-methylguine-

line-3~carboxylic acid
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Me N

‘d

|
HOLC™ o)
NH2 O\XNKCEOME
H
OMe
Prepared as in Example 1 from ethyl 4-amino-5-(2-(3 4-dimethoxybenzamido)-2-methyl-

propoxy}-2-methyiguinoline-3-carboxylate (Example 72a) as an off-white solid. MS 454 (MH").

Example 72a; ecthyvl 4-amino-5-{2-(3,4-dimethoxybenzamido}-2-methylpropoxy)-2-

methylguinoline-3-carboxylate
Prepared as in Example 24a from 4-amino-5-(2-amino-2-methylpropoxy)-Z-methyiguino-
line-3-carboxylate (Example 24b) and 3.4-dimethoxybenzoic acid as a brown solid. MS 482

(MH").

FExample 73: 4-amine-S-C-C-(4-methoxyphenyliacetamido)-2-methylpropoxy)-Z-methyl-

guinaline-3-carboxylic acid
Me N

|
o T I AT
NH, O N
H

Prepared as in Example 1 from ethyl 4~-amimo-5-(2-(2-(4-methoxyphenyacetanmido)-2-
methylpropoxy)-2-methylquinoline-3-carboxylate (Example 73a) as an off-white solid. MS 43R
(MH).

Example 73a; ethyl 4~-amino-5-(2-(2-(4-methoxyphenyiacetamido -2-methylpropoxy}-2-
methylguinoling-3-carboxvlate

Prepared as in Example 24a from 4-amino-5-(2-amino-2-methylpropoxy)-2Z-methylquino-
line-3-carboxylate (Example 24b) and 2-(3 4-dimethoxyphenyiacetic acid as a brown solid. MS

466 (MI1").
Example 74: 4-amine-5-(2-(d-fluoro-3-hydroexybenzamido)-2-methyipropoxy)-2-methyl-

Me N
1)
HOLC” Y \X 0
NH, O N OH
H
F

1S

guingline-3-carboxylic acid
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Prepared as in Example | from cthyl 4-amino-5-(2-(4-fluore-3-hydroxybenzamido)-2-
methylpropoxy)-2-methylquinoline-3-carboxylate (Example 74a) as an off-white solid. MS 42¥
(MH".

Example 74a; cthyl 4-amino-5-2-(4-fluoro-3-hydroxybenzamido)-2-methylpropoxy)-2-
methylgoinoline-3-carboxylate

Prepared as in Example 24a from 4-amino-5-(2-amino-2-methylpropoxy)-2-methvlguino-
Iine-3-carboxylate (Example 24b) and 4-fluoro-3-hydroxybenzoie acid as a brown solid, MS 456

(MIT').
Example 75 4-amino-5-(2-G-hydroxy-S-methexybenzamido-2-methylpropoxy)-2-methyk
Me /N
|
X
HOZCI(\(; 0
NH; O%NJ\Q/OH
H
OMe

Prepared as in Example 1 from ethyl 4-amino-5-(2-(3-hydroxy-3-methoxybenzamido}-2-

guineline-3-carboxylic acid

methylpropoxy-2-methylquinoline-3-carboxyvlate (Example 75a) as an oft-white solid. MS 440
{(MH").

Example 75a; cthyl 4-amino-5-2-(3-hydroxy-5-methoxybenzamido }-2-methyipropoxy -
2-methylquinoline-3-carboxylate

Prepared as in Example 24a from 4-amino-5-(2-amino-2-methylpropoxy-2-methylguino-
fing-3-carboxylate (Example 24b) and 3-hydroxy-5-methoxybenzoic acid as a brown solid. MS
468 (MH".

Example 76: 4-amine-5-{2-{4-(Z-hydroxyethoxy)-3-methoxybenzamido}-2-methyiprepexy)-
Z-methyviguinoline-3-carboxylic acid

Me N
’d

|
HOLCT

O
NH; O\><H)‘\©:OM6
O/\/OH
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Prepared as in Example | from ethyl 4-amino-5-(2-{4-(2-hydroxyethoxy)-3-methoxy-
benzamido}-2-methylpropoxy)-2-methylquinoline-3-carboxylate (Example 76a) as an off-white
solid. MS 484 (MH".

Example 76a; cthyl 4-amino-5-(2-(4-(2-hydroxyethoxy)-3-methoxybenzamido}-2-methyl
~propoxy }-2-methylguinoline-3-carboxylate

Prepared as in Example 24a from 4-amino-5-(2-amino-2-methylpropoxy)-2-methvlguino-
Iine-3-carboxylate (Example 24b) and 4-(2-hydroxvethoxy)-3-methoxybenzoic acid (Uto, Y. et

al. Bioorg. Med. Chem. Lett, 2809, 19, 4151.) as a brown solid. MS 512 (MH").

Example 77: 4-amino-5-(2-3-(2-hydroxyethoxy)-4d-methoxybenzamido}-2-methylpropoxy)-
2-methylguineline-3-carboxylic acid

Me N

’d

Bt

Prepared as in Example 1 from cthyl 4-amino-5-(2-(3-(2-hydroxyethoxy}-4-methoxy-

HO,C

benzamido }-Z-methyipropoxy )-2-methylguinoline-3-carboxylate (Example 772} as an off-white
solid. MS 484 (MH").

Example 77a:  cthyl  4-amino-5-(2-(3-(2-hydroxyethoxy j-4-methoxybenzamido -2

methylpropoxy)-2-methyiquinoline-3-carboxylate
Prepared as in Example 24a from 4-amino-5-(2-amino-2-methylpropoxy-2-methylguino-
fing-3-carboxylate {Example 24b) and 3-(2-hydroxycthoxy)-4-methoxybenzoic acid as a brown

solid. MS 512 (MH".

Example 78 4-amine-5-2-3-(3-hydroxypropoxy}-4-methoxyvhenzamido)-2-methylpro-
poxy-2-methyvlguineline-3-carboxylic acid
Me N

HOQC: \/\(\ ; % 0
H
OMe
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Prepared as in Example 1 from ethyl 4-amino-5-(2-(3-(3-hydroxypropoxy }-4-methoxy-
benzamido}-2-methylpropoxy)-2-methylquinoline-3-carboxylate (Example 78a) as an off-white
solid. MS 498 (MH".

Example 78 cthyl 4-amino-5-(2-(3-(3-hydroxypropoxy}-4-methoxybenzanmido)-2-

methylpropoxy)-2~-methylquinoline~-3~carboxylate
Prepared as in Example 24a from 4-amino-5-(2-amino-2-methylpropoxy)-2-methvlguino-
Iine-3-carboxylate (Example 24b) and 3-(3-hydroxypropoxy)-4-mucthoxybenzoic acid as a brown

solid, MS 526 (MH".

Example 79  4-amino-5-2-(d-(3-hydroxypropoxy)-3-methoxybenzamido)-2-methyipro-
poxy)-2-methyiguinoline-3-carboxylic acid
Me N
‘e

|
N 0
NH, o\><”J\©:0Me

Prepared as in Example 1 from ethyl 4-amine-5-(2-{4-(3-hydroxypropoxy}-3-methoxy-

HO,C

benzamido}-2-methylpropoxy)-2-methylguinoline-3-carboxylate (Example 79a) as an off-white
solid. MS 498 {MH").

Example 79a: ecthyl 4-amino-5-{2-{4-(3-hydroxypropoxy}-3-methoxybenzanmido)}-2-

methylpropoxy-2-methylguinoline-3-carboxylate
Prepared as in Example 24a from 4-amino-5-(2-amino-2-methylpropoxy)-2-methylguino-
line-3-carboxylate (Example 24b} and 4-(3-hydroxypropoxy)-3-methoxybenzoic acid (Baraldi,

P.G.etal. J Med Chem. 1999, 42, 5131.) as a brown solid. MS 526 (MH").

Example 80: (8)-4-amino-5-2-(2,3-dihydrobenzo{hlii.4|diexine-6-carboxamide}propoxy)-
2-methylguineline-3-carboxylic acid

Me N
’d

O, .
NH, o\j\NJ‘\@o
L)
0

HO,C
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Prepared as in Example | from {§)-ethyl 4-amino-5-(2-(2,3-dihydrobenzofbif | .4 ]dioxine-
6-carboxamido ypropoxy )-2-methylquinoline-3-carboxylate {Example 80a) as an off-white solid.
MS 438 (MH .

Example 80a; (S)-ethyl 4-amino-5-(2-(2,3-dihydrobenzol[bli 1 4]dioxine-6-carboxamido)-
propoxy -2-methylguinoline-3-carboxylate

Prepared as in Example 24a from (S)-cthyl 4-amino-5-(2-aminopropoxy)-2-methyl-
guinohine-3-carboxylate (Example 26b) and 2,3-dihydrobenzo{b][1,4]dioxine-6-~carboxylic acid

as brown solid, MS 466 (M.

Example 81: (8r4-amine-5-(2-(2,3-dihydrebenzo{bl{i,4]dioxine-S-carboxamido)propoxy)-
2-methylguineline-3-carboxylic acid

Me N
L :]
HO,C 0O O
O

AN Me
NH; O A,
H

Prepared as in Example 1 from (S)-cthyl 4-amino-5-(2-(2,3-dihvdrobenzofbf 1,4 |dioxine-
S-carboxamido jpropoxy i-2-methylguinohine-3-carboxyvlate {Example 81a) as an off-white solid.
MS 438 (M.

Example 81a: {$)-cthyl 4-amino-5-(2-(2,3-dihydrobenzolbli | 4]dioxine-S-carboxamido)-
propoxy -2-methyiguinoline-3-carboxylate

Prepared as in Example 24a from (S)-cthyl 4-amino-5-(2-aminopropoxy)-2-methyl-
quinoline-3-carboxylate (Example 26b) and 2.3-dihydrobenzofb]{! 4]dioxine-5-carboxylic acid

as brown solid. MS 466 (MH").

Example 82: (&r-4-amino-5-(2-{4-{Z-hydroxyethexy)}-3-methoxybenzamidolpropoxy)-2-

methyiguineline-3-carboxyHe acid

109



10

[
L7

WO 2011/123693 PCT/US2011/030802

Prepared as in Example | from (S)-cthyl 4-amino-5-{2-(4-(2-hydroxycthoxy}-3-
methoxybenzamido)propoxy)-2-methylquinoline-3-carboxylate (Example 82a) as an off-white
solid. MS 470 (MH".

Example 82a; (S)-cthyl 4-amino-5-(2-(4-(2-hydroxyethoxy)-3-methoxybenzamidoypro-
poxy¥-2~-methylquinoline~-3~carboxylate

Prepared as in Example 24a from (S)-cthyl 4-amino-5-(2-aminopropoxy)-2-methyl-
guinohine-3-carboxylate (Example 26b) and 4-(2-hydroxyethoxy)-3-methoxybenzoic acid (Uto,

Y. et al, Bivorg. Med Chem. Lert. 2089, 19, 4151 .) as a brown solid, MS 498 (M.

Example 8%  (H-d-aminoe-5-2-(3-2-hydroxyethoxy)-4~-methoxybenzamidojpropoxy)-2-

methylquineline-3-carboxylic acid

Me N
g
HOLC™ Y Me O
NH, O\/\N O\/\OH

H
OMe

Prepared as i Example 1 from (S)-ethyl 4-amino-5-(2-(3-(2-hydroxyethoxy)-4-
methoxybenzamidojpropoxy)-2-methyiquinoline-3-carboxylate (Example 83a) as an off-white
solid, MS 470 (MH").

Example 83a: (S)-ethyl 4-amino-5-(2-(3-(2-hydroxyethoxy-4-methoxybenzamido}pro-
poxy-2-methvliquinoline-3-carboxylate

Prepared as in Example 24a from (8)-ethyl 4-amino-5-(Z-aminopropoxy)-2-methyi-
quinoline-3-carboxylate (Example 26b) and 3-(2-hydroxyethoxy}-4-methoxybenzoic acid as a

brown solid. MS 498 (MH").

Example 84: (S)r-4-amine-5-(2-(3-(3-hydroxypropexy)-4-methoxybenzamido)propoxy-2-

methylguineline-3-carboxylic acid

o
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Prepared as in Example 1 from (S)ethyl 4-amino-5-(2-(3-(3-hydroxypropoxy}-4-
methoxybenzamido)propoxy)-2-methylquinoline-3-carboxylate (Example 84a) as an off-white
solid. MS 484 (MH".

Example 84a; (S)-cthyl 4-amino-5-(2-(3-(3-hydroxypropoxy -4-methoxybenzamidoypro-
poxy¥-2~-methylquinoline~-3~carboxylate

Prepared as in Example 24a from (S)-cthyl 4-amino-5-(2-aminopropoxy)-2-methyl-
guinohine-3-carboxylate (Example 26b) and 3-(3-hydroxypropoxy)-4~-methoxybenzoic acid as a

brown solid, MS 512 (MH"),

Example 85 (8 -d-amino-5-2-(4-G-hydroxypropoexy)-3~-methoxybenzamido)propoxyi-2-

methylquineline-3-carboxylic acid

Me N
g
HOLCT Y Me O
NHy O~ OM
2 \/\N e

H
o "Non

Prepared as in Example 1| from (8)-cthyl 4-amino-5-(2-{4-(3-hydroxypropoxy}-3-
methoxybenzamido jpropoxy)-2-methylquinoline-3-carboxylate (Example §5a) as an off-white
solid, MS 484 (MH "),

Example 85a; (S)-ethyl 4-amino-5-(2-(4-(3-hydroxypropoxy }-3-methoxybenzamido jpro-
poxy-2-methylquinoline-3-carboxylate

Prepared as in Example 24a from (S)-cthyl 4-amino-5-(Z-aminopropoxy)-2-methyi-
guinoline-3-carboxylate (Example 26b) and 4-(3-hydroxypropoxy)-3-methoxybenzoie acid

(Baraldi, P, G. etal. J. Med. Chem. 1999, 42, 5131.) as a brown solid. MS 512 (MH").

Example 86: (B)-4-amine-5-(2-{cyclohexanecarboxamide)propoxy)-2-methylguinoline-3-

carboxylic acid (SID 47687595)

Me N
|
HOLCT Me O
NH
2 O N
H

i
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Prepared as i Example | from (R)-cthyl 4-amino-5-(2-(cyclohexanccarboxamido)-
propoxy)-2-methylquinoline-3-carboxylate (Example 86a) as a white solid (43%). "H NMR (400
MHz, DMSO-ds) 0 1.25-1.10 (m, 5H), 1.34-1.31 (m, 2H), 1.69-1.62 (m, 5H), 2.11-2.05 (m, 1H),
269 (s, 3H), 393 (t. J=92 Hz, 1H). 4.13({dd, /=4, 9.6 Hz, 1H), 4.14-4.11 (m, 1H}, 6.86 (d, J
=8.0Hz IH), 728 (d, /=84 Hz, 1H), 749 (t, /= 8.0 He, 1H), 795 (d, /=84 Hz, [H). MS
386 (MH),

Example  86a; (R)-cthyl 4-anuno-5-(2-(cyclohexanecarboxamido)propoxy)-2-methyl-

guinoline-3-carboxylate

Prepared as in Example 24a from (R)-cthyl 4-amino-5-(Z-aminopropoxy)-2-methyi-
guinoline-3-carboxylate (Example 86b) and cyclohexanccarboxylic acid as brown solid (31%;).
MS 414 (M.

Example 86b: (R)-cthyl 4-amino-5-(2-aminopropoxy -2-methylquinoline-3-carboxyiate

Prepared as in Hxample 2a from (R)-benzyl (1-(3-amino-2-cyanophenoxy)propan-2-yi)-
carbamate (Example 86¢) and ethyl 3-oxobutanoate as brown solid. MS 304 (MI1).

Example 86¢: (X)-benzyl {1-(3-amino-2-cyvanophenoxy jpropan-2-yljcarbamate

Prepared as in Example 24c¢ from (R)-2-aming-6-(2-aminopropoxy ybenzonitrile (Example
&6d) as brown solid (79%). "H NMR (400 MHz, DMSO-ds) 5 1.12(d, / = 6.4 Hz, 3H), 3.81 (d, J
= Q.4 Hz, 1H), 3.95-3.92 (m, 1H}, 4.99 (s, 2H), 5.36 (5, ZH}, 5.96 (s, 2ZH), 6.20 (d, J = 8.0 Hz,
1H), 6.31(d, /= 8.4 Hz, 1H), 7.13 (t, J = 8.4 Hz, 1H), 7.44-7.38 (m, SH). MS 326 (MH").

Example 86d: (R)-2-amino-6-(Z-aminopropoxy jbenzonitrile

Prepared as in Example 24d from {(R}-2-aminopropan-1-ol and 2-amino-6-fluoro-
benzonitrile as brown solid (81%). 'H NMR (400 MHz, DMSO-dy) 6 1.01 {d, J = 6.5 Hz, 3H),
3.08(m, 1H), 3.71 (d, /= 6.1 Hz, 2H), 5.95 (s, ZH), 6.15(d, /=83 Hz, 1H), 6.2 (d, /= 83 Hz,
1H), 7.13 (1, J= 83 Hz, 1H). MS 192 (MB").

Exampie 87: (R}-4-amino-5-(Z-(isonicotinamido)propoxy)-2-methylguineline-3-carboxylic

acid
Me N
]
HOLC™ Me O
N, o AL
N |
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Prepared as in Example 1 from (R)-cthyl 4-amino-5-(2-(isonicotinamido)wopoxy j-2-
methylquinoline-3-carboxylate (Example 87a) as an off-white solid (32%). "H NMR (400 Mz,
DMSO-ds) 6 131 (d, /=68 Hz, 3H), 2.66 (s, 3H)L 4. 14 (t, /=92 Hz, 1H),428(dd, J=3.6.96
Hz, 1H), 4.70- 455 (m, 1H), 092 (d, /=80 Hz, IH), 726 (d, /=84 Hz, 1H), 751 (t, /=84
Hz, iH), 7.75(dd, 7= 1.2, 6.0 Hz, 2H), 8.71 {(dd, J= 1.2, 6.0 Hz, 2H}, 895 (d, /= 8.0 Hz, 1H).
MS 409 (MH").
carboxylate

Prepared as in Example 24a from (R)-cthyl 4-amino-5-(Z-aminopropoxy)-2-methyi-
guinoline-3-carboxylate (Example 86b) and isonicotinic acid as brown solid (41%). MS 409

(MH).

Example 88: {B)y-d-amino-5-3-3-hydroxybenzamidopropoxy)-2-methylguinoline-3-
carboxylic acid

Me N
z

HOLCT Y Me O

NH: o A )UOH
H

Prepared as in Example 1 from (R)-cthyl 4-amino-5-(2-(3-hydroxybenzamido jpropoxy -
2-methylguinoline-3-catboxylate (Example 88a) as a white solid (51%). 'H NMR (400 Mz,
DMSO-~ds) 0 1.28(d, /=72 Hz, 3H), 2.65 (s, 3H)L, 4.11 (t, /=88 Hz, 1H), 422 (dd, J=4.0, 10
Hz, 1H), 4.65-4.55 (m, 1H), 6.88 (d, J = 8.0, 2H), 7.25-7.13 (v, 4H), 748 (t, /=80 Hz, 1H),
8.49 (d,.J = 8.0, 11D}, 9.93 (brs, 11} MS 396 (M.
hine-3-carboxylate

Prepared as in Example 24a from (R)-cthyl 4-amino-5-(Z-aminopropoxy)-2-methyi-
quinoline-3-carboxylate (Example 86b) and 3-hydroxybenzoie acid as brown solid (36%). MS

424 (MIY).

Example 8% (V-4-amino-S-((Q-{cyclohexanccarbonylpyrrolidin-2-yDmethoxy)-2-methyl-

guingline-3-carboxylic acid (81D 47839333)

i3
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Me N

’d

HOZC: \/j/\ ; D
NH, O

N SN
)

Prepared as in Example 1 from (S)-cthyl 4-amino-5-({1-{cyclohexanecarbonylpyrrolidin-
2-yDmethoxy)-Z-methylguinoline-3-carboxylate {(Example 89a) as an off-white solid (31%). 1
NMR (460 MHz, DMSO-dg) & 1.34-1.11 {m, 53H), 1.72-1.51 (m, SH), 2.08-1.79 {m, 5H}, 2.44-
2.35 {m TH), 2.52 (s, 3H), 3.55-3.45 ¢m, 2H), 4.02 (dd, /= 6.8, 9.2 Hz, 1H}, 4.17 (dd, J = 4.8,
10.0 Hz, 1H), 445-438 (im, 1H), 6.75(d, /=72 He), 711 (4, /= 7.6 Hz, 1H), 7.27 (t, J = 8.0
Hz, TH). MS 412 (MH").

Example 89a; (S)-cthyl 4-amino-5-({1 -(cyclohexanecarbonyljpyrrolidin-2-ylmethoxy)-2-
methylguinoline-3-carboxylate

Prepared as in Example 24a from (S-cthyl 4-amino-2-methyl-5-(pyrrolidin-2-yimethoxy)
-quincline-3-carboxylate {(Example 89b} and cyclohexanecarboxyvlic acid as brown solid (46%).
MS 440 (MH).

Example 89b:  {S)-cthyl 4-amino-2-methyl-5-{pyrrolidin-2-yimethoxyguinoline-3-

carboxylate
Prepared as in Example 2a from (§)-benzyl 2-((3-amino-2-cyanophenoxy ymethylpyrro-
lidine-i-carboxylate (Exanple 89¢) and ethyl 3-oxobutanoate as brown solid. MS 330 (MH .
Example 8%¢; ($)-benzyl 2-((3-amino-2-cyanophenoxy ymethyljpyrrolidine-1 -carboxylate
Prepared as in Example 24¢ from (8)-Z-amino-6-(pyrrolidin-2-yimethoxybenzonitrile
{(Example 89d) as brown solid (79%). MS 351 (MH.

Example 83d; ()-2-amuno-6-{pyrrolidin-2-yimethoxy )benzounitrile

Prepared as i Example 24d from (S)-pyrrolidin-2-ylmethanol and 2-amino-6-fluoro-

benzonitrile as brown solid (51%). MS 218 (MH").

Example 96 (S)-4-amine-5-((I-isobutyrylpyrrolidin-2-vymethoexy)-2-methyiguinoline-3-

carboxylic acid

il4
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Me N

HOZC: \/j/\ ; D
NH, O

NN

S

Prepared as in Example 1 fHrom (Shethyl 4-amuno-S-((1-isobutyrylpyrrolidin-2-y1)-

\

methoxy)-2-methylquineline-3~carboxylate (Example 90a) as aun off-white solid (39%). 'H NMR
(400 MHz, DMS0-ds) 06 0.99 (dd, 7= 2.0, 6.8 Hz, 6H), 2.05-1.83 (m, 4H), 2.65 (5, 3H), 3.53 (1, J
= 7.2 He, 2H), 4.08 (dd, J = 6.8, 10.0 Hz, 1H), 420 {dd, J = 6.0, 10.0 Hz, 1H), 4.54 (m, 1H),
6.99 (d,J= R0 Hz, 11, 7.21 (d, 7= 84 Hz, 1H), 7.50 (1,7 = 8.0 Hz, 1TD). MS 344 (MH ).

(S)-cthyl  4-amino-5-({1-1sobutyrylpyrrohidin-2-vl)-methoxy)-2-methyl-

guinoline-3-carboxylate
Prepared as in Example 24a from (Sy-cthyl 4-amino-2Z-methyl-S-(pyrrolidin-2-ylimethoxy)
-quinoline-3-carboxylate (Example 89b) and isobutyric acid as brown solid (46%). MS 440

(M.

Example 91 (§)-5-({ 1-acetylpyrrolidin-2-ymethoexy)-4-amino-2-methylguinsline-3-
carboxylic acid
Me. N

g
HOLC™ Y D
NH, Oy
Ac

Prepared as in Example 1 from (§)-cthyl 3-((1-acetylpyrrohidin-2~-yUmethoxy)-4-anuno-
2-methylgninoline-3-carboxylate (Example 91a) as an off-white solid (23%). 'H NMR (400
MHz, DMSO-ds) 6 1.98 (s, 3H), 2.03-1.82 (m, 4H), 2.71 {5, 3H), 348 (1, J = 6.0 Hz, 2H), 4.05
(dd, J = 6.4, 10.0 He, 1H), 4.22 (dd, 7= 6.8, 10.0 Hz, 1H), 4.54-4.46 (m, 1H), 6.99(d, /=8.0
Hz, 11, 7.34 (d, /= 8.0 Hz, 1H), 7.54 (t, J = 10.0 Hz, 111). MS 344 (ML),

Example 9ia: (8)-ethyl S-{{I-acetylpyrrolidin-2-yDimethoxy}-4-ammo-2Z-methylquino-
line-3-carboxylate

Prepared as in Example 24a from (Sy-cthyl 4-amino-2Z-methyl-S-(pyrrolidin-2-ylimethoxy)
-quinoline-3-carboxyiate (Example 89b) and acetic anhydride as brown sohid (31%). M8 372

(M.

s
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Example 921: (K)-4-aminoe-5-((0-(cycichexanecarbonylpyrrolidin-2-yhimethoxy)-Z-methyl-
guinoline-3-carboxylic acid

Me N

~

HOZC: \/j/\ ;
NH, O N
a0

Prepared as in Example | from (R)-cthyl 4-amino-5-({1-{cvelohexanecarbonyDpyrrolidin
-2-yhmethoxy)-2-methylguinoline-3-carboxylate (Example 92a) as an off-white solid (37%). 'H
NMR (400 MHz, DMSO-dy) 0 1.34-1.11 (m, SH), 1.72-1.51 {m, 5H}, 2.08-1.79 (m, 5H), 2.44-
2.35 (m 1H), 2.52 (s, 3H), 3.55-3.45 (m, 2H), 4.02 (dd, /= 6.8, 9.2 Hz, 1H}, 417 (dd, /= 4.8,
10.0 Hz, 1H}, 445-4.38 (m, 1H), 6.75(d, /=72 Hz}, 711 (4, /=76 Hz, 1H), 727 {t /=80
Hz, 1H). MS 412 (MH").

Example 92a: (R)-cthyl 4-amino-5-({1-{cyclohexanccarbonyhpyrrolidin-2-vhmethoxy}-
2-methylquinoline-3-carboxylate

Prepared as in Example 24a from (R)-cthyl 4-amino-2-methyl-5-(pyrrolidin-2-
yvimethoxy)-quinoline-3-carboxylate (Example 92b) and cyclohexanecarboxylic acid as brown
solid (39%). MS 440 (MH").

Example 92b:  (R)-cthyl 4-amino-2-methyl-5-(pyrrolidin-2-ylmethoxy)quinoline-3-

carboxylate

Prepared as n Exarople 2a from (R)-benzyl 2-((3-amino-2-cyanophenoxy ymethylpyrro-
lidine-1-carboxylate (Example 92¢) and ethyl 3-oxobutanoate as brown solid. MS 330 (MH).

Prepared as in Example 24¢ from (R)-2-amino-6-(pyrrolidin-2-vimethoxybenzoniirile
(Example 92d) as brown solid (71%), MS 351 (MH").

Prepared as in Example 24d from (R)}-pyrrolidin-2-yimethanol and 2-amino-6-fluoro-

benzonitrile as brown sofid (57%). MS 218 (MH").

Example 93 (B)-4-amine-3-((I-isobutyrvipyrrolidin-2-yHmethoxy)-2-methylguinoline-3-

carboxylic acid

il6
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Me N

g
HOzC%
NH, O N
O)\(

Prepared as in Example 1 from (R)-cthyl 4-amino-5-{{(1-isol }ui‘/i\,ipwmhdm 2-yi}-
methoxy }-2-methviquinoline-3-carboxylate (Example 93a) as an off-white solid (44%). 'H NMR
(4(}(} MHz, DMSO-ds) ¢ 0.99 (dd, J= 2.0, 6.8 Hz, 6H}, 2.05-1.83 (m, 4H}, 2.65 (s, SH), 3534t J

2 Hz, 2H), 408 (dd, J = 6.8, 10.0 Hz, 1H), 420 (dd, J = 6.0, 10.0 Hz, 1H}, 4.54 (m, 1H},
6.99 (d,.J= 8.0 Hz, 1H), 7.21 (d, /=84 Hz, 1H), 7.50 (1, /= 8.0 Hz , 1H). MS 344 (MH

Example 93a: (R)-cthyl 4-amino-5-((1-isobutyryipyrrolidin-2-y}-methoxy)-2-methyl-
quinoline-3-carboxylate

Prepared as in Example 24a from (&)-cthyl 4-amino-2-methyl-5-(pyrrolidin-2-
yvimethoxyquinoline-3-carboxylate (Example 92b} and isobutyric acid as brown solid {39%)

MS 400 (MH ).

Example 94 (R3-5-((1-acetylpyrrolidin-2-vhmethoxy}-4-amine-2-methyiguinoline-3-
carboxylic acid

Me

o
NH, O N

Ac

N
z
AN

Prepared as in Example 1 from (R)-ethyl 5»((1*aeetyipyrroEidm*}y1)methoxy‘)*4»amino~
2-methylguinoline-3-carboxylate (Example 94a) as an off-white solid (19%). "H NMR (400
MHz, DMSO-dg) ¢ 1.98 (s, 3H), 2.03-1.82 (m, 4H), 2.71 {s, 3H), 3.48 {1, J = 6.0 Hz, 2H)}, 4.05
(dd, J = 6.4, 10.0 Hz, 1H), 4.22 (dd, 7 = 6.8, 10.0 Hz, 1H), 4.54-4.46 (m, 1H), 6.99(d, /= 8.0
Hz, 1H), 7.34 (d, J = 8.0 Hz, 1H), 7.54 (t. /= 10.0 Hz, 1H). MS 344 (MH").

Example 94a: (R)-cthyt S5-({1-acetylpyrrolidin-Z-yhmethoxy}-4-ammo-2-methylquino-
ling-3-carboxylate

Prepared as in Example 24a from (&)-cthyl 4-amino-2-methyl-5-(pyrrolidin-2-
yvimethoxyquinoline-3-carboxylate (Example 92b} and acctic anhydride as brown solid (28%).

MS 372 (MH.

7
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Example 95: (8)-4-amino-5-(2-(2-hydroxybenzamido}-3-methyibutoxy-2-methylguinoline-

3-carboxylic acid

Prepared as in Example | from (8)-ethyl 4-amino-5-(2-(2-hydroxybenzamido)-3-methyl-
butoxy)-2-methylgninoline-3-carboxyiate (Example 95a) as a white solid (82%). MS 424 (MH ).
guinoline-3-carboxylate

Prepared as in Example 24a from (8)-ethyl 4-amino-3-(Z-amino-3-methylbutoxy)-2-
methylguinoline-3-carboxylate (Example 95b) and 2-hydroxybenzoic acid as brown solid (56%).
MS 452 (M.

Example  95b:  {(§)ethyl  4-amino-5-(2-amino-3-methylbutoxy)-2-methylguinoline-3-

carboxvlate
Prepared as in Example 2a from (S)-benzyl 1-(3-amino-2-cyanophenoxy)-3-methylbutan-
2-ylcarbamate (Example 85¢) and ethyl 3-oxobutanoate as brown solid (79%). MS 332 (MH").
Example 95¢c: (S)-benzyl 1-(3-amino-2-cvanophenoxy)-3-methylbutan-2-ylcarbamate
Prepared as in Example 24¢ from {§)-2-amine-6-(Z-amino-3-methylbutoxyjbenzonitrile
(Example 95d) as brown solid (82%). MS 354 (MH").
Example 95d: (8)-2-amino-6-(2-amino-3-methylbutoxy ybenzonitrile
Prepared as in Example 24d from {§)-2-amino-3-methylbutan-1 -0l and 2-amino-6-fluoro-

benzonitrile as brown solid (71%). MS 220 (MH",

Exampie 96: (§3-4-amine-5-(2-(3-hydroxyvbenzamido)-3-methyibutexy)-2-methyiguinoline-

3-carboxylic acid
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Me N
’d

HO,C
NH, O

Prepared as in Example T from (S)-cthyl 4-amino-5-(2-(3~hydroxybenzamido)-3-methyl-

butoxy)-2-methylguinoline-3-carboxylate (Example 96a) as a white solid (83%). MS 424 (MH ).

Example 96a; (S)-cthyl 4-amino-5-2-3~-hydroxybenzamdo)-3-methyibutoxy)-2-methyl-
guinoline-3-carboxylate

Prepared as in Example 24a from (8)-cthyl 4-amino-S-(Z-amino-3~-methylbotoxy})-2-
methylgquinoline-3-carboxylate (Example 95b) and 3-hydroxybenzoic acid as brown solid (35%).

MS 452 (MIL).

Example 97 (§)-4-aming-3-2-C-hydroxybenzamido)butoxy)-2-methyiquinoline-3-

carboxylic acid

Me N
]

HOLCT < 0 OH
NH, o\/’\N

H

Prepared as in Example 1 from {$)-cthyl 4-amino-5-(2-(2-hydroxybenzamido jbutoxy -2~
methylguinoline-3-carboxylate (Example 97a) as an off-white solid (78%). MS 410 (MH").

Example 97a; (S¥-ethyl 4-amino-5-(2-(2-hydroxybenzamidobutoxy)-2-methylguinoline-
3-carboxylate

Prepared as in Example 24a from (S)-cthyl 4-amino-5-(2-ammobutoxy)-2-methylquino-
fine-3-carboxylate (Example 97b) and 2-hydroxybenzoic acid as brown solid (46%). MS 438
(MH".

Example 97b: (8)-cthyl 4-amino-5-(2-aminobutoxy }-2-methylquinoline-3-carboxylate

Prepared as in Example 2a from (S)-benzyl 1-(3-amino-2-cyanophenoxylbutan-2-
yicarbamate (Example 97¢) and ethyl 3-oxobutanoate as brown solid (75%). MS 318 (MH").

Example 97¢; (S)-benzyl 1-(3-amino-2-cyanophenoxy jbutan-2-ylcarbamate

repared as in Example 24¢ from {(5)3-2~-amino-6-{Z-aminohoiosyihenzontiriie {Example
P i B le 24¢ 1 -2 6-{2 hatoxy ) irite (B {

97d) as brown solid (87%). MS 340 (MI1).

il9
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Example 97d: (§)-2-amino-6-(2-aminobutoxy}benzonitrile
Prepared as in Example 24d from (§)-Z-aminobutan-i-ol and 2-amino-6-fluorc-

benzonitrile as brown solid (73%). MS 206 (MH"),

5  Example 98  (§)-d-amino-5-2-(4-(Z-hydroxyethoxy}-3-methoxyhenzamidojbutoxy)-2-
methyiguineline-3-carboxyHe acid

Me N

’

HO,C™ Y -0

NH, O\/;\N)KQ:OMe
H
OH
O/\/

Prepared as in Example 1 from (S)-ethyl 4-amino-5-(2-(4-(2-hydroxyethoxy)-3-methoxy-
benzamidobutoxy)-2-methylguinoline-3-carboxylate (Example 98a} as an off-white sohid (83%).
10 MS 484 (vEHD).

Example  98a:  (Syethyl  4-amino-5-(2-(4-(2-hydroxvethoxy 3-3-methoxybenzamido -

butoxy -2~-methyiguinoline-3-carboxyiate
Prepared as in Example 24a from (S)-cthyl 4-amino-5-(Z-aminobutoxy)-2-methviguing-
fine-3-carboxylate (Example 97b} and 4-(2-hydroxvethoxy}-3-methoxybenzoic acid (Uto, Y. et

15 al Ricorg. Med Chem. Let. 2809, 19, 4151.) as brown solid (38%). MS 512 (MH").

Example 99: {(3)-4-amino-5-(2-(2,3-dihydrebenzo|b}|1,4|dioxine-5-carboxamide)butoxy}-2-

methyiquinsline-3-carbexylic acid

Ow*@

20 Prepared as in Example 1| from (8)-cthyl 4-anuno-5-(2-(2,3-dthydrobenzofb}f 1,4 ]dioxine-
S-carboxamidobutoxy)-2-methylguinoline-3-carboxylate (Example 99a) as an off-white solid
(78%). MS 432 (MH"),

Example 9%a; (S)-cthyl 4-amino-5-(2-(2,3-dihydrobenzo[bli | 4]dioxine-5-carboxamido)-

butoxy)-2-methylguinoline-3-carboxylate
4
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Prepared as in Example 24a from (S)-cthyl 4-amino-5-(2-ammobutoxy)-2-methylquino-
fine-3-carboxylate (Example 97b) and 2,3-dihvdrobenzof[blil,4]dioxine-S-carboxylic acid as

brown solid (40%). MS 480 (MH").

Example 188: (Sr4d-amine-5-2-(4-G-hydrexyprepoxyi-3-methoxybenzamidobutoxy)-2-
methyiguineline-3-carboxyHe acid

Me N

s

HO,C™ Y P

NH, O\/:\N)K@OMe
H
0" "0H

Prepared as in Example 1 from {8-ethyl 4-amino-5-2-(4-(3-hydroxypropoxy}-3-
methoxybenzamidobutoxy )-2-methylquinoline-3-carboxyiate (Example 100a) as an off-white
solid (79%). MS 498 (MH .

Example 100a; (S-ethyl 4-amino-5-(2-(4-(3-hydroxypropoxy 3-3-methoxybenzamido -

butoxy }-2-methylquinoline-3-carboxylate

Prepared as in Example 24a from (S)-cthyl 4-amino-5-(2-ammobutoxy}-2-methylquino-
fine-3-carboxylate (Example 97b) and 4-(3-hydroxypropoxy}-3-methoxvbenzoic acid (Baraldi,
P.G.etal J. Med Chem. 1999, 42, 5131.) as brown solid {41%). MS 526 (MH").

Example 101: (S)-4-amine-5-2-(3,5-dihvdroxybenzamideo)butoxy)-2Z-methyiguinoline-3-

carboxylic acid

Me N
|
HO,C™ Y 7o
NH, o\/\N OH

H

OH
Prepared as in Example 1 from (S)-ethyl 4-amino-5-(2-(3,5-dihydroxybenzamido}butoxy)

-2-methylguinoline-3-carboxylate (Example 101a) as an off-white solid (69%.). MS 426 (MH").

Example 10ta; {(8)-ethyl 4-amino-5-(2-(3,5-dihvdroxybenzamidojbutoxy)-2-methyl-

quinoline-3-carboxylate
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Prepared as in Example 24a from (S)-cthyl 4-amino-5-(2-ammobutoxy)-2-methylquino-
fing-3-carboxylate (Example 97b} and 3.5-dihydroxybhenzoic acid as brown solid (37%). MS 454

(MH".

Example 102: (8)-d-amino-3-(2-(2,3-dihydrobenzo|b}|1.4]dioxine-6~carboxamidoibutoxy}-
2-methviguinoline-3-carbexylic acid
Me N
g

NS

-0
NH, o\}\N o)
N )
0

Prepared as in Example | from {§)-ethyl 4-amino-5-(2-(2,3-dihydrobenzofbif | .4 ]dioxine-

HO,C

6-carboxamidoYbutoxy)-2-methylquinoline-3-carboxylate (Example 102a) as an off-white solid
(71%). M8 452 (MI),
butoxy -2~-methylgoinoline-3-carboxylate

Prepared as in Example 24a from (S)-ethyl 4-amino-5-(Z-aminobutoxy)-2-methylquino-
fine-3-carboxylate (Example 97b) and 2,3-dihydrobenzofblil,4]dioxine-6-carboxylic acid as

brown solid (46%). M5 480 (MH").

Example 163: {8)-4-amine-3-2-(3-hydroxybenzamido)butoxy)-2-methylguinoline-3-
carboxylic acid

Me N

’d

HO,C™ Y P

NH, O\/:\NJ\Q/OH
H

Prepared as in Example T from (S)-cthyl 4-amino-5-(2-(3-hydroxybenzamidojbutoxy}-2-
methylguinoline-3-carbox viate {Example 103a) as an off-white solid (72%). MS 410 (MH").

Example 103a: (S)-ethyl 4-amino-5-(2-(3-hydroxybenzamidoybutoxy)-2Z-methylquino-

line-3-carboxylate
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Prepared as in Example 24a from (S)-cthyl 4-amino-5-(2-ammobutoxy)-2-methylquino-
fine-3-carboxylate (Example 97b) and 3-hydroxybenzoic acid as brown solid (49%). MS 438

(MH".

e

Example 184: ($r4d-amine-5-2-(4-3-hydroxypropoxyi-3-methoxybenzamido}-3-methylh
butoxy)-2-methyiquineline-3-carboxylic acid
Me /N

Prepared as i Example 1 from (S)-ethyl 4-aming-5-(2-(4-(3-hydroxypropoxy}-3-
methoxybenzamido}-3-methylbutoxy}-2-methylguinoline-3-carboxylate (Example 104a) as an
10 offowhite solid (69%). MS 512 (MH").

Example 104a: (M-ethyl 4-amino-5-(2-(4-(3-hydroxypropoxy}-3-methoxybenzamido}-3-

methylbutoxy}-2-methyiguinoline-3-carboxylate
Prepared as in Example 248 from (S)-cthyl 4-amino-5-(Z-amino-3-methylbutoxy}-2-
methylguinoline-3-carboxylate (Example 95b) and 4-(3-hydroxypropoxy)-3-methoxybenzoic

15 acid (Baraldi, P. G. et al. /. Med Chem. 1999, 42, 5131.) as brown solid {29%). MS S40 (MH").

FExample 105 (&)-4-amine-5-2-(3,5-dihydroxybenzamido)-3-methylbutexy}-2-methyl-

guinaline-3-carboxylic acid

Me N
9
HOLC™ Y
NH, O
2 0
H
OH
20 Prepared as i Example | from (S)-ethyl 4~amuno-5-(2-(3,5-dihydroxybenzamido)}-3-

methylbutoxy)-2-methylquinoline-3-carboxviate (Example 1035a) as a white solid {(72%). MS 440
(M),
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Example 103%a; (8)-cthyl 4-amino-5-(2-(3,5-dihydroxybenzamido)-3-methylbutoxy -2~

methylquinoline-3-carboxylate
Prepared as in Example 24a from (S)-cthyl 4-amino-5-(2-ammo-3-methylbutoxy}-2-
methylguinoling-3-carboxylate (Example 95b) and 3,5-dhydroxybenzoic acid as brown solid

S (29%). MS 468 (MH"),

Example 166: {8)-4-amino-5-(2-(2,3~-dihydrobenzo{b}{1 4]dioxine-5-carboxamido}-3-

methyibutoxy}-2-methyiquineline-3-carboxylic acid

Me. N
9
HOLC™ Y
H
16 Prepared as in Example 1 from (8)-ethyl 4-amino-5-(2-(2,3~dihydrobenzofbli 1,4 ]dioxine-

S-carboxamido}-3-methylbutoxy)-2-methyviguinoline-3-carboxylate (Example 106a) as a white
solid (81%). MS 466 (ML),

Example 106a; (S)-cthyvl 4-amino-5-(2-(2,3-dibydrobenzofb]{ 1 4]dioxine-3-carboxamido)

-3-methylbutoxy}-2-methylgquinoling-3~-carboxylate

5 Prepared as in Example 248 from (S)-cthyl 4-amino-5-(Z-amino-3-methylbutoxy}-2-
methylquinoline-3-carboxyiate  (Example 95b) and  2.3-dihydrobenzofblf1.4]dioxine-5-
carboxylic acid as brown solid (36%). MS 494 (MH").

Example 167: (8y-4-amine-5-2-(2,3-dihydrobenzoibi{i,4]dicxine-G-carboxamide}-3-
28 methylbutexy)-2-methylguinoline-3-carboxylic acid
Me N
|
HO,C™
NH,

A
N)‘\@[oj
H
O
Prepared as in Example | from (S)-ethyl 4-amino-5-(2-(2,3-dihydrobenzofbf | 4 ]dioxine-

6-carboxamido}-3-methylbutoxy)-2-methyiquinoline-3-carboxylate (Example 1{7a) as an off-

white solid (76%). MS 466 (MH ).
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Example 107a; (8)-cthyl 4-amino-5-(2-(2.3-dihydrobenzofb]{ |.4]dioxine-6-carboxamido)
-3-macthylbutoxy)-2-methylquinoline-3-carboxylate

Prepared as in Example 24a from (§)-ethyl 4-amino-5-(Z-amino-3-methylbutoxy)-2-
methylguinoline-3-carboxviate  (Example 95by  and  2,3-dihvdrobenzofblf 1,4 dioxine-6-

carboxylic acid as brown solid (29%). MS 494 (M ).

Example 188: 4-amine-5-((4-(isonicotinamidelcyciohexylmethoxy)-2-methyiguinoline-3-
carboxylic acid
Me N

v’
| N_o
= LLO
NH, O /
o |
N

Prepared as in Example 1 from cthyl 4-amino-5-((4-(isonicotinamido}eyclohexyl)-
methoxy)-2-methylquinoline-3-carboxylate (Example 108a) as an off-white solid (43%). 'H
NMR (400 MHz, DMSO-~ds) 6 1.52 - 2.01 (m, 8H), 2.13 {m, 1H), 2.74 (s, 3H), 3.99 (m, 1H),
418 (d, J=6.8 Hez, 2H}, 7.05 (d, J = 8.0 Hz, 1H), 7.26 {d, /= &0 Hz, 1H), 7.66 {t, J = &4 Hz,
1H), 7.71(d, /= 6.0 Hz, 2H), 840 (d. /= 6.8 Hz, 1H}, 871 {d, /= 6.0 Hz, 2H), 12.70 (brs, 1H}.
MS 435 (M.

Example 108a: cthyl 4-amino-5-({4-(isonicotinamido jcycichexyl}methoxy-2-methyl-

quinoline-3-carboxylate

Prepared as in Example 2a from N-(4-{{3-Aming-Z-cyanophenoxyymethyljcyclohexyl)-
isonicotinamide {(Example 108b} and ethyl 3-oxobutancate as a yellow solid (25%). MS 463
(MH".

Example 108b:; N-(4-((3-Amino-2-cyanophenoxy imethyljcyclohexylisonicotinamide

Prepared as in Example 22b from N-(4-(Hydroxymethylcyclohexyhisonicotinamide
(Example 108¢) and 2-amino-6-fluorobenzonitrile as a colorless oil (6%}, MS 351 (MH").

Example § 08¢ N-(4-(Hydroxymethyljcyciohexyl)isonicotinamide

Prepared as in Example 24a from (4-Aminocyclohexyhmethanol and isonicotinic acid as

a yellow oil {100%). MS 235 (MH").

Example 109 4-amino-S-{{I-methoxyeyclohexyhoxyl-2-methylguinoline-3-carboxylic acid
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Me N
s

HOL.C™ Y OMe
NH, O

Prepared as in Example 1| from ecthyl 4-amino-3-((Z-methoxycyelohexyhoxy)-2-
methylquinoline-3-carboxylate (Example 1092) as a white solid (79%). "I NMR (400 Mz,
DMSO-~ds) & 1.20-1.68 (m, 6H}, 2.16 (m, 2H), 2.78 (s, 3H)}, 3.34 (s, 3H), 3.58 (m, 1H), 4.50 (m,
1H), 7.17¢d, J =84 Hz, 1H), 7.29(d, /= 84 Hz, 1H), 7.67 (t, /= 88 Hz, 1H), 8.92 (brs, 1H),
12.14 (brs, 1H), 12.86 (brs, 1H). MS 331 (MH").

Example 109z cthyl 4-amino-5-((2-methoxyeyclohexyloxy)-2-methylguinoline-3-

carboxylate

Prepared as in Example 2Za from 2-Amino-6-(2-methoxyeyclohexyloxyibenzonitriie
{(Example 109b) and ethyl 3-oxobutanoate as a pale yellow oil {16%). MS 359 (MH").

Example 109b; 2-Amino-6-(2-methoxycyclohexyloxy)benzonitrile

Prepared as in Example 22b from 2-methoxycyclohexanol and Z-amino-6-tluoro-

benzonitrile as a vellow oil (34%). MS 247 (MH ).

Example 118 4-amine-S-{{1-(3-hydroxybenzoylipiperidin-3-yimethoxy}-2-methylguinoline

~3-carboxylic acid

Prepared as m Example 1 from cthyl 4-amino-35-({1-(3-hydroxybenzoylipiperidin-3-
yhmethoxy-2-methylguinoline-3-carboxylate (Example 110a} as a white solid (35%). MS 436
{(MH").

Example 11€a: ethyl 4-amino-5-((1-(3-hydroxybenzoyipiperidin-3-yhmethoxy -2~

methylquinoline-3-carboxylate
Prepared as in Example 24a from cthyl 4-amino-Z-methyl-5-(piperidin-3-vimethoxy -
quinoline-3-carboxylate (Example 110b} and 3-hydroxybenzoic acid as a white solid (34%). MS

464 (MH",
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Example 110b:  cothyl  4-amino-2-methyl-5-(piperidin-3-ylmethoxyjguinoline-3-

carboxylate
Prepared as i Example 2a from benzyl 3-((3-amino-2-cyanophenoxy ymethyl)piperidine-
1-carboxylate {Examyple 110¢) and ethyl 3-oxobutanocate as a yellow oil (21%). MS 344 (MH").

Example 1 10¢; benzyl 3-((3~amuno-2-cyanophenoxyymethylypiperidine-1-carboxylate

Prepared as m Example 24¢ from 2-amino-6-(piperidin-3-ylmethoxybenzonitnie
{Example 110d) as a yellow solid (70%).
Prepared as in Hxample 24d from 3-piperidinemethanol and 2-amino-6-fluoro-benzo-

nitrile as a light vellow solid (27%). MS 232 (MH ).

Example 111 4d-amine-5-((1-3-hydroxybenzoyDpiperidin-2-yDmethoxy)-2-methylguino-

line-3-carboxylic acid

Prepared as in Example 1 from ethyl 4-amino-5-({(1-(3-hydroxybenzoylipiperidin-2-
vlimethoxy)-2-methylquinoline-3-carboxylate (Example 111a) as an off-white solid (35%). 'H
NMR (400 MHz, DMSO-d) 0 1.25-1.89 (m, 6H}, 2.74 (s, 3H), 3.44 (m, 2H), 4.27 {m, 1H)}, 4.75
{m, 2H), 5.29 (m, 1H}, 6.64 - 6.73 (m, 2H), 6.78 {d, /= 7.2 Hz, 1H)}, 7.18 (m, 2H), 7.26 {d, J =
8.4 Hz, 1H), 7.68 (m, 1H)}, 887 (brs, 1H), 9.73 {brs, 1H), 11.96 {(brs, 1H), 12.70 (brs, 1H). MS
436 (MH".

Example 1lla: ethyl 4-amino-3-((1-(3-hydroxybenzoylpiperidin-2-vhmethoxy -2~

methylquinoline-3-carboxylate

Prepared as in Example 24a from cthyl 4-amino-2Z-methyl-5-(piperidin-2-vimethoxy -
quinoline-3-carboxylate (Example 111b} and 3-hydroxvhenzoic acid as a white solid (28%). MS
464 (MH",

Example {1ib:  ethyl  4-amino-2-methyl-5-(piperidin-2-yimethoxyquinoline-3-

carboxylate
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Prepared as in Example 2a from benzyl 2-((3-amino-2-cyanophenoxy ymethylpiperidine-
{-carboxylate (Example 1lic) and cthyl 3-oxobutanocate as a colorless oil (13%). MS 344
(MH".

Example 111c¢: benzyl 2-((3-amino-2-cyanophenoxymethylipiperidine-1 -carboxylate

Prepared as in Example 24¢ from  2-amino-6-(piperidin-2-vhmethogy jhenzonitrile
(Example 111d) as a yeliow solid (100%). MS 366 (M),

Prepared as in Example 24d from 2-piperidinemethanol and 2-amine-6-flnoro-benzo-

nitrile as a Hght yellow solid (64%). M3 232 (M)

Example 112: 4-amino-S-cyclopropyi-2-methylguinoline-3-carboxylic acid

Me N
]

HOLC™ Y
NH,

Prepared as in Example | from cthyl 4-amino-5-cyclopropyl-2-methvlguinoline-3-
carboxylate (Example 112a) as a white solid (85%). "H NMR (400 MHz, MeOH-dy) 8 1.03 (m,
2HY, 131 (m, 2HD, 2.53 (my, TH), 2.81 (s, 3H), 7.50 (m, 1), 7.58 (m, 1H)}, 7.73 {m, 1H). MS 243
(MH™.

Example 112a; ethyl 4-amuno-S-cyclopropyl-2-methylgunoline-3-carboxylate

Prepared as in Example 2a from 2-amino-6-cyclopropyibenzonitrile (Tachdjian, C. er ¢l.
PCT Int. Appl. 2008, WO 2008154221) and ethyl 3-oxobutancate as a pale yellow solid (80%).
MS 271 (M.

Example 113: 4-amino-2-{carboexymethyl}-5-(2-cyclohexyiethyliquinoline-3-carboxylic acid

N

HOLC NP

HOLCT
NH,

Prepared as in Example 1 from ethyl d-amino-5-(2-cyclohexylethyl)-2-(2-ethoxy-2-
oxoethylquinoline-3-carboxylate (Example 113a) as an otange solid (69%). 'H NMR (400
MHz, DMSO-ds) ¢ 0.89-0.92 {m, 2H), 1.14-1.29 (m, 4H}, 1.44-1.49 (m, 2H), 1.56-1.66 (m, 4H),
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1.73-1.76 (m, 1H), 315 (t, } = 8.0 Hz, ZH), 3.70 (s, 2H), 7.09-7.11 (m, 1H), 7.38-7.42 (m, 1H),
7.46-7.51 {m, 2H). MS 338 (MH-H,0).

Example 113a; ethyl 4-amino-5-(2-cyclohexylethyi}-2-(2-cthoxy-2-oxocthyljguinohine-3-
carboxylate

5 Prepared as i Example 2a from 2-amino-6-(Z-cyclohexylethyhbenzoniinle (Example
113b) and diethyl 3-oxopentanedioate as av orange sold (33%). 'H NMR (400 Mz, DMSO-ds)
o 0.87-0.96 (m, 2H), L14-1.22 (m, TH), 1.27-1.32 (m, 4H), 1.47-1.52 (m, 2H), 1.61-1.68 (m,
413, 1.74-1.77 (m, 2H), 3.21-3.25 ¢m, 2H), 4.03 (5, 2H), 4.09 (q, I =80 Hz, 2H), 4.27 (g, I = R0
Hz, 21, 7.27 (1, F = 4.0 Hz, 11D, 7.57 (d, J = 8.0 Hz, 2H), 7.63 (brs, 2H). MS 413 (MH".
1Y Example 113h: 2-amino-6-(2-cyclohexylethylibenzonitnile

Prepared as in Example 21b from 2-amino-6-(cyclobhexyiethyvoyhbenzonitrile (Example
113¢) as an orange solid (36%). 'H NMR (400 MHz, DMSO-~ds) § 6.90-0.95 (m, 2H), 1.16-1.24
{m, 45, 1.41-1.46 (m, 2H), 1.60-1.75 (m, SH), 2.58-2.62 (m, 2, 5.90 (s, 2H)}, 648 (d, ] = 8.0
Hz, 1HD), 6.61 (d, J = 8.0 Hz, 1), 7.18 (t, J = 4.0 Hz, 11, MS 220 (MH").

5 Example 113¢: Z-amino-6-(cyclohexylethynylbenzonitrile

Prepared as in Example 21c from ethynylcyclohexane and Z-aming-6-bromobenzonitrile
as a brown oil (100%). "H NMR (400 Mz, DMSO-dg) § 1.24-1.77 (m, 101D, 2.70 (m, 15D, 6.13
(s, 2H), 6.64 (d, J = 8.0 Hz, 1H), 6.74 (d, I = 8.0 He, 1H), 7.22 (1, J = 8.0 Hz, 1H). MS 225
{(MH").
260

Fxample 114: 4-amino-53-G-methoxyphenyl)-2-methyiguinoline-3-carboxylic acid
Me._ N
I
HOLC™ Y
H>N O
OMe

Prepared as in Example | from ethyl 4-amino-3-(3-methoxyphenyl)-2-methylguinoline-

3-carboxylate (Example 114a) as an off-white solid (38%). MS 309 (MH".

bJ
5

Example 1 14a: ethyl 4-amino-5-(3-methoxyphenyl)-2-methylguinoline-3-carboxylate
Prepared as m Example 2a from 3-amino-3'-methoxy-[1,1-biphenyl]-2-carbonitrile

(Example 114h) and ethyl 3-oxobutanoate as a pale yellow solid (55%). MS 337 (MH").
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To a stiured solution of 2-amino-6-bromobenzonitrile (195 mg, 1.0 mmol} and (3-
methoxyphenyliboronic acid (300 mg, 2 mmol) in dioxance (2 mL) was added agucous potassium
carbonate (2.0 mmol, 0.7 mL). The reaction solution was degassed by bubbling N, for 2 minutes.
Palladium tetrakisiriphenylphosphine (5% mol) was added to the reaction mixture and the
reaction vessel was placed in a microwave reactor and irradiated at 165 °C for 20 mimutes. The
precipitate was removed by filtration and the filtrate concentrated. The residue was purified by
HPLC (acetonitrile/water; 10-90% gradient, 25 minutes) to give the title compound as an off-

white solid (180 mg, §0%). MS 225 (MH ).

Example 115: 4-amino-S-{cyclohexyimethoxy}-2-methylguinoline-3-carboxylic acid
Me /N
Hogcj;p \/O
NH, O

Prepared as in Example 1 from cthyl 4-amino-S-{cyclohexylmethoxy)-2-methylguino-
line-3-carboxylate (Example 115a) as a white solid (84%). 'H NMR (400 Miiz, DMSO-d;) 6
1.03-1.29 (m, SH), 1.63-1.82(m, 3H), 1.94 (m, 1H), 2.75 (s, 3H), 4.06 (d, } = 6.4 Hz, 2H), 7.03
(d, J=8.0Hz, 1H), 7.26 (d, F = 8.4Hz, 1H}, 7.66 (1, F = 8.4 Hz, 1H). MS 315 (MH").

Example 115a: ethyl 4-amino-5-{cyclohexyvlimethoxy-2-methylguinoline-3-carboxylate

Prepared as o Example 2a from 2-amino-6~{cyclohexylmethoxybenzonitrile (Example
115b) and ethyl 3-oxobutanoate as a pale yellow solid {47%). 'H NMR (400 Mz, McOD) §
112-1.37 (m, 6H), 1.42 (1, 1 = 4.0 Hz, 3H), 1.73-2.061 (m, SH), 2.68 (5, 3H), 4.06 (4, ] = 4.0 Hz,
IH), 4424{g, J=8.0Hz, 2H), 696 (d, I =80 Hz, 1H), 732 (4, J =80 Hz, 1H), 7.58 (t, J= 8.0
Hz, 1H). MS 343 (MH").

Example 115b; 2-anuno-6-(cyelohexylmethoxy benzonitrile

Prepared as in Example 22b from cyclohexylmethanol and 2-amino-6-flnorebenzonitrile
as a colorless oil {(50%). 'H NMR (400 MHz, CDCL) § 1.07-1.09 (m, 2H), 1.28-1.32(m, 311,
1.75-1.90 (m, 6H)}, 3.79 (d, J= 6.4 Hz, 2H}, 4.37 (s, 2H), 6.20 (d, J = &4 Hz, 1H), 6.28(d, I =
R.4Hz, 1), 7.19 (t, J = 8.4 Hz, 1H). MS 231 (M.

Example 116: 4-amino-S-{cyclohexyimethoxy)-2-methylguineline-3-carboxylic acid

130
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Me N

’d

N

NH, O. :

Prepared as m Example 1 from ethyl 4-anmuno-2-methyl-5-phenoxyquinoline-3-
carboxylate (Example 116a) as an off-white solid (47%). 'H NMR (400 Mz, DMSO-ds) & 2.77
(s, 3H), 6,60 (4, J=40Hz, [H), 723(d, F=R80Hz, 2H), 730 (1, 1= 80 He, 1H), 740 (dd, I =
8.0 Hz, 1H), 749 (1, J = 8.0 Hz, 2H), 7.60 {t, I = 8.0 Hz, 1H), 8.81 (brs, 1H)}, 12.20 {brs, 1H),
12.81 (brs, 1F). MS 295 (MH"),

HO,C

Example 1 16a; ethyl 4-amuno-2-methyl-5-phenoxyquinoline-3-carboxylate

Prepared as in Example 2a from Z-amino-6-phenoxybenzonitrile and ethyl 3-
oxobutanoate as a vellow oil (72%). 'H NMR (400 Mz, DMSO-ds) 6 1.32 (1, I = 8.0 Hz, 31,
2.59 (3, 3H},4.33 {q, F = 8.0 Hz, 2H), 6.61 (dd, J = 8.0 Hz, 1H), 7.16 (d, ] = 4.0 Hz, 2H}, 7.25 (¢,

§= 8.0 Hz, 1H), 7.39-7.52 (m, 411), 7.93 (brs, 2H). MS 323 (MIT).

Example 117 4-amine-5-(3-({4-methexybenzyDamine)-2,2-dimethyl-3-oxopropoxy}-2-
methylguineline-3-carboxylic acid

Me N

2

oM
HOZC: \/\(\ ; ’ ©
NH, O\><H/N

0]
Prepared as in Example 1 from cthyl 4-amino-5-3-({(4-methoxybenzylamino}-2,2-
dimethyl-3-oxopropoxy -2-methylguinoline-3-carboxylate (Example 117a) as an off-white solid
(38%). MS 438 (MH").

Example 117a; ethyl 4-amino-5-(3-({4-methoxybenzyhamine)-2,2-dimethyl-3-oxopro-

poxy)-2-mcthylguinoline-3-carboxylate
Prepared as in Example 24a from 3-((4-amino-3-{ethoxycarbonyl}-2-methylguinolin-5-
yhoxy}-2,2-dimethylpropancic acid (Example 47b) and (4-methoxyphenyDmethanamine as a

yellow solid (100%). M3 466 (M),
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Exampie 118: 4-amino-Z-methyl-5-((tetrahydre-2H-pyran-4-yijoxyiguinoline-3-carboxylic
acid
Me N

2

AN

NH, O
1@

Prepared as in Example | fom ethyl 4-ammo-2-methyl-3-({tetrahydro-2H-pyran-4-

HO,C

S vhoxyiuinoline-3-carboxylate (Example 118a) as an off-white solid {80%). "H NMR (400
MHz, DMSO-dg) ¢ 1.8 (m, 2H}, 2.06 (m, 2H), 2.75 (5, 3H), 3.87 (m, 2H), 4.91 {(m, 1H), 715 {d,

§=8.0Hz, 11, 7.26 (d, F= 8.0Hz, 111, 7.65 (¢, § = 8.0 Hz, 1), MS 303 (M),

Example 118a; ethyl 4-amino-2-methyl-3-{{tctrahvdro-2H-pyran-d-yDoxyquinoline-3-

carboxylate
16 Prepared as in Example 2a from 2-amino-6-({tetrahydro-2H-pyran-4-yDoxy dbenzonitrile
{Example 118b) and ethy] 3-oxobutanoate as a pale yellow solid (51%). M8 331 (MH").
Example 118b: 2-amino-6-((tetrabydro-2H-pyran-4-ylJoxybenzonitrile
Prepared as in Example 22b from tetrahydro-2H-pyran-4-ol and 2-amino-6-tluorobenzo-
nitrile as a colorless oil (48%). 'H NMR (400 Mz, CDCL) 6 1.87 (m, 2H), 2.00(m, 211), 3.63
IS5 {m, 2H}, 4.00 (m, 2H), 442 (s, ZH), 4.58 (m, 1H), 6.23 (d, ] = 8.4Hz, 1H), 6.30 (d, I=8.4 Hz,
1H), 7.20 41, J = 8.4 Hz, 1H). MS 219 (MH").

Example 11%: 4-amino-5-(2,2-dimethyl-3-ox0-3-((pyridin-4-vimethyljamino}propoxy)-2-

methyiquinsline-3-carbexylic acid

Me N
|
HOLCT L PN
NH, O%(N G
20 o

Prepared as m Example | from cthyl 4-amino-5-(2,2-dimethyl-3-oxo0-3-{({(pynidin-4-
yimethyhaminolpropoxy)-2-methylquinoline-3-carboxylate  (Example 119a) as an off-white
solid (44%). MS 409 (MH".

Example 119a; ethyl 4-amino-5-(2,2-dimethyl-3-ox0-3-({pyridin-4-ylmethyDaminoypro-

25 poxy)-Z-methylquinoline-3-carboxylate
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Prepared as in Example 24a from 3-({(4-amino-3-(cthoxycarbonyl)-2-methylguinolin-5-
vhoxy)-2,2-dimethvipropanocic acid (Example 47b) and pyridin-4-vimethanamine as a brown
- B o - " B o o

solid (43%). MS 437 (MH").

Example 120: 4-aminoe-5-(3-hyvdroxy-2,2-dimethylpropoxy)-2-methviguinoline-3-carbexylic
acid
Me N

e

A

NH, O\></OH

Prepared as in Example 1 from ethyl 4-amuno-5-(3-hydroxy-2,2-dimethylpropoxy}-2-

HO,C

methylguinoline-3-carboxylate (Example 120a) as an off-white solid (33%). 'H NMR (400 MHz,
DMSO-dg} 0 0.98 (s, 6H), 2.75 (s, 3H}, 3.37 (s, 2H), 3.97 (5, 2H), 5.12 ¢brs, 1H), 7.01 {d, J =84
Hz, IH), 7.25¢d, I=7.6 Hz, 1H), 7.66 (t, J = 8.0 Hz, 1H), 9.27 {brs, 1H), 12.23 (brs, 1H}, 12.73
(brs, 1H). MS 305 (MH").

Example 120a; cthyl 4-amino-3-(3-hydroxy-2,2-dimethyipropoxy)-2-methylguinoline-3-

carboxylate

Prepared as in Example 2a from 3-(3-amino-2-cyanophenoxy)-2,2-dimethylpropyl
acetate (Tachdjian, C. et al, PCT fnr. Appl. 2688, WO 2008154221 ) and ethyl 3-oxobutanocate as
a pale vellow solid (26%). MS 333 (MH").
Example  121: 4-amine-5~((1-isebutyryipiperidin-d-yhmethoxy)-2-methylguinoline-3-
carboxylic acid

Me /Nl o

HOC™N N)k(
NH, O

Prepared as in Example | from ethyl 4-amino-5-({(1-isobutyrylpiperidin-4-ylimethoxy)-2-
methylguinoline-3-carboxylate (Example 121a) as a white solid (38%). 'H NMR (400 Miiz,
DMSO-ds) 6 0.99 (m, 6H), 1.13-1.23 (m, ZH), 1.78-1.89 (m, ZH), 2.26 (brs, 1H), 2.51 (m, 1H},
2.78 (brs, 3H), 2.88 (m, 1H}, 3.06 (t, 1 =120 Hz, 1H), 4.02 (d. 1= 12.0 Hz, 1H), 441 (m, 2H),
4.44 (d, J=12.0 Hz, 1H), 7.07 (brs, 1H), 7.28 (d, I = 8.0 Hz, 1H), 7.70 (brs, 1H), 8.76 (brs, 1H},
12.37 (brs, 1H), 12,67 (brs, 1H), MS 386 (MH).
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Example 121a:; ethyl 4-amino-5-({1-isobutyrylpiperidin-4-ylUmethoxy}-2-methylguino-

line-3-carboxylate

Prepared as in Example 2a from 2-amino-6-({I-(4-methoxybenzylpiperidin-4-
yhmethoxybenzonitrile (Example 121b) and ethyl 3-oxobutanoate as a yellow oil (36%). 'H
NMR (400 MHz, DMSO-~dg) 6 0.97 (m, 6H), 1.32 (t, J = §.0 Hz, 3H), 1.79-1.88 (m, 3H), 2.15-
248 (m, 2H), 2.55 (5, 3H), 2.86 (m, 1H), 3.04 (m, 1H), 4.00 (m, 2H), 4.07 (d, J = 4.0 He, 2H),
432{q, F=280Hz, 2H), 446 (m, 1H), 691 (d, I =80 He, 1H), 7.24 (d, F=8.0 Hz, 1H), 7.51 (¢,
J=8.0Hz, 11, 8.07 (brs, 2H). MS 414 (MH"),

Prepared as in Example 22b from -(4-(ChydroxymethyDpipenidin- [-yh-2-methylpropan-
1-one (Example 121¢) and Z-amino-6-fluorobenzonitrile as a pale yellow solid (21%). 'H NMR
(400 MHz, DMSO-dg) 6 0.99 (m, 6H), 1.13-1.24 (m, 2H), 1.74-1.81 (m, 2H), 1.99 (m, 1H), 2.55
(m, 1H}, 2.84 (m, 1H), 3.01 (m, 1H), 3.88 {m, 2H)}, 4.02 (m, 1H), 4.46 (m, 1H), 5.99 (s, 2,
622 (d, J= 8.0 Hz, 1H), 634 (4, I = 8.0 Hz, 1D, 7.17 (¢, § = 8.0 Hz, 1H). MS 302 (MH ).

Example 121¢: I-(d-ChydroxymethyDipipendin- 1 -yl -2-methylpropan- 1 -one

Prepared as in Example 24a from isobutyric acid and piperidin-d-yimethanol as a

colorless oil {36%). MS 186 (MH").

Example 122: 4-amine-3-(((1R,28,5R)-2-isopropy-S-methyleyclohexylioxy)-2-methyiguine-
line-3-carbexylic acid
Me N

g

HOLC™ Y
NH2 O/,,h '\\\\

Prepared as in Example 1 from cthyl 4-amino-3-(((1R25.5R}-2-1sopropyl-5-methyl-
cyclohexyloxy)-2-methylquinoline-3-carboxylate (Example 122a) as a white solid (64%). 'H
NMR (400 MHz, DMSQO-d4) 0 .70 (d, J = 6.8 Hz, 3H), 0.89 (1, } = 7.6 Hz, 6H), 0.9-1.0 (m, 2H),
104 (m, 2H), 1.50-1.82 (m, 5H), 1.95-2.05 (m, 1H), 2.05-2.20 (m, 1H), 2.72 (s, 3H), 4.52 (1-d, J
=104, 44 Hz, 1H), 7.13 (. I =80 Hz, 1H), 721 (4, F =80 Hz, 1H), 761 {t, ] =8.0Hz, iH),

i34
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Example 122a: cthyl 4-amino-5-({({(1R,2S5,5R}-2-1sopropyl-S-methyleyelohexyloxyy-2-

methylquinoline-3-carboxylate

Prepared as in Example Za from Z-amino-6-({((1R.28,5R}-2-isopropyl-S-methyleyclo-
hexyhoxybenzonitrile (Example 122b) and ethyl 3-oxobutanoate as a pale yellow solid (43%).
MS 385 (ML)

Example  122b;  2~ammo-6-({{1R,2S,5R)-2-1sopropyi-S-methyleyclohexyljoxyibenzo-

nitrile
Prepared as in Example 22b from (1R,28,5R}-2-1sopropyl-3-methyleyclohexanol and 2-

amino-6-flnorobenzonitrile as a white solid (51%). MS 273 (MH").

Example 123 4d-amine-8-2-3-Z-hydroxyethexy)-S-methexybenzamido-2-methylpro-

poxy-2~-methyiguineline-3-carboxylic acid hydrochioride
Me N
L)
HOLCT Y \)( o
NHp O N SN
HO H

OMe

To a stured suspension of 4-amino-3-(2-(3-(2-hydroxyecthoxy}-3-methoxybenzamido)-2-
methylpropoxy)-2~-methylquinoline~-3~carbosylic acid (Example 38, 263 mg, 0.544 mmol} n
EtOH (2 wl) was added HCUin FiOH (1.25 N, 479 ul, 1.1 equiv.). The mixture was stivred at
room temperature until it became a clear solution (0.5 h). The solution was concentrated under
reduced pressure to give the title compound as a white solid, which was further purified by re-
erystallization from EtOH/LO and dried under vacunm overnight (248 mg, 87%). 'H NMR (400
MHz, DMSO-d5) 8 1.51 (s, 6H), 2.80 {s, 31, 3.68 (, J = 5.2 Hz, 2H}, 3.74 (s, 3H), 3.97 (1, | =
5.2 Hz, TH), 4.53 (s, 2H), 6.59 (s, 1H), 6.92 (5, 1H), 6.94 (5, 1H), 7.27 (d, J = 8.0 Hz, 1H), 7.57
(d, J =84 Hz, 1H), 7.86 (t, J = 8.4 Hz, 1H), 8.03 (s, 1H), 9.40 (s, 1H), 9.98 (s, 1H). 484 (MH -
HCH.

Example 124:  4-amine-S-{cyclopentylmethoxy)-2-methylguinoline-3-carboxylic  acid

hydrochloride

i35
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Me N

]
HOLC™
NH, O
HCl

Prepared as in Example 123 from 4-amino-5-(cyclopentylmethoxy)-2-methylguinoline-3-
carboxylic acid (Example 18) as a white solid (100%). 'H NMR (400 Mz, DMSO-dy) 6 1.29-
1.37 (m, 2H), 1.51-1.66 (m, 4H), 1.82-1.90 (m, 2H), 2.43-2.51 {(m, 1H), 2.81 (s, 3H), 4.18 (d, J =
72 Hz,ZH), 7.24(d, 1=84 Hz, 1H), 7.60(d, J =84 Hz, 1H), 7.84 (t, I =8.4 Hz, 1H}, 9.25 (brs,
1H), 9.86 (brs, 1H). MS 301 (MH-HC1).

Example 125; 4-amino-S-((1-{4d-methoxybenzypiperidin-4-yiimethoxy)-2-methylguinoline-
3-carboxylic acid

Me N

&

~ e
NH, O
2 OMe

Prepared as in Example 1 from cthyl 4-amino-5-({1-{4-methoxybenzyhpiperidin-4-
yvhimethoxy)-2-methylquinoline-3-carboxylate (Example 1252) as a white solid {23%). 'H NMR
(400 MHz, DMSG-d;) 6 1.67 (brs, 2H), 2.09 (m, 2H), 2.31 (brs, 1H}, 2.92 (brs, 2H), 3.48 (brs,
2H), 3.82 (s, 3H), 4.15 {(brs, 2H), 4.25(d, J = 8.0 Hz, 2H}, 7.02 (d, = 8.0 Hz, 2H), 7.14 {d, | =
8.0 Hz, 1H), 7.30 (d, J = 8.0 Hz, 1H), 7.42 (4, J = 8.0 Hz, 2H}, 7.76 (¢, } = 8.0 Hz, 1H). M8 436
(MH").

Example  125%a;  ethyl  4-amino-5-((1-(4-methoxybenzylpiperidin-4-vhmethoxy -2~

methylquinoline-3-carboxylate

Prepared as in Example 2a from 2-amino-6-({I-(4-methoxybenzylpiperidin-4-
yviimethoxybenzonitrile (Example 125b) and ethyl 3-oxobutancate as an off-white solid (3{}%’)‘
"H NMR (400 MHz, DMSO-ds) § 1.29-1.33 (m, SH), 1.74 {m, 2H), 1.92 (m, 3H), 2.54 (s, 3H),
2.83 (m, 2H), 3.38 (s, 2H), 3.71 {s, 3H), 4.04 (d, I = 8.0 Hz, 2H), 4.31 (g, = §.0 Hz, 2H), 6.86
(d, J=R0Hz 2H), 6.90 (d, I =8.0 He, 1H), 7.19(d, J = 8.0 Hz, 2H), 7.23 (4, F = 8.0 Hz, 1H),
750 (t, J=8.0Hz, Hti}, R.04 (brs, 2H). MIS 464 {MHW

i36
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Prepared as in Example 22b from (1-(4-methoxybenzyhpiperidin-4-yhmethanol
{(Example 125¢) and 2-amino-6-fluorobenzonitrile as an orange solid (19%). MS 352 (MH ).

Example 125¢; (I-(d-methoxyhenzyhpiperidin-4-ylhimethanol

To a solution of 4-piperidinemethanol (2.28 g, 19.78 mmol) and 4-mcthoxybenzaldehyde
(2.30 mL, 19.77 wamol) in THF/DCE (I:1 by volume, 100 ml} was added acetic acid (I mL),
followed by NaBH{OAc) (16.76 g, 79.08 mol} in small portions. The reaction muxture was
stirred at room temperature overmight under Nz The reaction was diluted with DCM and
basified to pH = 10 with 2 N NaOH solotion. The organic layer was separated, dried over
NazSOy, filtered and evaporated under reduced pressure.  The residue was purified by
chromatography on silica gel (Eluent; 60% EtOAc in hexanes) to give the title cormpound as a
pale yellow oil (2.13 g, 46%). "H NMR (400 MHz, DMSO-ds) § 1.04-1.13 (m, 2H), 1.28-1.32
(m, 1H}, 1.58-1.61 (m, 2H), 1.79-1.86 (m, 2H), 2.75-2.77 (m, 2H), 3.22 (1, } = 8.0 Hz, 2H), 3.34
{s, 2H), 3.72 (5, 3H), 438 (t, I = 4.0 Hz, 1H), 6.85(d, I = &0 Hz, 2H), 7.16 (d, I = 8.0 Hz, 2H).
MS 236 (MH )

Example 126: 4-amino-S-({(4-{isopropylcarbameoyljcyciohexylimethoxy)-2-methyvlquineline-

Prepared as in Example | fom ethyl 4-amino-5-((4-Gsopropylcarbamoyieyclohexyl)-

3-carboxylic acid

methoxy }-2-methylquinoline-3-carboxylate (Exaruple 126a) as a vellow solid (76%). 'H NMR
(400 MHz, DMSO-dg) 0 1.00 (d, J= 6.8 Hz, 6H), 1.15 — 2.32 (m, 10H), 2.75 (3, 3H), 3.82 (0, J
=76 Hz 1H), 416 {d, /=68 Hz, 2H), 7.07 (br d, J = 7.2 Hz, 1H), 7.25 (d, J = 8.0 Hz, 1H),
7.49 {d, J = 7.6 Hz, 1H), 7.67 (br t, 1H), 8.77 (s, TH), 12.23 {5, 1H), 12.66 {s, 1H). MS 400
(MEH

Example  126a:  cothyl  4-amino-5-{(4-(isopropylcarbamoyljcycichexylmethoxy}-2-

methylguinoling-3-carboxvlate
Prepared as in Example 2a from 4-{{(3-amino-2-cyanophenoxy ymethyl-N-isopropyi-
cyelohexanecarboxamide (Example 126b) and cthyl 3-oxobutancate as a pale vellow solid

(37%). 'H NMR (400 MHz, DMSO-dy) § 1.01 (d, J = 6.4 Hz, 61), 1.32 (t, J = 7.2 Hz, 3iD),

[
3
~d
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1.38-1.81 (m, ’H), 1.88 (m, 1H}, 2.25 (m, 1H), 2.55 (s, 3H), 3.82 (bro, J = 7.6 Hz, 1H}, 4.10 (d,
J=64Hz 2H), 431 (g, /= 7.6 Hz, 2H), 6.93(d, J=7.6 Hz, 11}, 7.22 (d, /= 8.8 Hz, 1H), 7.50
{m, 2H), 8.09 (s, 2H). MS 428 (MH").

Example  126b:  4-((3-anino-2-cyanophenoxyymethyi}-N-isopropylcyclohexanccarbox-
armide

Prepared as m Example 21b from 4-((2-cyano-3-nitrophenoxy ymethy-N-1soproplyeyelo-
hexanecarboxamide (Exarople 126¢) as a yellow solid {81%). 'H NMR (400 Mz, DMSO-d;)
0.99 (d, J = 5.6 He, 6H), 1.22 — 199 (m, 9H), 2.17 {m, 1H), 3.80 (m, 1H}, 3.88 (d, /=72 He,
2H), 594 (brs, 2H), 6,18 (t, J=8.0 Hz, 1H), 623 (d, /=80 Hz, IH), 631 (d, /=8.8 Hz, 1H)},
7.44 (3, 1H). MS 316 (H").

Fxample 1 26¢: 4-{(2-cvano-3-nifrophenoxy wnethyl-N-isopropyvlevelohexancarboxamide
N o 7 = o

To a solution of 4-(hydroxymethyl}-N-isopropyleyclohexanccarboxamide (Example
126d, 480 mg, 2.41 mmol) in dry THF (10 mL) was added NaH {(60% in mineral oil, 116 mg,
4.82 mmol} in small portions at § °C under Ns. The reaction mixture was stured at 0 °C under
Ny for 2 h, To this solution was added 2,6-dnitrobenzonitrile (465 mg, 2.41 mmol), and the
reaction nuxtore was stirred at § °C — RT for another 2 b, and then at 60 °C overnight under N
and cooled down to room temperature. The reaction was guenched with brine, and extracted with
EtQAc (3X). The combined organic layers were washed with brine, dried over NaySO,, filtered,
and evaporated under reduced pressure. The residue was purified by chromatography on silica
gel (eluent: 50% EtOAc in hexanes) to give the title compound as yellow solid (594 mg, 71%:).
"H NMR (400 MHz, DMSO-ds) § 1.00 (d, J = 7.6 Hz, 6H), 1.22-2.08 (m, 9H), 2.19 (m, 1H),
3.79 (m, 1H), 4.15 (d, J = 7.6 Hz, 2H), 745 (brs, 1H), 7.78 {d, /= 7.2 Hz, 1H), 7.88 (m, 2H).
MS 346 (H ).

Example 126d; 4-(hydroxymethyh-N-isopropyleyclohexanecarboxamide

Prepared as i Example 24a from 4-(hvdroxymethybeyclohexanecarboxylic acid and
propau-2-amine as a colorless oil (37%). 'H NMR (400 Mz, DMSO-dy) 6 1.00 (d, J = 7.6 Tz,
6H), 1.22-2.08 {m, 9H), 212 (m, 1H}, 3.28 (¢, J=7.6 Hz, 2H), 3.79 (m,1H), 4.34 (s, 1H), 7.43 (s,
1. MS 200 (MH.

Example 127: 4-amino-S-(cyclohexyioxy-2-methylquineline-3-carboxylic acid

hydrochloride

138
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Me N

‘e

|

NH, O
HCl \O

To a suspension of 4-amino-3-{cyclohexyioxy)-2Z-methylguinoline-3-carboxylic acid

HO,C

{Example 36, 1.0 g, 3.33 mmol) in ethano! (10 mbL) was added 1.25 M solution of HCL in ethanol
{2.93 mL, 3.66 mmol}. The clear sohition was stirred for 30 munutes and evaporated to dryness to
provide 4~amino-S-(cyelohexyloxy)-2-methylquinoline-3~-carboxylic acid hydrochloride (1.12 g,
100%) as a white solid. "H NMR (400 MHz, DMSO-ds) 6 1.30 (m, TH), 1.39-1.47 {m, 2H), 1.53-
1.72 (m, SH), 2.01-2.05 (m, 2H), 2.82 (s, 3H}, 4.78-4.82 (m, 1H), 7.29-7.31 (d, I = 8.0 He, 1H),
7.61-7.63 (4, J = 8.0 Hz, 1H}, 7.82 (t, J = 84 Hz, 1H), 9.30 (bs, 1H), 9.93 {bs, 1H}. MS 301
(MH-HC1).

Example 128: sodium 4-amino-5-(cyclohexyloxy)-2-methylguineline-3-carboxylate
Me._ N
e

Y

NaOzC
NH, O. :

To a solution of 4-amino-S-(cyclohexyloxy)-2-methyiquinoline-3-carboxyhe  acid
(Example 36, 1.0 g, 3.33 mmol} m ethanol (20 1l) was added a solution of NaHCO; (294 mg,
3.50 mmol) in water (15 mL). The mixture was stirred and warmed up to 60 °C until the
solution become clear then evaporated to dryness to provide sodinm 4-amino-3-{cvclohexyloxy)-
2-methylquinoline-3-carboxviate (1.07 g, 100%) as a white solid. 'H NMR (400 MHz,
DMSO-dg) & 1.25-1.45 (m, 3H), 1.50-1.70 (m, SH), 1.53-1.72 {(m, 5H), 1.98-2.00 (m, 2H)}, 2.64
(s, 31}, 4.59-4.63 (m, 1H)}, 6.87-6.89 (d, ] = 7.6 He, 1H)}, 7.20-722 (d, I = &0 Hz, 1H}, 742 (1, ]
= 8.0 Hz, 1H). MS 301 (MH +H-Na).

oxy -2-methylguinoline-3-carboxylic acid

139
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Me _N_ _MeO
e
| %
HOLCT W/
NH, OO o)

Prepared as in Example 1 from (Epcthyl 4-amino-5-{((2-(5-(isopropylcarbamoyl}-2-

||I||O

methoxyphenoxyjeyclohexyhoxy -2-methylgquinoline-3-carboxylate (Example 129a) as a white
solid (34%). "H NMR (400 MHz, DMSO-d,) § 1.15 (d, J = 8.0 Hz, 6H), 1.35-1.51 (m, 3H), 1.63-
1.73 (m, 3H), 2.09 (d, J = 12.0 Hz, 1H), 2.24 (d, J = 12.0 Hz, 1H), 2.72 (s, 3H), 3.56 (s, 3H},
3.99-4.07 {m, 1H), 4.71-4.78 (m, 2H), 6.85 (d, § = &0 Hz, 1H), 7.24 (4, § = 12.0 Hz, 2H}, 742
(dd, J = 8.0 Hz, iH}, 746 (d, J = 8.0 Hz, 1H}, 7.66 {t, } = 8.0 Hz, 1H), 8.03 (d, J = &0 Hz, 1H),
8.64 (brs, 1H), 12.00 (brs, 1H), 12.61 (brs, 1H). MS 508 (MH").

Example 129a; {(#}-cthyl 4-amino-5-({2-(5-(isopropylcarbamovi)-Z-methoxyphenoxy -

cyclohexyhoxy-2-methylquinoline-3-carboxylate

Prepared as in Example 2a from (&)-3-((2-(3-amino-2-cyanophenoxy)jeyclohexyhoxy)-N-
isopropyl-4-methoxybenzamide (Example 129b) and ethyl 3-oxobutanoate as a yellow solid
(78%%). MS 536 (MH").

Example 1290 (&33-({2-(3-amino-2-cyanophenoxy jeyelohexyljoxy j-N-isopropyl-4-

methoxybenzamide

Prepared as in Example 21b from {&)-3-((2-(2-cvano-3-nitrophenoxyjeyclohexyloxy-N-
isopropyl-4-methoxybenzamide (Example 129¢) as a brown oil {29%). 'H NMR (400 MHz,
DMSO-ds) ¢ 1.13-1.19 (m, 6H), 1.42-1.66 (m, 6H), 2.02-2.07 (m, 2H), 3.74 (s, 3H), 4.08 (m,
{H), 4.47 Gu, 1H), 4.57 (m, TH), 593 (brs, 2H), 6.32 (d, I = 8.0 Hz, 1H), 6.38 (d, ] = 8.0 Hz,
1H}, 700 (4, T =80 He, IH), 717 (1, J = 8.0 Hz, 1H), 748-7.50 (m, ZH}, 7.98 (d, ] = §.0 Hze,
1H). MS 424 (MH).

Example  129¢c:  (&-3-((2-(2-cyano-3-nutrophenoxy jeyelohexyljoxy -N-isopropyl-4-

methoxybenzamide

Prepared as in Example 126¢ from (#3-3-((2-hvdroxyevelobexylioxy)-N-isopropyl-4-
methoxybenzamide (Example 129d) and 2,6-dinttrobenzontirile as a brown solid {100%). MS
454 (MH").

Example 129d; (#)-3-((2-hyvdroxycyelohexyloxy)-N-isopropyi-4-methoxybenzamide
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Prepared as in Example 24a from (&£3-3-((2-hydroxveyclohexyhoxy)-4-methoxybenzoic
acid (Example 129¢) and propan-2-amine as a white solid (80%). 'H NMR (400 MHz, DMSO-
dsy o 1.14 (d, 1= 8.0 Hz, 6H), 1.25-1.30 (m, 4H), 1.61 (m, 2H), 1.85 {m, 2H), 3.56 (m, 1H)}, 3.79
(s, 3H), 4.03-4.12 (m, 2H), 481 {(d, } = 4.0 Hz, I1H), 6.98(d, ] = 8.0 Hz, 1H), 7.45-7.49 (;m, 2H),
8.01(d, J = 8.0 Hz, 1H). MS 308 (MH").

Example 129¢; (£3-3-((2-hydroxyeyclohexyhoxy ;-4-methoxybenzoie acid

Prepared as i Example 1 from (Ep-cthyl 3-((2-hydroxyeyclohesyhoxy)-4-maethoxy-
benzoate {Exarople 1296) as a white solid {100%). 'TT NMR. (400 MHz, DMSO-ds) 6 1.23-1.25
(m, 4H), 1.59 ¢brs, 2H), 1.88 ¢m, 2H), 3.53 (m, 1H), 3.72 (5, 3H), 3.92 (m, 1H}, 473 {d, ] =40
Hz, 1H), 6.82 (. J =80 Hz, 1H), 739 (dd, I=4.0Hz, 1H), 748 (d, I = 4.0 Hz, 1H).

Exanple 1291 (&)-ethyl 3-((2-hydroxyeyelobexyloxy)-4-methoxy-benzoate

To a solution of methyl 3-hyvdroxy-4-methoxybenzoate (210 mg, 1.15 mmol) and
cyclohexane oxide (466 ul, 4.61 mmol) in ethanol (11 mbL) was added KoCOs (637 myg, 4.61
mmol) at room temperature, The reaction mixture was then refluxed overnight then cooled down
to room temperature, and evapotreted under rednced pressure until a small amowunt of ethanol
remained. The sohution was diluted with DCM and successively washed with IN HCH and brine,
dried over Na;SO;4 filtered and evaporated under reduced pressure. The residue was purified by
chromatography on stlica gel (Eluent: 0-20% EtOAc/Hexanes) to afford {#)-ethyl 3-((2-
hydroxyeyelohexylyoxy)-4-methoxy-benzoate as a colorless oil (307 mg, 91%). 'H NMR (400
MHz, DMSO-ds) 6 1.16-1.34 (m, TH), 1.61 (m, 2H), 1.84-1.94 (m, 2H}, 3.55 (m, 1H), 3.83 (s,
3H), 4.03 {m, 1H), 4.28 (g, I = 8.0 Hz, 2H), 485 (d, I = 4.0 Hz, 1H}, 7.05(d, J = 12.0 Hz, i1H),
7.55-7.58 {(m, ZH).

Example 136: 4-amine-S-{cyclohexyloxy)-2-(hvdroxymethyliquinsline-3-carboxylic acid

HO /N I

AN

NHz O\O

Prepared as in Example 1 from S-amino-8-(cyclobexyloxyifuro]{3.4-blquinolin-1 (3H}-one

{(Example 130a) as a tan powder (44%). 'H NMR (400 MHz, DMSO-ds) 6 1.27-1.46 (m, 2H),
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1.53-1.71 {m, 6H), 2.00-2.04 (m, 2H), 4.70 (m, 1H), 4.87 (s, 2H), 7.10 (4, } =80 Hz, 1H), 7.58
(d, 1= 8.0 Hz, 11}, 7.64 (t, J = 8.0 Hz, 1H), 8.74 (brs, 1H), 11.90 (brs, 1H). MS 317 (MH").
Example 130a; 9-amino-8-{cyclohexyloxy fure{3,4-b]quinolin-1{3H}-one
Prepared as in Example 2a from 2-amino-0-{cyclohexyloxy)benzonitrile (Example 36b)
5 and ethyl 4-chloro-3-oxobutanoate as an orange solid (29%). 'TI NMR (400 MHz, DMSO-dy) &
1.30-1.72 (m, 8H), 2.04-2.08 (1, 2H), 4.70 (m, 1H), 526 (5, 2H), 7.09 (d, I = 8.0 Hz, 1H), 7.36
{d, J=8.0 Hz, 1H), 7.64 (m, 2H), 8.14 (brs, 1H). M5 299 (MH"),

Example 131: l-amino-3-methyb6b,7.8,9,10,10a-hexahydrobenzofure[2,3-flguinoline-2-

I} carbexylic acid

Me N

]

HOLC™
NH, O

Prepared as in Example 1 from ethyl l-amino-3-methyl-6b,7.8,9,10,10a-hexahydro-
benzofurof2,3-flquinoline-2-carboxylate (Example 131a) as an off-white solid (28%). 'H NMR

(400 Mz, DMSO-d,) § 1.35-1.48 (m, 4H), 1.87-1.97 (m, 4H), 2.76 (s, 3H), 3.38 (m 11D, 5.03

15 (m 1H), 7.20(d, I =8 Hz, 11D, 7.61 (d, = 8 Hz, 1H). MS 299 (MH ).
Example 131a;  ecthyl 1-amino-3-methyl-6b,7,8.9,10,10a-hexahydrobenzofuro{2,3-
flguinoline-2-carboxylate
Prepared as in Example 2a from 2-amino-6-{cyclohex-2-en-1-yloxyibenzoniirile
{Example 131b) and ethyl 3-oxobutanoate as a pale yellow solid (11%). MS 327 (MH .
20 Example 131h; 2-amino-6-(cyclohex-2-cn-1-yloxyYbenzonitrile
Prepared as i Example 22b from cyclohex-2-enol and 2-amino-6-fluorcbenzonitrile as a
colorless oil (78%). "H NMR (400 MHz, CDCL) & 1.64 (m, 1H), 1.96 {m, 45D, 2.15 (m, 11D,
439 (s, 2H), 4.82 (m, 1H), 5.87 (m, 1H), 5.98 (m, 1H), 6.30 (d. 2H), 7.20 (¢, 1H). MS 215
(M),
25

Example 132: 4-amino-3-carboxy-5-(cyclohexyloxyi-2-methylguinoline I-oxide
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Me

’

A

NH, O. :

Prepared as in Example 1 from 4-(N-acetylacctamido)-3-(cyclohexyioxy}-3-(cthoxy-

HO,C

carbony!)-2-methylquinoline 1-oxide (Example 132a) as a white solid (38%). 'H NMR (400
MHz, DMSO-d) 6 1.31-1.68 {m, 8H), 1.9€-2.04 (m, 2H}, 2.69 (5, 3H), 4.71 {m, 1H), 7206 (d, § =
8.0 Hz, 1H), 7.67 (1,1 = 8.0 Hz, 111}, 7.87 (d, J = 8.0 Hz, 1H), 8.75 (brs, 2H). MS 317 (MH").

Example 132a; 4-{N-acctylacetamido}-5-{cyclohexyloxy)-3-{cthoxycarbonyh)-2-methyl-

guinoline -oxide

To a solution of cthyl 4-(N-acetylacetamido)-S-{cyclohexyloxy)-2-methylguinoline-3-
carboxylate (Example 132b, 100 mg. 0.24 mmol) in DCE (5 mL) was added mCPBA (163 mg,
0.73 mmol). The reaction mixture was stirred at room teraperature overnight under Ny, The
solvent was removed under reduce pressure, and the residue was purified by chromatography on
sifica gel eluting with 0-100% EtOAc/Hexanes gradient to give the title compound as an orange
oil (100 mg, 97%). MS 420 (M.

Example 132h: ethyl  4-(N-acetylacetamido)-S-{cyclohexyloxy)-2-methylgquinoling-3-

carboxylate

To a solution of ethyl 4-amino-5-{cyclohexyloxy)-2~-methylquinoline-3-carboxylate
{Example 36a, 700 mg, 2.13 mmol) and Hi;N (881 nh, 6.39 mmol) in DCM (20 mL) was added
acetyl chlonide (455 ul., 6.39 munol) at § °C, and the reaction mixtare was stirred at ¢ °C - RT
overnight. The reaction was diluted with DCM and washed successively with 10% citric acid,
saturated NaHCOs, HoG, and brine, dried over Na;SOy, filtered and evaporated under reduced
pressure. The residue was purified by chromatography on silica gel cluting with 0-40%
EtOAc/Hexanes gradient to afford the title compounnd as a yellow ol (100 mg, 11%). MS 413

(MH).

Example 133: 4-amine-5-((2,3-dihydroxycyclshexyDoxy)-2-methyiguinsline-3-carboxylic

acid
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Me N

’d

|
HOLC™ Y OH

NH, O\C/OH

Prepared as 1 Example 1 from 3-({4-amino-3-(cthoxycarbonyl}-2-methylquinolin-5-
yljoxy)eyelohexane-1,2-diyl diacetate (Example 133a) as a white solid (74%). 'H NMR (400
MHz, DMSO-ds) ¢ 1.42-1.50 (m, 3H), 1.66-1.70 (m, 2H), 2.12-2.15 (m, 1H), 2.74 (5, 3H), 3.71-
3.73 (m, 1H), 3.90 (s, 1H), 4.60-4.62 (m, 1H), 4.71 (ors, 1H), S48 (brs, 1H), 706 (d, F = 8 Hz,
1), 7.24 (4, T = & Hz, 1), 7.60 (t, T = 8.4 Hz, 1H). MS 333 (MH "),

Example 133a; 3-({(4~-amino-3-(cthoxyearbonyl)-2-methylguinolin-S-yhoxy )eyelohexane-

1,2-diyl diacetate

Prepared as in Example 2a from 3-(3-amino-2-cyanophenoxyeyvelohexane-1,2-diyl
diacetate {(Example 133b} and ethyl 3-oxobutancate as a pale yellow sohid (32%). MS 445
(M),

Example 133b: 3-(3-amino-2-cvanophenoxyjeyclohexane-1,2-diyl diacetate

Prepared as in Example 21b from 3-(Z-cyano-3-nitrophenoxycyclohexane-1,2-divi
diacetate (Example 133¢) as a white solid (84%). MS 333 (MH .

Example 133¢: 3-(Z-cvano-3-nitrophenoxyjcvelohexane-1,2-divi diacetate

Prepared as in Example 132b from 2-({2,3-dihydroxycycichexylloxy)-6-nitrobenzonitrile
{Example 133d) and acetyl chloride as a white solid (19%). MS 363 (MH").

Example 133d: 2-((2,3-dihydroxycyclohexyhoxy}-6-nitrobenzonitrile

To a solution of 2-{cyclohex-2-en-1-yloxy}-6-nitrobenzoniirite (Example 133¢, 5.3 g,
21.7 mmol) in THF/H>O (1:1 by volume, 110 mL) was added OsO4 (110.3 mg, 0.434 mmol) at
room teraperature, After it was stirred for 30 minutes, NaClQ; (2.71 g, 26.04 mmol) was added
in small portions over a period of 1 h, and the reaction mixture was stirred at room temperature
for 48 h. The reaction was carctully guenched with agueous sodium bisulfite solution, and
extracted with EtOAc (3X). The combined organic layers were washed with brine, dried over
MgSO,, filtered, and cvaporated. The residue was purified by chromatography on silica gel
eluting with 80-100% EtOAc in hexanes to give the title compound as a brown solid (3.88 g,
64%). MS 279 (MH"),

Example 133¢; 2-(cyclohex-2-en-1-vloxy)}-6-nitrobenzoniirnile

i44
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Prepared as in Example 126¢ from cyclohex-2-¢nol and 2.6-dinitrobenzonitrile as a

brown solid (909%). MS 245 (MH").

EXPERIMENT 1: Screening for Sweet Enhancers

hTIR2/R3-HEK293 Gal5 cells were seeded in 384-well-clear bottom plates (Fisher) at a
density of ~32,000 cells/well and grown overnight, On the day of the experiment, hTIRZ/R3-
HEK293 Gal5 were loaded with the calchurn indicator Fluo3AM (4 mM) (Invitrogen, Carlsbad,
CA} in B-PBS (Invitrogen, Carlsbad, CA) using a Multidrop. Cells were incubated for 1 hour at
room temperature and excess dye was washed out with D-PBS using an EMBLA cell washer
{(Molecular Devices, Sunnyvale, CA)}, leaving a residual volame of 25 mi/well. Sweeteners and
test compounds were prepared at 4X final concentration and mixed 1:1 in a 384-well Greiner
plate {(bringing the sweeteners and test compounds concentrations down to 2X final
concentration). After 30 minutes of rest time at room temperature, Fluo3AM-loaded cell plates,
and the sweetener/compound plate mixtire were loaded into a Fluorometric Imaging Plate
Reader (FLIPR) (Molecular Devices, Sunnyvale, CA). Imaging was performed using a 480 nm
excitation and a 535 emission and was inttiated with the acquisition of the baseline fluorescence
for a period of 7 seconds. Then, the celis were stimulated on line with addition of 25 mi
stimuli/well. Subscquent images were acquired every other second for a period of 2 minutes.
Raw fluorescence counts were then normalized in cach well (using custom made data import
software) by calculating delta F/f values (maximum fluorescent count obtained after stimulation -
minimal fluorescent count obtained before stimulation/minimal fluorcscent count obtained
before stimulation), ECses were determined using a non-linear regression algorithim (GraphPad
PRISM, San Dicgo, CA), where the Hill slope, bottom asymptotes and top asymptotes were
allow to vary. Enhancement propertics of test compounds were quantified by determining the
magnitude of the leftward shift in the sweeteners ECsy values (or an ECs, ratio): the value of the
ECso measured in the absence of the enhancer divided by the value of the ECs measured in the
presence of the enhancer). The present compounds have been tested and shown sweet faste
enhancing activities for sucrose as shown in Table A, Table B and C below. Specifically, the

EC50 ratio of the test compounds for sucrose enhanceraent are all greater than about 2 at about
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50 uM. The compounds listed in Table A, Table B and C below are Examples described above.,

For cxample, Compound Q in Table A is Example 7.

Table A,

1.7
6.7
13.5
5.7
3.9
24.5
4.2
43.6 (3 ph)
37.9
2.5
10.7

GIBIBI I TIOITIE M= ZI=I10RICIB MO

Table B,
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Table C.
L4 27.8
Ca 23.8
M4 2.8
i4 8.2
BS 72.7
W4 8.0
K4 13.7
N4 34
X4 4.9
G4 23.0
44 8.2
V4 27.9
Y4 103.2
P4 37.5
R4 8.3
H4 34
54 5.8
Q4 17.4
T4 237

PCT/US2011/030802

The present compounds have been tested and shown sweet taste enhancing activities for

sucralose as shown in Table D below. Specifically, the ECS0 ratio of the test compounds for
s

sucralose enhancement are all greater than about 2 at about 10 uM.

Table D.

C

0

A 17.0 51 5.2 V3 5.9
8 2.5 L2 4.1 Ki 2.0
G 2.2 F3 1.4 F2 2.2
¥ 8.7 A3 10.9 W3 2.1
Al 3.4 2 10.8 uz2 5.0
o1 2.8 F1 4.3 Z3 3.1
H3 12.5 K2 7.8 X1 7.7
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R1 16.5 02 2.8 Z1 3.8
D4 1.4 E2 4.0 A2 2.2
Q1 13.4 E3 3.4 Y1 19.4
X 5.9 Hi 1.8 T2 2.4
€1 18.1 W2 5.7 L4 3.4
E4 10.7 U3 4.5 4 8.8
R3 5.1 L3 7.2 BS 8.8
53 5.9 83 2.8 K4 3.4
G3 23.8 vi 8.1 O4 7.6
B4 8.0 i1 8.1 J4 2.2
¥a 2.8 31 4.3 V4 8.0
M2 5.4 B2 3.6 Y4 10.3
D1 8.3 p2 3.4 u4 8.3
Y 4.6 €3 3.2 P4 11.4
N2 7.2 F4 4.1 4 1.9
53 5.8 03 11.0 Q4 2.5
a3 4.0 G4 7.5 T4 3.2

EXPERIMENT 2: Sweet Flavor and Sweet Flaver Enhancement Measurement Using

Human Panelists Conducting a Scaling Test

Test samples containing experimental compounds were compared to a dose-response

o

curve for perceived sweetness intensity of sweeteners (sucralose, sucrose, fructose and other

sweeteners) concentrations to determune equivalent sweetness intensity.

A group of cight or more panclists tasted solutions including sweeteners at various

concentrations, as well as the experimental compound both with and without added sweetener.

Panelists then rated sweetness intensity of all samples on a structured horizontal line scale,

[0 anchored from 0 to 13, where 0 equals no sweetness and 15 equals cquivalent sweetness to a

159 sucrose sample. Scores for sweetness miensity were averaged across panclists, Then using
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the average scores and/or equation of the line for the sweetener dose-response curve, cquivalent
sweetness concentrations were determined for the samples comtaining experimental compounds.

Subjects had been previously familiarized with the key attribute taste and were trained to
use the 0 to 15 pomt line scale, Subjects refrained from cating or drinking {except water) for at
icast 1 hour prior to the test. Subjects ate a cracker and rinsed with water several times to clean
the mouth.

Sweetener solutions are provided at a wide range of concentrations such as 100 pp, 200
ppr, 300 ppmy, 400 ppr, and 500 ppm for sucralose, or between 0% and 12% for sucrose or
fractose, 1 order to create a dose-response curve, Samples containing experimental compound
were prepared both alone and ina 100 ppm sucralose solution or a 6% sucrose or fructose
solution. All samples were made up in low sodiom buffer pH 7.1, In order to aid dispersion,
solutions can be made up in 0.1% cthanol.

The solutions were dispensed in 20 ml volumes into 1 oz, sample cups and served to the
subjects at room temperature.  All samples were presented in randomized counterbalanced order
to reduce response bias. Further, two sessions of testing may be used to check panel precision.

Subjects tasted cach sample mdividually and rate sweetness intensity on the hine scale
prior to tasting the next sample. All samples were expectorated. Subjects may retaste the
samples but can only use the vohume of sample given. Subjects must rinse with water between

samples. Eating an unsalted cracker between samples may be required depending on the samples

The scores for cach sample were averaged across subjects and standard error was
calculated. The dose-response curve was plotted graphicaliy, and this may be used to ensure the
panci is rating accurately; /. e, increasing the concentration of sucralose should correspond to
increased average scores for sweetness. A 2-way ANOVA (factors being samples and panclists)
and multiple comparison tests {(such as Tukey’s Honestly Significant Difference test) can be used
to determine differences among saraples and/or panclists. A 3-way ANOVA, with scssions as
the third factor, can be used to determine if there is any difference in the ratings between
SCSSions.

The results of human taste tests with Compound J§ are found below. Compound J is one
of the examples described above, Table | indicates that 45 uM Compound J in 6% sucrose has

sweetness eguivalent to about 9-10% sucrose,

150
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Table 1. Average Sweetness, n = 28 {14 Panelists x 2 rep). Tukey's Value = 4,986 (o = 8.05),

6% Sucrose 5.6 i1 .2 H]
8% Sucrnse 8.2 i1 4.2 b
H9% Sucrose 9.2 (] 8.2 he
6% Sucrose +45uM Compound §J - 8.4 1.9 1.4 c
10% Sucrose 9.7 1.7 3.3 o
12% Sucrose 0.9 1.5 0.3 d

The results of human taste tests with Compound € are found below. Compound € 1s one of the

examples described above, Table 1 1 indicates that 25 pM Compound € in 6% sucrose has

sweetness equivalent to about 9-10% sucrose.

Table T 1. Average Sweetness, & = 24 (12 Panelists x 2 rep). Tukey's Value = 0912 (g =

§.05).

e Sutrese 6.5 1102

3% Sucrose 8.2 g7 b

99 Rucrose B 1884 b

6% Sucrose + 25uM Compound C 9.1 1801082 be
18% Sucrase 9.5 0781 I

The results of human taste tests with Compound O1 are found below. Compound (1 is one of

the examples described above. Table 1 2 indicates that 25 yM Compound (1 in 6% sucrose has

sweetness equivalent to about 10% sucrose.

Table I 2. Average Sweetness, n = 26 (13 Panelists x 2 rep). Tukey's Value =0.733 (@ =

0.05).
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»We Sutrose .3 781 @
8% Sucrose 8.2 i6B2 b
8% Sucrose 8.6 1182 be
1% Sucrose 3.2 18182 i«
6% Sucrose + 25uM Compound Of 9.2 1182 e

The results of human taste tests with Compound W are found below.

Compound W is one of the

examples described above. Table 1 3 indicates that 25 pM Compound W in 6% sucrose has

sweetness eguivalent to about 0% sucrose.

Table 1T 3, Average Sweetness, n = 28 (14 Panelists x 2 rep). Tukey's Value =0.61% (@ =

0.05).

%t/n

Sucrose S
% Sucrese 8.1 82 b
9% Sucrose 8.5 oMz b
6% Xucrose -+ 258M Compound W 8.2 B9 82 e
8% Sucrone 9.5 a2 e

The results of human taste tests with Compound 13 are found below. Compound I3 is one of the

examples described above, Table | 4 indicates that 21 pM Compound £3 in 6% sucrose has

sweetness equivalent to about 10% sucrose.

Table 1 4. Average Sweetness, n = 28 (14 Panelists x 2 rep). Tukey's Value=0785 (g =

6.05).

5% Sucrose

&1

.4

8.1

8% Sucrase

7.8

8.9

6.2
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3% Kucrose 5.5 18 02w
10% Sucrose 9.9 0.9 iﬁ‘z cd
6% Sucrose + 21aM Compound 13 9.5 1.0 Ea},z o

The results of human taste tests with Compound €1 are found below. Compound C1 1s one of
the examples described above. Table 1 5 indicates that 13 uM Compound €1 in 6% sucrose has
sweetness equuvalent to about 10% sucrose and that 33 uM Compound C1 in 6% snerose has
sweetness equivalent to about 12% sucrose. Table 1 6 indicates that 33 uM Compound C1 in 50
ppm sucralose has sweetness equivalent to about between 100 ppm sucralose and 200ppm

sucralose.

Table 5. Average Sweetness, & = 26 (13 Panelists x 2 rep). Tukey's Value =131 (g =

§.05).

1% Sucrose b4 6.7 sm

8% Sucrase 7.8 1.7 ;&3 b
10% Sucrose 9.6 1.5 §{33 ¢
5% Sucrose + 13 uM Compound C1 9.6 1.7 gsm ¢
12% Sucrose 0.9 14 i&l’b el
%% Sucrose + 33 uM Compeund C1 11.0 1.7 §@,3 d

Table § 6. Average Sweetness, n = 38 {15 Panelists x 2 rep). Tukey's Value = 0911 (u =

0.05).

S npin sueralose 3.5 1.1 ;&2 2
108 ppm sucralose 5.9 1.6 §{33 b
58 ppm sueralose + 33 uM Compound €1 7.5 2.4 g&s‘% €
288 ppm sucralose 8.7 1.8 i&l’b d
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300 pom sucralose 182 1.7 4.3 &

The results of human taste tests with Compound B4 are found below. Compound B4 is onc of
the examples described above, Table | 7 indicates that 36.5 uM Compound B4 in 6% sucrosc
has sweetness equivalent to about 10-12% sucrose. Table 1 8 indicates that 36.5 pM Compound

B4 in 50 ppm sucralose has sweetness equivalent to about 100 ppm .

Table 1_7. Average Sweetness, n = 27 (14 Panclists x 1 rep & 13 Panelists x 1 rep ). Tukey's

Value = 1,138 (o = 0.5},

6% Sucrose 5.6 1.3 gsm A
8% Sucrose 8.4 1.5 i&s I
10% Sucrose 19.3 12 i@.z e
6% Sucrose + 364 uM Compound B4 18.5 14 §&3 'y
12% Sucrose 10.9 1.2 §{33 ¢

Table 18, Average Sweetness, n = 26 (13 Panelists x 2 rep). Tukey's Value = 0,985 (u =
§.05).

S npm sucralose 3.9 1.6 8.1 B

108 ppm sucralose 5.5 i1 2 b

50 ppm sucralose + 365 aM Compound

i 6.2 2.8 0.4 b

T0U pom sucralese 9.1 1.9 .4 ¢

388 ppm sucralose 18.2 1.8 #.4 d
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EXPERIMENT 3: Sweet Flavor and Sweet Flavor Enhancement Measurement Using
Human Panelists Conducting a Paired Comparison Test
Test samples containing cxperimental compounds are presented in pairs to the panclist
and they arc asked to determine which of the sample is sweeter. A group of 10-16 or more
5 panelists participated in each test, Subjects refrained from cating or drinking (except water) for
at feast | hour prior to the test, Subjects rinsed with water several times to clean the mouth,
All saraples are prepared with ethanol to ensure dispersion of the compound in solution,
This includes sarmples without compound; all solutions are balanced for 0.1% ethanol.
Samples are also prepared with low sodivrm buffer (pH 7.1) in place of water. Buffer
0 contains 0,952 g of KCL, 5,444 g of NapHPO, and 0.952 g of KH,PO: in 40 L of DIUF water.
Sample vohumes are usually 20 ml
In one paired comparison test, the panelist is presented with two different samples and
asked to identify the sample which is sweeter. The samples within a paired comparison test are
presented i a randomized, counterbalanced order. Panelists have up to a | minute delay
IS between taste tests to clear the mouth of any tastes.
Binomial probability tables are used to determine the probability of the correct mumber of
responses occurring for each test at alpha=0.05
The results of human taste tests with Compound J are found below. Table 2 indicates
that panelists perceived 6% sucrose + 45 uM Compound J as being not significantly different in
28 sweetness than a solution of 10% sucrose {p>0.05}. Table 3 indicates that 45 uM Compound d

alone has little or no sweetness on s owi.

Table 2. Sample selected as sweeter by panelists, n = 42 (14 panelists x 3 rep).

18% Rucrose

6% Sucrase + 45aM Compound J 23
Tuotal 42
6% Suerase + 45uM Compound J (p-valuey | 8358

Table 3. Sample selected as sweeter by panelists, n = 48 (16 panelists x 3 rep).
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Yo Sucrose 47
ESE +43uM Compound J 1
Total 48
EB 4 d5aM Compound J (p-value) ]

The results of human taste tests with Compound A are found below, Table 2 1 indicates that
panclists pereerved 6% sucrose + 25 uM Compound A as being not significantly different in
sweetness thao a solution of 10% sucrose (p>0.05). Table 3 | indicates that 25 uM Compound

3 A alone has hittle or no sweetness on its own.

Table 2_1. Sample selected as sweeter by panelists, 0=16 (16 panelists x 3 rep).

18% smcrose 28

6% sucrese + 23uM Compound A 28
Tatal 48

16%6 sucrose (p-value) #.312

Table 3_1. Sample selected as sweeter by panelists, =18 (15 panelists x 3 rep).

1% sucrose 44
LEB -+ 2%aM {ompound A i
Taotal 45
1% sucrose {p-valug) <081
10
The results of human taste tests with Compound C1 are found below. Table 2 2 indicates that
panelists perceived 6% sucrose + 33 M Compound €1 as being not significantly different o
sweetness than a solution of 12% sucrose (p>0.05). Table 3 2 indicates that 33 uM Compound
{1 alone has little or no sweetness on #s own.
5
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Table 2 2. Sample selected as sweeter by panelists, n =30{15 panelists x 2 reps).

12% Sucrase i7

#%a Sucrese + 33 uM Compound €1 13

Total 34
12% Sucrose {(p-value} 0.585

Table 3_2. Sample selected as sweeter by panelists, n = 22 (11 panclists x 2 reps).

W Sucrose 18
L38 + 33 oM Compound €1 &
Total 22
1% Sucrose selected (p-value} 8,004

5
The results of human taste tests with Compound 3 are found below. Table 2 3 indicates that
panelists perceived 6% sucrose + 25 uM Compound 13 as being not significantly different in
sweetness than a solution of 12% sucrose (p>0.05). Table 3 3 indicates that 25 yM Compound
13 alonc has little or no sweetness on its own,
10

Table 2 3. Sample selected as sweeter by panelists, n =42 (14 panelists x 3 reps}.

£2%% Sucrume is
&% SBusrese + 25 uM Compound 13 24
Total 42
12% Sucrose {(p-value} 0,441

Table 3_3. Sample selected as sweeter by panelists, n = 42 (14 panclists x 3 reps).

J—
L
g



WO 2011/123693 PCT/US2011/030802

1% Sucrose 36
LB + 25 uM Compound 13 &
a2 Tolal 43

Y Sucrnse selected (pvaluel <§.801

The results of human taste tests with Compound B4 are found below. Table 2 4 indicates that
panelists perceived 6% sucrose + 36.5 oM Compound B4 as being not significantly different in
5 sweetness than a solution of 10% sucrose (p>0.05). Table 3 4 indicates that 36.5 uM

Compound B4 alone has little or no sweetness on its own,

Table 2 4. Sample selected as sweeter by panelists, n =26 (13 panelists x 2 reps),

1895 Sucrose ig

6% Rucrese 368 oM Compound B4 | i

Towl 5

6% Rucrese + 365 s M Compound B84

{p-vaiue}

10 Table 3_4. Sample selected as sweeter by panelists, n = 45 (15 panelists x 3 reps).

1% Sucrose 44
LAB + 26,8 M Compound Bd 1
giotal 45
Y Sucrnse selected (pvaluel g.401
All publications and patent applications hercin are incorporated by reference to the same

extent as if each individual publication or patent application was specifically and individually

I

L7

indicated to be incorporated by reference.
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The foregoing detailed description has been given for clearness of understanding only
and no unnecessary limitations should be understood therefrom as modifications will be obvious
to those skilled in the art. It is not an admission that any of the imformation provided herein is
prior art or relevant to the presently claimed mventions, or that any publication specifically or
imaphicitly referenced is prior art.

Embodiments of this invention are described herein, nchiding the best mode known to
the inventors for carrying out the invention. Variations of those preferred embodiments may
become apparent to those of ordinary skill 1o the art upon reading the foregoing description. The
mventors expect skilled artisans to employ such variations as appropriate, and the mventors
mtend for the imvention to be practiced otherwise than as specifically described herein
Accordingly, this invention includes all modifications and equivalents of the subject matter
recited in the claims appended hereto as permitted by applicable law. Moreover, any
combination of the above-described elements in all possible variations thereof ts encompassed by

the invention unless otherwise indicated herein or otherwise clearly contradicted by context.
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We claim;

1. A compound having structural Foromula (I} or (')
f
B /E\E B._N
gD |
C C
A (0 or A (),

or a tagtomer, salt, and/or solvate, wherein:

Ads -ORY, SNRIC(O)RY, -NHOR', -NR'R, -NRI'COLR?, -NRIC(OINRR?,
NRICSINRR or -NRIC=NHINRR;

B is hydrogen, alicyl, substituted alkyl, aryl, substituted aryl, arylalkyl, substituted
arylalkyl, acyl, substituted acyl, heteroalkyl, substituted heteroalkyl, heteroarvl, substituted
heteroaryt, hetercarylalkyl, substituted hetercarylatkyl, -CN, -ORY, -5 OLRY, -NRR?,
SCIOMNRR®, -CORT, -NRICOR, -NRICIOINRRY, -NRICSINRRE, -NRIC(E=NHINRRS,
-SONR'RY, -NRSOR”, -NRISONRR?, -B(ORNWOR”), -PIOYORMNOR’), or -BIOWRNMOR);

C is -OR"-S(ORR’, SOR7, -C(OINR'RE, -CO.R’, -NR'COsR®, -NR'C(OWRR’,
NRTCENHINR'RY, -S0,NRRE, -NRSORY, -NRSO,NRR’, -B(ORYORY),
-P(OYORWORY), -P(OURMOR®, or heteroaryl;

D s an aryl, substituted aryl, heteroaryl, substituted heteroaryl, cycloalkyl, substituted
cycloalkyl, cycloheteroalkyl or substituted cycloheteroalkyl ring wherein the ring s optionally
fused to another aryl, substituted aryl, heteroaryl, substituted heteroaryl, cycloalkyl, substitated
cycloalkyl, cycloheteroalkyl, or substituted cycloheteroalkyl! ring;

a and b are independently 0, 1 or 2; and

RURL R R R RO R, R, and R’ are ndependently hydrogen, alkyl, substituted alkyl,
aryl, substituted arvl, arylalkyl, substituted arviaikyl, acyl, substitoted acyl, heteroalkyl,
substituted heteroalkyl, heteroaryl, substituted heteroaryl, heteroarylalkyl or substituted
heteroarvialkvl; or alternatively, R' and Rz, R? and R3, RYand R°, R and R®, R and RS, or R
and R®, together with the atoms to which they are bonded, form a cyeloheteroalkyl or substitnted

cycloheteroaltkyl ring.
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2. The compound of claim 1, wherein the Formula (1) is subject to the following provisos:
{a) when D is substitted phenyl; B is hydrogen; C is -CO,R"; R’ is hydrogen or alkyl; A
is -NR'R”; and one of R' and R” is hydrogen; then the other of R' and R is not substituted
arylalkyl; and
{b) when I is phenyl or substituted pheoyl; € is -COaR”; R is alkyl; A is -NR'R%, and R
and R? are both hydrogen; then B is not -COR"; wherein R' is alkyl.
3. The compound of claim I, wheren the Formula (I) does not include the followmmg
compounds:
8-Bromo-4-(4-methoxybenzyamino-S-roethoxyguinoline-3-carboxylic acid ethyl ester;
4-(4-Methoxybenzyhamino-5-methoxyquinoline-3-carboxyhc acid ethyl ester;
4-(4-MethoxybenzyDamino-S-methoxyguinoline-3-carboxylic acid,
4-{4-Methoxybenzyhamino-8-methoxyquinoline-3-carboxylic acid ethyl ester;
4-(4-MethoxybenzyDamino-8-methoxyguinoline-3-carboxylic acid,
4- Amino-3-ethoxycarbonyl-2-ethoxycarbonylmethylguinoline; and

4-Amino-3-cthoxyearbonyl-2-cthoxyearbonylmethy - 5-methoxyquinoline,

4. The compound of claim 1, wherein R’ and R are independently hydrogen, alkyl,
substituted alkvl, aryl, substituted aryl, arylalkyl, acyl, substituted acyl, heteroalkyl, substituted
heteroalioyl, heteroaryl, substituted heteroaryt, heteroaryialioyl or substituted heteroarylalkyl; or
alternatively, R!and RY, R and B, R* and R, R and R®, R and R®, or R® and Rg, together with

the atoms to which they are bonded, form a cycloheteroalkyl or substituted cyclohetercalkyl ring.

5. The compound of claim 1 or 4, wherein
when B is substituted alkyl, then the substituent on the alkyl 1s not -C( OYOR"; where RY

is alkyl

6. The compound of claim 1 or 4, wherein

when B is substituted alkyl, then the substituent on the alkyl is selected from the group
consisting of -R?, halo, -0, =0, -OR", -SR®, -5, =8, -NR°R®, =NR", =N-0OR®, irihalomethyl,
-CFs, ~CN, <OCN, -SCN, -NO, -NO», =N>, -N3, -S(0O):R", -8(OLNR", -S(010", -S(O)0R",
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~OS(OLR", -OS(0)L0, -OS(OROR, -FONO Y, -PIOYORMO), -PONORWORY), -C(OR®,
SCSIRY, -CINRMIRD, -C(OYO, -C(S)OR”, -C{OWNRRS, -C(NRYINRRS, -OC(O)R®, -OC(SIR?,
SOCIOH0, -OCIOYOR®, -OC(SIOR®, -NR C(OIR”, -NRC(SIR®, -NR"C(O)YD, -NRPC(OYOR",
NRPC(SYOR®, -NRPC(OINRRE, -NRPC(NRDIR" and -NR CONRPINR RS, where R* is selocted
from the group consisting of alkyl, cycloalkyl, heteroalkyl, cveloheteroalloyl, arvl, arylalkyl,
heteroaryl and heteroarylalkyl; cach R® is independently hydrogen or R, and each R®is
independently R® or alternatively, the two R may be taken together with the vitrogen ator to
which they are bonded form a 4-, 5-, 6~ or 7-mermbered cycloheteroalkyl which may optionally
include from 1 to 4 of the same or different additional heteroatoms selected from the group

consisting of O, N and S,

7. The compound of any one of claims 1 to 6 having a structural Formula (1) or (1D},
O
T
BN | W, BN W,
c _ Z/Y . ™ | 7 Y
A (1D or A (i,
or a tautomer, salt, and/or solvate, wherein:
Y forms a single bond with cither W or Z and a double bond with the other of W or 2
W is -C(R %), -S-, -N-, -N(R")-, or -O-;
Y is -C(R')- or -N-;
Z is -C(R")-, -8-, -N-, -NR -, o1 -0~
R is bydrogen, alkyl, substituted alkyl, aryl, substituted aryl, arylalkyl, substituted
arylalloyl, acyl, substituted acyl, heteroalkyl, substituted heteroalkyl, heteroaryl, substituted
heteroaryl, heteroarylalkyl, substituted heteroarylalkyl, halo, -CN, -ORY, -S{O)R ", -NRRY,

SC(OINRPRY, -CORY, -SONRVR', -NRPSO:R'®, -P(OYORHOR") or -P(OHRHOR');

R is hydrogen, alkyl, substituted alkyl, aryl, substitoted aryl, arylalkyl, substitated
arylalloyl, acyl, substituted acyl, heteroalkyl, substituted heteroalkyl, heteroaryl, substituted
heteroaryl, heteroarylaikyl, sobstituted heteroarylalkyl, halo, -CN, -OR", -S(OR", -OC(ORY,
NRURE LCONRTRE, LCORY, -SONRTRE, NRUTSOLR™, -PONORMOR™) or
-POYRHOR™),
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R*™ is hydrogen, alkyl, substituted aikyl, aryl, substituted aryl, arylalkyl, substituted
arylalkyl, acyl, substituted acyl, heteroalkyl, substituted heteroalkyl, heteroaryl, substituted
heteroaryl, heteroarylalkyl, substituted hetercaryialkyl, halo, -CN, | -OR"Y, nS(O)ng,
SOCORY, -NRPRY -CIONRPRY, -C(O)RY, -CORY, -SO,NRRY, -NRYSO.R™,
-PAOHORPWOR™) or -PIONROR™); or alternatively R and R, or R and RY together
with the atoms to which they are attached, forra a cyeloalkyl, substituted cycloalkyl,
cycloheteroalky! or substituted cycloheteroalkyl ring;

¢, d and ¢ are independently 0, 1, or 2;

R and R are independently hydrogen, alkyl, substituted alkyl, aryl, substituted aryl,
arylalloyl, substitated arylalkyl, acyl, substituted acyl, heteroalkyl, substituted heteroalkyl,
heteroaryl, substituted heteroaryl, heteroarylalkyl or substituted heteroarylalkyl; and

RP R RY RY RY, and R™ are independently hydrogen, alkyl, substituted alkyl, aryl,
substituted ary, arvialkyl, substituted arylalkyl, acyl, substituted acvl, heteroalovl, substituted
heteroalkyl, heteroarvl, substituted beteroaryt, heteroarvialioyt or substituted heteroarylalkyi; or
alternatively R and R, R and R', or R™ and R™, together with the atoms to which they are
attached, form a cycloheteroalkyl or substituted cycloheteroalkyl ring; and

with the following provisos:

(a) when W is -O- or -S- or -NR'-, then Z is ~C(R )~ or -N-;

(1) when 7 is ~O- or -8- or -NR'™-, then W is —C(Rm}- or -N-: and

(c) when W is —C(R]O)- or -N-, then 7 cannot be ———C(R”}- or =N-,

8. The compound of claim 7 having a structural Formula (Ha) or (127},

@)
B N W T
- \ B.__N

Il Yy “ A\

/ Y
Y >z N~
A {ifa} or A (Ia’),

or a tautomer, salt, and/or solvate, wherein,
W is -COR'%)-, or -N-;

Y is -C(R')- or -N-; and

7 is -S-, -N{R'H-, or -O-.
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9. The compound of claim 7 having a structural Formula (IIb) or (IIb’},
?
B /N | V\i\Y B._N | W,
C X Z/ Yy Z// Y
A (It} ot A {ib’},

or a tautomer, salt, and/or solvate, wherein,
W is -S, “N{R')-, o1 -O~;

Y is ~C(R™)- or -N-; and

Z is -C(RP)-, or -N-,

10. The compound of ¢lairn 1 having a stractural Formuda (I11) or (J11),

?
BN IH\\I BN |H\\|
//\J /l
A (i) or A (11},

or a tautomer, salt, and/or solvate, wherein:

H is -C(R™)- or -N-;

Lis -C( Rn) o1 -IN-;

T is ~CR™)- or -N-;

K is -CR™- or -N-;

R* is hydrogen, alleyl, substituted alkyl, halo, -CN, -OR*;

R™ is hydrogen, alkyl, substituted alkyl, halo, ~CN, -OR”";

R* is hydrogen, alkyl, substituted alkyl, aryl, substituted aryl, arylatkyl, substituted
arylalkyl, acyl, substitnted acyl, halo, heteroalkyl, substituted heteroalkyl, heteroaryl, substituted
heteroaryl, hetercarylalkyl, substituted heteroarylatkyl ,-CN, -ORY, »S((})ERZ’Q, ~(}C(O}R29,
NRZRY CCIOINRTRY, -CORY, -SONRPRY, NRPSO.RY, -BORPHOR™),
PLONOR™WOR™) or -PIOWRZWOR™);

R is hydrogen, alkyl, substituted atkyl, aryl, substituted aryl, arylalkyl, substitated
aryvlalkyl, acyl, substituted acyl, halo, heteroalkyl, substituted heteroalkyl, heteroaryl, substituted

heteroaryl, heteroarylalkyl, substituted heteroaryialkyi, -CN, -OR*, —S(O)gR‘“, —(}C(O)R“,
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NRPR? GCOINRRY, -C(OWRY, -COR™Y, -SONRYRY, -NRISO.R™, -BORYWOR™),
POWORHOR™) or -PIOYRNYOR’™); or alternatively R and R™, taken together with the
atoms to which they arc attached, form a cycloalkyl, substituted cycloalkyl, cycloheteroalkyl, or
substituted cyclohetercalkyl ring;

fand g are independently 0, 1 or 2; and

R¥ R® RY R® RY, R R and R are independently hydrogen, alkyl, substituted
alkyl, arvl, substituted aryl, arylalkyl, substituted arvlalloyl, acyl, substituted acyl, heteroalkyl,
substituted heteroalkyl, heteroaryl, substituted heteroaryl, heteroarylalkyl, or substituted
heteroarvlalkyl; or aliervatively R* and ™, RY and R™, % and RY, or RY and R, together
with the atoms to which they are attached, forma a cyclobeteroalkyl or substituted
cycloheteroalkyl ring;

with the proviso that at most, two of H, [, J and K are -N-.
11 The compound of claim 10, wherein one or two of H, [, J and K are -N-.

12, The compound of claim 10 having a structural Formuala (Ia) or (IHa’),

R21 0
B._N R2 bR
~ B._N R%
AN
C R23 X R23
A R# (Lila) or AR® (),
or a tautomer, salt, and/or solvate thereof,
13, The compound of claim 12, wherein two or three of R, R™, R, and R* are hydrogen.

4. The compound of claim 12, wherein

R is hydrogen;

R” is hydrogen, alkyl, substituted alkyl, halo, -CN, or -ORY,

R” is hydrogen, alkyl, substituted alkyl, -CN, ~OR29, “S(O)fRQg, -0 OF)R”? ~NR29R30,
SC(OINRVRY, -C(OR”, -COR”, -SONRTRY, or -NR7SO,R™,

R is hydrogen, alkyl, substituted alkyl, -CN, -OR™, —S(O)gRﬂ, SOCIOR™, -NRIRT,
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SC{ONRY'R, -COR™, -CORY, -SO,NRTR™, or -NR'SO.R™; or aliernatively R and R,
taken together with the atoms to which they are attached, form a cycloalkyl, substituted
cycloalkyl, cycloheteroalkyl, or substituted cyclohetercalkyl ring; and

R RZ, R R, and R are independently hydrogen, alkyl, substituted alkyl, aryl,
substituted aryl, arvialkyl, substitoted aryialkyl, acyl, substituted acyl, heteroalkyl, substituted
heteroalkyl, heteroaryl, substituted heteroaryl, heteroarvlalkyl, or substituted hetercarylalkyl; or
alternatively R® and R®, R and R®, R” and R®, or RY and R, together with the atoms to

which they are attached, form a cycloheteroalloyl or substituted cycloheteroalkyl ring.

. o 2i 122 523 24
15. The compound of claim 14, wherein R™, R, R™, and R are all hydrogen.

. 2 22
16. The compound of ¢laim 14, wherein R™ and R are all hydrogen.

i

:d

The compound of claim 16, wherein R and R™, taken together with the atom to which
they are attached, form a cycloalkyl, substituted cycloalkyl, cyvcloheteroalkyl, or substituted

cyeloheteroaloyl ring,

8. The compound of claim 17, wherein R™ and R™, taken together with the atom to which
they are attached, form a substituted cveicheteroalkyt ring containing one or more substituents
selected from the group consisting of -R”, halo, -0, =0, -OR®, -SR", .87, =§, -NRR, =NR”,
=N-OR”, trihalomethyl, -CFs, -CN, -OCN, -SCN, -NO, -NO,, =N, -N3, -S(O)LR?, -S(0LNR”,
S{OR0, -S(0ROR", -OS(ORR", -O8(0R0, ~-OS(OROR", -F(OKO ), -POYORNO,
POYORPHORY, -C(OIRY, -CLOYOR®, -C(SIRY, -CNROIRY, -C(OY0, -C(SYOR", -C{OINRRE,
SCONRMINRORS, -OC(OR, -OCISIR®, -OC(0)Y0, -OC{OIOR®, -OC(SH0R", -NR"CIOR",
NRPC(SIR®, -NROC(OYD, -NRC{OYORP, -NRC(S)OR®, -NRPC{OINRR?, -NR C(NR"R" and
NRPCNRPINRR®, where R" is selected from the group consisting of alkyl, cycloalkyl,
heteroalkyl, eycloheteroalkyl, aryl, arylaikyl, heteroaryl and heteroaryialkyl; each R” is
independently hydrogen or R, and each R° is independently R” or alternatively, the two R may
be taken together with the nitrogen atom to which they are bonded form a 4-, 5-, 6~ o1
7-membered cyclobeteroalkyl which may optionally mclude from 1 to 4 of the same or different

additional heteroatoms selected from the group counsisting of O, N and S; or alternatively, two of
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the substituents on the cycloheteroalkyl ring, together with the atoms to which they are bonded,

form a cycloalkyl, substituted cycloalkyl, cycloheteroaliyl, or substituted cycloheteroalkyl ring.

9. The compound of any one of claims 1 to 18, wherein
A is -OR', -NRIC(OR?, -NIIOR!, -NR'R?, -NRICO,R?, -NRIC{OINR'R’,
NR'CSNRR®, or -NR'C(=NINR’R".

20. The compound of any one of claims 1 to 19, wherein

Cis -S(OWR’, 30:R",-CLOINR'R®, -COR’, -NR'CO,RY, -NR'C(OINRR’,
NRICISINRIR®, -NRICENHINR'R, -SO.NR'RE, -NRTSOLRY, -NRTSO,NRR®,
-B(ORYORY), -P(ONORNORY), or -PIOWRWORY.

21. The compound of any one of claims 1 to 20, wherein
B is hydrogen, allovl, substitated alkyl, aryl, substituted arvl, arylatkyl, sabstituted
arylalkyl, acyl, substituted acyl, heteroalkyl, substituted heteroalkyl, heteroaryl, substituted

heteroaryl, heteroaryvlalkovl, or substitiited heteroarylalkyl.

22 The compound of claim 12 having a structural Formuala (IHb) or (1L},

o}
B _N !
- B _N
\ -
C oY
A O A O
L1_L2_R33 (IIH?} or \L1_L2_R33 (Illbs\),

or a tautomer, salt, and/or solvate thereof; wherein

L' is alkylene or substituted alkylene;

L2 s -NR™-, -O-, -S-, “NR*-C(0)-, -C{O»NR™-, -O-C(0)-, -C{O»0O-, -NR*-C(0)-O-,
-O-C{OWNR - - NR*L-C(O)NR -, -0-C(0)-0-,—heterocyelylene—C(O)-, or —(substituted
heterocyelviene }-C(O)-;

R¥ is alkyl, substituted alkyl, carbocyclyl, substituted carbooyelyl; aryl, substituted arvl,
arylalkyl, substituted arvlalkyl, heterocyelyl, substituted heterocycelyl, heteroalkyl, substituted

heteroalkyl, heteroaryl, substituted heteroaryl, heteroarvialkyl, or substituted heteroarylalkyl; and
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R and R are independently hydrogen, alkyl, substituted alkyi, carbocyclyl, substituted
carbocyelyl; arvl, substituted aryl, arylalkyl, substituted arylalkyl, heterocyelyl, substituted
heterocyelyl, heteroalkyl, substituted heteroalkyl, heteroaryl, substituted heteroaryl,

heteroarylalkyl, or substituted heteroarylaltkyl.

23, The compound of claim 12 having a structural Fornmula (Hle), (ITTc™), (IT1d), or (IFd"),

R* (111e) or A Ogm,
o)
B N T
~ ” BN
c N O/R Cmo/Rss
A (HIdy  or A ,

or a tautomer, salt, and/or solvate thereof; wherein
R is atkyl, substituted alkyl, carbocycivl, substituted carbocyelyl; aryl, substituted aryi,
arvialkyt, substituted arylalkyl, heterocyelyl, substituted heterocyclyl, heteroalioyl, substituted

heteroalkyl, heteroarvi, substituted heteroaryl, heteroarvialkyl, or substituted hetercarylalkyl

24. The compound of claim 23, wherein
R is alkyl, substituted alkyl, carboeyelyl, substituted carbooyelyl; heterocyelyl,

substituted heterocyelyl, heteroalkyl, or substituted heteroatkyl

25. The compound of claim 22 or 23, wherein
A s -OR', NRIC(OR?, -NHOR', -NR'R?, -NR'CO,R®, -NR'C(OINR'R,
NR'CSNRR’, or -NR'C(=NHINR’R’.

26. The compound of any one of claims 22, 23, and 25, wherem

Cis -S(OWR’, 30:R",-CLOINR'R®, -COR’, -NR'CO,RY, -NR'C(OINRR’,
NRICISINRIR®, -NRICENHINR'R, -SO.NR'RE, -NRTSOLRY, -NRTSO,NRR®,
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-B(OR"YORY), -P(OWORYORY), or -PIOWRYORY.

27. The compound of any one of claims 22, 23, 25, and 26, wherein
B is hydrogen, alkyl, substitited alkyl, arvl, substituted aryl, arylalkyl, substituted
arylalkyl, acyl, substituted acyl, heteroalkyl, substitaied heteroalkyl, heteroaryl, substituted

heteroaryl, heteroarylalkyl, or substituted heteroarylalkyl,

28. The compound of claim 22, wherein

A is-OR', -NHOR!, or -NR'R%

B is hydrogen, alkvl, substituied allovl, arvl, or substituted aryl;

C is -SOsR' -C{OINR'R?, -COsR’, -SONR'R?, -B(OR'WOR®), -P(ONORWORY), or
-P(OHRTHOR;

Llis atkylenc or substituted alkylene;

L7 is -NR -O-, -NRLCO)-, -CIO)-NRM™, -0-C(0)-, -C{O)-0-, —hetercyelylene—
C{O)-, or ~(substituted hetercyclylene)-C(O)-;

R*™ is alkyl, substituted alkyl, carbocyelyl, substituted carbooyclyl; aryl, substituted aryl,
arylalkyl, substituted arvlalkyl, heterocyelyl, substituted heterocycelyl, heteroalkyl, substituted
heteroalkyl, heteroaryl, substituted heteroaryl, heteroarvialkyl, or substituted heteroarylalkyl; and

R and RY are independently hydrogen, alkyl, or substituted alkyl.

29. The compound of claim 23, wherein

Ais -OR', -NHOR', or -NR'R%;

B is hydrogen, alkyl, substituted alkyl, arvl, or substituted arvl;

C is -SO3R-C{OINRRE, -CO.R’, -SONRRY, -B(OR'WORY), -P(O)ORWOR®, or
-PO}RTYOR;

R is alkyl, substituted alkyl, carboeyelyl, substituted carbooyelyl; heterocyelyl,

substituted heterocyelyl, heteroalkyl, or substituted heteroatkyl

30.  The compound of claim 1, which is selected from the group consisting of
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31, Aningestible composition comprising
a compound of claim 1; and
an ingestibly acceptable excipient.
32. The ingestible composition of claim 31, forther comprising one or more swecteners.
33. The ingestible composition of claim 32, wherein the sweetener 1s selected from the group

consisting of sucrose, fructose, glucose, galactose, mannose, lactose, tagatose, maltose, corn
syrup {inchuding high fructose corm syrup), D-tryptophan, glycine, erythritol, isomalt, lactitol,
mannitof, sorbitol, xylitol, maltodextrin, maltitol, isomalt, hydrogenated glucose syrup (HGS),
hydrogenated starch hydrolyzate (HSH), stevioside, rebaudioside A, other sweet Stevia-based
glveosides, carrelame, other guanidine-based swecteners, saccharin, acesulfame-K, cyclamate,
sucralose, alitame, mogroside, neotame, aspartame, other aspartame derivatives, and

combinations thereof,

34, The ingestible composition of claim 31, which has an increased sweet taste as compared
to the ingestible composition not containing the compound of claim 1, as judged by a majority of

a pancl of at least eight human taste testers.
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33, The ingestible composition of claim 31, which is in form of a food or beverage product, a
< >
pharmaceutical composition, a nutritional product, a dietary supplement, over-the-counter

medication, or oral care product.

36, The ingestible composition of claim 35, wherem the food or beverage product is for
human or animal consumption.

37.  The ingestible composition of claim 31, wherein the food or beverage product is selected
from the group consisting of the Soup category; the Dried Processed Food category; the
Beverage category; the Ready Meal category; the Canned or Preserved Food category; the
Frozen Processed Food category; the Chilled Processed Food category; the Snack Food category;
the Baked Goods category; the Confectionary category; the Dawry Product category; the Ice
Cream category; the Meal Replacement category; the Pasta and Noodle category; the Sauces,
Dressings, Condiments category; the Baby Food category; the Spreads category; sweet coatings,

frostings, or glazes; and combinations thereof.
O O

38, A method of enhancing the sweet taste of an ingestible composition comprising
contacting the ingestible composition thereof with a compound of claim 1 to form a modified

ingestible composition.

39, A sweet enhancing composition, comprising a compound of claim 1 in an amount
effective to provide sweetening in combination with a first amount of sweetener, wherein the

sweetening is more than the sweetening provided by the first amount of sweetener without the

compound.
40.  Aningestible composition comprising the sweet enhancing composition of claim 39,
41, The ingestible composition of claim 40, which is in form of a food or beverage product, a

harmaceutical composition, a nutritional product, a dictary supplement, over-the-counter
5 ~

medication, or oral care product.

i79



WO 2011/123693 PCT/US2011/030802

42. A flavoring concentrate formulation comprising
i) as flavor modifying ingredicnt, a compound of claim 1;
i) a carrier; and

it} optionally at lcast one adjuvant.

43. The flavoring concentrate formulation of claim 42, wherein the at least one adjuvant

comprises one or more flavoring agents,

44, The flavoring concentrate formulation of claim 42 or 43, wherein the at least one

adjovant CoTOpTiSes ONE OF MOTe sweeleners,

45. The flavoring concentrate formulation of any one of claims 42 to 44, wherein the at least
one adjuvant comprises one or more ingredients selected from the group consisting of a
emmlsifier, a stabilizer, an antimicrobial preservative, an antioxidant, vitamins, minerals, fats,
starches, protein concentrates and isolates, salts, a freezing point depressant, nucleating agent,

and combinations thereof,

46. The flavoring concentrate formulation of any one of claims 42 to 45, which is in a form
selected from the group consisting of liguid, solid, semi-solid, foamy material, paste, gel, cream,

lotion, and combinations thereot,

47. The flavoring concentrate formulation of any one of claims 42 to 46, wherein the
compound of claim | is in a concentration that 15 at feast 2 times of the concentration in a ready-

t0-USC composition.

48, A method for preparing a compound of Formula (IV):

R21
B _N R22

R23
OR 1 N\ R24
R? (v,

comprising reacting a compound of Formula (IVa):

180
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NH,
RQ'] N
RAZ R24
R® (TVa)
with a compound of Formula (IVb):
O O

BMORN)

in the presence of a Lewis acid in an anhydrous and non-polar solvent;

(IVh)

wherein

B is hvdrogen, alkyl, substituited alkyl, arvl, substituted aryl, arylalkyl, substituted
arylalkyt, acyl, substituted acyl, heteroalkyl, substituted heteroalkyl, heteroaryl, substituted
heteroaryl, heteroarylalkyl, substitited heteroarvialkyl;

R', R?, and R’ are independently hydrogen, atkyl, substituted alkyl, aryl, substituted aryl,
arylalkyl, substituted arylalkyl, heteroalkyl, substitited heteroalkyl, hetercaryl, substituted
heteroaryl, heteroarylalkyl or substituted heteroarylalkyl; or alternatively, R' and R, together
with the atoms to which they are bonded, form a ¢cycloheteroalky! or substituted cycloheteroalkyl
ring;

R™ is alkyl, substituted alkyl, arvi, substituted aryl, arylalkyl, substituted arylalkyl,
heteroalkyl, substituted heteroalkyl, heteroaryl, substituted heteroaryl, heteroaryialkyl or
substituted hetercarylalkyl

R is hydrogen, alkyl, substituted alkyl, halo, -CN, -OR™;

il
/

R* is hydrogen, allyl, substituted alkyl, halo, -CN, -OR”";

3

R™ is bydrogen, alkyl, substituted alkyl, aryl, substituted aryl, arylalkyl, substituted

arylatkyl, acyl, substituted acyl, halo, heteroalkyl, substituted heteroalkyl, heterocaryl, substituted
heteroaryl, heteroarylaikyl, substituted heteroarylaliyl, -OR™, -S(O0)R?, ~OC(OR®, -NRRY,
C(OWNRZRY, -CORY, -SONRPR™, -NRYSO.RY, -BIORPHOR™), -P(OYOR®HOR™) or
-PONRHOR™);

R* is hydrogen, alkyl, substituted alkyl, arvl, substituted aryl, arylalkyl, substituted
arylalkyl, acyl, substituted acyl, halo, heteroalkyl, substituted heteroalloyl, heteroaryl, substituted
heteroaryl, heteroarylalkyl, substituted heteroarylalkyl, -OR™, —S(O)gR“, -OCOR, NRIRY,
SCOINRIR? -CORY, -CORY, SSONRIRY, NRYISO.RY, -BORPHOR™),

i8]
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-P{ O)(ORR":)( OR™) or -1 O)(R”}(OR‘”‘); or alternatively R™ and R, taken together with the
atom to which they are attached, form a cycloalkyl, substituted cycloalkyl, cycloheteroalkyl, or
substituted cycloheteroalkyl ring;

fand g are independently 0, 1 or 2; and

R7, R RY RE RY R R, and R™ are independently hydrogen, alkyl, substituted
alkyl, aryl, substituted aryl, arvlalkyl, substituted arvialkyl, acyl, substituted acyl, heteroalloyl,
substituted heteroalkyl, heteroaryl, substituted heteroaryl, heteroarylalkyl, or substituted
heteroarylalkyl: or alternatively R® and R, R and R™, R” and RY, or R* and R™, together
with the atoms to which they are attached, form a cycloheteroalkyl or substituted

cycloheteroallovl ring,

49, The method of claim 48, wherein the Lewis acid is a metal halide,

50, The method of claim 48 or 49, wherein the reaction of the compound of Formula (IVa}
and the compound of Formula (IVh) is conducted at least in part at a temperature of about 60°C
or higher.

51 The method of any one of claims 48 to 50, wherein R, R®, and R are hydrogen.

52, The method of any one of claims 48 to 51, wherein B is alikoyl or substituted aliyl

53, The method of any one of claims 48 to 52, wherein R is -()Rg", and R is abkvl,
substituted alkyl, carbocyelyl, substituted carbocycelyl; aryl, substituted aryl, arvialkyl,
substituted arylalkyl, heterocycelyl, substituted heterocyelyl, heteroalkyl, substituted heteroalkyl,

heteroaryl, substituted heteroaryl, heteroarylalkyl, or substituted heteroarylalkyl

54. The method of any onc of claims 48 to 53, wherein the compound of Formula (IV}) is

represented by Formula (IVe):

B.__N
-
HO A\
O NH, O
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wherein
B is allkyl or substiuted alkyl; and

31 . ; . ’ ) .
R 1 alkyl, substituted alkvl, carbocyelyl, and substituted carbocyelyl
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