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SWEET FLAVOR MODIFIER

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of priocity to U.S. Provisional Patent Application No,
61/320,528, filed April 2, 2010 and entitled “SWEET FLAVOR MODIFIER™, and U.5.
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

m their entireties for all purposes.

FILED OF THE INVENTION

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

BACKGROUND OF THE INVENTION

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

{Obesity, diabetes, and cardiovascular disease 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 effect on health. High-intensity sweeteners can
provide the sweetness of sugar, with various taste qualities. Because they are many times
sweeter than sugar, much less of the sweetener is required o replace the sugar,

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

Science, 1989).
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Sweeteners such as saccharin and 6-methyi-1,2,3-oxathiazin-4(3H)-one-2,2-dioxide
potassium salt {acesulfame potassivm) are commonly characterized as having bitier and/or
metallic aftertasies, Products prepared with 2. 4-dihydroxybenzotie acid are claimed to display
reduced undesirable aftertastes associated with swecteners, and do so at concentrations below
those concentrations at which their own tastes are perceptible. Also, high intensity sweeteners
such as sucralose and aspariame are reporied (o bave sweetness delivery problems, Le., delayed
onset and lingering of sweetness (8. G, Wiet, et al., J. Food Sei, 58(3):599-602, 666 (1993)).

1t has been reported that an extra-cellular domain, e.g., the Veous flytrap domawn of a
chemosensory receptor, especially one or more inferacting sites within the Venas flyfrap domain,
is a suitable target for compounds ot other entities to modulate the chernosensory receptor and/or
its ligands. Certain compounds bave been reporied to have superior sweet {aste enhancing
properties and are described in the four patent applications histed below.

{1) U.S. Patent Application Serial No. 11/760,592, entitled “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) ULS. Patent Application Serial No.
61/027,410, entitled “Modulation of Chemosensory Receptors and Ligands Associated
Therewith”, filed February 8, 2008; and (4) International Application No, PCT/US2008/065650,
entitled “Modulation of Chemosensory Receptors and Ligands Associated Therewith”, filed hune
3, 2008. The content of these applications are herein incorporated by reference in their entirety
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 invention provides a compound having stroctural

Formula () or (')
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or a tautomer, salt, and/or solvate, wherein:

A is -OR', -NR'C{OR?, -NHOR', -NR'R?, -NR'CO,R?, -NR'C(OVNRR?,
NRICSINR?R or -NR'C=NHINR'R?,;

B is hydrogen, alkyl, substituted alkyl, aryl, substituted aryl, arylallovl, substituted
arylalkyl, acyl, substituted acyl, heteroalkyl, substituted heteroalkyl, heteroaryl, substituted
heteroaryl, heteroarylalkyl, substituted heteroarylalkyl, -CN, -OR®, -S{O)R*, -NR®,
CLOINRR®, -COsRY, -NR'COR’, -NRACOWRR, -NRIC(SNRRS, “NRUCENHINRRS,
SSONRYRY, -NRISO,R’, -NRSONRRS, -BORNORY, -BOYORMNORY), or -PIOYRYNORY);

Cis -OR7-8(O)R, SOR, -CIOINRTR?, -COLRT, -NR'CO.RY, -NRTCIONRR?,
NRICENIDNRSR?, -80,NRRY, -NR'SC-RE, -NRTSONRPR?, -B(ORTYORD),
~P(0}(OR7)(ORS), -P( O)(R”"}(ORQ‘), of hétemaryi (for cxample, tetrazole);

D is an aryl, substituted aryl, heteroaryl, substituted heteroaryl, cycloalkyl, substituted
eycloalkyl, cyclohetercatkyl or substituted cycloheteroalkyl ring wherein the ring is optionally
fused to another aryl, substituted aryl, heteroaryl, substituted heteroaryl, eyeloalkyl, substituted
cycloalkyl, cyeloheteroalkyl, or substituted cyclohetercalkyl ring;

a and b are independently 0, 1 or 2; and

R, R> R’ RY R%, RS R RS and RY are independently hydrogen, alkyl, substituted alkyl,
aryl, substituted aryl, arvlalkyl, substituted arylalkyl, acyl, substituted acyl, heteroalkyd,
substituted heteroalkyl, beteroaryl, substituied heteroaryl, hetercarylalkyl or substituted
hetercarylalkyl; or alternatively, R! and RE, R? and R_3, R and R, R and 'R.s, R’ and 'R,g, or RS
and R”, together with the atoms to which they are bonded, form a eycloheteroalkyl or substituted
cycloheteroalkyl ring,

in another embodiment, the present mvention provides an ingestible composition
comprising a compound of the present invention aud an ingestibly acceptable excipient.

In another embodiment, the present invention provides a flavoring concentrate

fornudation comprising a compound of the present wnvention and a carrier.

53
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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
thereof with a compound of the present invention to form a modified ingestible composition.

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

compound of the present imvention,

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 comynonly undersiood by one of ordinary skill in the art fo
which this invention belongs.

“Alkyl,” by itself or as part of another substituent, refers o a saturated or unsaturated,
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, alkene or alkyne. The term “allyl”
includes “cycloalkyl” as defined herein below. Typical alky! groups include, but are not limited
to, methyl; ethyls such as ethanyl, ethenyl, ethynyl; propyls such as propan-1-yi, propan-2-vl,
cyclopropan-1-y1, prop-1-en-1-vl, prop-1-en-2-yl, prop-2-en-1-vl (allyD), cycloprop-1-en-1-yi;
cycloprop-2-en-1-vl, prop-1-yn-1-vi, prop-2Z-yn-1-yl, erc.; butyls such as butan-1-yl, butan-2-yl,
2-methyl-propan-1-yi, Z-methyi-propan-2-vl, cyclobutan-1-y1, but-1-en-1-vi, but-1-en-2-yi,
2-methyl-prop-1-en-1-yl, but-2-en-1-yl, but-2-en-2-y1, buta-1,3-dien-1-yl, buta-1,3-dien-2-y1,
cyclobut-T-en-1-yl, eyclobut-1-en-3-vl, cyclobuta-1,3-dien-1-yl, but-1-yn-1-yl, but-1-yn-3-yl,
but-3-yn-1-vl, efc.; and the like, The term “alkyl” 1s 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 lovel of saturation is intended, the expressions “alkanyl,” “alkenyl,” and
“alkynyl” are used. In some embodiments, an alkyl group comprises from | to 20 carbon atoms
(C-Coo alkyl). In other embodiments, an alkyl group cornprises from | to [0 carbon atoms
{Cy-Cig atkyl). Tnostill other embodiments, an atkyl group comprises from 1 to 6 carbon atoms

{Cy-Cq alkyl). It is noted that when an alkyl group s further connected to another ator, it
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becomes an “alkylene” group. In other words, the term “alkylene” refers to a divalent alkyl. For
example, -CHCHj 1s an ethyl, while -CH,CHy- is an ethylene. That is, “Alkylene,” by itself or
as part of another substitaent, refers to a saturated or vnsaturated, branched, straight-chain or
cyclic divalent hydrocarbon radical derived by the removal of two hydrogen atoms from a single
carbon atow or two different carbon atoms of a parent alkane, alkene ov alkyne. The term
“atkylene” includes “cycloalkylene™ as defined herein below, The term “alkylene” is
specifically intended o include groups having any degree or level of saturation, i.e., groups
having exclusively single carbon-carbon bouds, groups having one or more double
carbon-carbon bonds, groups having ove 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,” “alkenyiene,” and “alkynylene” ave used. Tu some
emtbodiments, an alkylene group comprises from 1 to 20 carbon atorns {Cy-Cyg alkylene). In
other embodiments, an alkylene group comprises from 1 to 10 carbon atorns (C,-Cye alkylene).
In still other embodiments, an alliylene group comprises from 1 to 6 carbon atoms (C1-Cy
alkylene}.

“Alkanyl,” by itself or as part of another substituent, refers to a saturated branched,
straight-chain or cyelie alkyl radical derived by the vemoval of one h‘_s,fdrogen atom from a single
carbon atom of a parent alkane. The term “alkany!” includes “cycloakanyl” as defined herein
below, Typical alkanyl groups include, but are not limited to, methanyl; ethanyl; propanyls such
as propan-1-yl, propan-2-yl (isopropyl), cyclopropan-1-yi, efe.; butanyls sueh as butan-1-yl,
butan-2-y! {sec-butyl}, 2-methyi-propan-1-yl (isobutyl), 2-methyl-propan-2-yi (+-butyl),
cyclobutan-1-vl, efc.; and the like.

“Alkenyl,” by itself or as part of another substituent, refors to an unsaturated branched,
straight-chain or cyclic alkyi radical having at least one carbon-carbon double bond derived by
the removal of one hydrogen atom from a single carbon atom of a parent atkene. The texm
“alkenyl” includes “cycloalkenyl” as defined hercin below. The group may be in either the cis or
rans conformation about the double bond(s). Typical alkeny! groups inchude, but are not limited
to, ethenyl; propenyls such as prop-1-en-1-y1, prop-1-en-2-y1, prop-2-en-{-yl (allyl),
prop-2-en-2-v1, cycloprop-1-en-1-yl; cycloprop-2-cn-1-y1; butenyls such as but-T-en- Lyl

but-1-en-2-yl, 2-methyl-prop-1-en-1-yl, but-2-en-1-y!, but-2-en-1-yi, but-2-en-2-yl,
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buta-1,3~dien-1-yl, buta-1,3-dien-2-y1, cyclobut-1-en-1-yl, oyclobut-1-en-3-vl,
cyclotata-1,3-dien-1-vl, efc.; and the like,

“Alkynyl” by itself or as part of another substituent refers o an unsaturated branched,
straight-chain or eyclic 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 include, but are not limited to, ethynyl; propynyls such as prop- ! -yn-~{-vi, prop-2-yn-1-yi,
ete.; urynyls such as but-}-yn-1-y1, but-1-yn-3-y, but-3-yn-1-v1, erc.; and the like,

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

“Acyl” by itself or as part of another substitoent refers to a radical ~-C{OR™, where R*
is hiydrogen, alkyl, substituted alkyl, aryl, substituted aryl, arylalkyl, substituted arylalkyl,
heteroalkyl, substituted heteroalkyl, beteroarylalkyl or substituted heteroarylalkyl as defined
herein. Representative examples inclode, but are not limited to formyl, acetyl,
cyclohexylearbonyl, cyclohexyimethylcarbouyl, benzoyl, benzylcarbony! and the like.

“Aryl,” by itself or as part of another substituent, refers (o a monovalent aromatic
hydrocarbon group derived by the removal of one hydrogen atom from a single carbon atom of a
parent aromatic ring systemm, as defined herein. Typical aryl groups include, but are not limited
to, groups dertved from aceanthrylene, acenaphthylene, acephenanthryiene, anthracene, azulene,
benzene, chrysene, coronene, fluoranthene, thaorene, hexacene, hexaphene, hexalene,
as-idacene, s-indacene, indane, indene, naphthalene, octacene, octaphene, octalene, ovalence,
penta-2 4-diene, pentacene, pentalene, pentaphene, pervlene, 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-Cyp aryl). In other
embodiments, an aryl group comprises from 6 to 15 carbon atoms {Ce-Cys aryl). In still other
embodiments, an aryl group comprises from 6 to 15 carbon atorns (Cg-Cg arvl),

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

fike. Where specific alkyl moieties are intended, the nomenclature arvlalkanyl, arylalkenyl
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and/or arylalkyny! isused. In some embodiments, an arylalkyl group is {(Cs-Cag) arvlalkyl, e.g.,
the alkanyl, alkeny! or alkynyvl moicty of the arylalky! group is (Cy-Cyo) alkyl and the ary}l moiety
is {Ce-Cao) aryl. In other embodiments, an arylalkyl group is (Ce-Cag) arylalkyl, eg., the alkanyl,
alkenyl or alkynyl moiety of the arylalkyl group is (C;-Cy) atkyl and the aryl moiety 1s (Ce-Chy)
aryl. In still other embodiments, an arylatkyl group 15 (Ce-Cis) arvialkyl, e.g., the alkanyl,
alkenyl or alkynyl moiety of the arvialkyl group is (C-Cs) alkyl and the arvl moiety is (Cs-Cio)
aryl.

“Cycloallyl,” or “Carbocyelyl,” by itself or as part of another substituent, refers to a
saturated or unsaturated cyclic alkyl radical, as defined herein. Sumilarly, “Cyeloalkylene,” or
“Carbocyelylene,” by itself or as part of another substituent, refers to a saturated or unsaturated
cyelic alkylene radical, a9 defined herem. Where a specific level of saturation is intended, the
nomenclature “cycloalkanyl”, “cycloalkenyl”, or “cycloalkyny!l” is used. Typical eycloalkyl
groups include, but are not limited to, groups derived from cyclopropane, cyclobutane,
cyclopentane, cyclohexane, and the like. In some embodiments, the cycloalkyl group comprises
from 3 to 10 ring atoms (C3-Cig cycloalkyl). In other embodiments, the cycloalkyl group
comprises from 3 to 7 ring atoms (Cs-Cy eveloalkyl), The cycloalkyl may be further substituted
by one or more heterocatoms including, but not timited 1o, N, P, O, S, and Si, which attach to the
carbon atorms 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 hetercatoms or
heteroatomic groups, Similarly, “Heteroalkylene,” “Heteroalkanylene,” “Hetercalkenylene” and
“Heteroalkynylene,” by themselves or as part of other substituenis, 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 cach, independently of one another, replaced

- with the same or different heteroatoms or hetercatomic groups, Typical heteroatoms or

heteroatomic groups which can replace the carbon atoms include, but are not Umited 1o, -O-, -§-,
-N-, «Si-, -NH-, -S(0}-, -S{O)y-, -S(O3NH-, -5{G};NH- and the like and combinations thereof,
The heteroatorns ot heteroatomic groups may be placed at any interior position of the alkyt,

alkeny! or alkyny! groups. Typical hetercatoric groups which can be included in these groups
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inctude, but are not limited to, -O-, -8, -0-0-, -8-S-, -0-8-, -NR¥'R*%. =N-N=, -N=N-,
N=N-NRPPRIM, PR, -P(O)-, -POR™., -0-P(Q)sr, -SO-, -S0n-, -SoR¥ R¥. and the like,
where R1 R¥™ R R™ R RY R and R™ are independently hydrogen, atkyl,
substituted alkyl, aryl, substituted aryl, arylalkyl, substituted arylatkyl, cycloalkyl, substituted
cycloalkyl, cycloheteroalkyl, substituted cycloheteroalkyl, heteroalkyl, substituted heieroalkyl,
heteroaryl, substituied heteroaryl, heteroarylalkyl or substinited heteroarylalkyl
“Cycloheteroalkyl,” or “Heterocyelyl, by itself or as part of another substituent, refers to
a saturated or unsaturated cyehic alkyl radical in which one or more carbon atoms (and optionally
any associated hydrogen ators) are independently replaced with the sarne or different
heteroatom. Similarly, “Cycloheteroalkylene,” or “Heterocyclylene,” by itself or as part of
another substituent, refers to a saturated or unsaturated cyolic alkylene radical in which one or
more carbon atomns (and optionally any associated hydrogen atoms) are independently replaced
with the same or different hetercatom. The cyclohetercalkyl may be further substituted by one
or more heteroatoms including, but not limited to, N, P, (0, §, and 81, which attach to the carbon
atoms of the cyeloheteroalkyl via monovalent or multivalent bond. Typical heteroatoms to
replace the carbon atom{s) include, but ave not limited to, N, P, O, §, Si, efc. Where a specific
level of saturation 1s intended, the nomenclature “cyclohetersalkanyl” or “oycloheteroatkenyt” is
used. Typical evcloheieroatkyl groups include, but are not limited to, groups derived from
epoxides, azirines, thilranes, imidazolidine, morpholine, piperazine, piperidine, pyrazolidine,
pyrrolidone, quinuclidine, and the like. In some embodiments, the cycloheteroalkyl group
comprises from 3 to 10 ring atoms (3-10 membered cycloheteroalkyl) In other embodiments, the
cycloalkyl group comprise from 5 to 7 ring atoms (5-7 membered cyelohetercalkyl). A
cycloheteroalky! group may be substituted at a heteroatom, for example, a nitrogen atom, with a
(Cy-Cy) alkyl group. As specific examples, N-methyl-imidazolidinyl, N-methyl-morpholinyl,
N-methyl-piperazinyl, N-methyl-piperidinyl, N-racthylpyrazotidinyl and N-methyl-pyrrolidinyl
are included witbin 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), {Hiﬂ}, (i), (1D, (dHay, b)), (i), and (1H1d), and includes any specific
c.{}mpcmlds'wi‘t‘n,in 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 detenminative of the identity of the
compound. The compounds described hercin may contain one or more chiral centers and/or
double bonds and therefore, may exist as stereoisomers, such as double-bond isomers (i.e.,
geometric isomers), enantiomers or diastercomers. Accordingly, the chemical structures
depicied herein encompass all possible enantiomers and siereoisomers of the iHustrated
componnds incloding the stereotsomerically pure form {e.g., geometrically pure,
enantiomerically pure or diastereomerically pure) and enantiomeric and stereoisomeric mixtures.
Enantiomeric and sterecisomeric mixtures can be resolved into their component enantiomers or
stereoisomers using separation technigues or chiral synthesis techmiques well known io the
skilled artisan. The compounds may also exist in several tagtomeric forms including the enol
form, the keto form and mixtures thereot, Accordingly, the chemical structures depicted herem
encompass all possible tautomeric forms of the Wustrated componnds. The term “tautomer” as
used herein refers to isomers that change into one another with great ease so that they can exist
together in equilibrinm. In geseral, compounds may be hydrated, solvated or N-oxides. Certain
compounds may exist in nltiple 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
illustrated, 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, -Br or -1

“Heteroaryl,” by itself 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 systerns, as defined herein. Typical heteroaryl groops include, but are
not limited 1o, groups derived from acridine, B-carboline, chromane, chromene, cinnoline, furan,
imidazole, indazole, indole, indoline, indolizine, isobenzofuran, isochromene, isoindole,
isoindoline, isoquinoline, isothiazole, isoxazole, naphthyridine, oxadiazole, oxazole, perimidine,
phenanthridine, phenanthroline, phenazine, phthalazine, pteridine, purine, pyran, pyrazine,
pyrazole, pyridazine, pyridine, pyrimidine, pyrrole, pyrrolizine, goinazoline, quinoline,
quinolizine, guinoxaline, tetrazole, thiadiazole, thiazole, thiophene, triazole, xanthene, and the
like. In some embodiments, the heteroaryl group comprises from S to 20 ring atoms (5-20

membered heteroaryl), In other embodiments, the heteroaryl group comprises from 5 o 10 ring

9
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atoms (5-10 membered heteroary!). Exemplary heteroaryl 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 oue of the hydrogen atoms bonded (o a carbon atom, typically a terminal or :;;73
carbon atony, is replaced with a heteroaryl group, Where specific alkyl moteties are mtended, the
nomenclature heteroarylalkanyl, heteroarylakenyl and/or heteroaryialkynyl is used. In some
embodiments, the heteroarylalkyl group is 2 6-21 membered heteroarylalkyl, e.g., the alkanyl,
alkeny! or alkyny! moiety of the heteroarylalkyl is (C-Ce} alky! and the heterparyl moiety is a
5-18-membered heteroaryl. In other embodiments, the heteroarylallyl is a 6-13 membered
heteroarylatkyl, e.g., the alkanyl, alkenyl or alkynyl moiety is (C-Ca) alkyl and the heteroaryt
moiety is a 5-10 menbered heteroaryl,

“Protecting group” refers to a grouping of atoms that when attached to a reactive
functional group in a molecule masks, reduces or prevents reactivity of the functional group.
Examples of protecting groups can be found in Green er af, “Protective Groups in Organie
Chemistry”, (Wiley, 2™ ed. 1991) and Harrison ef af., “Compendium of Synthetic Organic
Methods”, Vols. 1-8 {Jobn Wiley and Sons, 1971-1996). Representative amino profecting
groups inchide, but are not limited o, formyl, acetyl, rifluoroacetyl, benzyl, benzylogycarbouny!

Loty

{(“CBZ"), fert-butoxycarbonyl (“Boc™), trimethyisilyl ("TME™), 2-trimethylsilyl-ethanesul fonyl
{(“SES™), wityl and substituted trityl groups, allyloxycarbony!, 9-fluorenylmethyloxycarbonyl
{(“FMOC™), nitro-veratryloxycarbonyl (“NVOC”) 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 trity] ethers as well as alkyl cthers, tetrahydropyranyl
ethers, frialkylsilyl 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
inorganic acids such ag hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid,
phosphoric acid, and the like; or formed with organic acids such as acetic acid, propienic acid,
hexanoic acid, cyclopentanepropionic acid, glycolic acid, pyruvic acid, lactic acid, malonic acid,
succinic acid, malic acid, maleic acid, fumaric acid, tartaric acid, citric acid, benzoic acid,

3-(4-hydroxybenzoyl) benzoic acid, cinnamic acid, mandelic acid, methanesulfonic acid,

10
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cthanesulfonic acid, 1, 2-ethane-disulforic acid, 2-hydroxyethancsulfonic acid, benzenesulfonic
acid, 4-chlorobenzenesulfonic acid, 2-naphthalenesulfonic acid, 4-toluenesulfonic acid,
campborsulfonic acid, 4-methylbicyelof2.2.2]-0ct-2-ene-1-carboxylic acid, glucoheptonic acid,
J-phenylpropionic acid, trimethylacetic acid, tertiary butylacetic acid, lauryl sulfuric acid,
aluconic acid, glutamic acid, hydroxynaphthoic acid, salicylic acid, stearic acid, muconic acid,
and the hike; or (2) salis formed when an acidic proton present in the parent compound is
replaced by a metal ion, e.g., an alkali metal jon, av alkaline carth 1on, or an aluminum ion; or
coordmates with an orgaunic base such as ethanolamine, diethanolamine, triethanclamine,
Nemethylglocamine 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,
1.e., a compound of the present invention, with one or more solvent molecules. When water is
the solvent, the corresponding solvate 1s “hydrate”™.

“N-oxide”, also known as amine 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 fonctional group RaN"-O7 (sometimes
writien as RaN=0 or RaN--{).

“Substituted,” when used to modify a specified group or radical, weans that one or more
hydrogen atoms of the specified group or radical are each, 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 inchude, but are not limited to -RY, halo,
O, =0, -OR", -SR", -8, =8, -NRR®, =NR", =IN-OR", trihafomethyl, -CF;, -CN, -OCN, -SCN,
NO, -NOy, =N,, -Ns, ~S{0);R”, -S{0O)NR?, -8(0),0, -8{0),0R>, ~OS(O)R", -GS0,
AOS(ONROR", -PIOYO),, -POYOROY, -POYORORY), -C(OR®, -C{SRY, -CONRMRY,
-C(OYD, -COYOR®, -C{SYOR®, -C{OINRRS, -CNRONR RS, -OC(OR®, -OC(SIR®, -OC(OH0,
-OC(OIOR", -OC{SYOR®, -NRCLOIR®, -NR"C(S)R®, -NR"C(O), -NRC(OYOR",
NRPC(SYOR?, -NRPCIOINRRS, -NRPC(NRMR® and ~NR'CONRYINRRY, where R” is selected
from the group consisting of alkyl, cycloalkyl, heteroalkyl, cycloheteroatkyl, arvi, arvialkyl,
hetercaryl and heteroarylalkyl; each R” is independently hydrogen or R®; and each R is
mdependently R® or alternatively, the two R may he taken together with the nitrogen atom to

which they are bonded form a 4-, 5-, 6~ or 7-mernbered cycloheteroalkyl which may optionally
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nclude from 1 to 4 of the same or different additional heteroatoms selected from the group
consisting of O, W and 8. As specific examples, -NRR” is meant to include - WNH», -NH-alkyl,
N-pyrrolidinyl and N-morpholinyl. As another specific example, a substituted alkyl is meant to
mclude ~alkylene-O-alkyl, -alkylene-heteroaryl, -alkylenc-cycloheteroalkyt, —aikylm]e~C(O)ORl’,
-a].k.y!enf:-C(O)NR.bRb, and ~CH-CHL-C{O)-CHa. The one or more substituent groups, taken
together with the atoms to which they are bonded, may form a cyclic ring including cycloalkyl
and cycloheteroalkyl

Sirnilarly, substituent groups useful for substituting unsatorated carbon atoms in the
specified group or radical include, but are not limited to, -R, halo, -0, -OR®, -SR®, -§, “NRR®,
trihalomethyl, -CF3, -CN, -OCN, -SCN, -NO, -NO», -N3, -S(0):R", -S5(0):0, -S(0)»0R",
-OS(0O)R", -OS(010", -OS(0O)ROR®, -PIOHO ), -PLOWOR™KOY), -P(OHORYORD), -C(OR,
C(HRY, -CNROIR®, -C(OYD", -CHOHOR®, ~CLSHOR?, -C(OINRRS, -CNRYNRRS, -OC(O)RY,
OCSIRY, -OC(OYO, -OC{OIOR®, -OCSIORP, -NRPC{ONRD, -NRPC(S)R®, -NRPCIOHO,
NRPCIOHOR®, -NRIC(SIOR?, “NRPC{OMWNRRS, -NRPCINR®RY and -NRPCONRYINRRS, where
R®, R® and R® are as previously defined.

Substituent groups useful for substituting nitrogen atoms in heteroalloyt and
eyclobeteroalkyl groups include, but are not fimited to, -R®, -0, -OR", -SR®, -§", “NRR",
trihalomethyl, ~CF3, -CN, -NO, -NO,, -S{0):R, -§(0):07, -S{0),0R”, -OS(OKR", -0S(010",
SOS(0RORY, -PIOXO , -P(ONORMHOT, -PIOHORMOR™, -CLOR®, -C(SIR®, -CINRPIR®,
C(OYOR®, -CHHOR®, -CLOMNRRE, -CINRDNRR®, -OC(OIRY, -OT{SIRY, -OC{OIOR,
LOCISYORP, NRPCONRY, -NRPC(SIRY, -NRC{HORY, -NRPC(SIORD, -NRPC(OINRR®,
NRPCONRPIR® and -NRPCNRPINRRE, where R®, RY and R are as previously 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 substituents used to substitute a specified group can be further substitoted, typically
with one or more of the same or different groups selected from the various groups specified
above,

“Vehicle” refers to a diluent, adjuvant, excipient or carrier with which a compound is
administered, '

As used herein, an “ingestible composition” includes any substance ihat, either alone or

together with another substance, can be taken by mooth whether iniended for conswnption ot
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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 hwrnans or animals, including solids, semi-solids, or liguids (c.g., beverages).
The term “non-edible products” or “noncomestible composition” includes any product or
composition that can be taken by humans or amimals for purposes other than consumption or as
food or beverage. For example, the non-edible product or noncomestible composition mchades
supplements, mitraceuticals, functional food products (e.g., any fresh or processed food claimed
to have a health-promoting and/or disease-preveniing properties beyond the basic nuiritional
fonction of supplying nutrients), pharmaceutical and over the connter medications, oral care
products such as dentifrices and mouthwashes, cosmetic prodacts such as sweetened Hip balms
and other personal care products that may or may not contain any sweetener,

A "ingestibly acceptable carrier or excipient” is a medinm 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/dituted form, so that the biological effectiveness of the
inventive compound is maximized. The medium and/or corposition may be in any form
depending on the intended use of a produoct, e.g., solid, semi-solid, liquid, paste, gel, lotion,
cream, foamy material, suspension, solution, or any combinations thereof (such as a liquid
containing solid contents). Ingestibly acceptable carriers includes many common food
ingredients, such as water at neutral, acidic, or basic phl, 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, low molecular weight oligomers of propylene
glycol, plyceryl esters of fatty acids, and dispersions or enmulsions of such hydrophobic
substances in aquecus media, salts such as sodium chloride, wheat flourg, solvents such as
ethanol, solid edible dituents such as vegetable powders or flours, or other liquid vehicles;
dispersion or suspension aids; 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 mgestibly acceptable salt or solvate
thereof, that modulates (increases) the activation of a particular receptor, preferably the
chemosensory, e.g., TIR2/TIR3 receptor. Herein such enhancers will enhance the activation of
a chemosensory receptor by its ligand. Typically the “enhancer” will be specific to a particular

figand, i.2., it will not enhance the activation of a chemosensory receptor by chemosensory
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ligands 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 themselves, Usually the ligand enhancing concentrations of an enhancer
are 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 osed at a concentration higher than the
ligand enhaneing concentration, can also activate a particular receptor by themselves in addition
to modulating (e.g., jucrease or enhancement) the activation of the receptor. For example,
certain enhancers, when nsed at a concentration bigher than the ligand enhancing concentration,
can be sweeteners {i.c., sweet flavormyg agent/entity} as well.

A Mflavor™ heremn refers o the perception of taste 10 a subject, which mclude sweet, sour,
salty, bitter and winami. The subject may be a human or an ammal.

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 & human, The flavoring agent can be
natural, semi-synthetic, or synthetic.

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

A "flavor enhancer” herein refers to a compound or ingestibly acceptable sait thereof that
enhances and/or multiplies 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”, "sweetener”, "sweet compound”, or
"sweet receptor activating compound™ herein refers to a compound or ingestibly acceptable salt
thereof that elicits a detectable sweet flavor in a subject, e.g., sucrose or a compound that
activates a TIR2/TIR3 receptor in vitro. The subject may be a human or an animal.

A "sweet flavor modifier" or "swect flavor modifying agent"herein refers to a compound
or ingestibly acceptable salt or solvate thercof that modulates, including enhancing or

potentiating, inducing. or blocking, the sweet taste of a sweet flavoring agents in an animal or a
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homan. 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 enbancer
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 recepior, such as a TIR2/TIR3 receptor. One example of a4 sweet receptor activating
compound is a sweefener, such as sncrose.

A Meweet receptor modulating compound” herein refers to a compound that modulates
{activates, block, or enhances/reduces activation of) a sweet receptor such as a TIR2/TIR3
receptor,

A Msweet 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 eshaneing compounds or sweet flavor
enhancers, when used at a concentration higher than its hgand enbancing 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 ligand enhancing concentrations, can
also activate a sweet receptor, such as a TIR2/TTR3 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 (either increase or decrease) sweet taste in an ingestible
composition, or a precursor thereof, sufficiently to be perceived by a human subject. n many
embodiments of the invention, at least about 8.001 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
would typically be employed in order to economically provide a desirable degree of sweet flavor
madulation can be from about 0.001 ppm to 100 ppm, or a narrow range from sbout 0.1 ppnto
about 10 ppm. Alternative ranges of sweet flavor modulating amounts can be from about 0.01
ppni to about 30 ppm, from about 0.05 ppm to about 15 ppm, from about 0.1 ppm to about §

ppro, or from abowt .1 ppm to about 3 ppro,
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A "sweet flavor enhancing amount” herein refers to an amount of a compound that 18
sufficient to enhance the taste of flavoring agents, e.g., sucrose, in a ingestible composition, as
perceived by an animal or a human, A broad range of a sweet flavor cnhancing 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 8.01 pp to about 30
ppin, from about 0.05 ppm Lo about 15 ppm, from aboot 0.1 ppm to about 5 ppra, ot from about
0.1 ppm to about 3 ppm, In some embodiments, sweet flavor enhancing amount is the amout
cotresponding to ligand enhancing concentration(s) of a sweet flavor enhancer of the present
invention.

A “sweet receptor modulating amount” herein refers to an amount of a compound that 1s
sufficient to modulate (activate, enhance or block) a sweet tasie receptor protein. In many
embodiments of the invention, a sweet receptor modulating amount is at least about 1 pM, or at
least abowut 1 nM, or at least about 10 oM, or at least about 160nM {(i.e. about 0.1 pM}. A
"TIR2/TIR3 receptor modulating or activating amount” is an amount of compound that is
sufficient to modulate or activate a TIR2/TIR3 recepior. A “sweet receptor” is a taste receplor
that can be modulated by a sweet compound. Preferably a sweet receptor is a (G protein coupled
receptor, and more preferably the sweet receptor is a TIR2Z/TIR3 receptor.

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

Formmala (3 or (')

{
BN B._N
X 1 b . l
C C
A M or A @),
or a tautomer, salf, and/or solvate, wherein:
A s -OR!, -NR'COIR?, -NHOR!, -NR'R?, -NR'CO,R?, -NR'C(OINRR?,

NRIC(SINRR or -NR'C(=NINR’R;
B is hydrogen, alkyl, substitated alkyl, aryl, substituted aryl, arylalkyl, substituted
arylalkyl, acyl, substituted acyl, heteroalkyl, substitated heteroalkyl, heteroaryl, substituted

heteroaryt, heteroarylalkyl, substituted heteroarylalkyl, -CN, -0 RY-S(O.RT, SNRRC,
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SC{OINRR®, -COsRY, NRICO,R?, NRACOINRRE, -NRAC(SINRRS, -NRICE=NHINRRS,
SSONRR, -NRISOLR®, -NRISOMNRRY, -BORYWOR), -PIOYWORYOR®, or -PIOYRNOR;
Cis -OR, -S{O)R’, SOR, -CLOINR'RE, -COR”, NR'COR®, NR/CONRIR®,
NRICENEHINRRY, -SONR'RE, -NRSORE, -NR'SO.NRPR? | -B(ORYORY),

POWORWOR®), -POWRWORY), or heteroaryl (for example, tetrazole);

D is an aryl, substituted aryl, heteroaryl, substituied heteroaryl, cycloalkyl, substituted
eycloalkyl, cycloheteroalkyl or substituted eycloheteroalkyl ring wherein the ring ts optionally
fused to another aryl, substituted aryl, heteroaryl, sobstituted hetercaryl, cycloalkyl, substinuted
eyeloalkyl, cyeloheteroatkyl, or substituted cycloheteroalkyl ving;

a and b are Independently 0, 1 or 2; and

R.l, R,:", "i{:‘, qu, RS, Ris, R?, R® and R” are independently hydrogen, alkyl, substitoied alkyl,
aryl, substituted aryl, arvlalkyl, substituted arylalkyl, acyl, substituted acyl, heteroalkyl,
substituted heteroalkyl, heteroaryl, substituted heteroaryl, heteroarytalky! or substituted
heterparyialkyl; or alternatively, R and R:", R* and Rﬁa, R and R R and R.é_. R7 and E?tg, or R®
and R, together with the ators to which they are bonded, form a cycloheteroalkyl or substituted
cycloheteroalkyl ring,

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

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

{b) when I is pheny! or substituted phenyl; C is ~CO,R": R is alkeyl; A is -NR'R%; and R
and R? are both hydrogen; then B is not -CO-R’; wherein B is alkyl,

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

§-Bromo-4-(4-methoxybenzyhamino-S-methoxyquinoline-3-carboxylic acid ethyl ester;

4-{4-Methoxybenzyhamino-3-methoxyquinoline-3-carboxylic acid cthyl ester;

4-{4-Methoxybenzyhamino-S-methoxyquinoline-3-carboxylic acid;
4-{(4-MethoxybenzyDammo-8-methoxvguinoline-3-carboxylic acid ethyl ester;
4-(4-MethoxybenzyDamino-8-methoxyquinolive-3~carboxylic acid;

4- Amine-3-cthoxvearbonyl-2-ethoxyearbonylmethy lquinoline; and



1

20

]
A4

4-Amino-3-cthoxyearbonyl-2-cthoxycarbonylmethyl-5-methoxyquinoline.,

fn one embodiment of Formula (1), R' and R* arc independently hydrogen, alkyl,
substituted alkyl, aryl, substituted aryl, arylalkyl, acyl, substituted acyl, heteroalkyl, substituted
heteroalkyl, heteroaryl, substituted heteroaryl, heteroarylalkyl or substituted heteroarylalkyl; or
alternatively, R'and B, R? and R, R and R, R” and RJF’, R’ and f{g, or R® and Rg, together with
the atoms to which they are bonded, form a cycloheteroalleyl or substitoted cycloheteroalky! ring.

o one erabodiment of Formula (1), when B is substituted alkyl, then the sobstituent on
the alkyl is not -C{OYOR®; where R” is alkyl.

In one embodiment of Formula (1), 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-OR”, trihatomethyl, -CFs, -CN, -OCN, -SCN, -NO, -NOy, =N;, N3, -S(0):R”,
SS{ORNR®, -S{0007, -S{OROR®, ~OS(ORR, -OS{0R0", -OS(OROR?, -POYO ),
SPIONORDE, -PONORMORY), -C(OIRY, -C(SIR®, -CNRYR®, -C{OH0, -C(S)ORY,
SCOINRERE, -CNRDINRRS, -QCIOIRY, -OC(S)R?, -0C(OY07, -OC(ONORY, -OC(SYORY,
NRPCOIRY, -NRC(SRY, -NRPCOY, -NRPC(OIOR?, “NRPC(SYOR®, -NRPC(O)NRRY,
NRPCNRMRY and -NRPC(NR")NRR®, where R® is selected from the group consisting of alkyl,
cycloalkyl, heteroalkyl, cycloheteroalloyl, arvl, arylalkyl, heteroary! and heteroarylalkvl; 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- or
7-membered cycloheteroaliyl 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 invention, the compounds of Formula (1) or (I”) have a

structural Formula (I1) or (11",

f
BN
=z l W\Y B N I W\
C \ Z/ C N 2:/Y
A (1) or A {ar),

ot 4 tautomer, salt, and/or solvate, wheremn;
Y forms a single bond with either W or Z and a double bond with the other of W or Z;
Wois ~C(R-, -8-, -N-, -NR")-, or -0-;

i8
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Y s -C(R')- or N3

Z is -C(RY)-, 8-, -Ne, -N(R'-, or -O-;

R s hydrogen, alkyl, substituted alkyl, aryl, substituted aryl, arylalkyl, substituted
arylalkyl, acyl, substitined acyl, heteroalkyl, substituted heteroalkyl, heteroaryl, substituted
heteroaryl, heteroarylalkyl, substituted heteroarylalkyl, halo, -CN, ~ORY, -S{O)R ", NRPRY,
SCOWNRPRY, -CORY, -SONRVRY NRPSOR'S, -PIOYORPYOR'™) or -POWRPHOR™);

R is hydrogen, alkyl, substituted alkyl, aryl, substituted aryl, arylalkyl, substituted
arylalkyl, acyl, substituted acyl, beteroalkyl, substituted heteroalkyl, heteroaryl, substituted
heteroaryl, heteroarylalkyl, substituted hetercarylalkyl, halo, -CN, -ORY, —S(O)dﬂ.”, SOC(ORY,
NRTRE COMNRTRE, -CORY, -SONRRY, SNRITSGLRE, -POOYOROR or
-P(OJRHOR™),

R is hydrogen, alky!, substituted alloyl, aryl, substituted aryl, arylalkyl, substituted
arylalkyl, acyl, substituted acyl, heteroalleyl, substituted heteroalkyl, heteroaryl, substituted
heteroaryl, hetevoaryialkyl, substitated heteroarvialkyl, halo, -CN, , -OR B 5(0)R",
SOCORY, NRPRY -C(OWRPRY, -CLORY, -COR", -SONRRY, -NR®SORY,
PIOWORPWOR™) or -POWR HOR™); or alternatively R' and R™, or R' and R”, together
with the atoms to which they are attached, form a cyeloalkvl, substituted cycloalkyl,
cycloheteroalkyl or substituted cycloheteroalkyl ring;

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

R’ and R* are independently hydrogen, alkyl, substituted alkyl, aryl, substituted aryl,
arylalkyl, substituted arylalkyl, acyl, substituted acyl, heteroalkyl, substituted heteroalkyl,
heteroaryl, substituted heteroaryl, heteroarylalkyl or substituted heteroarvialkyl; and

RY R R R RY, and R are independently hydrogen, alkyl, substituted alkyl, aryl,
substitnted arvl, arylalkyl, substituted arvialkyl, acyl, substituted acyl, heteroalkyl, substituted
heteroalkyl, heteroaryl, substifuted hetercaryl, heteroarylalkyl or substitited heteroarylalkyl; or
aiternatively R and R R and R, or RY 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-;

(b) when Z is -O- ot -8- or -WNR'-, then W is -C(R'%)- or -N-; and

(¢} when W is -C(R'%)- or -N-, then Z cannot be ~C( R,mfy ot -N-,

19



In one embodiment of the present mvention, the compounds of Formula (1) or (I1°) have

a structural Formuola (Ila} or (I1a”),

@]
BN W ?
=~ 1 \\Y B /NI W\
\
/ Y
S pes
A {lia) or A (11a"),

i k i . N M RSN [N . I P RN H
or a tautomer, salt, and/or solvate, wherein, W is -C (J{] 1, o1 -N-; Y s ~C(R' = o -N-;
5  and Z is -8-, -N{R"}-, or ~O-.
In one embodiment of the present mvention, the compounds of Fornla (11 or (IF) have

a stroctural Formula (Hb) or (T1h7),

A (8]
B N W T
’d ! \Y B /N W\
4 | Y
C N 7 CLHV\ Z//
A (ITh) or A (116",

ot 4 fautomer, salt, and/or solvate, wherein, W is -S-, -N(R')-, or <O~ Y is -C(R'*)- or
o e 13 N
1 N and Z s ~C(R7 )=, or ~N-
fo one embodmment of the present mvention, the compounds of Fornula () or (I") have a

structural Formula (U1 or (1),

{
~ t
cC A K~ J CL; K* J
A (111} or A (1,

or a taytomer, salt, and/or solvate thercof, wherein:
i5 H is -C(R™)- or «-N-;
Iis -C(R™) or -N-;
Jis -C(R®)- or -N-;
K s -C(R™)- or -N-;
R is hydrogen, alkyl, substituted atkyl, halo, -CN, -OR”;
20 R* is hydrogen, afkyl, substituted alleyl, halo, -CN, -OR;

R™ is ydrogen, alkyl, substituted alkyl, aryl, substituted aryl, arylalkyl, substituted
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arylalkyl, acyl, substituted acyl, halo, heteroalkyl, substinited heteroalkyl heteroarvl, snbstituted
heteroaryl, heteroarylalkyl, substituted heteroarylalkyl ,-CN, -OR™, ~S(O)R?, -OC(OR™,
SNRPRY LCEOINRPRY, -CORY, -SONRPRY, -‘NR--"SGZR-*", -BIOR®}ORY),
POWORPHORY or -PLOWR™HOR™;

R is hydrogen, alkyl, substituted alkyl, aryl, substituted aryl, avylalkyl, substitaied
arylalkyl, acyl, substituted acyl, balo, heteroalkyl, substitoted heteroalky), heteroaryl, substituted
heteroaryl, heteroarylaikyl, substituted hetevoarylalkyt, -CN, OR ~S(O‘;gR"1 -( )C{O}R“
NRYRZ LCONRYRE, -COIRY, -CORY, -SONRYRY, NRISO,RY, -BORWOR™M),
~P(O}OR? l}(_ OR““) ot ~P({)){R“1)(OR.3 4y, or alternatively R* and R*, taken together with the
atom to which they are attached, form a cycloalkyl, substituted cycloalkyl, eycloheteroalkyl, or
substitoted cycloheteroalkyl ring;

fand g are independently 0, 1 or 2; and

R¥, R¥, RY R® R R¥ R, and R™ are independently hydrogen, alkyl, substitated
alkvl, aryl, substituted aryl, arylalkyl, substituted arylalkyl, acyl, substituted acyl, heteroalkyl,
substituied heteroalkyl, heteroaryl, substituted heteroary] hei.c:marylf Heyt, or substituted
heteroarylalkyly or alternatively R* and R*, ¥ and R™, R* and R*, or R*" and R¥, together
with the atoms to which they are attached, form a cycloheteroalkyi or substituted
cycloheteroalkyl ving;

with the proviso that at most, two of H, 1, J and K are -N-.

In one embodiment of Formula (111), one or two of H, [, § and X are -N-.

in one embodiment of Formula (111}, H is -N-, | is -C(R™)-, J is -C(R*)-, and K. i3
SC(RY) 2y

in one embodiment of Formula (1), H is -C(R*)-, Tis -N-, J is ~(‘(R *)-, and K. is
~CR™M-,

In one embodiment of Formula (111, H is -C(R*")-, T is SCR™)-, Jis -N-, and K is
~CR™y-,

In one embodiment of Formula (11D, H is -C(R*")-, T is -CR™), T is -CR®)-, and K is
“N-,

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

In one embodiment of Formmla (I1T), H and § are -N-,

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

In one embodiment of Formula (IID, T and K are -N-.,

In one embodiment of Formula (111}, § and K are -N-,

in one embodiment of the present invention, the compounds of Formula (11D or (II1)

have a structural Formuila (HIg) or (ITfa™),

R21 0
B_ _N R22 bR
ad B N R22
’d
N
C 9 R23 C Xy RZS
A R (I11a) or A R [{HED)

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

In one embodiment of Formula (Ia), two or three of Rzl, R* REB, and R* are hydrogen.

In one embodiment of Formula (11a), R is hydrogen; R* is hydrogen, atkyl, substituted
alkyl, balo, -CN, or -OR?: RY is hydrogen, afkyl, substituted alleyl, ~ON, -OR”, -S(O)R?,
OCIORT, NRPRY CCIONRYPRY, -CIOR™, -CORY, -S0,NRPRY or -NR¥SORY: R™ is
hydrogen, alkyl, substituted alkyi, -CN, -OR’!, -8(0),RY, -OC(OIR?!, -NR¥R®, -CLOMNRMRP,
CEONRT, -CORY SSONRIRY, or -NRISO.RY; or alternatively R* and R*, taken together
with the atoms to which they are attached, form a cycloalkyl, substituted cycloalkyl,
cycloheteroalkyl, or substituted cyeloheteroatioy! ring; and B R R R and R are
independently hydrogen, allyl, substituted alkyl, aryl, substituted aryl, arylalkyl, substitoted
arylalkyl, acyl, snbstimuted acyl, heteroalkyl, 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 fo which they are attached, forma
cycloheteroalkyl or substituted cycloheteroalky! ring.

n one embodiment of Formula (111a), R*' and R* are all hydrogen,

in one embodiment of Formula (1la), R an& RM, taken together with the atom to which
they are attached, form a cycloalkyl, substituted cycloalkyl, cycloheterocalkyl, or substituted
cycloheteroalkyl ring,

In one embodiment of Fornwula (1Ha), R* and R“, taken together with the atom to which
they are attached, form a substituied cycloheteroalkyl ring containing one or more substituents

selected from the group consisting of -R®, halo, -0, =0, -OR", -8R®, -§', =8, -NR°R®, =NR”,
group &
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=N-OR", trihalomethyl, -CF;, -CN, -OCN, ~SCN, -NO, -NO-, =Ny, -Nj, -S(O)1R®, -S(0);NR",
30107, -S(0ROR", -0S(0),R, -0S(0%0", -OS(OROR®, -P(OYG ), -PIONORNO),
-PONORPHORD), -CIOR?, -CLOYOR?, -C(SIR®, -CINROIR®, -C(OYT", ~C(S)ORP, -CLOINRRY,
SCONRPYINRERY, -OC(OR®, -OC(SIR®, -OC(O)0", -OC(OIOR", -OC(SIOR®, -NRPC(OIR®,
NRPCISIRE, -NRPC(OYD, -NRYC(OIORY, -NRPC{S)OR®, -NRYC(O)NRR®, -NRPCNRYIR® and
NRPCONRPYNRORS, where R® is selected from the group consisting of alkyl, eycloaliyl,
heteroalkyl, cycloheteroalkyl, aryl, arylalkyl, heteroaryl and heteroarylatkyl; each R%is
independently bydrogen or R®, and each R” is independently R” or alternatively, the two R may
be taken together with the mitrogen atom to which they are bonded form a 4-, 5-, 6- or
7-membered cycloheteroaltkyl which may optionally include from 1 to 4 of the same or different
additional heteroatomns selected from the group consisting of O, N and §; or alicrmatively, two of
the substituents on the cveloheteroalkyl ring, together with the atoms to which they are bounded,
form a cycloaikyl, substituted oyeloalkyl, cycloheteroalkyl, or substituted cycloheteroalkyl ring,

In one embodiment of Formula (1Tls), R?LR%, R™, and B* are al) hydrogen.

In one embodiment of Formula (IlIa), A is -OR! NR'C(OIR?, -NHOR', -NR'R?, -NOR',
SNR'COLR®, -NR'CIOWRR, -NR'CISNRR?, or -NR'C(=NINR R,

n one embodiment of Formula (111a), C is -S(ORR’, SOgR.7,~C3('(}}NR7RS, -COR7,
SNRTCO,RE, -NRTCOINRR, -NRIC(SINRER®, -NRCE=NINRRY, -SO.NRTRY, -NR7SO,RY,
NRISONRIRY, -BORT(ORY), -PIONORTORY), or -HOWRHORY).

In one embodiment of Formula (I1ia), B is hydrogen, alkyl, substituted alkyl, aryl,
substituted aryl, arylalkyl, substituted arylalkyl, acyl. substitated acyl, heteroalkyl, substituted
heteroalkyl, hetercaryl, substituted heteroaryl, beteroarylalkyl, or substituted heteroarylalkyl.

In onc embodiment of Formula (I1la), three of B R* R®, and RY are hydrogen; A is
-OR!, -NRIC(O)R?, -NHOR!, -NR'R?, NR/CO,R?, -NR'COINRR?, -NRIC(SINRR?, or
NRICENHINRRY, Cis -S(O)R, SORT—-C(OINRRY, -CORT, -NR'COLRS,
NRICIOWRR?, NRICSNRR?, -NRICENHINRRY, -S0,NRRS, -NRTSO,RE,
NRISOLNRRY, -B(ORHORY, -POWORTORY), or -P(OYRHORY or tetrazole; B is
hydrogen, alkyl, substitoted alkyl, aryl, substituted aryl, arylalkyl, substituted arvlalkyl, acyl,
substituted acyl, heteroalkyl, substituted hetercalkyl, heteroaryl, substituted heteroaryl,

heteroarvialkyl, or substituted heteroarvialkyl

o]
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In one embodiment of the present invention, the compounds of Formula (Ifa) or (I11a")

have a structural Formula (HIb) or (Ifb7),

o)
B _N }
- B _N
\ el
C CI\I;
A A O

SLU—2-R® (ib) o SL—12-RB (11,
or a tautomer, salt, and/or solvate thereof; wherein
5 L' is alkylene or substituted aflylenc;

L7 is ~NR™., -0-, 8-, NR™.CO)-, -C{ORNR™-, -0-C(O)-, -C{O)-O-, ~NR*-C(O)-0-,
-0-CO)-NR - -NR-C(O)-NR -, ~0-C((0)-0-,~hetercyelylene -C{()-, or —{substituted
hetercyciylene -C({0O)-;

R™ is alkyl, substituted alkyl, carboeyelyl, substituted carboeyelyl; aryl, substituted aryl,

1 arylalkyl, substituted arylalkyl, heterocyclyl, substituted heterocyclyl, heteroalioyl, substituted
heteroalkyl, heteroarvl, substituted heteroaryl, heteroarviatkyl, or substituted heteroarylalkyl; and

1% and R are independently hydrogen, alkyl, substituted alkyl, carbocyelyl, substitated
carbocyelyl; arvl, substituted aryl, arvlatkyl, substituted arylatkyl, heterocyelyl, substituted
heteroeyelyl, heteroalkyl, substituted hetercalkyl, heteroaryl, substituted heteroaryl,

15 heteroarylalkyl, or substituted heteroaryialkyl.
In one embodiment of the present mvention, the compounds of Formula (1) or (1Hb")

have a structural Formula (Iley, (1Hen), (H1d), or (111d’},

0
B._N f
BN
\ v
C o
A O A O
TR (Ilicy or R®,
o)
B__N f
~ » BN
R 33
cTN o CI\D\O/R
A (Idy  or A ,
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" , o cobarein 133t Al . . ,
or a tauvtomer, salt, and/or solvate thereof; wherein R™ is alkyl, substituted atkyl, carbocyclyl,

substituted carbocyelyl; aryl, substituted arvl, arylatkyl, substituted arylalkyl, heterocyelyl,
substituted heterocyelyl, heteroalkyl, substituted heteroalkyl, heteroaryl, substituted heteroaryi,
heteroarylalkyl, or substituted heteroarylalkyl.

In one erabodiment of Formula (1lc) or (T11d), R™ is alkyl, substituted alkyl, carboceycelyl,
substituted carbooyclyl; heterocyelyl, substituted heterocyelyl, heteroalkyl, or substituted
heteroalkyl,

In one embodiment of Formula (ITTb), (ITTc), or (ITd), A is -OR’, -NR'C(OR?, -NHOR',
NRIRE, SNRICO,R?, -NRICCOINRR®, -NRICSNRR?, or -NR'C(=NIHNRR?.

In one embodiment of Formula (ITTb), (THe), or (ITId), C is -S(ORR7, SO:R-C(ONRRY,
COLR, -NR'CORE, NRIC(OINRER®, NRIC(SINRER?, NR'CENINRR, -SONRRY,
NR'SO-R®, NRTSONRERY, -B(OR™YORY), -PIOYORNORS), or -PIOYRNOR®),

In one embodiment of Formula (111b), (Hlc), or (H1d),B is hydrogen, alkyl, substituted
alleyl, aryl, substituted aryl, arylalkyl, substituted arylalkyl, acyl, substituted acyl, heteroalkyl,
substituted heteroalkyl, heteroaryl, substituted heteroaryl, betercarylalkyl, or substituted
heteroarylalkyl, |

Int one embodiment of Formula (1Ih), A is ORY, SNIIOR', or -NR'RY B is hydrogen,
atkyl, substituted alkyl, aryl, or substituted aryl; C s -S()g'R_7,~(f(())NR7RS, SCOLR, -SO,NRTR?,
B(ORTYORY, -POWORORY, or -FOWRORY; LY is alkylene or substituted alkylene; L7 is
SNRP -On  NRILC(OY-, <COYNRM., -O-CO)-, -C{O}O-, —-hetercyclylene-C{O)-, or -
(substituted hetercyclylene)-C(0)-; RP is alkyl, substituted alkyl, carbocyclyl, substituted
carbocyclyl; aryl, substituted aryl, arylalkyl, substituted arylalkyl, heterocyelyl, substituted
heterocyelyi, heteroalkyl, substituted heteroalkyl, heteroaryl, substituted heteroaryl,
heteroarvialkyl, or substituted heteroarylalkyl; and }_{34/ and R* are independently hydrogen,
alkyl, or substituied alkoyl

In ane embodiment of Formula (11c) or (I11d), A is -OR', -NHOR/, or NR'R™: B s
bydrogen, alkyl, substituted atkyl, arvl, or substituted aryl; Cis L-S(}3}{7;C{O‘}NR7RS, LOO,R,
-SONR'R?, -BORYORY), -POWORWORY), or -P(OHRWOR®); R is alkyl, substituted atkyl,
carbocyelyl, substituted carbooyelyl; heterocyclyl, subsiituted heterocyelyl, heteroalkyl, or

substitnied heteroalloyl

2
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in some specific embodiments of the present invention, the compound is selected from

the group consisting of
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I another embodiment, the present invention provides a method for preparing a

HO,C

compound of Formula (1V):

RZQ
BN R%?
R7O_A R23
O 1,N\ R24
R? (v,

wherein

B is hydrogen, alkvl, substituted alkyl, aryl, substituted aryl, arylalkyl, substituted
arylalkyl, acyl, substimted acyl, heteroalkyl, substituted heteroalkyl, heteroaryl, substituted
heteroarvi, hetercarylalkyl, substitoted heteroarylalkvl;

&', 8% and R are independently hydrogen, atkyl, substituted alkyl, aryl, substituted aryl,
arylalkyt, substimuted arylalkyl, heteroatkoyl, substifuted heteroalkyl, heteroaryl, substituted
heteroaryl, heteroarvialkyl or substituted heteroarylalkyl; or aliernatively, R’ and 1{2, together
with the atoms to which they are bonded, form a cyclobietercalky! or substituted cycloheteroalkyl
ring;

R is hydrogen, alkyl, substituted alkyt, halo, -CN, -ORY;

R* is hydrogen, alicyl, substituted alloyl, halo, -CN, -ORY;

R7 s hiydrogen, alkyl, substituted alkyl, aryi, substituted aryl, arvlatkyl, substituted
arylalkyl, acyl, substituted acyl, halo, heteroalkyl, substitoted heteroalkyl, heteroaryl, substituied

heteroaryl, heteroarylalkyl, substituted beteroarylalkyl, -OR®, -S(O)R?, -OC(ORY, NR¥RY,

34
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-CLOINRZRY, -CORY, -SOMNRPRY, -NR¥SORY, -BIORPHOR™), -POYOR®HOR™) or
PLOWRPHORY:

R™ is hydrogen, alkyl, substitated alkyl, aryl, substituted aryl, arylalkyl, substituted
arylalkyl, acyl, substitoted acyl, halo, heteroalkyl, substitoted heteroalkyl, heteroaryl, substituted
heteroaryl, heteroarylalkyl, substituted beteroarylalkyl, -OR?!, ~S{{})g3§.31, SOC(OIRY, -NRVRY,
COWRMRY, -CORY, -CORY, -SONRPMRY, -NRMSG,RY, -BORMYOR™,
~P(_O){OR31)(_ OR® 2) or -P{OX R’ 1}(01?”}; or alternatively R™ and RY, taken together with the
atom 1o which they are atiached, form a cycloalkyl, substituted cycloalkyl, eyelobetercalkyl, or
substituied cycloheteroalky! ring;

fand g are independently 0, 1 or 2; and

R¥ R RY R®E RY R R, and R are independently hydrogen, alkyl, subsiitoted
alkyl, aryl, substituted aryl, arylalkyl, substitoted arylalkyl, acyl, substituted acyl, heteroalkyl,
substitnted heteroalkyl, heteroaryl, substituted heteroaryl, heteroarylallyl, or sobstituted
heteroarylalkyl; or alternatively R and R, RY and R®, R¥ and R* or B and R, together
with the atoms to which they are attached, form a cyeloheteroalky! or subsiituted
cycloheteroalloyt ring.

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

N,
R4 QN
R32 R4
R (IVa)
with a compound of Formula (IVb):
O O

B/U\)J\O.R“’ (IVb)

in the presence of a Lewis actd in an anhydrous and son-polar solvent; wherein R™ is alkyl,
substituted alkyl, aryl, substituted avyl, arylalkyl, substitnted arylalkyl, heteroalkyl, substituted
heteroatkyl, heteroaryl, substituied heteroaryl, heteroarylalkyl or substituted heteroarylalkyl; and
R R¥, R, and RY, are the same as defined in Formula (TV),

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

hydrolyzing the corresponding compound where R is alkyl or substituted alkyl, which in tarn
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can be prepared from the reaction of the compounds of Formulae (IVa) and {(IVb). Sucha
hydrolyzation condition may be basic, acidie, or any condition known to one skilled in the art.

By “Lewis acid”, it is meant a compound that is an electron-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 tlustrative example is that the reaction of trimethyliboron (Lewis actd) and
apunonia {Lewis base} to give the adduct MeaBNH;, The Lewis acid suttable for the reaction of
compounds of Formulae (IVa) and (IVb) may be any Lewis acid known to one skilled in the art,
n one specific embodiment, the Lewis acid 15 a metal halide, for example, stannic chloride,
boron frithalides, or aluminium chioride,

Solvents for carrying out chemical reactions can be broadly classified into two categories:
polar and nonpolar. Generally, the dielectric constant of the solvent provides a rough measure of
a solvent’s polarity. Solvents with a dieleciric constant of less than 15 are generally considered

{o be nonpolar. Examples of nonpolar solvents include, but are not Hinited to, pentane,
cyclopentane, hexane, cyclohexane, benzene, toluene, 1. 4-dioxane, chloroforn, diethyl ether,
and a combination thereof,

In one embodiment of the method, the reaction of the compound of Formula (IVa) and
the compound of Formula (IVh) is conducted at least in part at a temperatare 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 64°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 temperature 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 temperatare 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.

In one embodiment of Formula (IV), RURY and R are hydrogen.

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

In one embodiment of Formula (IV), R* is -OR*, and 1! is alkyl, substituted alkyl,
carbocyclyl, substituted carbocyelyl; aryl, substituted aryl, arylalkyl, substiruted arylatkyl,
heteroeyelyl, substituied heterocyelyl, heteroalkyl, substituted heteroalkyl, heteroaryl, substituted

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

Formula (IVe):

B._N
e
HO_Axy
O NH, O

R (1ve),
Wherein B is alkyl or substituted alkyl; and R*' is alkyl, substituted alkyl, carbooyelyl, and

substituted carbocyelyl

Compositions

The present compounds can be used for one or more methods of the present invention,
e.g., modulating or enhancing sweet flavor. In general, the compounds of the present invention,
individually or in combination, can be provided i a composition, such as, e.g., an ngestible
coumposition.

The compounds of Formula (T) and its various subgenuses, and thew salts and/or solvates,
should preferably be comestibly accepiable, e.g., deemed suitable for consvmption in food oy
drink from the perspective of giving unmeodified comestible compositions an iraproved and/ot
pleasing sweet taste, and would not be significantly toxic or canses 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 aceeptable
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 flaverant compounds is complex but well known to
those of ordinary skill in the food product preparation arts, as is discussed by Smith, et al. inan
article entitied "GRAS Flavoring Substances 21," Food Technology, 57(5), pgs 46-59, May
2003, the entire contents of which are hereby incorporated herein by reference.

In one embodiment, the compounds of the present invention can be used at its figand
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 compuosition baving the

desired degree of sweetness.
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Commonly vsed known or artificial sweeteners for use in such combinations of
sweeteners include but are not limited to the common saccharide sweeteners, e.g., SUCrose,
froctose, glucose, and sweetener compositions comprising natural sugars, such as cormn syrop
{including high fructose corm syrup) or other Syrups or sweetener concentrates derived from
natural frnt and vegetable sonrees, semi-synthetic “sngar alcohol” sweeteners such as evythritol,
isommalt, factitol, mannitol, sorbitol, xyhtol, maltodexirin, and the hike, and artificial sweetoners
such as aspartame, saccharin, acesulfame-K, cyclamate, sucralose, and alitame. Sweeteners also
mehade cyclamic acid, mogroside, tagatose, maltose, galactose, rannose, sucrose, fructose,
lactose, neotame and other aspartame 'deri atives, glucose, D-tryptophan, glyeine, maltiiol,
factitol, isomalt, bydrogenated glucose syrup (11GS), bydrogenated starch hydrolyzate (HSH),
stevioside, rebaudioside A and other sweet Stevia-based glycosides, carrelame and other
suanidine-based sweeteners, ete. The term “swesteners” also includes combinations of
sweeteners as disclosed herein.

In one embodiment, the present compound is added to a noncomestible composition or
non-edible 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), pharmaceuntical 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 sweetencrs.

In general, over the counter (OTC) product and oral hygiene prodoct generally refer to
product for houschold and/or personal use which may be sold without a prescription and/or
without a visit to a medical professional. Exampies of the OTC products include, but are not
limited to Vitamins and dictary supplements; Topical analgesics and/or anesthetic; Cough, cold
and allergy remedies; Antihistarmines and/or allergy remedies; and combinations thereof.
Vitamins and dictary supplements include, but are not limited to vitamins, dictary supplements,
tonics/bottled notritive drinks, child-specific vitamins, dietary supplements, any other products
of or relating to or providing nutrition, and combinations thereof. Topical analgesics and/or
anesthetic inchude any topical creams/ointments/gels used to alleviate superficial or decp~séate(i
aches and pains, ¢.g. muscle pain; teething gel; patches with analgesic ingredient; and

combinations thereof. Cough, cold and allergy remedies include, bat are not Hmted to
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decongestants, cough remedies, pharyngeal preparations, medicated confectionery,
antibigtamines and child-specific cough, cold and allergy remedies; and combination products,
Antihistamines and/or allergy remedies include, but are not limited to any systemic treatments
for hay fever, nasal allergies, msect bites and stings. Examples of oral hygiene product include,
but are not fimited to mouth cleaning strips, toothpaste, toothbrushes, mouthwashes/dental rinses,
denture care, mouth fresheners at-home teeth whiteners and dental floss.

In another embodiment, the present compounds are added to food or beverage products or
formutations. Examples of food and beverage products or forroulations mehude, 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 Canmed 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 1o canned/preserved, dehydrated, instant, chitled,
UHT and frozen soup. For the purpose of this definition soup(s) means a food prepared from
meat, pouliry, {ish, vegetables, grains, fruit and other ingredients, cooked i a liquid which may
mnctude visible picces of some or all of these ingredients. It may be clear {as a broth) or thick (as
a chowder), sinooth, pureed 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 nsed as an ingredient for preparing other meal
components and may range from broths (consomme) to sauces (cream or cheese-based soups).

“Dehydrated and Culinary Food Category™ ususily means: (i) Cooking aid products such
as: powders, granules, pastes, concentrated Hguid producis, including concentrated bouillon,
bouillon and bouillon like products in pressed cubes, tablets or powder or granulated form, which
are sold separately as a finished product or as an ingredient within a product, sauces and recipe
mixes (regardless of technology); (i) Meal solutions products such as: dehydrated and freeze
dried soups, including dehydrated soup mixes, dehydrated nstant soups, dehydrated
ready-to-cook soups, dehydrated or ambient preparations of ready-made dishes, meals and single

serve entrees including pasia, potato and vice dishes; and {11} Meal embellishment prodacts 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 MIXCS,
imcluding recipe mixes 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,
mchading but not limited to, carbonated and non-carbonated beverages, alcoholic and
non-alcoholic beverages, ready to drink beverages, liguid concentrate formulations for preparing
beverages such as sodas, and dry powdered beverage precursor mixes, The Beverage category
also includes the alcoholic drinks, the soft drinks, sports drinks, 1sotonic beverages, and hot
drinks, The alcoholic drinks melode, but are not limited 1o beer, cider/perry, FABs, wine, and
spirits. The sofi drinks inclode, but are not limited to carbonates, such as colas and non-cola
carbonates; fruit juice, such as juice, nectars, juice drinks and fruit flavored drinks; bottled water,
which includes sparkling water, spring water and parified/table water; functional drinks, which
can be carbonated or still and include sport, energy or elixir drinks; concentrates, such as Houid
and powder concentrates in ready to drink measure. The drivdks, cither hot or cold, include, but
are not limited to coffee or ice coffee, such as fresh, instant, and combined coffee; ten or ice tea,
such as black, green, white, solong, and flavored tea; and other drinks inclading flavor-, malt- or
plant-based powders, gramules, blocks or tablets mixed with milk or water,

The Snack Food category generally refers to any food that can be a light informal meal
inclnding, but not limited to Sweet and savory snacks and snack bars. Examples of snack food
inchude, but are not limited to fruit snacks, chips/crisps, extruded snacks, tortilla/corn chips,
popeorn, pretzels, nuts and other sweet and savory snacks. Examples of snack bars include, but
are not limited to granola/mueshi bars, breakfast 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
include, but arc not limited fo bread, buns, cookies, muffins, cereal, toaster pastrics, pastries,
waffles, tortillas, biscuits, pies, bagels, tarts, quiches, cake, any baked foods, and any
combination thereof.

The Ice Cream category generally refers 1o frozen desscert containing cream and sugar and

flavoring. Examples of ice cream wclude, but are not limited tor unpolse ice cream; take-home
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ice cream; frozen voghurt 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 ichude, but are not hmited to candies, gelatins, chocolate
confectionery, sugar confectionery, gum, and the hkes and any combination products.

The Meal Replacement category generally refers to any food intended to replace the
normal meals, particalarty for people having health or Htness concerns. Examples of meal
replacement include, but are not Hmited to slimyoing products and convalescence prodacts.

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

The Pasta and Noodle category inchides 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 inchudes, but is not Hmited to canned/preserved
meat and meat products, fist/seafood, vegetables, tomatoes, beans, froit, ready meals, soup,
pasta, and other canmed/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 substifutes,
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,
dried ready meals, dehydrated soup, instant soup, dried pasta, plain noodles, and instant noodles.

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

The Sauces, Dressings and Condiments category includes, but is not limited to tomato
pastes and purees, bovillon/stock cubes, herbs and spices, monosodium glutamate {MSG), table

sauces, soy based sauces, pasta sauces, wet/cooking sanees, dry sauces/powder mixes, ketchugp,
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mayonnaise, mustard, salad dressings, vinaigrettes, dips, pickled products, and other ssuces,
dregsings and condiments.

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

The Spreads category includes, but is not himited to jams and preserves, honey, chocolate
spreads, nut based spreads, and yeast based spreads.

The Dairy Product category generally refers to edible product produced from mammal’s
milk. Examples of dairy product inchude, but ave not limited to drinking milk products, cheese,
voghurt and sour milk deinks, and other dairy produocts.

Additional examples for comestible composition, particolarly food and beverage products
or formulations, are provided as follows. Exemplary comestible compositions mclude one or
more confectioneries, chocolate confectionery, tablets, countlines, bagged selflines/softhines,
boxed assortroenis, standard hoxed assortments, twist wrapped miniatures, seasonal chocolate,
chocolate with toys, alfajores, other chocolate confectionery, mints, standard mints, power mints,
boiled sweets, pastitles, gums, jellies and chews, toffees, caramels and nougat, medicated
confectionery, lollipops, liguorice, other sugar confectionery, gum, chewing gom, sugarized
cum, sugar-free gum, functional gum, bubble gum, bread, packaged/induosirial bread,
unpackaged/artisanal bread, pastries, cakes, packaged/industrial cakes, ynpackaged/artisanal
cakes, cookies, chocolate coated biscuits, sandwich biscuits, filled biscuits, savory biscuits and
crackers, bread substitutes, breakfast cercals, rte cereals, family breakfast cereals, flakes, muesh,
other cereals, children's breakfast cereals, hot cereals, ice cream, impulse ice crean, single
portion dairy ice cream, single portion water ice cream, multi-pack dairy ice cream, multi-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, artisunal ice cream, dairy products, milk,
fresh/pasteurized milk, full fat frestv/pastenrized milk, sem skimmed fresh/pasteurized milk,
long-life/uht milk, full fat fong life/oht milk, semi skimmed long life/ubt milk, fat-free long
life/uht milk, goat milk, condensed/evaporated milk, plain condensed/evaporated milk, flavored,
functional and other condensed milk, flavored milk drinks, dairy only flavored milk drinks,
flavored milk drinks with fruit juice, soy milk, sour milk drinks, fermented dairy drinks, coffee
whiteners, powder milk, flavored powder milk drinks, cream, cheese, processed cheese,

spreadable processed cheese, unspreadable processed cheese, unprocessed cheese, spreadable

o



10

15

20

nnprocessed cheese, hard cheese, packaged hard cheese, unpackaged hard cheese, voghurt,
plain/matural yoghurt, flavored yoghurt, frutted voghurt, probiotic yoghurt, drinking voghurt,
regular drinking voghurt, probiotic drinking voghurt, chilled and shelf-stable desserts,
dairy-based desserts, soy-based desserts, chilled snacks, fromage frais and quark, plain fromage
frais and guark, flavored fromage frais and quark, savory fromage frais and quark, sweet and
savory snacks, fruit snacks, chips/orisps, extraded snacks, tortilla/corn chips, popcorn, pretzels,
nuis, other sweet and savory snacks, snack bars, granola bars, breakfast bars, energy bars, fruit
bars, other snack bars, meal replacement products, slimming produets, convalescence drinks,
ready meals, carmed ready meals, frozen ready meals, dried ready meals, chilled ready meals,
dinner wixes, frozen pizza, chilled pizea, 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 noodies,
snack noodies, carmed 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 carmed foods, trozen food, frozen processed red meat, frozen processed
poultry, frozen processed fish/seafood, 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, dried pasta, plain noodles, instant noodles, cups/bow! instant noodles, pouch instant
noodies, chilled food, chilled processed meats, chilled fisly/seatood products, chilled processed
fish, chilled coated fish, chilled smoked fish, chilled hinch kit, chilled ready meals, chilled pizza,
chitled soup, chilled/fresh pasta, chilled noodles, oils and fats, olive oil, vegetable and seed ol
cooking fats, butter, margarine, spreadable oils and fats, functional spreadable oils and fats,
sauces, dressings and condiments, tomato pastes and purees, bomllon/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,
miustard, salad dressings, regular salad dressings, low fat salad dressings, vinaigrettes, dips,
pickled products, other savces, dressings and condiments, baby food, nutk formula, standard
itk formula, follow-on milk formula, toddler nulk formula, hypoallergenic milk formula,

prepared baby food, dried baby food, other baby food, spreads, jams and preserves, oney,
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chocolate spreads, nut-based spreads, and yeast-based spreads. Exemplary comestible
compositions also inchade confectioneries, bakery products, 1ce creams, dairy products, sweet
and savory snacks, snack bars, meal replacernent 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, Exemplary comestible compositions also inchude breakfast cereals, sweet
beverages ot solid ot hiquid concentrate compositions for preparing beverages, ideally 50 as to
enable the redaction in concentration of previcusly known saccharide sweeteners, or artificial
sweeteners,

Typically at least a sweet receptor modulating amount, a sweet receptor ligand
modulating amount, a sweet flavor modulating amount, 4 sweet flavoring agent amount, ot a
sweet flavor enhancing amount of ove 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 modified ingestible composition has an increased sweet taste as compared to the ingestible
composition prepared without the compounds of the present invention, as judged by buman
beings or animals in general, or in the case of formulations testing, as jndged by a majority of a
panel of at least eight homan taste testers, via proceduores commonly known in the field.

The concentration of sweet flavoring agent needed to modulate or improve the flavor of
the ingestible composition will of course depend on many variables, including the specific type
of the ingestible composition and its varicus other ingredients, especially the presence of other
known sweet flavoring agents and the concentrations thereof, the natural genetic variability and
individual preferences and health conditions of various human beings tasting the compositions,
and the subjective effect 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 tasie propertics of other natural or synthetic sweet tastants,
and ingestiable compositions made therefrom. in one embodiment, the compounds of the
present invention is used or provided in its ligand enhancing concentration(s). For example, a
broad but also fow range of concentrations of the compounds or entitics of the present imvention
would typically be required, i.e., from about 0,001 ppro to 100 ppm, or narrower alternative

ranges from about 0.1 ppm to about 10 ppm, from about 0.01 ppm to about 30 ppm, from about
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0.05 ppm to about 10 ppm, from about 0.01 ppim to about 5 ppm, or from about 0.02 ppm 1o
about 2 ppm, or from about 0.01 ppm to about 1 ppm.

In one embodiment, the present invention provides a sweet enhancing composition. The
sweet enbancing composition comprises a compound of the present invention in an amount
effective to provide sweetening, ¢.g., sweet flavor enhancing amount in conbination with a first
amount of sweetener, wherein the sweetening is more than the sweetening provided by the first
arnount of sweetener without the compound.

In ove embodiment, the present mvention provides an ingestible composition which
coraprises the sweet enhancing composition of the present invention. In cerfain embodiments,
the preseut mgestible composition 18 1o the form of a food or beverage produoct, 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, e.g., at a concentration higher thau their ligand enhancing concentration in
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., suitable for subsequent processing o

4 &4

produce a ready-to-use (i.e., ready-to-serve} product. By “a flavoring concentrate formulation”,
it is meant a formulation which shounld 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, either alone or
together with another substance, can be taken by mouth whether intended for consumption or
not. In one cmbodiment, the ready-to-nse composition inciudes a composition that can be
directly consumed by a human or animal. The flavoring concentrate formulation is typicatly
used by mixing with or diluted by one or more diluting medium, ¢.g., any consumable or
ingestible ingredient or product, to impart or modify one or mare flavors to the diluting mediom.
Such a use process 18 often referred to as reconstitution. The reconstitution can be conducted in a
household setting or an industrial setting, For example, a frozen fruit juice concentrate can be
reconstituted with water or other aqueous medium by a consumer in & kitchen to obiain the

ready-to-use frunt juice beverage. In another example, a soft drink syrup concentrate can be
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reconstituted with water or other aqueous medium by a manufacture in large industrial scales to
produce the ready-to-use soft drinks, Since the flavoring concentrate formulation has the
flavoring agent or flavor modifying agent in a concentration higher than the ready-to-use
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 formolation. For example, one benefit is the redoction in weight and volame for
transportation as the flavoning concentrate formalation can be reconstituted at the tirae of vsage
by the addition of suitable solvent, solid or Hgund.

In one embodiment, the flavoring concentrate formulation comprises 1) as flavor
modifying ingredient, a compound of the present invention; 1) a carrier; and i) optionally at
least one adjuvant. The term “as flavor modifying ingredient” denofes that the compound of the
present invention acts as a flavoring agent or a flavor modifying agent (such as a flavor
enhancer) in the formulation. The term “carrier” denotes a usually inactive accessory substance,
such as solvents, binders, or other inert medium, which is nsed 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 sane as the diluting medinm for reconstituting the flavoring concentrate formulation; and
in other embodiments, the carvier is different from the diluting medivm. The term “carrier” as
used hercin includes, 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, {n one embodiment, 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, peannt butter,
chai, or combinations thereof. In another embodiment, the at least one adjuvant comprises one
or more sweeteners. The one or more sweetcners can be any of the sweeteners described in this
application. In another emibodiment, the at least one adjnvant comprises one or more ingredients
sclected from the group consisting of a4 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, vitarnins, minerals, fats, starches, protein concentrates and isolates, and salts are
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deseribed 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 ina form
selected from the group consisting of liquid including solution and suspension, solid, foamy
material, paste, gel, creany, and a combination thereof, such as a Hguid containing cevtain amount
of solid contents. In one embodiment, the flavoring concentrate formulation is in form of a
liquid including aguecus-based and nonagueous-based. The present flavoring conceuntrate
formulation 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 polut depressant is a |
ingestibly acceptable compound or agent which can depress the freezing potat of a lignid or
solvent to which the compound or agent is added. That is, a liguid or solution containing the
freezing poiot depressant has a lower freezing point than the liguid 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 flavoring concentrate formulation, The
examples of the freezing point depressant include, but are not Bimited to, carbobydrates, oils,
ethyl alcohol, polval, e.g., glycerol, and combinations thereof. The nucleating agent denotes a
imgestibly acceptable compound or agent which is able to facilitate nucleation. The presence of
rucleating agent in the flavoring concentrate formulation can improve the mouthfeel of the
frozen shushes of a frozen slush 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 inchade, but are not limited to, caleivm silieate, caleium
carbonate, titanium dioxide, and combinations thereofl

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 same temperature. In one embodiment,
the flavoring concentrate formulation has a water activity of less than about 0.85. In another
embodiment, the flavoring concentrate formulation has a water activity of less than about 0.80.
i another ermbodiment, the flavoring concentrate formulation has a water activity of less than

about 0.75.

47



]
W

In one embodiment, the flavoring concentrate formulation has the present compound in a
conoceniration that 1s at least 2 times of the concentration of the compound in a ready-to-use
composition. In one embodunent, 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 formmulation has the
present compound in 4 concentration that s at least 10 times of the concentration of the
compound in a ready-to-use composttion. In one erubodiment, the flavoring concentrate
formulation has the present compound in 4 concentration that is at least |5 times of the
concentration of the compound n a ready-to-use composition. In one embodiment, the flavoring
concentrate formulation bas the present compound in a concentration that is al least 20 times of
the concentration of the compound i a ready-to-use composition. In one embodiment, the
flavoring concentrate fornmuilation has the present compound in a concentration that is at least 30
timnes of the concentration of the componnd in a ready-to-use composition. In one embodiment,
the flavoring concentrate formulation has the present compound in a concentration that is at least
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 50 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 60 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 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, .. the various
structural subclasses and species of the compounds of the synthetic precursors of the present
compounds of Fornmla (1), are often known cotnpounds, 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 example, Sigma- Aldrich Corporation of
St. Lounis, Missouri USA and their subsidiaries Floka and Riedel-de Haen, at their various other

worldwide offices, and other well known chemical supphiers soch as Fisher Scientific, TCH
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America of Philadelphia, PA, Chembiv 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 chemustry can readily carry
out the synthesis of many starting materials and subsequent wanipulations without further
direction, that 15, 1t 15 well within the scope and practice of the skilled artisan to carry out many
desired manipulations. These include reduction of carbonyl componnds to their corresponding
alcohols, oxidations, acylations, aromatic substitutions, both electrophitic and nucleophilic,
ctherifications, esterification, sapontfication, nitrations, hydrogenations, reductive animation and
ihe like. 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 Synthesis, and in the vavious volumes and editions oiMethoden der Organischen Chemie
{Houben-Weyl), and the like. Many general methods for preparation of starting materials
comprising variously substituted heterocyclic, hetereoaryl, and aryl rings (the precursors of Ar,
hAr, and/or hArY) can be found in Methoden der Organischen Chemie (Houben-W eyl), whose
varions volumes and editions are available from Georg Thieme Verlag, Stuttgart. The entire
disciosures of the treatises recited above are hereby incorporated by reference in their entirieties
for their teachings regarding methods for synthesizing organic compounds and their precursors.

The skilled artisan will also readily appreciate that certain reactions are best carried ount
when other functionality is masked or protected in the molecule, thus avoiding any undesirable
side reactions and/or increasing the yield of the reaction. Often the skilled artisan utilizes
protecting groups to accomplish such increased yields or to avoid the nndesired reactions. These
reactions are found in the literature 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 exermplary synthetic methods for preparing the present compounds are ilhustrated in

the Schemes 1 to 4 below,

Scheme 1: Preparation of substituted 4-aminoguineline-3-carboxylate derivatives (V1)

from substituted anilines (1)
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As shown in Scheme 1, substituted 4-aminoguinoline-3-carboxylate derivatives (V) can
be prepared by reacting the cortesponding anilines T with 2-(slkoxymethylenemalonates 1§
followed by eyclization of the intermediates 1 under elevated temperatare to provide the

5  hydroxyl intermediates IV that can be treated with POClL or S(LCl to provide the corresponding
chloride derivatives V that can be further treated with ammonia or amines to give the desired
amino-quinolines VI (Kamal, A et al. Rioorg. Med Chem. 2088, 13, 2021-2029; Fryer, R. 1 et
al. J. Med. Chem. 1983, 36, 1669-1673; Bi, Y. ot al. Bioorg. Med Chem. Lets. 2004, 14, 1577-
1580; Li, S. Y. et al. Bicorg. Med Chem. 2806, 14, 7370-7376. ixooa H. etal. .. Med Chem.
1 198G, 23, 1358-1363.).

Scheme 2: Preparation of substituted 4-aminoguinoline-3-carboxylate derivatives (V1)

from substituted Z2-aminobenzeic acid derivatives (Vi)
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£5 Substituted 4-aminoguinoline-3-carboxylate derivatives (V ) can also be prepared by

reacting the correspondimg 2-anunobenzoic acids VI with phosgene or eguivalent to provide
the isatoic anhydrides EX that can be further reacted with X to give the derivatives IV (Mai, A, et
al. J. Med. Chem. 2006, 49, 6897-69G7. Beutner, G. L, et al. J. Org. Chem. 2087, 72, 7058-7061,
and references oited therein.), which can be converied io V1 as desoribed in Scheme 1,
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Scheme 3: Preparation of substituted 4-aminoquincline-3-carboxylate derivatives (V)

from substituted 2-amine benzonitrile derivatives (X1)
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Alternatively, substituted 4-aminoguinoline-3-carboxylate derivatives (V) can be

e

prepared by reacting the corresponding amine benzonitriles XI with X to provide the amino
derivatives X1¥ (Sestili, 1. et al. Eur. J. Med. Chem. 20084, 39, 1047-1057. Douncet-Personent, C.
et al, J. Med Chem. 2001, 44, 3203-3215. Veronese, A. C, et al. Tetrahiedron Y995, 57, 12277~
12284, and the references cited therein.) that can be further alkyvlated to give the substituted
aminoquinolings VI as showrt in Scheme 3. Amino guinolines X1I¥ can also be prepared via a
10 Michael addition of the 2-amino benzonitriles X1 to varions w,f-unsawrated carboxylate
derivatives XIFE, XTV or XV to provide the addueis XVE (MacNab, H. et al. Synthesis 2669,
2171-2174. Vicario, J. L. Synthesis 2607, 2065-2002, and references cited therein. ) that can be
further cyclized to give the amino quinotines XEE (Hau, G. F. et al. Symh. Comemun. 2009, 3%,
2492-2505. Tabarrini, O. et al. Bioory, Med. Chem, 2881, 9, 2921-2928, Shuiske, G. M. et al J
15 Med Chem. 1989, 32, 1805-1813, and references cited therein. ),
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Scheme 4: Preparation of substituted 4-aminequinsline-3-carboxylic acids (XVIL, XX) and

amides (XVIll and XXI)
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As described in Schewe 4, hydrolysis of 4-aminoquinoline-3-carboxylate derivatives Vi
or XIE in the presence of NaOH provide 4-aminoguinoline-3-carboxvlic acids XV (Zhao, Y.
L.etal Eur. J. Med Chem. 208085, 40, 792-797.) which can be further coupled with amines XX
under standard conditions to give 4-aminoquinoline-3-carboxamide derivatives XVIFL. When R
and/or R* = H, 4-aminoquinoline-3-carboxylates VE or XI¥ can be further fimctionalized by

coupling with acids XX to give 4-carboxamidogninoline-3-carboxylates XIX. Compound

- XIX can be further hydrolyzed to the acids XX that can be further coupled to the amines XX to

provide amide derivatives XXE

Exgmples

Having now gencrally described the invention, the same will be more readily vmderstood
by reference to the following examples, which are provided by way of illustration and are not
intended as limiting. It is understood that various modifications and changes can be made to the
herein disclosed exemplary embodiments without departing from the spirit and scepe of the

mvention.

Example 11 4$amino-6-methoxyguinoline-2-carboxylc acid
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HOLC™ OMe
NH,

To a stirred sohution of ethyl 4-amino-6-methoxyquinoline-3-carboxylate (Example 1a,
1.23 g, 5.0 mmol} in EtOH (20.6 mL) was added aguecus NaOU (2.0 N, 5.0 mL) at room
ternperature. The reaction mixture was then reftuxed 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 HCI to pH
7. Most of the EtOH was remmoved under reduced pressure, and the precipitate was collecied by
filtration, washed with cold water, and dvied under vacuum to give the title compound as an off-
white solid (1.01 g, 93%). "H NMR (400 Mz, DMSO-dy) 6 3.89 {5, 3H), 740 (dd, F = 2.6, 94
Fz, 1H), 7.73 (d, J = 9.4 Fz, 1H), 7.77(d, T = 2.8 Hz, 1H), 8.77 (s, 1. MS 219 (M)

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

A mixture of ethyl 4»0%11t}l‘f5;6~ritetf1c)xyquinoiine-3~carha‘;x_yiate (Example 1b, 796 mg, 3.0
mmol) and ammonia (25% agueous solution, 10 mL) in isopropanc! (40 mL) was stitred at 110
°C in a pressure reactor overnight. Most of the solvent was then removed under reduced
pressure, and the reaction mixture was dituted with water. The precipitate was collected by
filiration, washed with cold water, and dried under vacuum to give the title compound as an off-
white solid (680 mg, 92%). Iﬁ NMR (400 Mz, DMSO-dg) 6 1.33 (1, T = 7.0 Hz, 3H), 3.88 (s,
3H), 4.32(q, J=7.0Hz, 2H), 7.36 (dd, T = 2.8, 88 Mz, 1H), 7.72 (1, J = 8.8 Hz, IH}, 7.74(d, J =
2.8 Hz, 1H), 8.23 (bs, 2H), 8.77 (s, 1H). MS 247 (MH),

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

A solution of ethyl 4-bydroxy-6-methoxyquinoline-3-carboxyiate (Example ic, 1.24 g,
5.0 mmel) in POCEH was refluxed under nitrogen for 3 hrs. The solution was cooled to room
ternperature and evaporated under reduced pressure. The residoe was carefully quenched with
ice, and uneutralized 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 MHz, DMSO-d;) 4 1.36 (t, J = 7.0 Hz, 3H), 3.96 (s, 3H),
441 (g, J=7.0Hz, 28), 757 (d, J = 2.8 Hz, 1H), 7.61 (dd, J = 2.8, 8.8 Hz, 1H), 8.05 {(d, I = 8.8
Hz, TH), 8.97 (s, 1H). MS 266, 268 (MH").

Example 1c: ethyl 4-hydroxy-6-methoxyauinoline-3-carboxylate
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A mixture  of 4-methoxyaniline ({23 g, (00 mmoly and diethyl 2-
{cthoxymethyleneimalonate (21.6 g, 100 nunol) was stirved at 120 °C under nitrogen for 4 hrs,
The solution was cooled to room temperature and PheO (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 ditoted with hexanes. The resultant precipiiate was collected by filtration,
washed with 25% ethyl acetate in hexanes, and dried vnder vacuum to give ethyl 4-hydroxy-6-
methoxyguinoline-3-carboxylate as a pale-yellow solid (4.21 g, 17%). 'H NMR (400 Miiz,
DMSO-dg) 6 1.26 (1,1 = 7.0 Hz, 311), 3.83 (s, 311}, 4.19 {g, I = 7.0 Hz, 2H), 7.32 (dd, J = 3.2, 9.6
Hz, TH), 7.55 (d, J= 3.2 Hz, 1H), 7.56 (d, J = 9.6 Hz, 1H), 847 (s, 111), 12.27 {s, 1§1). MS 248
(MH").

Example 2: $-amine-5-(2,2-dimethyl-3-0xo-3-(propylamine)propoxy)-2-methyl-guinoline-3-

carboxylic acid

Me N
g
HO,C™ y
NH, O\)%N\/\

O
Prepared as in Example 1 from ethyl 4-amino-5-2,2-dimethyl-3-ox0-3-(propylamine )-
propoxy -2-methylguinoline-3-carboxylate (Example 2a) as an off-white solid (41%). 'H NMR
(400 MHz, DMSO-ds) 8 0.73 (t, J = 7.6 Hz, 3H), 1.25 (s, 6H), 1.33-1.42 (m, ZH), 2.76 (s, 3H),
3.00-3.05 (m, 2H), 4.16 (s, 2H), 7.01 (d, I = 8.0 Hz, 11}, 729 (d, f = 8O Hz, 1H), 7.67 (. I = 8.0
Hz, 1H), 7.89 {t, } = 5.8 Hz, 111}, 8.85 (bs, 1{1), 12.28 (bs, 1}, 12.78 {bs, 1H). MS 360 (MH).

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

methylguinoline-3-carboxyiate

To & solution of 3-(3-amino-2-cyanophenoxy)-2.2-dimethyl-N-propyipropan-amide
{Tachdjian, C. et al. PCT Int. Appl 2808, WO 2008134221, 1.38 g, 5.0 mmol} and ethyl
acetoacetate (0.66 g, 5.0 mmol) in dry toluene (150 mL)} was added SnCls (2.61 g, 10.0 mmol)
dropwise via syringe at room temperature under nifrogen, After 1 hr at room temperature, the
reaction mixture was refluxed for an additional 5 hrs, The solution was cooled to room
iemperature and the solvent removed onder reduced pressure. The residue was diloted with

EtOAc, and aqueous 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 Na,SO4. After evaporation of the
solvent, the residue was purified by chromatography on silica gel (0.5% MeOH in EtOAc) to
give the title compound as an off-white solid (1.63 g, 84%). 'H NMR (400 MHz, DMSO-ds) &
0.73 (1, ¥ = 7.6 Hz, 3FD, 1.25 (s, 6H}, 1.32 (t, I = 7.4 ¥z, 3H), 1.35-1.42 (m, 2HD), 2.54 (s, 31},
3.00-3.05 (m, 211}, 4.12 {8, 2H), 431 {q, T = T4 Hz, 21, 6.87 {d, J = 8.0 Hz, 1H), 7.23 (d, I =
8.0 Hz, 1), 7.50 (t, T = 8.0 Hz, 15D, 7.80 {t, I = 5.6 Hz, 111}, 8.08 (s, 217). MS 388 (MH").

Fxample 3: 4-amine-6-methoxy-2-methylguinoline-3-carboxylic acid

Me N
I -
HOLC™ OMe
NH,

Prepared as in Example 1 from cthyl 4-amino-6-methoxy-2-methylguinoline-3-
carboxylate (Example 3a} as a white solid (87%). "1 NMR {400 MHz, DMSO-ds) 8 2.83 (s, 3H),
3.90 (s, 3H), 7.57 (dd, I = 2.4, 8.2 Hz, 1H), 8.09 (4, § = 8.2 Hz, 1H), 8.10 (d, J = 24 Hz, 111},
939 (s, 1H), 9.67 (s, 1H). MS 233 (MH").

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

Prepared as in Example 2a from 2-amino-5-methoxybhenzonitrile (Campbell, 1. B. et al.
Synth. Compnun. 1889, /9, 2255-2263.) and ethyl acetoacetate as an off-white solid (92%). 't
NMR (400 MHz, DMSO-ds) 6 1.33 {1, I = 6.8 Hz, 3H), 2.57 (s, 31), 3.86 (5, 31}, 433 (g, = 6.8
He, 2H), 7.28 (dd, I = 2.8, 9.2 Hez, {H), 7.59 (4, J = 9.2 Hz, {H), 7.60 (bs, 2H), 7.63 (d,J = 2.8
Hz, [H). M3 261 (MM,

Example 4: d-amino-I-phenylquineline-3-carbexylic acid
Ph N

l

X
HOL,C™ N
NH,
Prepared as in Example | from ethyl 4-amino-2-phenylguinoline-3-carboxylate (Example
4a) as an off-white solid (33%). 'H NMR (400 MHz, DMSO-dy) 6 7.39-7.52 (m, 7H), 7.79 (i,
3H}, 833 (d F=8.0 Hz, 1H), 12,63 (bs, 1H1). MS 265 (MR,

Bxample 4a; ethyl 4-amino-2-phenylguinoline-3-carboxylate

L
L
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Prepared as in  Example 2a from Z-aminobenzonitrile and  ethyl  3-oxo-3-
phenylpropancate as a yeliow solid (45%). "H NMR. (400 MHz, DMSO-d;) 6 0.72 (t, ] = 8.0 Hz,
3H), 3.92 (g, J = 8.0 Hz, 2H), 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 = §.0 Hz, 1H). MS 293 (MH").

Example 5: 4-amine-2-ethylguinoiine-3-carboxylic acid

Bt Ny
HO,.C™
NH,

Prepared as in Example 2 from methyl 4-amino-2-ethylguinoline-3-carboxyiate (Example
5a) as a white solid (26%). ' NMR (400 MHz, DMSO-ds+ 1 drop D,0) 6 1.24 (t, J = 8.0 Hz,
38}, 328 (g, J = 8.0 Hz, 283, 7.56 (t, Y = 8.0 He, {H), 778 (d, I = §.0 Hz, 1H), 783 (, ] = 8.0
Hz, 1F), 8.36 (d, F = 8.0 Hz, 1H). ). MS 217 (M.

Exampie 3a; ethyl 4-amino-2-phenylquinoline-3-carboxylate

Prepared as in Example 2a from 2-aminobenzonitrile and methyl 3-oxopentanoate as a
solid (27%). "H NMR (400 MHz, DMSO-dy) 8 1.18 (t, J = 8.0 Hz, 3H), 2.88 (g, J = 8.0 Fiz, 21T,
3.86 (s, 3H), 7.40 (m, 1D, 7.44 (bs, 2H), 7.64 (m, [H), 7.68 (m, 1H), 826 (4, § = 8.0 Hz, {H).
MS 231 (MH).

Example 6: 4-amino-2-methylguinoline-3-carboxylic acid

Me N
I N
HO,C”
NH;

Prepared as in Example 1 from ethyl 4-amino-2-methylquinoling-3-carboxylate (Example
6a) as a off-white solid (41%). 'H NMR (400 MHz, DMSO-ds) § 1.05 (t, J = 8.0 Hz, 3H), 2.84
(s, 3H), 7.56 (bs, 1H), 7.76 (m, 1H), 7.82 (bs, 1H), .39 (4, J = 8.0 Hz, 1H), 8.99 {bs, 1H), 12.00
(bs, 1H), 12.98 {bs, 1H). MS 203 (M.

Example Ga: ethyl 4-amino-2-methylguinoline-3-carboxylate -

Prepared as in  Example Za from 2-aminobenzonitrile and cthyl 3-oxobutanoate as a

yellow solid (32%). 'H NMR (400 MHz, DMSO-ds) 6 1.33 (¢, T = 8.0 Hz, 3H), 2.61 (s, 3H), 434
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(q, J = 8.0 Hz, 21, 7.41 (m, 15}, 7.66 (m, 251, 7.74 (bs, ZHD), 8.27 (d, ¥ = 8.0 Hz, 1H). MS 231
(MH".

Example 7! 4-aming-3-(2,2-dimethyl-3-ox0-3-(propylamino)propoxy)-2-ethyl-quinoline-3~

carbexylic acid

Et__N
|
HO?C]%/\Q H
NH, 0\><[rm\/\

O

Prepared as in  Example 1 from methyl 4-amino-3-(2,2-dimethyl-3-0x0-3-
(propylaminciproposy -2-ethylquinoeline-3-carboxylaie (Example 7a) as a solid (73%). 'HNMR
{400 MHz, DMSBO-ds) 6 0.75 (1, 1 = 8.0 Hz, 3HD), 1.03 (1, T = 8.0 Hz, 3H), 1.27 (s, 6H}, 1.39 (i,
2, 3.04 (g, T = 4.0 He, 2H), 345 (q. F = 4.0 He, 21, 4.17 (s, 28, 7.04 {d, T = 8.0 Hz, 111},
7.32(d, J = 8.0 Hz, {H), 7.69 {1, I = 8.0 Hz, 1H), 7.90 (t, F = 4.0 Hz, [}), 8.89 (bs, [H), 12.75
(bs, 1H). MS 374 (MH").

Example  7a;  wmethyl  4eamnino-5-(2,2-dimethyl-3-0x0-3~(propylamino jpropoxy)-2-
ethylguinoline-3-carboxylate

Prepared as i Example 2a from  3-(3-amino-2-cyanophenoxy)-2.2-dimethyl-N-
propylpropan-amide (Tachdjian, C. et al. PCT fnt. Appl. 2068, WO 2008154221) and methy} 3-
oxopentanoate as a yellow solid (17%). 'H NMR (400 MIz, DMSO-dg) & 0.75 (t, I = 8.0 Hz,
3H), 1.17 €1, § = 8.0 Hz, 3H), 1.26 (s, 6H), 1.40 (m, 21, 2.84 (g, J = 8.0 Hz, 261), 3.04 (g, ] = 8.0
Hz, 2H), 3.85 (s, 311, 4.13 {5, 2H), 6.88 (&, I = 8.0 Hz, 1H), 727 (dd, ) = 8.0 Hz, 1H), 7.51 (1, ]
= 8.0 Hz, U1, 7.81 (m, 31). MS 388 (Mi1").

Example §: 4-amino-6-phenosyquinsline-3-carboxylic acid
N
| N
HOL,C™ OPh

NH,
Prepared as o Example 1 from ethyl 4-ammo-6-phenoxyquinoline-3-carboxylate

{Exavople 8a) as a off-white sohd {50%). 'FI NMR (400 MHz, DMSO-dgy 6 7.07 (d, F = 8.0 Hz,

57
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2H), 7.16 (1, J = 8.0 Hz, 1H), 7.42 (m, 2H), 749 (dd. I = 8.0 Hz, 1H), 7.87 (d, J = 8.0 Hz, 111,
R.13(d, T =4.0 Hz, 1H), 8.86 (s, 1H). MS 281 (MH"),

Example 8a: ethyl 4-amino-6-phenoxyquinoline-3-carboxylate

Prepared as in  Example la from ethyl 4-chloro-6-phenoxyquinoline-3-carboxylate
(Example 8b) and ammonia as a of~white solid (82%), 'H NMR (400 Mz, DMSO-ds) § 1.35
(t, J= 8.0 Hz, 3H), 435 (g, T = 8.0 Hz, 2, 7.05 (4, T = 8.0 Hz, 2, 7.15 (1, J = 8.0 Hz, 1H),
TAG {m, d, 211), 7.46 (dd, T = 8.0 Hz, 1H), 787 (4, I=8.0Hz, 1H), 8.13 (d, T=4.0 Hz, 1}, 8.27
(bs, 21), 8.87 (5, 111}, MS 309 (MH",

Esaople 8b; ethyl 4-chloro-6-phenoxyguoinoline-3-carboxylate

Prepared as m Erample b from etby]l 4-hydroxy-6-phenoxyquineline-3-carboxyiate
(Example 8¢) and POCY; as a tan solid (96%). 'H NMR (400 Mz, DMSO-d;) 8 1.36 (t, 1= 8.0
Hz, 3E), 4.40 {q, ¥ = 8.0 Hz, 21}, 7.23 (d, I = 8.0 Hz, 2H), 7.29 (1, T = 8.0 He, 11}, 7306 (1, I =
8.0 Hz, 21D, 7.63 (d, F = 4.0 Hz, 1H), 7.76 (dd, J = 8.0 Hz, 111}, 8.21 (d, J = 8.0 1z, 11}, 9.06 (s,
1H). MS 328, 330 (MH ).

Example 8c: ethy] 4-hydroxy-6-phenoxyveguinoline-3-carboxylate

Prepared as in EHxample lc¢  from  d-phenoxyaniline and  diethyl  2-
{ethoxymethyleneymalonate as a white solid (41%). "H NMR {400 Mz, DMSO-ds) 6 1.24 (1, ]
= 8.0 Hz, 3H), 4.18 (g, J = 80 Hz, 2H), 7.07 (d, J = 8.0 Hz, 2H), 7.20 (1, J = 8.0 Hz, 1), 743 (1,
F=8.0Hz, 2H), 7.47 (m, 2H), 7.69 (d, I = 12.0 Hz, 1), 12.39 (bs, 1H). M5 310 (MH").

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

R

P
NH,

HO,C

* Prepared as in Example | from ethyl 4-amino-7-fluoroquinoline-3-carboxylate (Exanaple
Qa)} as an off white solid (66%), " NMR (CD;00, 400 MHz) 8 7.49 (i, 2D, R.30 (dd, J = [0.0,
5.2 Tz, TED), 8.94 (s, 1H). MS 207 (MIT).
Example 9a; ethyl 4-amino-7-fluoroquinoline-3-carboxylate
Prepared as in Example ta from ethyl 4-chloro-7-fluoroguinoline-3-carboxylate
(Example 9b) and ammonia as an off whiie solid (99%). MS 235 (MI{").

Exaraple 96 ethyl 4-chloro-7-fluoroquinoline-3-carboxylate



Prepared as o Example 1b from othyl 7-fluoro-4-hydroxyquinoline-3-carboxylate
(Example 9¢) and POCY; as an off white solid (96%), MS 254, 256 (MH™),
Prepared  as  in Bxample lc¢  from  3-fluoroaniline  and  diethyl  2-

S {ethoxymethyleneymalonate asa brown solid (51%). MS 236 (MH").

Example 18: 4-amino-6-isopropoxyquineline-3-carboxylic acid

N
| /k
NH,

Prepared as in Example 1 from ethyl 4-amino-6-isopropoxyquinoline-3-carboxylate
[0 (Example 10a) as a an off white solid (94%). "H NMR (400 MHz, DMSO-d;) § 1.30 (s, 3H),
132 (s, 3H), 4.82 (m, 1H), 737 (d, 1 = 9.2 Hz, 1H), 7.72 (4, F= 9.2 Hz, 1H), 7.78 (s, 1), 8.75
(s, 1H), MS 247 (MH").
Example {0a: ethyl 4-amino-6-isopropoxyquinoline-3-carboxylate
Prepared as in Example la from ethyl 4-chloro-6-isopropoxyquinoline-3-carboxylate
15 (Example 10b) and ammonia as an off white solid (75%). MS 275 (MH").
Example 10b: 4-chloro-6-isopropoxyquinscline-3-carboxylate
Prepared as in Bxample ib from ethyl 4-hydroxy-6-isopropoxyquinoline-3-carboxylate
(Example 10¢) and POCI; as a pale yellow solid (93%). MS 294, 296 (MH").
Exanple 10¢; ethyl 4~hydroxy-6misopmpsmyquiﬁg]imr~3~carbo>c},imte
20 Prepared a8 in  Exawple ¢ from  4-isopropoxyaniline and diethyl 2-

{ethoxymethylenemalonate as a yellow solid (20%). MS 276 (MIT).

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

Me ]N\ N
HOLC” N N7 “OMe
NH,

B
n

Prepared as in Example | from ethyl 4-amino-6-methoxy-2-methyl-1,5-naphthyridine-3-
carhoxylate (Example |ia) as an off white solid {56%). "H NMR (400 MHz, DMSO-dg) & 2.68
(s, 3H), 4.02 (s, 3H), 7.21 (d. § = 8.8 Hz, (), 7.99 (d, I = 9.2 Hz, 1H). MS 234 (M),

59
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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").

To a solution of 6-methoxy-3-nitropicolinonitrile (Piersanti, G. ¢t al. Org. Biomolecular
Chem. 2867, 5, 2567-2571.) (2.0 g, 11.] mmol) ju diglyme (52 wl) was added dropwise a
sohution of SnCly (6.335 g, 33.5 mmol} in concentrated HCL solution (26 mL)y at 0 °C. The

solution was stirred at § °C for | hr, then the reaction mixture was neutralized with concentrated

NaOH solution, and estracted with EtOAc (2X).  The combined organic layers were washed

with brine, and dried over Na;SQ4. After evaporation of the solvent, the residoe was puritied by
chromatography on  silica gel ( 50% EtOAc in  hexanes) to  give 3-amino-6-
methoxypicolinonitrile (966 mg, 58%) as a brown solid. 'H NMR (400 MHz, CDCls) 6 3.81 (s,
3H), 4.10 (bs, 2H), 6.81 (d, I = 8.0 Hz, 1H), 7.08 (d, J = 8.0 Hz, 1H). MS 150 (MH").

Example 12: 4-amino-2 S-dimethylquineline-3-carboxylic acid

Me N
i N
HOLC” N
NH, Me

Ethyl 4-(4-methoxybenzylamino)-2,5-dimethylqumoline-3-carboxylate  (Exaraple 12a,
0.563 g, 1.54 munol) was dissolved in TFA (8 mL) and the resultant solution was stivred at room
temperature for 15 minutes, TFA was then removed under vacuum to give the crude ethyl 4+
amino-2,5-dimethylguinoline-3-carboxylate product, which was dissolved in EiOH (4 mL). To
this solution was added NaOH (4.0 N, 3.86 mL) and the reaction mixture was stirred at 100 °C
for | br, Water (25 b)) was added, and the solvent was decanted away from wmsoluble material
then acidified with AcOU to pH 5.5, The precipitate was collecied by filtration to give the title
compound (300 mg, 90%) as a white solid. i NMR {400 MHz, DMSO-dy) 0 2.78 (5, 3H), 2.88
{s, 31D, 7.30 (d, J = 7.2 Hz, 1IN, 7.58 {d, J = 8.0 Mz, 1H), 7.65 (m, 11}, 7.8-8.0 (br, 11}, 12.2-
12.9 (or, 20). MS 217 (M),

Example 1Za; ethyl 4-{(4-methoxybenzylamino}-2,5-dimethylquinoline-3-carboxylate

A solution of ethyl 4-chloro-2,5-dimethylquinoline-3-carboxylate (Example 12b, 0.518 g,

1.96 mmeol) and (4-methoxyphenylimethanamine (1.15 mi., 8.86 mmeol} in toluene (10 mL) and

60
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DMEF (5 mL) were stirred at 115 °C under nitrogen for 12 hrs, The solvent was removed under
vaconm, and the restdoe was purified by chromatography on silica gel (0% o 50% EtOAc in
hexanes) to give the title compound as an oil (563 mg, 79%). 'H NMR {400 MHz, DMSQ0-dj) 6
1.24 (t, J = 7.6 Hz, 3H), 2.45 (s, 3H), 2.78 (s, 3H), 3.73 (s, 34, 4.2-4.3 {m, 4k, 6.27 (1, J = 6.0
Hz, 1H), 6.88 (d, J= 8.4 Hz, 2H), 7.19 (m, 3H), 748 (m, 1), 7.58 (d, J = 8.4 Hz, 1H}. M5 365
(M,

Example 12b; ethyl 4-chioro-2,3~dimethylquinoline-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), ethyl 3-oxobutancate (1.46 mlL, 11.5 mmol), and NaOH (0.046 g, 1.15 mmol) in
anhiydrous dioxane (10 mL) were refluxed under nitrogen for 15 hrs. The solvent was then
removed ynder vacuum, and the residue was re-dissolved in DMF (15 mL), To this solution was
added POCE; (.41 mL, 15.4 mmol), and the reaction mixture was stired at room temperature for
45 minutes. The reaction was carefully quenched with ice water (150 mL), and exwracted with
DCM (2 x 75 mL). The combined organic layers were washed with brine, and dried over
NuS0y. After evaporation of the solvent, the residue was purified by chromatography on silica
gel ehuting with 50% EtOA¢ in hexanes to give the title compound as red oif (520 mg, 26%). "
NMR. (400 MHz, DMSO-dy) 8 1.36 {t, J = 7.6 Hz, 3H), 2.58 (s, 3H), 2.97 (s, 3H), 446 (g, J =
7.6 Hz, 21D, 7.51 {4, J = 7.2 Tlz, 1H}, 7.71 (m, 1D, 7.87 (d, J = 7.6 He, 1H). MS 264, 266
(MI")

Example 1 2¢; S-methyl-{ F-benzoldl] ] 3]oxazine-2,4-dione

Trichloromethyl carbonochloridate (2.04 i, 16.9 mmol}' was added io 2-amino-6-
methylbenzoic acid (2.13 g, 14.1 munol) in anhydrous dioxane (32 wL} vmder nitrogen, then
refluxed for 30 winotes. Diethyl ether (100 mL) was added, and the precipitated solid was
coliected by filtration 1o give S-methyl-1 H-benzoldl1,3 Joxazine-2 4-dione (1.4 g, 56%) which

was used without further purification.
Example 13: 4-amino-g-ethoxyguinoline-3-carboxylic acid

HOL,C™ N o™

61
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Prepared as in Example 1 from ethyl 4-amino-6-cthoxyquinotine-3-carboxylate

{Example 13a) as an off white solid (76%). "H NMR (400 Mz, DMSCG-ds) 6 1.39 (1, J = 7.2 Hz,

TH), 8.86 (s, 1H), 9.26 (bs, 1H), 9.86 (bs, 1H). MS 233 (MH").

Examople | 3a; ethyl 4-amino-6-cthosyguinohine-3-carboxyiate

Prepared as i Example la from ethyl 4-chloro-6-cthoxyquinohine-3-carboxylaie
(Example 13b) and ammonia as an off white solid (77%). 'H NMR (400 MHBz, DMSO-ds) 6
1.31-1.40 (o, 65, 4.15 (g, I = 7.2 Hz, 2H), 4.31 {g, ] = 6.8 1z, 2H), 7.34 (g, T = 6.4 Hz, 1),
7.69-7.74 (m, 21, 8.21 (bs, 2ED), 8,77 (s, 1H). MS 261 (MH").

Prepared as in Exampie lb from ethyl 6-ethoxy-4-hydroxyquinoline-3-carboxylate
(Example 13¢) and POCI; as pale yellow solid (100%). "H NMR (400 Mllz, DMSO-ds) 6 1.34-
142 (m, 611), 421 (g, J = 7.2 Hz, 2H), 440 (g, F = 7.2 Hz, 2H), 7.52 {d, J = 2.8 Hz, 1H), 7.56-
7.59 (m, 1I1), 8.02 (d, T = 8.8 Iz, 1H), 8.94 (s, 1H). MS 280, 282 (M),

Prepared as in Example le¢  from  4-ethoxyaniline and  diethyl  2-
{ethoxymethyleneymalonate as a white solid (26%). HTNMR (400 Mitz, DMSO-d & 1.24-1.37
{(m, 6}, 4.09 (g, § = 6.8 Hz, 2H), 4.19 {q, J = 7.2 Hz, 21), 7.29-7.32 (m, 1), 7.52-7.56 (m, 211},
847 (s, THD, 12.27 (s, 1H). MS 262 (MH").

Example 14: 4-amino-6-propexyguinoline-3-carbexylic acid
N\

HO,C L~ o™
NH,

Prepared as i Example 1 from ethyl 4-amuno-6-propoxyguinoline-3-carboxylate
(Example 14a) as a white solid (36%), 'H NMR (400 MHz, DMSO-ds) 6 1.01 (1, J = 7.6 Hz, 31,
1.77-1.82 {m, 2H), 4.06 (¢, § = 6.8 [z, 2H), 743 (d, J = 2.0 {1z, i), 7.71-7.78 {m, 211), 8.77 {s,
). MS 247 (MH).

Example 14a: 4-amino-6-propoxsyquinoline-3-carboxylate

Prepared as in Example la from ethyl 4-chloro-6-propoxyquinoline-3-carboxyiate

(Example 14b) and ammonia as a white solid. MS 275 (M),
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Example §4b: ethyl 4-chioro-&-propoxyquinoline-3~carboxylate

Prepared as in Example 1b from cthyl 4--hydroxynémpmp(}xyquixmiine~3~carboxyiatc
{Example 14c¢) and POCY; as a pale yellow solid. M8 284, 206 (MB™),

Hxample 14¢; ethyl 4-hvdroxy-6-propoxyquinoline-3-carboxvlate

Prepared  as  in Hxample 1¢  fom  4-propoxyaniive and  diethyl  2-
(ethoxymethyleneymalonate as a white solid (65%). 'H NMR (400 MHz, DMSO-ds) 8 098 (1, J
=72 He, 3H), L.25(t, 1=7.2 Wz, 3, 1.72-1.77 Gu, 2H), 3.98 (1, T = 6.0 Fz, 211), 4.16-4.21 (m,
2H), 6.97-6.99 (m, 1H), 7.53-7.56 {m, 2H), 847 {d, T = 5.2 Hz, [H), 12.27 (5, 1H). M3 276
(MH").

Example 15: 4-amine-S-methoxy-2-methylguinsline-3-carboxylic acid

Me N
! N
HO,C™
NH2 OMe

Preparcd as in Example 1 from cthyl 4-amino-S-methoxy-2-methylguinoling-3-
carboxylate (Example 15a} ss a off-white solid. 'H NMR (400 MHz, DMSO-d;) & 2.49 (s, 3H),
4,05 (s, 3H), 7.19 (4, J = 7.6 Hz, [}, 7.61 (d, I = 8.0 Hz, 1H), 7.85 (1, I = 8.0 Hz, 1H), 9.49 (s,
1H), 9.85 (s, 1H). MS 233 (MH").

Prepared as in Exawple 2a from 2-amuno-6-methoxybenzonitrile and ethyl 3-
oxobutancate as a pale vellow solid. "H NMR. (400 MHz, DMSG-dg) & 1,32 (1, T = 7.2 11z, 31,
2.55 (s, 3D, 3.96 (s, 381), 4.30 {q, J = 7.2 Hz, 2H), 6.88 (d, J = 8.4 Hz, {11), 7.22(d,J = 7.6 He,
TH), 7.52 (4, F = 8.0 Hz, 1H), 8.15 (s, 2F). MS 261 (MH").

Example 16: 4 amino-2Z-methyl-S-(neopenivioxyguineline-3-carboxylic acid
Me.__N

‘ ~

HOZC@
NH, o\)<

Prepared as in Example 1 from ethyl 4-amino-2-methyl-5-(neopentyloxyjquinoline-3~

carboxylate (Example 16a) as a white solid. THONMR {400 MHz, DMSO-dy) 6 1.06 (s, 911 2.76
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(s, 3H), 3.93 (s, 2H), 7.05(d, I = 8.4 Hz, 1H), 7.31 (4, = 8.0 Hz, 1H), 7.66 (t, J = 8.0 Hz, 1H).
MS 289 (MH.

Prepared as in Example 2a from 2-amino-6-(neopentyloxy)benzonitrile {Tachdjian, . et
al, PCT Int. App!. 2068, WO 2008(54221) and ethyl 3-oxobutanoate as a white solid {64%). '
NMR (400 Mz, DMSO-dg) 6 1.06 (s, 9H), 1.32 (t, } = 6.8 Hz, 37T1), 2.54 (5, 31), 3.86 (s, 2H),
431 (g, T = 6.8 Hz, 2H). 6.88-6.91 {m, 1H), 7.22-7.25 (m, 1H), 7.50 (¢, J = 8.0 Hz, 1H), 8.06 (s,
2HD). MS 317 (M.

Example 17: d-amino-2-(carboxymethylgquincline-3-carboxylic acid

N
HO.CT TS
HOL,C™

NH,

Prepared as in Example | from cthyl 4-amino-2-(2-cthoxy-2-oxocethyl)qumoline-3-
carboxylaie (Example 17a) as a white solid (26%). 'H NMR (400 MUz, DMSO-ds) 6 3.76 (s,
JH), 736 (1, J = 8.0 Hz, 1H), 7.58 {1, J = 8.0 Hz, 1H), 7.64 (d, ¥ = 12.0 Hz, I1H), 7.87 {bs, 2H),
8.17 (d, } = 8.0 Hz, 1H). MS 188 (MH" - CHLCOH).

Example 17a; ethyl 4-amine-2-(2-cthoxy-2-oxoethyl ipincline-3-carboxyiate

Prepared as in Example 2a from 2-aminobenzonitrile and diethy! 3-oxopentanedioate as a
pale yellow solid (25%). 'H NMR (400 Mz, DMSO-dy) 6 1.19 (t, J = 8.0 Hz, 3H), .30 (1, T =
8.0 Hz, 3H),4.08 {m, 4H), 4.28 (g, I = 8.0 Hz, 2H), 7.50 (m, D, 7.73 (m, 2H), 8.10 (bs, 2H),
8.53 (d, J = 8.0 Hz, 131). M8 303 (MH"),

Example 18; 4-amino-S-(cyclopentylmethoxy)-Z-methylguinoline-3-carboxylic ackd

Me N
i N
HOLC™
NH, O

To a solution of ethy! deamino-S-(cyclopentylmethoxy)-2-methylqunoline-3-carbox ylate

{Example 183, 16.8 g, 51.2 nunol) in EtOH (100 ml} was added NaOH (2 N, 64 ral.) al room
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temperature. The reaction muxtore was refloxed for 4 h. Afier @ was cooled down to room
temiperature, the reaction solution was filtered to remove any possible solid residue. The filtrate
was carefully neutralized with 2N HC1 to pH 7 at 0 °C. The resuliant precipitate was collected by
filtration, washed with water, re-dissolved in BtOH (500 mL) and water (30 mL), and treated
with activated charcoal (650 mg) at 70 °C for 0.5 b 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 in H,0, and dried under vacuum at 60°C overnight to
give the title compowmd as an off-white solid (7.5 g, 49%). 'H NMR (400 Mz, DMSO-dy) 6
1.31-1.37 Gmy, 28D, 1.53-1.64 (m, 411}, 1.79-1.85 (m, 2H), 2.47-2.50 (m, tH), 2.75 s, 3H), 4.1}
{d, J= 8.8 Hz, 211), 7.03 (d, I= 8.0 Hz, 1H), 7.26 (4, I = §.4 Hz, 1H), 7.66 (1, J = &.0 Hz, 1H),
8.77 (brs, 1TH), 12.26 (brs, 1H), 12.75 (brs, 1H). "H NMR (400 Mz, CD:0D) 5 1.39-1.49 {m,
2i), 1.63-1.77 (m, 4¥1), 1.91-1.98 (m, 2H), 2.51-2.61 (m, 1), 2.78 (s, 3H), 4.16 (d, J = 8.0 Hz,
2H), 7.08 (d, J = 8.0 Hz, 111}, 7.23 (d, § = &.0 Hz, 1), 7.72 (¢, § = 8.0 Hz, TH). MS 301 (MB").

Example 18a: ethyl 4-amino-5-(cyclopentylmethoxy)-2-methyiquinoline-3-carboxylate

To a solution of 2-amino-6-{cyclopentylmethoxy)benzonitrile (Tachdjian, C. et al. PCT
Int. Appl. 2008, WO 2008154221) (21.63 g, 100.0 mmol) and ethy! acetoacetate (12.6 mL, 100.0
mmol) in anhydrous toluene (300 mL) was added SaCls (231 mb, 200.0 mmel} over a period of
2% mingtes at room temperature under nitrogen. The stirred reaction mixture was then refluxed
for 5 h under niirogen. 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 BtOAc (3.5 L} and carcfully neutralized to pH § with agucous NaOH solution (6.0 N, ~130
ml) at 0 °C. The resultant mixture was stirred at room temperature overnight. The precipitate
was filtered off, and the organic layer was separated and washed with brine (400 wL), dnied over
NarSOs and concentrated under yeduced pressure. The residue was purified by coluron
chromatography on silica gel eluting with 30% E{QAc in hexanes to give the title compound as a
pale yellow solid (24.6 g, 75%). 'HNMR (400 MHz, DMSO-ds) 6 1.30-1.36 (m, 5H), 1.53-1.65
{my, 4H), 1.B1-1.86 (m, 2H), 2.42-2.45 (m, 1H), 2.54 (5, 31),4.05 (4, F = 7.2 He, 2H}, 4.31 (g, I =
7.2 Bz, 2H), 6.89 (d, J = 7.6 He, 111}, 7.21-7.23 (m, 1H), 7.50 {1, § = 8.0 Hz, 11), 8.08 (s, 2H).
MS 329 (MH).

Example 19: 4-amino-5-(eyclopentyloxy)-2-methylguinoline-3-carboxylic acid
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Me N

] N
HOLC™ N

NH, o\Q

Prepared as im Example [ from ethyl 4-amino-5-{cyclopentyloxy)-2-methylguinoline-3-
carboxylate (Example 19a) as a off white solid (83%). "H NMR (400 Milz, DMSO-dg) & 1.56-
160 (im, 2HD, 1.67-1.70 {m, 2H), 1.83-1.87 (m, 2H), 1.92-1.96 (m, 2H}, 2.67 (s, 3H), 5.05-5.07
{m, 1H), 6.93 (d, J = 8.4 Hz, 1H), 7.18(d, J = 8.4 Hz, 1H), 7.57 (¢, J = 8.4 Hz, 1H). MS 287
(ME).

Example 19a; ethyl 4-amino-3-(cyclopentyloxy)-2-methylquinoline-3-carboxylate

Prepared as in Example Za from 2-amino-6-(cyclopentyloxybenzonitrile (Tachdjian, C.
ct al. PCT Int. Appl, 2668, WO 2008154221} and ethyl 3-oxobutanoaie as a yeliow solid (40%).
MS 315 (MIEED. "

Example 26: 4-amino-2,3-butylene-6-methylthieno{2,3-b]pyridine-5-carboxylic acid

Me lN\ s
/
HO,C”
NH,

Y 1

Prepared as in Example 1 from ethyl 4-amino-2,3-butylenc-6-methylthieno]2,3-
blpyridine-3-carboxylate (Example 20} as a solid. "F NMR (400 MHz, DMSO-dy) 6 1.78-1.79
(m, 481), 2.53 (s, 3H), 2.71-2.72 (o, 2H), 2.94-2.96 (m, 2H), 6.86 (s, 2H). MS 263 (MH").

Example 20a: ethyl 4-amino-2,3-butylene-6-methylithieno|2,3-blpyridine-5-carboxylate

Prepared as in Example 2a from 2-amine-4,5.,6,7-tetrahydrobenzofbthiophene-3-
carbonitrile (Tachdjian, C. et al. PCT fns. Appl 2008, WO 2008154221  and ethyl 3-

oxobutanoate as a yetlow solid. MS 291 (MH").

Example 21: d-amino-5-(3,3-dimethylbutyl}2-methylguinoline-3-carboxyiic acid
Me N

‘e

HOLC™ Y

NH,
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Prepared as in Example 1 from ethyl 4-ammo-5-(3.3-dimethyibutyl)-2-methylquinoline-
3-carboxylate (Exampie 21a) as a white solid (88%). TH NMR (400 MHz, DMSO-dg) 4 0.93 (s,
SH), 1,401, Y = 8.8 Hz, 2H), 2.75 (s, 3H), 3.17 (1, I = 8.4 Hz, 2H), 7.35 (4, } = 7.2 Hz, 1), 7.57
(d, J=8.4Hz, 1H), 7.66 (1, = 8.0 Hz, 1H), 12,78 (5.1 H). MS 287 (MH").

Prm bt Lkt S -4

Prepared as i Example 2a from 2-aroino-6-(3,3-dimethyibutyDbenzontrile (Example

21h) and ethyl 3-oxobutanoate as a white solid (95%). ‘H NMR {400 MHz, DMSO-ds) 6 0.93 {s,
O}, 1.32 (4, = 7.2 Hz, 31, 1.42-1.46 (m, 1H), 2.55 (s, 31D, 311315 (m, 2H), 4.33 {4, J=7.2
Hz, 2H), 7.12 (5, 2H), 7.19-7.21 {m, 1H), 7.46-7.52 (wm, 21). MS 315 (MH").

A suspension of 2-amino~-6-(3.3-dimethylbut-1-ynyhbenzonitrile (Example 21c, 690 ing,
3.48 mmol) and 10% PJ/C (100 wg) in EtOACEIGH (1.1, 20 mb) was stirred under an
atmosphere of Hy with a balloon at room temperature overnight.  The Pd/C was removed by
filtration, the filtrate was concentrated, and purified by chromatography on silica gel eluting with
20% FtOAc in hexanes to give the title compound as a light yellow oil (620 mg, 88%). 'H NMR
{400 MHz, DMSO-dy) ¢ 0.92 (3, 9H), 1.36-1.40 (m, 2H), 2.52-2.56 {m, 211), 5.88 (s, 2I1), 6.45
{(d, J= 7.6 Hz, 1), 6.57 (d, J= 7.6 Hz, TH), 7.15 (1, J = 8.0 Flz, 1H). MS 203 (MH").

Example 21¢; 2-amino-6-(3,3-dimethylbut-1-ynyDbenzonitrile

To a solution of Z-amino-6-bromobenzeonitrile {1.97 ¢, 10.0 mmol), 3,3-dimethylbut-1-
yae {2.46 g, 30 mmol), K-CO3 (276 g, 20.0 mmol), and Cul (191 mg, 0.1 mmel)y in DME/H,0
{4:1, 50 mL) was added PA{PPhs)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 1o voom
temperature, the reaction was quenched with brine, extracted with BtOAc, The organic layer was
washed with brine, dried over NapSOs, 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, 63%). 'H NMR (400 MHz, DMSO-ds) 4 1.27 (s, 91, 6.10 (s, 2H), 6.59
(d,J=7.2 Hz, 11D, 6.71 (d, J=8.0 Hz, 1¥), 7.18-7.22 (m, 1H). MS 199 (MH"},

Example 22: 4-amino-5-(2-ethylbutoxy)-2-methylguinoiine-3-carboxylic acid
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NH, O

Prepared as in Example 1 from ethyl 4-amino-5-(2-ethylbutoxy)-Z-methylqumoling-3-
carboxylate (Example 22a) as a white solid (45%). M.p.: 145-151 °C. 'F1 NMR (400 MFiz,
DMSO-dg) 6 0.90 (1, J= 8§ Hz, 6H), 148-1.41, {m, 411}, 1.84-1.78 (m, 1H}, 2.73 (s, 3H), 4.11 {4,

J= 8 Hz, 2HD, 6.99 (d, J = 8 Hz, TH), 7.32(d, /= 8 Hz, 111), 7.59 (1, ./ = § Hz, 11}, 8.40 (brs,

1Ty, 11.09 (brs, 1H), 13.91 (brs, TH). MS 303 (M)
BExample 22a: ethyl 4-amino-5-(2-ethyltbutoxy - 2-methylquinoline-3-carbox viate
Prepared as in Example 2a from 2Z-amino-6-(2-ethyibuatoxyibenzonitrile (Example 22b)
and ethyl 3-oxobutanoate as a white solid {89%). "H NMR (400 MHz, DMSO-dg) 6 0.90 (t, J =8
Hz, 6H), 1.32 (t, J= 8 Hz, 311, 1.48-1.41 (m, 411), 1.79-1.73 (m, 1H), 2.54 (s, 3H), 4.08 {d, /=
Hz, 2H), 4.31 (g, /= 8 Hz, ZH), 6.92(dd, /= 2, € Hz, 1H), 7.23 (dd, /= 2, 8 Hz, 1H}, 7.50 (t, J
= § Hz, 1H), 8.04 (brs, 1H). MS 331 (MA").

oL

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

To a solution of 2-cthylbutan-1-ol (1.02 g, 10.0 mmol) in dry THF (60 mL) was carefully
added Nall (60% in mineral oil, 480 mg, 12.0 mmol) in small portions at § “C under nitrogen.
The reaction mixture was stured at 0 °C under nitrogen for 2 hrs, To this solution was added 2-
amino-6-fluorobenzonitrile (1.36 g, 10.0 mmol), and the reaction solution was stirred at 0 °C ~

RT for 2 hrs, and then at 65 °C ogvernight under nitrogen. The reaction was cooled down to room

temperature then gquenched with brine, and extracted with BiOAc (3X). The combined organic

layers were washed with brine, dred over Na:.SO4 Filtered and evaporated under reduced

- pressure. The residue was purified by chromatography on silica gel {eluent: 209 EtOAc¢ in

hexanes) to give the title compound as colorless oil (1.29 g, 59%). 'H NMR (406 Mz, CDCly) &
0.93 (1, J = 8 Hz, 6H), 1.55-1.43 {m, 4H), 1.73- 1.65 G, 1H), 3.90 {4, J = 4 Hz, 2H), 4.10 (brs,
DHY, 6.25 (d, /= 8 Hz, 1), 6.34 (d, J = 8 Hz, 1H), 7.20 (t, J = § Hz, 11).

FExample 23: 4-amino-S-(heptan-d-yviexy)-Z-meithyliguinoline-3-carboyylic acid
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HOLC™

NH, O\C/

Prepared as in Esarople | from ethyl 4-amino-5-(heptan-4-yloxy)-2-methylguinolme-3-
carboxylate (Example 23a) as a white solid (59%). TH NMR (400 Mz, DMSO-dg) 6 0.87 (4, J=
7.2 Hz, 6H), 1.49-1.25 {m, 4¥), 1.84-1.60 (m 4H), .74 (s, JH), 4.74-4.71 (m, 1), 707 (d, J =
8.4 Fz, 1H), 7.24 (4, J = 8.0 Hz, [H), 7.64 {t, /= 8.4 Hz, 1¥), 8.82 (brs, L), MS 317(MH"),

Prepared as in Example 2a from Z-amino-6-(heptan-4-yloxy)benzonitrile {Examople 23b)

and ethyl 3-oxobutanoate as a pale yellow solid (65%). "H NMR (400 MHz, DMSO-dj) & 0.87 (1,

J =72 Hz, 6F), 131 (1, J = 7.2 Hz, 3H), 1.47-1.33 (m, 41), 1.77-1.59 {(m, 4H), 2.54 (s, 3H),

4.30 (g, J = 7.2 He, 2I1), 4.67-4.64 (m, 1H), 6.92(d, J = 7.6 Hz, 1H), 7.19 (dd, /= 0.8, 8.4 Hg,
111), 7.49 (1, J = 8.0 [z, 111, 8.13 (brs, 2H). MS 345 (M),

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

Prepared as Im Example 22b from heptan-4-ol and Z-amino-6-fluorobenzonitrile as a
white solid (24%). "H NMR (400 Mz, CDCly) § 0.92 (1, J = 7.2 He, 6H), 1.55-1.31 {m, 81),
3.88 (s, br, 1H), 4.33-4.27 (m, 1H), 6.26 {d, /= 8.0 Hz, 1H), 635 (d, J=8.0 Hz, 11}, 7.20(,J =
8.0 Hz, 1H). '

Example 24: d-amino-5-(2-(isonicotinamide)-2-methylpropexy)-2-methylguinoline-3-
carboxvlic acid

Me. N

4

l
HOLCT Y

0
NH, o\><N S
H A

Prepared as in Example | from cthyl 4-amine-5-(2-(isonicotinamido}-2-methylpropoxy)-
2-methylquinoline-3-carboxylate (Example 24a) as a white solid (67%). M.p.: 195-198 °C, 'H
WMR (400 MHz, DMSO-d;) § 1.51 (s, 6H), 2.75 (s, 3H), 4.48 (s, 2H), 7.07 (d, J = 8 He, 1H),
751 (d, J=8 Hz, 1T), 7.67 (t, J=§ Hz, 1H), 7.70 (dd, /= 1, § Hz, 211), 8.50 (s, 11}, 8.67 (dd.J
=1, 8 Hz, 281y, 8.76 (brs, [FL), 12.19 (brs, 1H), 12.85 (brs, 1FD). M8 395 (M),
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To a soluuon of cthyl 4-amino-5-(2-amino-Z-methylpropoxy}-2-methylguinoline-3-
carboxylate (Example 24b, 1.0 g, 3.15 mmeol) in dry DMF (20 mL) was added isonicotinic acid
{504 mg, 4.10 mmol), followed by EDCT (783 myg, 4.10 mmol), HOBt (554 rog, 4.10 mmol}, and
tricthylamine (414 mg, 4.10 mmol) at roor temperature under nitrogen. After 1 was stirred at
room temperatore for 12 hrs, the reaction mixture was concentrated under reduced presaure. The
residue was diluted with water, and exiracted with EtOAc (3X). The aqueous layer was basified
with 2N NaOH to plf 8 and extracted with EtOAc (3X). The combined organic layers were
washed with brine, dried over MgSQs, filtered, concentrated, and purified by chromatography on
slica gel eluting with 10% MeOH in dichloromethane to give the title compound as a yellow
solid (1.1 g, 83%). 'H NMR (400 MHz, DMSO-dy) 6 1.29 (1, J = 4 Hz, 3H), 1.51 (s, 6H), 2.94
{s, 3EI), 4.28 (g, J = 4 Fz, 2H}, 442 {5, 211, 6.93 (dd, J = 1, 8 Hz, 1H), 7.24 (dd, /= 1, § Hz,
2, 7.52(t, J = 8 Hz, 1H), 7.69 (ad, J= 2,4 Hez, 2H), 8.14 (5, 211, 8.37 (s, 1), 8.67 (dd, J=2,
4 Hz, 2H). MS 423 (MHD.

Example  24b:  ethyl  4eamino-5-2-amino-Z-methylpropoxy -2-methylguinoline-3-

carboxylate

Prepared as in Example 2a from benzyl [-(3-amino-2-cyanophenoxy )-Z-methylpropan-2-
vicarbamate (Example 24¢) and ethyl 3-oxobutanoate as a yellow-brown solid (91%6). 'Ft NMR
{400 MHz, DMSO-dg) 0 1.15 (5, (iH), 1.31 4t/ =4 Hz, 3H), 2.54 (s, 3H), 3.87 (s, 2H}, 431 (g, /
=4 Hz, 2H), 6.85 (d, J =4 Hez, 1H), 7.21 {d, J=4 Hz, 1H), 749 (t, J = & Hz, 1H), 8.38 (brs, 2H).
MS 318 (MH").

Hxample 24¢; benzyl 1-(3-amino-2-cyanophenoxy)-2-methylpropan-2-ylcarbamate

To a solution of 2-amino~6-(2-amino-2-methylpropoxyibenzonitrile (Example 24d, 30.5
g, 148.6 mumnol) in THF/HLO (111, 400 mL) was added NaHCO5 (24.7 g, 294 mmol), followed by
benzy!l (2.5-dioxopyrrolidin-1-yl} carbonate (44.0 g, 176 mmol) at room femperature. The
reaction was stirred at room temperature for 4 h then the organic layer was separated and the
agueous layer was extracted with EtOAc (2X). The combined organic layers were washed with
brine and dried over MgSOa. After filtration, the solvent was evaporated and the crode oil was
purified by chromatography ov silica gel (eluent: 0-60% EtOAc m hexane) to give the title
compound as yellow oil (44.8 g, 89%;). 'H NMR (400 MHz, DMSO-ds) 6 1.30 (s, 6H), 4.02 (,
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2H), 4.96 (s, 2H), 5.98 (s, 2H), 6.14 (d, J = 8.0 Hz, 1H), 6.32 {dd, /= 0.8, 84 Hz, 1H), 712 (t.J
= 8.4 Hz, 1H), 7.38-7.21 {m, 6H). MS 340 (MH").

Example 244d: 2-amino-6-(2-amino-2-methyipropoxy ybenzonitrile

To a solution of 2-amino-2-methylpropan-1-ol (14.4 ¢, 161 mmol) in anhydrous THF
{150 mL} was added WaH (6.8 g, 161 mumol, 60% in maneral ¢il) in small portions at 0 °C under
nitrogen. The mixfure Vvd‘) stirred at 0 °C for 30 minuvies and then strred at roorn temperature for
another 30 minutes. The solution was cooled down to O °C again, and to this solution was added
dropwise & sohition of 2-amino-6-fluorebenzonitrie (20.0 g, 147 vwomol) in avhydrous THE (50
ml). The reaction mixture was then refluxed overnight under nitrogen. The reaction mixture
was cooled down to room temperature and carefully quenched with aqueons NHCI sohution and
estracted with ethyl acetate (3X). The combined organic layers were washed with brine, dried
over MeSO,, filtered and concentrated. The crude mixture was purified by chromatography on
silica gel elating with 10% MeOH in DCM to give the title compound as yellow sohd (234 ¢
71%). TH NMR (400 Mz, DMSO-dg) 8 1.08 (s, 6H), 3.15 (s, 2H), 3.64 (s, 211), 5.98 (s, 2H),
6.13(d, J= 8.0 Hz, TH), 6.31(d, J=84 Hz, 1H), 7.15 (t, /= 8.4 Fz, 1H). M8 236 (MH").

Example 25: 4-amine-5-(2-(3-hydroxybenzamidoy-Z-methyipropoxy)-2-methylguinoline-3-
carboxylic acid

Me._ N

]
HOL.C™

X
NH, O N)©,0H
H

Prepared as in Example 1 from ethyl 4-amino-5-{2-(3-bydroxybenzamido)-2-methyl-
propoxy )-2-methylquinoline-3-carboxylate (Example 25a) as a white solid (65%). M.p.: 195-198
°C, TH NMR (400 MHz, DMSO-ds) 6 1.48 (s, 6, 2.75 (s, 3H), 4.47 (s, 2H), 6.87 (dt, / = 8, 4
Hez, [H), 7.22-7.16 (m, 3H), 7.06 (4, J= 8 Hz, 1H), 727 (d, J = 8 Hz, 1H), 7.67 (t, J = § He, 11},
8.08 (s, 1H), &.84 (brs, 1H), 9.69 (s, TH), 12.12 (brs, 1H), 12.78 (brs, 1H). MS 410 (MH").

Example 25z ethyl 4-amino-5-(2-(3-hydroxybenzamido}-2-methylpropoxy)-2-methyl-
quinoline-3-carboxylate

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

(64%). 'H NMR (400 MHz, DMSO-ds) 6 1.30 (t, /= 4 Hz, 3H), 1.48 (s, 6H), 2.55 (s, 3H), 4.30
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(g, J = 4 Hz, 2H), 4.41 (s, 2FD), 6.85-6.88 (m, 1H), 6.92 (d, J = 8 Hz, 1H), 7.25-7.15 (m, 4H),
7.52 (,J = 8 Hz, 1H), 7.98 (5. 1T1), 8.19 (s, 2H), 9.59 (s, 1H). MS 438 (MH").

Example 26: (S)-d-amino-53-(2-(cyclohexanecarboxamide)propoxy)-2-methylguinoline-3-
carboxvlic acid

Me._ N

s

I
HOLC™

Me O
NH; O\,/’\NJ\O
H

Prepared as in Example 1 from (S)-cthyl 4-amino-S-(2-(cyclohexancearboxamido)-
propoxy }-2-methyiguinoline-3-carboxylate (Example 26a) as a white solid (53%4). "H NMR (400
MHz, DME0-dg) 6 £.25-1.10 (m, 511, 1.34-1.31 (m, 2H), 1.69-1.62 {m, Sif), 2.11-2.05 (m, 11},
2.69 (s, 3H),3.93 (1, /= 9.2 Hz, 1), 4.13 (dd, /=4, 9.6 Hz, 1H), 4.14-4.11 {m, 1)}, 6.86 (4. J
= 8.0 Hz, TH), 728 (d, J= 8.4 Hz, 1H), 749 {1, J = 8.0 Hz, 1H), 7.95 {d, J = §.4 Hz, 1H). MS
386 (MH").

Example Z6a; (S)-ethyl 4-amino-5-(2-(cyclohexanccarboxamido)propoxy)-Z-methyl-

guinoline-3-carboxylate

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

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

Prepared as in Example 2a from (S)-benzyt (1-3~ammo-2-cvanophenoxy)propan-2-yl}-
carbamate (Example 26¢) and ethyl 3-oxobutanoate as brown solid, MS 304 (M),

Prepared as in Example 24¢ from (§)-Z-amino-6-(2-aminopropoxy ybenzonitrile {Example
26d) as brown solid (86%). "HNMR {400 MHz, DMSO-d) 6 112 (d, /= 6.4 Hz, 3H), 3.81 (d,J
= 8.4 Hz, 1H), 3.95-3.92 (m, 1H), 499 (s, 2H)}, 5.36 (s, 2H), 5.96 (s, 2H}, 6.20 (d, J = 8.0 Hz,
1H), 6.31 ¢d, J= 8.4 Hz, 111, 7.13 (t, J = 8.4 Hz, [H), 7.44-7.38 (m, SH). MS 326 (MH ).

Hxample 26d; (§)-2-arnino-6-(2-aminopropoxy fbenzoniirile

Prepared as in Example 24d from (S)-2-amivopropan-l-ol and 2-amino-6-fluoro-

benzouitrile as brown solid (73%). 'H NMR (400 MHz, DMSO-ds) 6 1.01 (d, J = 6.5 Hz, 317},



3.08 (m, 1H), 3.71 (d, J= 6.1 Hz, 21, 5.95 (s, 2H), 6.15 (d, J= 8.3 Hz, 11, 6.2 (4, J = 8.3 Hz,
1), 7.13 1, J = 8.3 Hz, 1), MS 192 (MH").

Example 27: (§)-d~amino-5-2-{isonicotinamido)propoxy}-2-methylquineline-3-carboxylic

acid
Me /N
HO.C™ ! Me O
NiH, o\/‘\N) Z

|
H SN

Prepared as in Example | from (S)-cthyl 4-amino-5-(2-(isonicotinamido)propoxy)-2-
methylguinoline-3-carboxylate (Example 27a) as an off-white solid (42%;). " NMR (400 M¥z,
DMSO-dg) § 1.31 (d, J= 6.8 Hz, 3H), 2.66 {5, 3H), 414 (1, /=92 Hz, 1H), 428 (dd, /= 3.6, 9.6
Tz, 11, 4.70- 455 (m, IH), 6,92 (d, /=80 Hz, 1H), 726 (4, J=84 He, 1H), 751 (t, /=84
Hz, 1ED, 7.75 (dd, J= 1.2, 6.0 Nz, 21}, 871 (dd, J= 1.2, 6.0 Tz, 28}, 8.95 (d, J = 8.0 He, 1H).
MS 409 (MH").
carboxyiate

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

(M)

Example 28 (§)-4-amine-5-2-(3-hydroxybenzamidopropexy)-Z-methylguinoline-3-
carboxvlic acid

Me N

s

|

HOC™ Y Me O

NH, o\,iNJ\Q,OH
H

Prepared as in Examwple [ from {(S)-ethyl 4-anuno-5-(2-(3-hvdrosybenzamidojpropoxy)-
2ancthylagiinoline-3-carboxylate (Examaple 28a) as a white solid (58%). "H NMR. (400 MHz,
DMSO-dsy 6 1.28 (d, J= 7.2 Hz, 3H), 2.65 (s, 3H), 4. 11 {t, /=88 Hz, 1), 422 (dd, /= 4.0, 10
Hz, 1ID, 4.65-4.55 {m, 1), 6.88 (d, J = 8.0, 211}, 7.25-7.13 {m, 4H), 748 (¢, J = 8.0 iz, 11},
£.49 (d, J= 8.0, 111}, 9.93 (brs, 1H). MS 396 (MF").
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Example  28a:  (Srethyl  d-amino-5-(2-(3-hydroxybenzamido jpropoxy)-2-methyl-
quinoline-3-carboxylate

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

424 (MITY),

Example 29 4d-amino-5-(3-(cyclepentylamine)-21,2~dimethyl-3-exopropoxy)-2-methyl-
guincline-3-carboxylic acid
Me N

|
HO,CT N ’
NH, O\><U/N
O

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

oxopropoxy-2-methylquinoline-3-carboxylate {Esample 29a) as a white powder (74%). H

NMR (400 MI1z, DMSO-dy) 6 1.27 (s, 650, 1.36-1.46 (m, 48, 1.57-1.59 (m, 2H), 1.72-1.78 {m,

211), 2.78 (s, 311, 4.04 (m, TH), 4.19 (s, 2, 7.02 {d, J = 8.0 He, 1H), 7.33 (d, § = 8.0 Hz, 1),
7.64-7.71 (m, 21, 8.83 (brs, 1H), 12.25 (brs, 1H), 12.93 (brs, 11). M8 386 (MH).

Example 2%a; ethyl 4-amino-5-(3-(cyclopentylamino)-2,2-dimethyl-3-oxopropoxy)-2-
methylguinoline-3-carboxylate

Prepared as in Example 2a from 3-(3-amino-Z-cyanophenoxy-N-cyclopentyl-2,2-
dimethylpropanamide (Example 29b) and ethyl 3-oxobutanoate as a bright yellow solid (62%).
HENMR (400 Mz, DMSO-dg) 8 1.26 (s, 6H), 1.34 (t, 1 = 8.0 Hz, 3H), 1.40-1.46 (m, 4H), 1.57-
1.59 (m, 2H), 1.74-1.77 {m, 211), 2.57 (s, 3H}, 4.09 (g, } = 4.0 Hz, 1H), 4.15 (5. 2H), 433 (¢, I =
8.0 Hz, 2H), 6.88 (d, J = 4.0 Hz, 1H), 7.26 (dd, J = 8.0 Hz, 1H), 7.53 (d, J = 8.0 Hz, 1H)}, 7.56 {s,
LH), 8.09 (ors, 2H). MS 414 (ME".

Example 29b: 3-(3-amino-2-cyanophenoxy )-V-cyclopentyl-2,2-dimethy [propanamide

Prepared as in Example 22b from N-cyclopentyl-3-hydroxy-2,2-dimethylpropananiide
(Exanple 29¢) and 2-amino-6-flucrobenzonitrile as a white solid (45%). "HONMR (400 MHz,
DMSO-ds) 6 1.19 (s, 6H), 1.46-1.49 (m, 4H), 1.61-1.63 {m, ZH), 1.74-1.79 (m, 2H), 3.95 (s, 2H),
4.03 (m, 1H), 5.98 (s, 2H), 6.19 (d, ¥ = 8.0 Hz, 1H), 6.33 (d, J = 8.0 Hz, 1H), 7.17 {t, F = 8.0 Hz,
{1, 7.23 (d, T = 8.0 Hz, TH). MS 302 (M)
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Prepared as in Example 24a from hydroxypivalic acid and cyclopenty! amine as an
orange oil (32%). 'H NMR (400 MHz, DMSO-dg) § 1.00 (s, 6H), 1.32-1.40 (1, 21), 1.43-1.49
(m, 2H}), 1.57-1.65 (m, 2H), 1.73-1.81 (i, 2H), 3.34 (d, T = 4.0 Hz, 21), 3.98 {m, 1H), 4.87 {1, J
= 4.0 Hz, 1), 7.22 (d, F = 4.0 Hz, 1H). MS 186 (MH"),

Example 30: 4-Amino-S-(cyclohutyimethoxy)-2-methylguinoline-3-carboxylic acid

Me. N
0
HOLCT
NH, o\/D

Prepared as in Example | from cthyl 4-amino-5-{cyclobutylimethoxy)-2-methylguinoline-
3-carboxylaie (Example 30a) as a white powder {51%). 'H NMR (400 MHz, DMSO-ds) § 1.84-
1.99 (m, 4H), 2.10-2.15 (m, 211), 2.77 (5, 3H). 2.92 (im, 1H), 423 (4, I =8.0Hz, 2H), 7.05(d, I =
8.0 Hz, 1H), 7.29 (d, J = 8.0 Hz, 1H), 7.68 (t, J = 8.0 Hz, 1H), 8.71 (brs, 1), 12.23 (bry, 1H),
12.81 {brs, [H). MS 287 (MH").

Example 30a; ethyl 4-ammo-3-(cyclobutylmethoxy}-2-methylqumoline-3-carboxviate

Prepared as in Example 2a from 2-amino-6-(cyclobutylmethoxybenzonitrile (Tachdjian,
C. et al. PCT Dt Appl. 2668, WO 2008154221) and ethyl 3-oxcbuianoate ag an orange solid
(26%). "H NMR (400 MHz, DMSO-ds) 8 1.32 (t, J = 8.0 Hz, 3H), 1.83-1.90 (m, 4H), 2.10- 2.13
{m, 2H), 2.59 (5, 3H), 2.86 (1o, 1), 4.16 {d, T= 4.0 Fz, 2H), 432 (¢, J = 8.0 Hz, 2H), 6.90 (4, ]
= 8.0 Hz, 1), 7.23 (d, J = 8.0 Hz, 1), 7.51 (t, F = 3.0 He, 15, 8.05 (brs, 211). MS 315 (MIL).

Example 31 4-amine-5-(2-(cyclopentanccarbosamideo)-2-methylpropoxy)-Z-methyl-
guinolive-3-carboxylic acid

Me _N

s

\!
:/j/\; o
2 /t
NH o%ﬁko

Prepared as in Example 1 from ethyl 4eamino-5-(2-{cyclopentancearbogamido)-2-

HO,C

methylpropoxy )-2-methylguinoline-3-carboxylate (Example 31a) as an off-white sohd (68%).

"1 NMR (400 Mz, DMSO-dg) 6 1.36 {5, 6H), 1.43-1.51 (m, 611y, 1.65-1.69 (m, 211}, 2.58 (m,

=~
LA
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1H), 2.78 (m, 3H), 4.37 (s, 2H), 7.04 (m, tH), 7.29 (d, J = 8.0 Hz, 1), 7.68 (m, 1H)}, 7.80 (s,
TEL), 8.84 (brs, 1HD), 12.42 (brs, LH), 12.73 (brs, 1H). MS 386 (MH").

Example 3la; ethyl  4-amino-5-(2-(cyclopentancearboxamido)-2-methylpropoxy)-2-

methylquinoline-3-carboxylate

Prepared ag in Example 244 from ethyl 4-amino-5-(2-amino-2-methylpropoxy }-2-methyl-
quinolineg-3-carboxylate (Example 24b) and cyclopentane carboxylic acid us a yellow solid
(33%). "B NMR (400 MHz, DMSOC-ds) 4 1.34 (1, T = 4.0 Hz, 3H), 1.37 (s, 6H), 1.42-1.53 (m,
611, 1.64-1.69 (m, 2H), 2.58 {m, 1), 2.62 (5, 3H), 4.32 (s, 2H), 4.35 (m, 2H), 6.96 {m, 1T},
728 (d, I = 8.0 Uz, 1H), 7.58 (m, [F), 7.66 (s, 11), 8.41 (4, 2F). MS 414 (M),

Example 32: 4-Amine-5-{cycloheptyloxy)-Z-methylquinoline-3-carboxylic acid

Me. N
o

|
HOLC™

NH; O. :

Prepared as in Example 1 from cthyl 4-amino-5-(cycloheptyloxy)-2-methylquinoline-3-
carboxylate (Example 32a) as a light yellow solid (34%). "H ONMR (400 MBz, DMSO-ds) 6
1.49-1.65 (m, 8H), 1.83-1.89 (m, 2H), 2.04-2.09 (m, 2H), 2.74 (s, 3H), 4.85 (m, 11, 7.03 (d, I =
8.0 Hz, 1H), 7.23 (d, J = 8.0 Hz, 1), 7.65 (1, J = 8.0 Hz, 1H), 8.82 (brs, 11}, 12.24 (brs, 1H),
12.64 (brs, 151). MS 315 (MH").

Example 32a: ethyf 4-amino-5-(cycloheptyloxy)-2-methylguinoline-3-carboxylate

Prepared as in Example 2a from 2-amino-6-(cycloheptyloxyybenzonitrile (Example 32b)
and ethyl 3-oxobutanoate as a bright vellow solid (72%). "H NMR (400 MBz, DMSQ-ds) 6 1,32
(t, J = 8.0 Hz, 3H), 1.49-1.65 {m, 8H), 1.78-1.87 {m, 2H), 2.04-2.10 (m, 2H), 2.53 (s, 3H). 4.31
{q. J = 8.0 Hz, 2H}, 4.79 (in, 1H), 6.89 (4, F = 8.0 Hz, 1H), 7.20 (4, =80 Hz, 1H), 749 (1, J =
8.0 Hz, 1H), §.14 (brs, ZH), MS 343 (MH").

Prepared as in Example 22b from cycloheptanol and 2-amino-6-fluorcbenzonitnile as
yellow otl (11%). 'H NMR (400 MHz, DMSO-ds) 6 1.42-1.71 (m, 10H), 1.88-1.93 (m, 2H), 4.56
(m, 1), 5.95 (s, 2F1), 6.20 (d, T = 8.0 Hz, 111, 6.30(d, J= 8.0 Hz, 1), 7.15 (1, J= 8.0 Hz, 1H}.
MS 231 (MH.
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Exampie 33: 4-Amino-2-methyl-S-(3-phenoxypropoxyiquineline-3~carbexylic acid

Me N
o

NH, o\/\/o\©

Prepared as in Example 1 from ethyl 4~-ammo-2-methyi-5-(3-phenoxypropoxy ypuinoltine-
3-carboxylate (Example 33a) as a vellow solid (90%). 'H NMR. (400 Mz, DMSO-dj) 6 2.35
(m, 2H), 2.77 (s, 3H}, 419 (1, I = 4.0 Hz, 2H), 442 {4, I = 4.0 Bz, 2H), 6.91-6.96 (m, 3H), 7.09
(d, J= 8.0 Hz, 1H), 7.26-7.30 (m, 313}, 7.70 {t, I = 8.0 Hz, 111), 8.96 (brs, 1H), 12.24 {bus, 1H),
12.75 (brs, 1H). MS 353 (MH").

HO,C

Example 33a; ethyl 4~-amino-2-methy-5-3-phenoxypropoxy Jquincline-3-carboxylate

Prepared as in Example 2a from 2-amino-6-(3-phenoxypropoxyibenzonitrile {Example
33b) and ethyl 3-oxobutanoate as a yvellow solid (47%). 'H NMR {400 MHz, DMSO-ds) 6 1.33
(t, J = 8.0 Hz, 3H}, 2.34 {m, 2H), 2.57 {s, 3H), 419 (1, I = 4.0 Hz, 2H), 4.33 (g, I = §.0 Hz, 2H),
437 (1, = 4.0 Hz, 2H), 6.91-6.97 {m, 4H)}, 7.24-7.29 {m, 3H), 7.53 {t, J = 8.0 Hz, 1H}, 8.17 (s,
2H), MS 381 (MHN.

Example 33b: 2-amino-0-(3-phenoxypropoxyibenzonitrile

Prepared as in Example 22b from 3-phenoxy-1-propancl and 2-amino-6-fluorobenzo-
nitrile as a yellow oil (93%). THNMR (400 Midz, DMSO-dy) § 2.14 (m, 2H), 4.10-4.16 {mm, 4H),
5.98 (s, 2H), 6.23 (d, ) = 8.0 Hz, TH}, 6.33 (d, J = 8.0 Hz, 1#]), 6.89-6.94 (m, 5H), 7.16 (1, } = 8.0
Hz, 1H}.

Example 34: 44-Amino-5-{(1-(3-hydrexybenzoylpiperidin-4-ylimethoxy)-2-methyl-
guingline-3-carboxylic acid

Me /N o

Hozc: \;|; /\; N OH
NH, O

Prepared as w Example 1 from ethyl 4-amino-S-{(1-(3-hydroxybenzoylpiperidin-4-
yviymethoxy)-2-methylguinohive-3-carboxylate (Example 34a) as an orange powder (23%). g1
NMR (400 MHz, DMSO-d,} ¢ 1.24 (brs, 28), 1.79-1.88 (m, 28}, 2.29 (m, 11, 2.77 (s, 3H),
3.07 (brs, 281}, 3.65 (brs, 1H), 4.17 {d, I = 8.0 iz, 2H), 4.50 (brs, 1H), 6.74-6.83 (m, 3H), 7.07
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(d, J= 8.0 Hz, 1F), 7.23 (1. J = 8.0 Hz, 1H), 7.29 (d, § = 8.0 Hz, 1H), 7.69 (1, ] = 8.0 Hz, 1H),
874 (brs, 111), 9.75 (s, 1H), 12.25 (brs, 1), 12,71 (brs, 1H). MS 436 (MH").

Exagmple  3da;  ethyl  d-amino-5-((1-(3-hydroxybenzoyhpiperidin-4-yhmethogy)-2-

methyiguinoline-3-carboxylate

Prepared as in Example 2a from  2-mmino-6-({1-(3-bydroxybenzoylpiperidin-4-
yhmethoxy benzonitrile (Example 34b) aud ethyl 3-oxobutanoate as a yellow sohd (49%), gt
NMR (460 Mz, DMSO-ds) 6 1.24 {m, 2H), 1.31 (t, J = 4.0 Hz, 31, L77-1.89 (m, 2H), 2.22
{brs, 1T, 2.55 (s, 3T}, 2.79 (brs, 1H}, 3.04 (brs, 1), 3.64 (s, 1H), 4.10 (m, 2H), 432 (g, I =
8.0 Fz, 2H), 4.49 (brs, TH), 6.71-6.82 (m, 31}, 6.93 (d, J = 8.0 Hz, 1H), 7.19-7.25 (m, 2H), 7.52
{t, T = 8.0 Hz, {F]), 8.06 (brs, 21, 9.64 (s, 1), MS 464 (MH).

Example 34b; 2-amino-6-{{ 1 -(3-hydroxybenzoyhpipenidin-4-ynethoxy ybenzontirite
LRI : ¥ Y Yimp ¥, )

Prepared as in Example 24a from 2-amino-6-(piperidin-4-ylmethoxyjbenzonitrile
{Example 34¢) and 3-hydroxybenzoic acid as an oyange glass (66%). "H NMR (400 Mz,
DMSO-ids) & 1.29 {m, 21, 1.66-1.92 G, 2H), 2.06 (m, 1), 2.80 (brs, 1H), 3.08 (brs, 1H), 3.62
{brs, TH), 3.91 (4, I = 8.0 Ilz, 21, 4.49 (brs, 1H), 5.99 (s, 2H), 6.22 (d, J = 8.0 Hz, 111), 6.34 (4,
3= 8.0 Hz, 1H), 6.72-6.83 (m, 3ED), 7.15-7.24 (m, 2H), 9.65 (s, [F1). MS 352 (M),

Example 34¢; 2-amino-6-(piperidin-4-yhmethoxyybenzonitrile

To a solution of fer-butyl 4-((3-amino-2-cyanophenoxy yoethyDpiperidine-1-carboxylate
{(Example 34d, 1.33 g, 4.0 mmol) in EtOAc (20 mL) was added dropwise aqueous HCI solution
(12 N, 6.6 mL) at 0 °C. The reaction mixture was stirred at room temperature overnight. The
solvent was removed under reduced pressure to give the title compound (100%) as a brown solid,
which is pure enough and used directly in the next step without further purification. MS 232
(MH").

Example 34d: 2 rert-butyl 4-({3-amino-2-cyanophenoxyymethylpiperidine- L -carboxylate

Prepared as in Example 22b from N-Boc-4-piperidinemethanol and 2-amino-6-fluoro-
benzonitrile as an off-white solid (37%). 'H NMR (400 MHz, DMSO-ds) § 1.15-1.21 (m, 2H),
1.40 (s, OFD), 1.74 (m, 28, 1.99 (brs, 1H), 2.74 (brs, 2H), 3.87 (d, § = 4.0 Hz, ZH), 3.96 (m, 2H),
5.90 (s, 2HD, 6.21 (d, F= 80 Hez, 11, 633 (d, J = 8.0 Hz, 1), 7.17 {1, J = 8.0 He, 111). MS 232
(MB-Boc).
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Example 35: 4-Amilm—f§-~((?inhmywﬁgiperidin»4-yE)me&th@xy}«i&«mefhyiquimiine»S-—
carbexylic acid

Me /N o

Hozcm N /”\/\
NH; O

Prepared as in Example 1 cthyl deamino-5-{{1-butyryipiperidin-4-yDimethoxy)-2-
methylquinoline-3-carboxylate (Example 35a) as a white solid (61%). 'H NMR {400 MHz,
DMSO-~dg) 6 0.87 (t, J = 8.0 Hz, 3H), L.O5-1.22 (m, 2H), 1.50 (m, 2H), 1.80 (m, 2H), 2.24-2.31
(m, 3H), 2.65 (s, 3H), 3.02 ZH), 3.88-3.92 (m, 1H), 4.11 {(m, ZH}, 4.44 (m, 1H), 7.05 (m, 1H),
7.26 {4, J = 8.0 He, LE), 7.69 (m, 1H), 8.76 (brs, 1), 12.33 (brs, 1H), 12.65 (brs, 1H). MS 386
(MTT.
carboxylate

Prepared as m Example 24a from ethyl 4-ammo-2-methyl-3-(piperidin-4-yimethoxy)-
quinoline-3-carboxylate {(Example 35b) and butyric acid as a yellow oil (50%). MS 414 (MH".

Prepared as in Example 2a from benzyl 4-((G-amino-2-cyanophenoxy wnethyl)piperidine-
1-carboxylate (Example 35¢) and ethyl 3-oxobutanoate as an orange solid (25%). "H NMR (400
Mz, DMEO-dy) 6 1.29-1.37 (m, 5H), 1.77-1.80 {m, 2, 2.07 {brs, 1H), 2.53 (s, 3H), 2.55-2.65
{m, 3t1), 3.06-3.09 (m, 2H), 4.06 (4, J = 8.0 Hz, 21}, 4.32 {qg, J = 8.0 Hz, 2H), 6.92 {d, J = &0
Hz, 1), 7.24 (4, § = 8.0 Fiz, 1H), 7.51 (1, F = 8.0 Hz, 1i1), 8.08 (s, 2H). MS 344 (MH").

Example 35¢: 4-{(3-amino-2-cyanophenoxymethylipiperidine-t-carboxylate

Prepared as in Example 22b from [-N-Chz-4-(hydroxymethylpiperidine and 2-amino-6-
fluore-benzonitrile as a yellow oil {18%). "H NMR (400 MHz, DMSO-d;) § 1.20-1.25 (m, 211),
1.75-1.78 (m, 2H), 1.96 (brs, 1H), 3.88 (d, J = 8.0 Hz, 2H), 3.99-4.04 (i, 4H), 5.07 (s, 2H), 5.99
(s, 2H), 6.21 (d, I = 8.0 Hz, 1H), 6.34 (d, J = 8.0 Hz, 1H}, 7.17 {(, ] = 8.0 Hz, 1H)}, 7.29-7.40 (i,
SH). MS 366 (MH.

Example 36: 4-amino-5-(cyclohexyloxy i-2-methylguinoline-3-carbexylic acid
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To a solution of cthyl 4-amine-3-{cyclohexyloxy)-2-methylquinoline-3-carboxylate

HO,LC

{Exanmple 36a, 110 g, 0.335 mol) in FtOH (450 ml) was added a solation of NaOH (335 g,
0.837 mol} in water (200 mlL)} at room temperatuore. The reaction mixture was then refluxed
overnight. The reaction solution was cooled down to 0 °C and carefully neutralized with 4N HCl
to pt 7. The resultant solution was concentrated under réduced pressure to remove most of the
EtOH. The precipitate was collected by filtration, and re~dissolved in EtOH (4 1) at 65 °C and
treated with activated charcoal {5 g) for 0.5 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, DMSC-dy) & 1.28-1.72 (m, 8H),
2.00-2.04 (m, 28, 2.75 (s, 3H), 4.69-4.71 {m, 11), 7.10-712(d, J = &.0 Hz, 1H), 7.24-726 (d, ]
= 8.0 Hz, 1H), 7.65 (1, } = 8.0 Hz, 1), 12.80 (brs, 1H). MS 301 (MH"). Elemental Analysis
Calculated (Found) for Ci7FhoNoOn: C, 67.98% (67.74%; H, 6.71% (7.01%:); N, 9.33% (9.40%).
. Example 36a; ethyl 4-amino-3-{cyclohexvioxy)-2-methyiguinoline-3-carboxylate

A solation of ethyl 3-oxobutanoate {29.9 g, 0.230 mol) in aphydrous toluene (200 mL)
was added to a solntion of 2-amino-6-{cyclohexyloxyibenzonitrile (Example 36b, 49.8 g, 0.230
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 moly was added slowly over a period of
approsimately 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. 1t was then cooled down to 5 °C, still under nifrogen,
and the toluene was decanted away from the immiscible viscous oil at the bottom of the flask,
The viscous oil was further concentrated under vacuum at 68 °C, re-dissolved in boiling ethyl
acctate (1 L), and transferred 1o a 4 liter Erlenmeyer 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 emulsion was extracted once more with ethyl acetate. The
insoluble tin salis were filtered out from the aqueons laver, then both the salts and aqueous

filtrate were washed once more with ethyl acetate, The combined organic layers were dried over
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MgsQy, concentrated, and passed through a silica columm using 0% to 60% ethyl 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-dy) 6 1.28-1.34 (m, 1H), 1.32 ¢,
3H), 1.37-1.45 (m, 2H), 1.51-1.63 {(m, 3H), 1.67-1.71 {m, 21}, 1.99-2.03 (m, 2H), 2.54 (s, 3H),
4.28-4.33{q, I = 6.8 z, 21}, 4.64 (m, 1H), 695697 {d, I =7.6 Hz, IH), 719721 (4, I =84
Hz, 1D, 7.65 {t, J = 8.4 Hz, 1}, 8.15 (brs, 2H). MS 329 (MH").

To a solution of cyclohesanol (19.1 g, 0.191 mol} in anhydrous THF (800 md) was added
NaH (7.6 g, 40% m muneral ¢il, 8,191 mol) in small portions at ¢ °C vnder nitrogen. The mixiure
was stirred at room temperature for | h and a solution of 2-amino-6-fluorobenzonitrile (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 fo room temperatore and most of the THE
removed under reduced pressure, foe water (100 mb) was added to the concentrated reaction
mixture followed by EtOAc (500 wl). The organic layer was separated and successively washed
with water and brine, dried over NapSOy, 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-anaino-6-(cyclohexyloxy)benzonitrile as a light vellow oil (17.9 g, 56%). 'H NMR. (400
Mz, CDBCh) § 1.32-1.43 (m, 31, 1.51-1.55 {m, 1FD), 1.62-1.69 (m, 2H), 1.79-1.95 (m, 4H),
4.31-4.36 (m, 31D, 6.23-6.27 (m, 2H0), 7.18 (d, T = 8.0 Hz, 11D, MS 329 (MH").

Example 36b; 2-amino-6-{vyclohexyloxy)benzonitriie

Alternative  Methode gb: To a solution of 2-{evclohexyloxy)-6-nitrobenzonitrile

{Example 36¢, 50.0 g, 0.20 mol) in THF/AcOH (11 by volume, 500 ml) was added iron powder
34.0 g, 4.61 mol) in one portion at room temperature under pitvogen. The reaction mixhure was
refluxed for 40 min under nitrogen and cooled down 10 room temperatiwe and EtOAc (2 1) was
added. The precipitate that formed was filtered off and washed with EtOAe. The organic layer
was separated and washed successively with water (2 X 300 mL}, agueous NaOH (10N, 2 X
300 ml.), satorated NapCOs solution (300 ml), brine (300 mL), dried over Na,SO; filtered and
evaporated under reduced pressure. The residue was purified by chromatography on silica gel
cluting with 25% EiQGAc in hexanes to give 2-amino-t-{cyciohexyloxyibenzonitrile as a pale

yvelow oil (45.0 g, 94%¢), which solidified after storage overnight at room temperature.
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Affernarive Methode 5): A 3-L 3-neck round bottom flask was first purged with

nitrogen, 10% Pd/C (2.81 g) was then added under nitrogen, followed successively by 2-
{cyclohexyloxy)-6-nitrobenzonitrile (Example 36¢, 43.2 g, 0.175 mol), anhydrous methanol (389
mlL)}, and acetic acid (80.4 mL). A reflux condenser, a dropping funnel containing a solution of
arpmoniwm formate (49.8 g, 0.790 mol) 1w anhydrous methanol (498 mL), thermometer, nitrogen
inlet and nitrogen outlet were attached.  Aromontum formate solution (75 ml) was added at
room femperature, then the reaction was slowly heated to a maxirowmn of 42 °C. The mixture
was monitored carefully until inittation of the reaction was observed (an evolution of gas
occwrred with ronghly a 10°C exotberm). Initintion of the reaction offen took vp 1o 40 nunutes
before starting. The remaining of the ammonium formate solotion was then added at a rate
which maintained an internal reaction temperature of 40 °C to 48 °C. Afier the addition was
complete, the reaction mixture was stivred for another 10 minuies at 45 “C, then cooled down to
room temperature. The Pd/C was filtered out using a Teflon filier, and the solvent was
evaporated. Ioe water (1 L) was added to the residue, then the water was decanted and discarded.
The residue was dissolved in diethyl ether, 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 oil (31.5 g, 83%).

Example 36¢: 2-(oyclohexylogy)-G-nitrobenzonitrile

To a solution of cyclohexanol (46.8 grams, 0.467 mol) mn anhydrons 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, 0.400 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 mol), stirred for 15 minutes, and the precipitated product was collected by
filtration. The crude product was recrystallized from isopropanol (750 mL, heated to boiling,
then cooled down to 0 °C), filiered, washed with isopropanol (300 mL), then air dried to give
84.4 g yellow solid. The solid was dissolved in dichloromethane (169 mL) and filtered through a
plug of alumrina to give the title compound as a pale yellow solid (83.2 g, 83.2%). ' NMIR (400
Mz, DMSO-ds} 6 1.4 (m, 48D, 1.6 (m, 28, 1.7 (m, 28, 1.9 {m, 2H), 475 (m, 1), 7.79 (dd, J
= 2.0, 8.0 Hz, 111}, 7.84-7.91 (m, 2H).
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Example 37: 4-amino-5-2~(cyclohexanecarboxamido)-Z-methylpropoxyi-2-methyl-
quineline-3-carboxylic acid
Me._ N

’a

s

Prepared as in Example 1 from ethyl 4-amino-5-{Z-{cyclohexanecarboxamido)-2-

HO,C

methylpropoxy)-Z-methylquinoline-3-carboxylate (Example 37a) as a white powder (78%). 'H
NMR (400 MHz, DMSO-ds) 6 1.11-1.22 {m, 511), 1.33 (s, 6H), 1.56-1.62 {m, 5H), 2.14 (m, 11},
2.78 (s, 3H), 4.34 (s, 2H), 7.01 {d, J = 8.4 Hz, 1H), 7.30 (d, § = 8.4 Hz, 1H), 7.66 (1. J = §.4 Hz,
1H), 7.74 (s, 1H). MS 400 (MEH).

Example  37a; ethyl  4-amino-5-(2-(cyclohex anecarboxamido)-2-methylpropoxy)-2-
methylguinoline-3-carboxylate

Prepared as in Example 2a from N-{1-(3-amino-2-cyanophenoxy }-Z-methylipropan-2-
yljeyelohexanecarboxamide (Example 37b) and cthyl 3-oxobutanoate as g bright yellow solid
(55%). MS 428 (MH"),

Example  37b;  N+{1-{3-anuno-Z-cyanophenoxy}-2-methylpropan-2-yheyelohexane-

carbogamide

Prepared as in Example 22b from N-(1-hydroxy-2-methylpropan-Z-yljcyclohexance-
carboxamide (Example 37¢) and 2-anino-6-fluorobenzonitrile as an off-white solid (29%). MS
316 (MITH.

Example 37¢; N-{1-hydroxy-2-methyipropan-2-yleyclohexanecarbogamide

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

methylpropan-1-ol as a colorless oil (15%). MS 200 (MH").

fxample 38: 4-amine-5-(2-(3-(2-hydroxyethoxy)-S-methoxybenzamido)-Z-methylpropoxy)-

2-methylgquinsine-3-carboxylic acid
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To a solution of 4-amino-5-2-(3-2-(benzyloxy)ethoxy)-5-methoxybenzamido)-2-methy-
ipropoxy)-2-methylgpinoline-3-carboxylic 'acid (Example 382, 237 wmg, 05 wmmol) m
EtOWEIOAc (1:1, 20 mL) was added 10% PA/C (wet, 50 mg). The suspension was then stirred
onder au atmosphere of hydrogen at room temperature overnight, The PA/C was filtered off, and
the filtvate was concentrated. The residue was purified by HPLC {elaent: 10-100% MeOH in
H:0) to give the title compound as an off-white solid (152 mg, 63%). 'H NMR (400 M1z,
DMSO-ds) 6 149 (s, 6H), 2.75 (s, 3H), 3.68 (1, I= 5.2 Hz, 2H), 3.73 (s, 3H), 3.99 (. = 5.2 He,
1¥), 4.47 (s, 2H), 6.57 (s, 181), 6.88 (s, 11}, 6.96 (s, 111}, 7.06 (d, J = 7.6 Hz, 1H),7.28(d, 1 =8
Hz, 1H), 7.67 (t, T =8 Hz, 1H), 8.14 (s, 1H). MS 484 (MH").

Example 38a; 4-amino-S-(2-(3-(2-(benzyloxy)ethoxy)-5-methoxybenzamido)-2-methyl-
propogy -2-methyiquinohine-3-carboxylic acid

Prepared as in Example | from ethyl 4-amino-5-(2-(3-(2-hydroxyethoxy)-S-methoxy-
benzamido)-2~-methylpropoxyy-2-methylguinoline-3-carboxvlate (Example 38b) as a white
powder (95%). M8 574 (MH"),

Example 38h:  ethyl  4-amino-5-(2-(3-(2-hydroxyethoxy)-S-methoxy-benzamido)-2-
methylpropoxy)-2-methylguinoline-3-carboxylate

Prepared as  in  Example 24a from 4-amino-5-(2-amino-2-methylpropoxy)-2-
methyviguinoline-3-carboxylate {Example 24b} and 3-(2-(benzyioxy)ethoxy)-S-methoxybenzoic
acid (Example 39¢) as a pale-brown solid (90%). MS 602 (MEH".

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

Preparcd as in Example 1 from methyl 3-(2-(benzyloxyjethoxy)-5-methoxybenzoate
{(Example 38d) as a white sohid (64%). H NMR {400 MHz, DMSO-d/;) 4 3.83 (s, 3H), 3.84 (1, J
=4.8 He, 2H), 418 (1, J = 4.8 Hz, 2H), 4.65 (s, 2ZH). 6.74 (s, 1 H), 7.25 ~7.37 {m, TH}.

Example 384; methyl 3-(2-(benzyloxyethoxy)-S-methoxybenzoate

To a solation of methyl 3-hydroxy-5-methoxybenzoate (Chakraporty, T. K. and Reddy,
G. V. J Org. Chem, 57,1982, 5462.) (3.3 g, 18.1 muvol) in dry DMF (30 ml.) was added K,CO4

(6.3 g, 45.3 mmol} at room temperature. The reaction was stirred at room tewperature for 10
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minutes then ({(2-bromeethoxyymethyhbenzene (3.4 mL, 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, filtered and concenirated to give

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

Example 39: 4-amine-5«(2-isebutyramidocyclobexyhoxy)-2-methylgquinoline-3-carboxylic
acid

Me /N o

HOZQI\QQHN)H/
NH, of)

Prepared as in Example 1 from ethyl 4-amino-5-{(2-isobutyramidocyclohexyloxy)-2-
methylgnoline-3-carboxylate (Exaraple 39a) as a white powder {90%). 'H NMR (400 MHz,
DMSO-dg) 6 0.83 {d, T= 6.4 Hz, 3H), 0.93 (d, I = 6.4 Hz, 3H), 1.42 (m, 3H), 1.65 {m, 411), 1.96
(m, 1H), 240 {m, 1H), 2.76 (3, 311}, 4.13 (m, 13, 499 (m, 1H), 7.07 (d, J = 8.4 Hz, 1H), 7.23
{d,J = 8.4 Hz, 1H), 7.63 (t, T = 8 he, TH), 7.93 (d, J = 7.6 Hz, 11). MS 386 (M),

Example 39a; cthyl 4-amino-3-((2-isobutyramidocyclohexyloxy)-2-methylguinoline-3-
carboxylate

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

Example 39b: N-(2-(3-amino-2-cyanophenoxy)eyclchexylisobutyramide

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

Example 3%¢: N-(2-hydroxyeyelohexyhisobutyramide

Prepared as in Example 244 from isobutyric acid and 2-aminocyclohexanol as a colorless

o1l (53%). MS 186 (MH",

Example 40: 4-amine-S-((4-isobutyramidocyclobexyloxy)-2-methylguinoline-3-carboxylic

acid
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Prepared as in Example 1 from ethyl 4-amino-5-{{4-isobutyramidocyclohexyoxy)-2-
methylquinoline-3-carboxylate (Example 40a) as a white powder (87%). 'H NMR (400 MHz,
DMSO-dsy 8 0.97 {4, J = 7.2 Hz, 61), 1.34-137 {im, 211, 1.65-1.68 (m, 21D, 1.81-1.84 (m, 21D,
213216 {m, 2H), 2.33 (m, 1H), 2.75 (s, 3H), 3.58 (m, TE), 4.84 (m, 1H), 7.15(d, J = 8.4 Hz,
1H), 7.23 (d, J = 8 Hz, 1H), 7.65(d, J = 7.6 Hz, 2H). MS 386 (MH").

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

Prepared as in Example 2a from N-(4-(3-amino-2-cyanophenoxyjoyvclohexyiiisobutyr-
amide (Example 40b) and ethy 3-oxobutanoate as a yellow solid (579%). MS 414 (MF),

Example 40b: N-(4-(3-amino-2-cyanophenoxyicyclohexyl)isohutyramide

Prepared as in Example 22b from N-(4-hydroxycyclohesylisobutyramide {(Example 40c¢)
and 2-amino-6-flyorobenzonitrile as an off-white solid (9996}, MS 302 (MH™,

Example 40¢; N-(4-hydroxycyclohexyljisobutyramide

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

oil (44%). MS 186 (MH™").

Example 41: 4-amino-5-isebutoxy-2-methylquinoline-3-carboxylic acid
Me. N

]
HOLC™
N 0L

To a solution of ethyl 4-amino-5-isobytoxy-2-methylguinoline-3-carboxylate (Example
41a, 18.0 g, 59.53 mmol) in EtOH (150 mL) was added agueous NaOH solution (3 N, 30 mL)
and the reaction muxture 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 HCI to pH 7 at 8 °C. The resultant preéipitate was collected by filtration,

washed with water, re-dissolved in EtQH (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
filiration, washed with cold Hz0, and dried under vacuum at 60 “C overnight to give the title
compound as a white solid (4.24 ¢, 26%). M.p.: 203.7 °C. "H NMR {400 MHz, DMSO-d;) &
LO1-1.02 (m, 68, 2.19-2.24 (m, 11, 2.77 (s, 3H), 4.05 (d, I = 6.4 Hz, 28), 7.08 (4, § = 8.0 Hz,
1H), 7.33 (8, 3 = 8.0 Hz, TH), 7.71 {1, J = 8.0 Hz, 1H), 8.9 (brs, 1H), 11.45 (brs, 1H), 13.2 {bus,
tH), MS 273 (M), Elemental Analysis Calenlated (Found) for CusHgN-0+0.75H,0: C,
62.59% (62.23%); H, 6.83% (7.25%); N, 9.76% (9.73%).

Example 41a: ethyl 4-amino-S-isobutoxy-2-methylqumoline-3-carboxylate

To a solution of Z-amino-6-isobutoxybenzoniivile (Example 41b, 16.4 g, 86.32 nunol)
and ethy! acetoacetate (10.9 mlL, 86.32 mmol} in anbydrous toluene (200 mL) was added SnCly
{19.9 ml, 172.63 mmol) over a period of 15 minutes at room tmﬁpemmre under nitrogen. The
stirred reaction mixtore was then refluxed for 3.5 h under nitrogen. Afier 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 L) and carefully neutralized to pH 8
with aqueous NaQOH solution (6.0 N, ~110 mL) at 0 °C. The resultant mixture was stirred at
room temperature overnight. The precipitate was filtered off, and the organic layer was separated
and washed with brine {400 mL}, dried over Na,SO; and concentrated under reduced pressure,
The residue was purified by colommn chromatography on silica gel cluting with 50% EiOAc in
hexanes to give the title compound as a white solid (18.0 g, 69%). MS 303 (MH").

Example 41b: 2-amino-6-isobmoxybenzonitrile

To a solution of 2-isobutoxy-b-nitrobenzonitrile (Example 41c, 34.3 g, 0.156 mol) in
AcOH/THF (1:1 by volume, 250 ml) was added ron powder (1736 g, 0.311 wol) in one

portion. The stirred suspension was heated to veflux for 30 minutes. After it was cooled down to

‘room temperature, the reaction sehation was dituted with EtOAc (1 L), The solid was removed

by filtration, and the filtrate was washed subsequently with water (300 mL X 2}, 1N NaQH (300
mL), saturated Na;COs agueous solution (300 mL}, brine (300 ml), and dried over NupSO,.
After evaporation of the solvent, the residue was purified by chromatography on silica gel
eluting with 20 % FLOAc io hesanes o give the title compound as a yellow oil (16.4 g, 83%). 'H

NMR (400 MHz, DMSO-dg) ¢ 0.96 {d, ] = 6.8 Hz, 6}, 1.96-2.02 (m, 111}, 3.75 (4, I = 6.4 Hz,
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2H), 5.96 (s, 2H), 6.17 (d, =84 Hz, 1H), 630 {d, = 8.4 He, 111, 7.15 (1, I = 8.8 Hz, 1H). MS
191 (MH").

Sodium hydride {60% suspeunsion in oil, 25.0 g, 0.625 mol) was suspended in anhydrous
THE (1000 wmL) under nitrogen and heated to an infernal temperature of 40°C o 45°C. 2-
methylpropan-i-ol (61.2 mL, 0.661 mol} was then added slowly and portionwise. The mixture
was heated at 40°C 10 45°C for | hour, then cooled to 35°C, 2-amino-6-fluorobenzonitrile (56.0
g, 0.367 mol) was added and refluxed for 21 hours. The mixture was cooled to r.t, then ice (250
gy, ice water {750 ml}, and hexanes (1000 mlL.) was added. Insoluble solids were filtered out
and the orgaunic layer was separated. The agueous laver 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
mlb), then dried with magnesium sulfate, filtered and concentrated under reduced pressure. The
residue was dissolved in methanol {500 mi), and the immiscible oil cammied through from the
sodium hydride suspension was separated off in a separatory funnel. The solvent was evaporated
under vacuum, and the residue was washed with hexanes (250 mL), after which the product 2-
amino-6-isobutoxybenzonitrife was obtained as a viscous oil (46 grams, yield: 66%). 'H NMR
(400 MHz, DMSO-dg) 0 7.16 (1, /= 8.0 Hz, 1H), 6.33 (d, .J= 80 Hz, 11, 6.17 (4, J = &0 Hz,
1H), 5.97 (s, 2H), 3.75 (d, J = 7.2 Hz, 2H)}, 2.00 (m, 1H}, 0.97 (d, | = 6.8 Hz, 6H) ppm. MS 191
(MEH).

Example 41¢; 2-isobutoxy-6-nitrobenzonitrile

To a solution of Z-methylpropan-1-ol (9.6 mL, 0.104 mol} in anhvdrons THF (200 mL)
was added Nall (60% in miveral oil, 4.565 g, 0.114 mol) in small portions at § °C under N,
After it was stirred at room temperature for 30 min, the reaction mixture was cooled down to -70
°C and 2,6-dinitrobenzonitrile (20.0 g, 0.104 mol) was added portionwise. After the addition was
complete, the reaction mixture was stirred at -70 °C ~ RT overnight, then poured into fce 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-dg) ¢ 1.0 (d, § = 6.8 Hz, 6H), 2.04-2.11 (m, 1H), 4.02 (d, J = 6.8 Hg,
2H), 7.69-7.71 (m, 1H), 7.84-7.90 (m, 2H). MS 221 (MH').
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Example 42: 4-amino-S-isopropoxy-Z-methylguinoline-3-carboxylic acid
Me. N
|

HOLC™

NHZ Oj/

Prepared as in Example 1 from ethyl 4-amino-5-isopropoxy-2-methylguineline-3-
carboxylate (Example 42a) as a white solid {71%). 'H NMR (400 MHz, DMSO-d;) 8 1.4(d, ¥ =
6.4 Hz, 6H), 2.73 (s, 38, 4.87-4.93 (m, 1H}, 7.01 (d, § = 8.0 Hz, {H), 7.27 (4, = 8.0 Hiz, 1),
7.60 (1, ¥ = 8.4 Hz, 1H). MS 261 (MH.

Example 424 ethyl 4-amino-S-isopropoxy-Z-methyiguinoline-3-carboxylate

Prepared as i Example 23 from Z-amino-6-isopropoxybenzonitrile (Tachdjian, C. et al.
PCT Int. Appl. 2008, WO 2008134221 and ethyt 3-oxobutanoate as an off-whiie solid (SﬁQ/éa}. 'H
NMR (400 MHz, DMSO-ds) 0 1.32(t, I = 7.6 Hz, 3H), 1.38(d, ] = 6.0 ¥z, 611), 2.54 (s, 3¥), 4.3
{q, ¥ = 7.2 Hz, 21}, 4.83-4.89 (m, 1H), 6.93 (d, J = 8.0 ¥z, 1)}, 7.20 (4, T = 8.0 Hz, 1H), 7.50 (4,
J=8.4 Bz, 1H), 8.14 (s, 2H). M8 289 (MH"),

Example 43:  4-amino-5-((1-(hydroxymethyDeyclobexylmethoxy)-2-methyiquinoling-3-

earboxylic acid

Me N
]

HOLC™
NH, O

OH
Prepared as in Example 1 from ecthyl 4-amino-3-((1-(hydroxymethylevelohexyl)-
methoxy)-2-methylquinoline-3-carboxylate (Example 43a) as an off-whiie solid (49%). 'H NMR
(400 MHz, DMSO-dy) & 1.37-1.48 (m, 108, 2.75 (s, 35, 3.50 (5, 2ED), 4.03 (s, 211, 5.08 (brs,
1H), 7.06 (d, § = 8.4 Hz, TH), 7.25 (d, J = 8.8 Hz, 111), 7.66 (¢, J = 8.4 Hz, 1F), 9.39 (bes, 1H),
12.17 (brs, 1H), 12.74 {brs, 1H). MS 345 (MH"),

Example 43a: ethyl 4-amino-5-((1-(hydroxymethyleyclohexylimethoxy}-2-methyl-

guinoline-3-carboxylate

&9
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Prepared as in Example 2a fiom (1-((3-amino-2-cyanophenoxy)methylleyclohexyl)-
methyl acetate (Tachdjian, C. et al. PCT It App!l. 2008, WO 2008154221y and ethyl 3-

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

Example 44: 4-amino-5-(2-(3,5-dibydroxybenzamide)-2-methylpropoxy)-2-methyi-

Me N
]
NH, O N/“\@/OH
H
OH

Prepared as in Example 1 from ethyl 4-amino-5-(2-(3.5-dihydroxybenzamido)-2-

guinoline-3-carboxylic acid

methyipropoxy)-2-methylquineline-3-carboxylate (Example 44a) as a white solid {(73%). 'H
MR (400 MHz, DMSO-ds) & 1.46 (s, 6H), 2.75 (s, 31, 4.44 (5, 2H), 6.3-6.31 (m, 1H), 6.61 (5,
2H), 7.04 (d, Y = 8.0 Hz, 1H), 727 {d, T =84 Hz, 1H), 7.66 (1, ] = 8.0 Hz, 1H), 7.98 (s, 111}, 8.79
(brs, 11D, 9.48 (s, 217). MS 426 (MH ).

Exsmple  44n;  eothyl  4-amino-5-(2-(3,5-dihydroxybenzamido)-2-methyipropoxy)-2-
methylquinoline-3-carboxylate

Prepared as in Example 24a  from  4-amino-5-(2-amino-2-raethylpropoxy}-2-
methylquinoline-3-carboxylate (Example 24b) and 3,5-dihydroxybenzoic acid as a yellow-brown

solid (15%). MS 454 (MI1H).

Example 45: 4-amine-53-((4-(sepropylcarbamoyieyclshexyhoxy)-2-methylguinoline-3-
carboxylic acid
Me. N

o

HOLC” X

NH, O
\OYH
NT/
O

Prepared as in Example 1 from ethyl 4-amino-3-({(4-(isopropylearbamoyljeyclohexyl)-
oxy)-2-methylquinoline-3-carboxylate (Example 452) as a white powder (71%). "H NMR (400

MHEz, DMSG-d) 8 1.01(d, I = 6.4 Hz, 6H), 1.59-1.68 {m, 6H), 2.06-2.09 (m, 2H), 2.2-2.22 {m,
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1H), 276 (s, 3H). 3.77-3.83 (m, 1H), 4.96 (s, 1H), 7.06 (d, J = 8.0 Hz, 1H), 7.26 (d, § = 8.4 Hz,
1H), 7.58 (d, 1 = 8.0 Hz, 11), 7.65 (1, J = 8.4 Hz, 1H), 8.79 (brs, 1H), 12,84 (brs, 2H). MS 386
(ME".

Example 45a; ethyl 4-amino-5-({(4-(isopropylcarbamoy!)oyclichexyl)oxy)-2-methyl-

guinoline-3-carboxylate

Prepared as in Example 2a from 4-(3-amino-2-cyanophenoxy)-N-isopropyleyciohexane-
carboxamide (Example 45b) and ethyl 3-oxobutanoate as a yellow solid (56%). M8 414 (MH ",

Prepared as in Exawmwple 22b from 4-hydroxy-N-isopropyleyclohexanecarboxamide
(Example 45¢) and 2-amino-6-fluorobenzonitrile as an off-white solid (17%). 'H NMR (400
MHz, DMBO-ds} 6 1.01(d, J = 6.4 Hz, 6H), 1.47-1.57 Gu, 41, £.67-1.77 (m, 2H), 1.89-1.93 (m,
211y, 2.08-2.15 {m, [H), 3.75-3.84 (m, 1HD), 4.57 {brs, 1TH), 5.93 (5, 211, 6.19 (d, J = 8.0 Hz, 1ID)
6.28(d, J =80 Hz, [H), 7.13 (¢, J= 8.0 Hz, 1H), 748 (d, § = 8.0 Hz, 1H). MS 302 (MH").

b

Example 45¢; 4-hydrox y-N-1sopropylevelohexanecarboxamide
Prepared as in Example 24a from 4-hydroxyeyclohexanecarboxylic acid and propan-2-

amine as a colorless oil (68%). MS 186 OvH").

Example 46 4-aming-3-3-(G-methoxyhenzyliamino}-2,2-dimethyl-3-oxepropoxy)-2-
methylguinsline-3-carboxylic acid

Me. N

‘d

HO?C@ H\/@

NH, o\><ﬂ,w oMo

0

Prepared as in Example | from ethyl 4-amino-5-(3-((3-methoxybenzyliamino}-2,2-
dimethyl-3-oxopropoxy j-2-methylgoinobine-3-carboxylate (Example 46s) as a white powder
(58%%). M.p.: 172~174 °C . 'H NMR (400 MHz, DMSO-ds) 6 £.31 (s, 6H), 2.76 (s, 3H), 3.53 (5,
38), 421 (s, 2H), 4.27 (d, 1 = 5.6 Hz, 2H), 6.64 {(dd, § = 8.0, 2.4 Hz, 111), 6.69 {m, 111, 6.72(d, I
= 8.0 Hz, 1H), 6.98-7.10 {m, 2H), 7.28 (d, J = 8.0 Hz, 1), 7.66 (1, I = 8.0 Hz, 1H), 847 (t, J =
5.6 Hz, 1#1), 8.77 (brs, 18, 12.26 (brs, 1H), 12.79 (brs, 1H). MS 438 (MH").

Example  46a; ethyl  4-amino-35-{3-{(3-methoxybenzyDamino)-2,2-dimethyl-3-

oxopropoxy)-2-methylquinoline-3-carboxylate

91
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Prepared as in Example 2a from 3-(3-amino-2-cyanophenoxy)-N-( 3-methoxybenzyl)}-2,2-
dimethylpropanamide (Example 46b) and ethyl 3-oxobutanoate as a yellow solid (42%). MS 466

(ME™.

aroide

Prepared as in Example 22b from  3-hydroxy-N-(3-methoxybenzy!)-2,2~-dimethyl-
propanamide (Esample 46¢) and 2-amino-6-fluorobenzonitrile as a white solid (41%6), MS 354
(MHE").

Prepared as i Exarmaple 24a from 3-hydrosy-2,2-dimethylpropanoic acid and (3-

methoxyphenylmethanamine as an orange 0il (41%). MS 238 (MH.

Example 47: 4-amino-5-(3-(cyclohexylamine-2,2-dimethyl-3-oxopropexy)-2-methyl-

guinoline-3-carboxylic acid

Me N
]
HO,C™ Y y
NH; o\)grw
0O

Prepared as in Example 1 from ethyl 4-amino-5-(3-(cyclohexylamino)-2,2-dimethyl-3-
oxopropoxy)-2-methylguinoline-3-carboxylate (Example 47a) as an off-white solid (13%). MS
400 (MH",

Example 47a; ethyl 4-amino-5-(3~(cyclohexylamino)-2,2-dimethyl-3-oxopropoxy)-2-
methylguinoline-3-carboxylate

Prepared as in Example 24a from 3-((4-amino-3-(cthoxycarbony]}-2-methylquinolin-5-
yhoxy)-2,2-dimethylpropanoic acid (Example 47b) and cyclohexanamine as a vellow-brown
solid (46%). MS 428 (MH").

Example 47b; 3-({(4-amino-3-(ethoxycarbonyl)-2-methylguinolin-5-yhoxy)-2,2-dimethyl-
propanoic acid

Prepared as in Example 2a from benzyl 3-(3-amino-2-cyanophenoxy)-2,2-dimethyl-
propanvate (Example 47¢) and ethyl 3-oxobutanoate as a brown solid {R0%). MS 192 (MH").

Exaruple 47¢; 3-(3-amino-2-cyanophenoxry)-2,2-dimethylpropanecats

PEE bR e SR A SRR A 2o 4

Q2



To a solution of benzyl 3-(2-cyano-3-nitrophenoxy)-2,2-dimethylpropanocate {Example
47d, 200 mg, 0.56 mmol) in AcOH (5 mL) was added iron powder (158 mg, 2.82 numnol) at room
temperature. The reaction nuxture was then stirred at 90 °C for | h. The reaction mixture was
was cooled to room temperature then dituted with AcOEt. The precipitate was filtered off and the

§  filtrate was successively washed with 1 N NaOH and brine, then dried over Na;SQy, filtered and
evaperated. The residue was purified by clvomatography on silica gel (ehuent; 40% FtOAc in
hexanes) 1o give a title compound as a colorless oil (187 mg, 100%). MS 325 (MH™),

To a solution of benzyl 3-hydroxy-2.2-dimcthylpropanoate (Yang, D, et al. J. Am. Chem.

(0 Soc. 2882, 124, 9966, 6.68 g, 32.1 mmol) in dry THF (200 mL) was carefully added Nal (60%
in mineral oil, 3.5 g, 87.5 mmol) in small portions at ¢ °C under nitrogen. The reaction mixiure
was stirred at 0 °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 gquenched with brine, and extracted with FtOAc (3X). The combined

15 organic layers were washed with brine, dried over NaySO4. Afier evaporation of the solvent, the
residue was purified by chromatography on silica gel eluting (Elonet: 20% EtOAc in hexanes) 1o

give the title compound as a brown solid (10,0 g, §7%). MS 355 (MH").

Example 48: 4-amine-5-(3-{eyclieheptylamine)-2,2-dimethyb-3-oxopropoxy)-2-methyiquine-

20 lime-3-carbexylic acid

Me N
]

HOLC” ’
NH, O\><rfN

Prepared as in Example 1 from ethyl 4-amino~5~(3»(aycl@heptyiamim)»Z,2-dimeth§l~3-
oxopropoxy )-2-methylquinoline-3-carboxylate (Exanple 48a) as an off-white solid (12‘5-6}.&1’8
414 (MH.
25 Example 48a; ethyl 4--amin<}~~5«(3~{cyclohaptj,'lamino'}--?..,2~dimethyl~3~0xoprppoxy)»2~

-

methylguinoline-3-carboxylate

a3
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Prepared as in Example 24a from 3-((4-amino-3-(ethoxycarbonyl)-2-methylguinolin-5-
yhoxy -2, 2-dimethyipropancic acid (Example 47b) and oycloheptanamine as a brown solid
(43%). MS 456 (MH"),

Example 49: 4-amine-5-3-(cycloactylamino)-2,2~-dimethyl-3-oxopropoyy)-2-methylguine-

line-3-carboxylic acid

Prepared as in Example 1 from ethyl 4-amino-5-(3-{cyclooctylamino}-2,2-dimethyl-3-
oxopropoxy )-2-methylguinoline-3-carboxvlate (Example 49a) as an off-white solid (11%). MS
428 (MIL),

Example 49, ethyl  4d-amino-5-(3-(oycloociylamine)-2,2-dimethyl-3-0xopropoxy - 2-

methylguinoline-3-carboxylate
Prepared as in Example 24a from 3-((4-amino-3-{cthoxyearbonyi}-2-methylguinolin-5-
yhoxy}-2,2-dimethylpropanoic acid (Example 47b} and cyclooctanamine as a brown solid

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

Example 56 d-amine-3-(3-{(3-hydroxy-1,2-dimethyipropyliamine)-2,2-dimethyl-3-oxopre-
poxy}-Z-methylguineline-3-carboxylic acid
Me /N
|

H
NiH, 0\><H,N\></OH

¢

HO,C

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%). "F1 NMR (400 MIlz, DMSO-dg) 6 0.71 (s, 6H), 1.28 (s, 611, 2.74 (s, 31,
297 (d, ¥ = 6.0 Hz, 2H), 3.0 (s, 2k, 4.57 (brs, 1H), 6.99 (4, J = 84 Hz, 1H), 7.27 (4,1 = 8.0 Hz,
111), 7.65 {1, = 8.4 Hz, 1H), 7.77 {t, } = 6.4 Hz, 11}, .78 {brs, {ID), 12.04 (brs, 1), 12.82 (brs,
1), MS 404 (M)

G4
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Example 50a; cthyl 4-amine-5-3-((3-hydroxy-2,2~dimethylpropyhamino)-2, 2-dimethyl-
J-oxopropoxy)-2-methylguinoline-3-carboxylate

Prepared as in Example 24a from 3-({4-amino-3-(cthoxycarbonyl)-2-methylquinolin-5-
vioxy)-2,2-dimethylpropanoic acid (Example 47b) and 3-amino-2,2-dimethylpropan-i-of as a

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

Example 31: 4-amino-S-(3-(chroman-4-viamine)-2,2-dimethyl-3-oxepropoxy)-2-methyl-
guineline-3-carbexyiic acid
Me. N
O™ N l

i H
NH, O\><[rN

o o

Prepared as in Example 1 from ethyl 4-amino-5-(3-{chroman-4-ylamino}-2,2-dimethyl-3-
oxepropoxy }-2-methylquinoline-3-carboxylate {Example 51a) as an off-white solid (80%). n
NMR (400 Mz, DMSO-dy) 6 1.31 (d, J = 4.0 Hz, 6F1), 1.80-2.00 {m, 21}, 2.76 (s, 311), 4.05-
4,19 (m, 2H), 4.24 (s, 2H), 5.10 (g, F = 6.8 [lz, IH), 6.51 (1, J = 7.6 Hz, 111}, 6.89 (d, J = 8.4 Hz,
1HD, 6.94 (4, § = 8.0 Hz, 14, 7.01 (ad, J = 15.0, 8.4 Hz, 21), 7.30{(d, J = 8.8 Hz, 1H), 7.66 {1, )
= 8.4 Hez, 111), 8.26 {d, J = 8.8 Hz, 11}, 877 {brs, 11}, 12.31 (brs, 11}, 12.86 {bws, 1H). MS 450
{(MH.

Example S1a: ethyl 4-amino-3-(3-{chroman-4-ylamine)-2,2-dimethyl-3-oxopropoxy)-2-
methylguinoline-3-carboxvlate

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

Appl. 2008, WO 2008043019 as a brown solid (37%). M5 478 (MH").

Example 52: 4-amino-S5-0G-((S-methoxy-1,2,3 4-tetrahydronaphthalen-1-yhaming)-2,2-

dimethyl-3-oxeprepoxyi-2-methylguinoline-3-carboxyilic acid

Me. N
|
NH, o\><! (N OMe
o)

0
h
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F

Prepared as i Example 1 from ethyl 4-amino-5-(3-((5-methoxy-1.2,3 4-tetrahydro-
naphthalen- { -yDammo)-2,2-dimethyl-3-oxopropoxy)-2-methylguinoline-3-carboxylate (Example
52a) as an off-white solid {69%). 'H NMR (400 MHz, DMSO-ds) § 1.30 (d, ] = 4.0 Hz, 6H),
1.52-1.87 (in, 4H), 2.75 (s, 3H), 4.22 (s, 2H}, 4.95-5.05 (m, {H), 6.59(d, J = 7.2 Hz, 1H), 6.67-
6.75 (m, 2H), 6.97 (d, J = §.4 Hz, 11, 728 (d, I = 8.0 He, 211), 7.64 (¢, I = 8.4 Mz, 1H), 8.13 (d,
T=8.8 Tz, 1), 8.74 (brs, 1H), 12.22 (brs, 1H), 12.80 (brs, 1), MS 478 (M)
-2,2~dimethyl-3-oxopropoxy-2-methylguinoline-3-carboxylate

Prepared as in Example 24a from 3-((4-amino-3-(ethoxycarbonyi-2-methylguinolin-5-
yhoxy)-2,2-dimethylpropanoic acid {(Example 47b) and S-methoxy-1,2,3,4-tetrahydronaphtha-
len-{-amine a5 a brown solid (40%). M8 506 (MH"),

Example 53 4-amino-5-(2-(4-methoxyhenzamideo}-2-methylprapoxy)-2-methylguinoline-3-
carboxylic acid

Me N

o

|
HOCT

9]
NHa O\XN)K©\
H
OMe

Prepared as in Example 1 from ethyl 4-amino~-3-(2-{4-methoxybenzamido)-2-methylpro-
poxy)-2-methylquinoline-3-carboxylate (Example 532) as a white solid. MS 424 (M.

Example 53a; ethyl 4-amino-5-(2-{4-methoxybenzamido)}-2-methyipropoxy }-2-methyl-
guinoline-3-carboxylate

Prepared as in Example 24a from 4-aminoe-5-(Z-aming-2-methylpropoxy )-2-methviquinoe-

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

Example 34: 4-aminoe-5-(2-(2-hydroxybenzamido)-2-methyipropoxy)-2-methyiquineline-3-

Me. N
L)
HOLL™ \>< O OH

carboxylic acid

NHy O
H
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Prepared as in Example 1 from ethyl 4-amino-5-(2-(2-hydroxybenzamido)-2-methyl-

p;'opaxv)~z,—1}.1.@1’1‘@'1{}1111}ohnfz—3«carboxviam {Example 54a) as an off-white solid. MS 410 (MH ).

quinohne-3-carboxylafe
Prepared as in Example 24a from 4-amino-S-(2-amine-2-methylpropoxy)-2-methylgomo-

line-3-carboxytate (Example 24b) and 2-hydroxybenzoie acid as a brown solid. MS 438 (MH .

Example 85 4-amino-5-(3-3-methoxybenzamido)-2-methylpropoxy)-2-methylquinoline-3-
carbexyiic acid
Me N

-

NH, o\x JU

Prepared as in Example 1 from ethyl 4-amino-5-(2-(3-methoxybenzamido)-2-methylipro-

HOLC

poxy)-2-methylguinoline-3-carboxylate (Example 55a) as a white solid. MS 424 ( MH.
Example 33a: ethyl 4-amino-5-(2-(3-methoxybenzamido)-2-methylpropoxy)-2-methyl-
guinoline-3-carboxylate
Prepared as in Example 24a from 4-amino-5-(2-amine-2-methylpropoxy)-2-methylguine-

line-3-carboxylate (Example 24b) and 3-methoxybenzoic acid as a brown solid. MS 432 (MH").

Example 386 4-amine-5-(2-benzamido-2-methylpropoxy)-2-methylquineline-3-carboxylic
acid
Me. N

e

x 0]
NH, OJ(NJKQ
H

Prepared as in Example 1 from ethyl 4-amino-3-(2-benzamido-2Z-methyipropoxy}-2-

HO,C

methylguinoline-3-carboxylate (Example 56a) as a white solid. MS 394 (MH).
Example 56a: ethyl 4-amino-5-(2-benzamido-2-methylpropoxy)-2-methylguinoline-3-

carboxylate

97



Prepared as in Example 24a from 4-amino-5-(2-amine-2-methylpropoxy)-2-methylguine-

line-3-carboxylate (Example 24b} and benzoic acid as a brown solid. MS 422 (MH").

Example 57: 4-amino-5-(2-{4-hydroxybenzamideo}-2-methyipropexy-2-methylguineline-3-
carbexyviic acid

Me N

g
HO,C™

O
ik, 0, X
2 O NJ\@\
H
OH

Prepared as in Example 1 from ethyl 4-amino-5-(2-(4-hydroxybenzamido)-2-methylprop-
oxy)-2-methylquinoline-3-carboxylate (Example 57a) as an off-white solid. MS 410 (ME".

Example 57a: ethyl 4-amino-5-(2-(4-hydroxybenzamido)-2-methylpropoxy}-2-methyl-
guincline-3-carboxylate

Prepured as in Example 24a from 4-amino-5-(2-amino-2-methylpropoxy)-2-methylquino-

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

Example 58: 4-amino-5-(2-(2-fluorebenzamido)-2-methylpropoxy)-2-methviguineline-3-
carboxylic acid

Me. N

|
HOLC™ S

NH, OJ(NJOKE:D
H

Prepared as in Example 1 from ethyl 4-amino-5-(2-(2-fluorobenzamidoy-2-methyl-
propoxy}-2-methyiguinoline-3-carboxylate {Example 38a) as an offowhite solid, MS 412 (MH").

Example 358a: ethyl 4-amino-5-(2-(2-fhworobenzamido)-2-methylpropoxy)-2-methyl-
guinoline-3-carboxylate

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

line-3-carboxylate (Example 24h) and 2-flucrobenzoic acid as a brown solid. MS 440 (MH™).

Example 539: 4-amino-5-(2-(3-fluorobenzamido}-2-methyipropoxy)-2-methylguinclipe-3-

carboxylic acid

98
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Me N

-~

l
HOLL™ S

H

Prepared as in Example 1 from ethyl 4-amino-5-(2-(3-fluorohenzamido)-2-methylipro-
poxy)-2-methylquinoline-3-carboxylate (Example 59a) as an off-white solid. MS 412 (MI).

Example 59a: ethyl  4-anmuno-5-(2-(3-fluorobenzamido)-2-methylpropoxy)-2-methyl-

guinoline-3-carboxylate
Prepared as in Example 243 from 4-amine-5-(2-amino-2-methylpropoxy - 2-methylgquino-

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

Example 60: 4-amino-3-(2-(3-hydroxy-4-methoxybenzamido)-2-methylpropoxy)-Z-methyl-
guineline-3-carboxylic acid
Me N

d

|
HOLC™

0O
NH, Q\XN OH
H
OMe

Prepared as in Example 1 from ethyl 4-amino-5~(2-(3-hydroxy-4-methoxybenzamido)-2-
methylpropoxy -2~-methylquinoline-3-carboxylate (Example 60a) as an off-white solid. MS 440
(ME).

Example 60a: ethyl 4-amino-5-{2-(3-hydroxy-4-methoxybenzamido)-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 3-hydroxy-4-methoxybenzoic acid as a brown solid. MS
468 (V).

Example 61: 4-amino-5-(2-(3-carbamoylbenzamido)-2-methylpropoxy)-2-methylquinoline-

3-carboxylic acid

99
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MeN
o

NH, o\>< )k@comﬁz

Prepared 38 in Example 1 from sthyl 4-amine-5-(2-(3-carbamovibenzamido)-2 -methvi-
B 3 5 )

HOLC

propoxy }-2-methylguinoline-3-carboxylate (Example 612) as an off-white solid. MS 437 (MH").
Example 61a: ethyl 4-amino-5-{2-(3-carbamoyibenzamido)-2-methyipropoxy)-2~-methyl-
guinoline-3-carboxylate
Prepared as in Example 24a from 4-amino-5-(2-amino-2-methylpropoxy)-2-methylquino-
line-3-carboxylate (Example 24b) and 3-carbamoylbenzoic acid as a brown solid. MS 465
{MH™).

Example 62: 4-amino-5-(2-(2,3-dihydrebenzs{b]|{1 4} dioxine-6-carboxamide)-2-methylpro-

poxy)-l-methyiquinoline-3-carboxylic acid
Me._ N
'l

]%NSE)( Jﬁj

Prepared as in Example 1 from ethy! 4-amino-5-(2-(2,3-diliydrobenzo[bl{ 1,4 ]dioxine-6-

HO,C

carboxamido)-2-methylpropoxy)-2-methylquinoline-3-carboxylate (Example 62a) as a pale-
vellow solid (18%). 'H NMR (400 MHz, DMSO-d;} § 1.49 (s, 6H), 2.76 (s, 3H), 4.25 (m, 411),
4,48 (s, 2H}, 6.87 (d, J = 8.8 Hz, [H), 7.06 {d, /= 7.6 Hz, 1H), 7.39-7.26 {m, 3H), 7.67 (1, J =
7.2 Hz, 1HD, 7.99 (s, 1H), 8.83 (brs, 1H), 12.31 {brs, 1H), 12.71 (brs, {H). MS 452 (MH").

Example 62a; cthyl 4-amino-3-(2-(2,3-dihydrobenzo[b][1.4)dioxine-6-carboxamida}-2-
methylpropoxy)-2-methylquinoline-3-carboxylate

Prepared as in Example 24a from 4-anmino-5-(Z-amino-2-methyipropoxy)-2-methylguino-
line-3-carboxylate {(Example 24b) and 2,3-dihydrobenzofb][} 4]dioxine-6-carbosylic acid as a
hrown solid (60%). MS 480 (M),

Example 63: 4-amine-3-(2-(2-ethylbutanamideo)-Z-methyipropoxy)-Z-methylguinoline-3-

cavboxylic acid

HIO
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MeN

el

[

N, O\X J\C

Prepared as in Example 1 from ethyl 4-amino-5-(2-(Z-ethylbutananudo)-2-muethyl-

HO,C

propoxy}-2-methylquinoline-3-carbosylate (Example 63a) as an off-white solid, MS 388 (M)

Example 632 ethyl  4-amino-5-(2-(2-cthyibutananndo)-2-methylpropoxy)-2-methyl-

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

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

Example 64: 4-amine-5-2-G-methoxypropanamide)-2-methylpropexy)-Z-methylguineline-
3-carboxylic acid

Me /Nl SN
X

L o
NH O\X
2 ﬁjk/\OMe

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

HO,C

propoxy }-2-methylguinoline-3-carboxylate (Example 64a) as an off-white solid. MS 376 (MH").
Example 64a: ethyl 4-amino-5-(2-(G-methoxypropanamido)-2-methyipropoxy -2-methyl-
guinoline-3-carboxylate
Prepared as in Example 24a from 4-amino-5-(Z-amino-2-methylpropoxy)-2-methylgquine-
iine-3-carboxylate (Example 24b) and 3-methoxypropancic acid as a brown solid. MS 404
{(MH").

Example 65: 4-amino-3-(2-butyramido-2Z-methyipropoxy)-2-methylquinoline-3-carboxylic
acid
Me.__N

d

|
X o
NH, O\XQJK/\

HO,C

141
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Preparcd as in Example | from ethyl 4-amino-5-(2-butyramido-2-methyipropoxy)-2-
methylgquinoline-3-carboxyiate (Example 65a) as an off-white solid. MS 360 (MH™).
carboxylate

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

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

Fxample 66: 4-amine-Z-methyl-5-(Z-methyl-2-(tetrahydrofuran-3-carboxamido)propoxy)-
guinoline-3-carboxylic acid

Me. N
v

<

o
2 J
NH o){ﬁ ‘T(?

Prepared as in Example 1 from ethyl 4-amino-2-methyl-5-{2-methyh-2-(ietrahvdrofuran-

HO,C

3-carboxamido)propoxry iquinoline-3-carboxvlate (Example 66a) as an off-white solid, MS 388
(MH").

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

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

416 (MH"),

Example 67: 4-amine-5-2-(4-(hydroxymethylbenzamido)-2-methylpropoxy)-2-methyl-
guincline-3~carboxylic acid

Me /N ™

I
Hy 0 X
Ny ﬁ
O

Prepared as in Example | from ethyl 4-amino-5-(2-(4-(hydroxymethylibenzamido)-2-

HO,0

methylpropexy }-2-methylquinoline-3-carboxylate (Example 67a) as an off-white solid. MS 424

(MH".
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Example 67a: ethyl 4-amino-5-(2-(4-(hydroxymethyhbenzamido)-2-methylpropoxy)-2-
methylquinoline-3-carboxylate

Prepared as in Example 24a from 4-amino-5-{2-amino-2-methylpropoxy)-2-methylquino-
line-3-carboxylate (Example 24b) and 4-(bydroxymethyDbenzoic acid as a brown solid. MS 452
{MH".

Hxample 68 4-amino-3-(Z-(I-methoxyacetamido)-Z-methyipropoxyj-2-methylquinoline-3-
carboxylic acid
Me._ N

‘d

<
o
NH, O\><N/U\/0Me
H

Prepared as 1n Example | from ethyl 4d-amino-5-(2-(2~-methoxyacetamido}-2-methylpro-

HO,C

poxy)-2-methylquinoline-3-carboxylate (Example 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-methyiquino-

line-3-carboxylate (Example 24b) and 2-methoxyacetic acid as a brown solid. MS 380 (MH",

fxample 69 3-(Z-acetamido-Z-methyipropoxy)-4-amine-2-methylguinoline-3-carboxylic
ackd
Me. N

]
HOLC™

i, 8
H

Prepared as in Example 1 from ethyl 5-(2-acetamido-2-methylpropoxy)-4-amino-2-
methylquinoline-3-carboxylate (Example 69a) as an off-white solid. MS 332 (MH").

Example 69a: ethyl S-(2-acetamido-2-methylpropoxy)-4-amino-2-methylguinoline-3-
carboxylate

Prepared as in Example 24a from 4-amino-S$-(2-amino-2-methylpropoxy)-2-methylquino-

line-3-carboxylate (Example 24b) and acetic acid as a brown solid. MS 390 (MH").
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Exampie 78#: 4-amino-5-(2-(2,3-dihydrobenze{b}il,4]{dioxine-8~-carboxamide)-2-methyipro-
poxy-2-methyluineline-3-carbexylic acid
Me N

-~

|
HOLC™

S O
NH, O\XNJ\©/})
H

Prepared as in Example 1 from ethyl 4i-;a111i;10~5~{ 2-{2,3-dihydrobenzo[bl{1.4]dioxine-5-
carboxamido)-2-methyipropoxy)-2-methyiquinoline-3-carboxylate (Example 70a) as an off-
white solid. MS 452 (MH").

Example 70a: ethyl 4-amino-5-(2-(2,3-dihydrobenzo[bi[1,4]dioxine-5-carboxamido}-2-
methylproposy)-2-methylaguinoline-3-carboxylate

Prepared as in Example 24a from 4-amino-53-(2-amino~-2-taethylpropoxy)-2-methylquino-
line-3-carboxylate (Example 24b) and 2,3-dihydrobenzofb]{1,4]dioxine-5-carboxylic acid as a
brown solid, MS 480 (MH").

Example 71: 4-amino-3-{2-(3,5-dimethoxyhenzamido)-2-methyvipropoxy)-2-methviguino-

Me. N
]
NH, O\XNJ\Q/OMe
H
OMe

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

Hine-3-carboxylic acid

propoxy)-2-methylquinoline-3-carboxylate (Example 71a) as an off-white solid. MS 454 (MFH ™).

Example 7la; ethyl 4-aming-5-(2-(3,5-dimethoxybenzamido)-2-methylpropoxy)-2-
methylguinoline-3-carboxylate

Prepared as in Example 24a from 4-amino-5-(Z-amino-2-methylpropoxy)-2-methylgoino-
line-3-carboxylate (Example 24b} and 3.5-dimethoxybenzoic acid as a brown solid. MS 482
(M.

Fxample 72¢ 4-amine-5-(2-(34-dimethoxybenzamido)-2-methylpropexy)-2-methylguine-

line-3-carboxylic acid
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Me N
d

|
HOLC™

XL ~
NH, O N OMe
H
OMe

Prepared as in Example 1 from ethyl 4-amino-5-(2-(3 4-dimethoxvbenzamido)-2-methyi-
propoxy }-2-methyiquinoline-3-carboxylate (Example 72a) as an off-white sofid. MS 454 (MH").

Example 72ar  cthyl  4-amino-5-{2-(3 4-dimethoxybenzamido)-2-methytpropoxy)-2-

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

(MIT).

Example 73: 4-amine-5-(2-C-(4d-methoxyphenyljacetamido)-2-methylpropoxy)-Z-methyi-
guincline-3-carboxylic acid
' Me. N

‘d

l

NH, o\><N X
H

Prepared as in Exarople 1 from ethyl 4-amino-3-(2-(2-(4-methosyphenyiacetamido)-2-
methylpropoxy)-2-methylguinoline-3-carboxylate (Example 73a) as an off-white solid, MS 43R

(MET"),

Example 73a; ethyl 4-amino-5-(2-(2-(4-methoxyphenyhacetamido - 2-methylpropogy -2~
methyiguinoline-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 4-dimethoxyphenylacetic acid as a brown solid, MS

466 (MI1").

Example 74: 4-amine-5-(2-(d-dlnoro-3-hydroxybenzamido)}-2-methylpropoxy)-2-methyl-
guinolige-3-carboxylic acid

Me N
vl

HOLCT o
NHp O\XNJﬁOH
H
F
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Prepared as in Example | from ethyl 4-amino-5-{2-(4-fluore-3-hydroxybenzamido)-2-
methylpropoxy)-2-methylquinoline-3-carboxylate (Example 74a} as an off-white solid. MS 428
(M.
methylguinoline-3-carboxylate

Prepared as in Example 24a from 4-amino-3~(2-amino-2-methylpropoxy)-Z-methylguino-
line-3-carboxylate (Exarople 24b) and 4-fluoro-3-hydroxybenzoic acid as a brown solid, MS 456

(MH).

Example 75: 4-amino-5-(2-O-hydroxy-S-methoxybenzamido)-2-methylproposy-2-methyl-
guinoline-3-carboxylic acid

Me. N

]
HOLC™

O
NH; O\XNJ OH
H

OMe

Prepared as in Example 1 from ethy] 4-amino-5-(2-(3-hydroxy-5-methonybenzamido)-2-
methylpropoxy)-2-methylquinoline-3-carboxylate (Example 75a) as an off-white solid. MS 440
{(MH™.

Example 75a; ethyl 4-amino-5-(2-(3-hydroxy-5-methoxybenzamido)-2-methylpropoxy -
2-methylguinoline-3-carboxylate

Prepared as in Example 24a from 4-amino-5-(Z-amino-2-methylpropoxy - 2-methylquing-
line-3-carboxylate (Example 24b) and 3-hydroxy-5-methoxvybenzoie acid as a brown solid. MS
468 (MH™".

Example 76: 4-amino-5-(2-(4-(2-hydroxyethoxy}-3-methoxybenzamido)-2-methylpropoxy -

Z-methyiquineline-3-carboxylic acid

Me N
-

|
HOLC™ \X 0
NH, O \ OMe

O/\/OH
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Prepared as i Example [ from cthyl 4-amino-S-(2-(4-(2-hydroxyethoxy)-3-methoxy-
benzamido)-2-methylpropoxy)-2-methylguinoline-3 -carbox ylate (Example 76a) as an off-white
solid. MS 484 (MH"),
~propoxy)-2-methylquinoline-3-carboxylate

Prepared as in Example 24a from 4-amine-5-(2-amin 0~2~metﬁyipropoxy}m‘.v?—met}:ly}_fminw
line-3-carboxylate (Example 24b) and 4-(2-hydroxyethoxy)-3-methoxybenzoic acid (Uto, Y. et

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

Example 77: 4-amine~-5-{2-(3-(2-hydroxyethoxyp4-methoxybenzamido-2-methylprepoxy)-

2-methylquineline-3-carboxylic acid

Me N
g
e
NHQ O\XNJKQ:O\/\OH
H
OMe

Prepared as in Example 1 from ethyl 4-aming-3-(2-(3-(2-hydroxyethoxy}-4-methoxy-
benzamido)-2-methylpropoxy)-2-methylguinoline-3-carboxylate (Example 77a) as an off-white
solid. MS 484 (MH").

Example 773 ethyl  4-amino-5-(2-(3-(2-hydroxyethoxy)-4-methoxybenzamido)-2-

methylpropoxy)-Z-methyiguinoline-3-carboxylate

Prepared as in Example 24a from 4-amino-5-(2-amino-2-methylpropoxy)-2-methylguino-
line-3-carboxylate (Example 24b) and 3-(2-hydroxyethoxy)-4-methoxybenzoic acid as a brown
solid. MS 512 (MH"}.

Example 78 4-amine-5-(2-(3-(3-hydroxypropoxy)-d-methoxybenzamido}-2-methylpro-
poxy}-2-methylguineline-3-carboxylic acid

Me._ N

’al

|
N o
NH, O\Xm Ou_~_OH

OMe

HO,C
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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  73a  cthyl  4-amino-5-2-(3-(3-hydroxypropoxy)-4-methoxybenzamido)-2-

methylpropoxy)-2-methylquinoline-3-carboxylate
Prepared as in Example 24a trom 4-amino-5-2-amino-2-methylpropoxy - 2-methylguine-
line-3-carboyylate (Exaraple 24b) and 3-(3-hydroxypropoxy)-4-methosybenzoic acid as a brown

sobid. MS 526 (MH).

Example 797 4eamino-3-(2-(4-(3-hydrexyproposy}-3-methoxybeneamido)-2-methylpro-
poxy-Z-methylquinoline-3-carboxylic acid

Me N

]
HOLC

I“ l2 C\X Oh;e
bijjf:\j\r

Prepared as in Example 1 from ethyl 4-amino-5-(2-(4-(3-hydroxypropoxy)-3-methoxy-
benzamido)-Z-methyipropoxy)-2-methylguimoline-3-carboxylate (Example 792) as an off-white

sohid. MS 498 (M¥TH).

Example 792 ethyl 4-amino-5-(2-{4-(3-hydroxypropoxy)-3-methoxybenzamido}-2-
methylpropoxy)-2-methylquinoline-3-carboxvlate

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

P. G.ctal. J Med Chem. 1999, 42, 5131.) as a brown solid. MS 526 (MH*’).

Example 88: (8)-4-amino-3-(2-2,3-dihydrobenzo{bl{l 4]diexine-6-carboxamido)prepoxy)-
2-methylguinsline-3-carboyvlic acid

Me N
cd

|
HOLC™

Me O
NH, o\/’\NJ\Q:o
UL
0

LG8



Prepared as in Example 1 from (S)-ethyl 4-amino-5-(2-(2,3-dihydrobenzo[bli {.4]dioxine-
6-carboxamido)propoxy -2-methylguinotine-3-carboxylate (Example 80a) as an off-white solid,
MS 438 (MH").

Example 80a: {(S)-ethyl 4-amino-5-(2-(2,3-dihydrobenzo[b]{ 1 4]dioxine-6-carbozamido)-
propoxy }-2-methylquinoline-3-carbogylate

as brown solid. MS 466 (MH").

Prepared as ju Example 24a from (S)-ethyl 4-amine-5-(2-aminopropoxy)-2-methyl-
guinoline-3-carboxylate (Example 26b) and 2,3-dihydrobenzo[b][1,4)dioxine-5-carboxylic acid

10

Example 81: (§)-4-amino-5-(2-(2,3-dihydrebenzo{b]{i,4]disxine-5-carboxamido)propoxy)-
Z-methylgquinoline-3-carboxylic acid

Me N
~

HOQCL[Q “‘!e o O/\
NH, O A )

\/\N o

H
Prepared as in Example 1 from (§)-ethyl 4-amino-5-(2-(2,3
15 MS438(MHN).

~dihydrobenzofbl 1,4 dioxine-
S-carboxamido jpropoxy)-2-methylaguinoline-3-carboxvlate (Example 81a} as an off-white solid.

Example 8la: ($)-ethyl 4-amino-5-(2-(2,3-dihydrobenzofb]{1,4]dioxine-S-carboxamido)-
propoxy -2-methylguinoling-3-carboxylate

20

as brown solid. MS 466 (MH™).

Prepared as in Example 24a from (S)-cthyl 4-amino-5-(2-aminopropoxy}-2-methyl-
guinoline-3-carboxylate (Example 26b) and 2,3-dihydrobenzolb]l1 4]dioxine-5~carhoxylic acid

Example 82;

{5)-4~-amine-5-(2-{4-(2-hydrexyethoxy)-3-methoxybenzamide)propoxy)-2-
methylquinoline-3-carboxyiic acid
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Prepared as in Example | from (Syethyl 4-amine-5-(2-(4-(2-hydroxyethoxy)-3-
methoxybenzanido)propoxy )-2-methylquinoline-3-carboxylate (Example 82a) as an off-white
solid, MS 470 (MH).

Example 82a; (S)-ethyl 4-amino-5-(2-(4-(2-hydroxyethoxy)-3-methoxybenzamidoipro-
poxy)-2-methylquinoline-3-carboxylate A

Prepared as in Example 24a from {(S)-ethyl 4-amino-5-(2-sminopropoxy)-2-methyl-
quinoline-3~carboxylate (Example 26b} and 4-(2-bydroxyethoxy)-3-methoxybenzoic acid (Uto,

Y. etal, Bivorg. Med. Chem. Leit. 2608, 19,4151 ) as a brown solid, MS 498 (MF").

Example 83 ($)-4-amine-5-2-3-2-hydrosyethoxy-4-methovybeneamido jpropoxy)-2-

methylguinelne-3-carboxylic acid

Me N
|
HO,C” Y Me O
NH -

OMe

Prepared  as i Bxample 1 from  (S)-ethyl  4-amino-5-(2-(3-(2-hydroxyethoxv)-4-
methoxybenzamido)propoxy)-2-methylquinoline-3-carboxylate (Example 83a) as an off-white
solid, MS 470 (M),

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

Prepared as in Example 24a fromn (S)-ethyl 4-amino-5-(2-aminopropoxy)-2-methyl-
guinoline-3-carboxylate (Example 26b) and 3-2-hydroxyethoxy)-4-methoxybenzoic acid as a
brown solid. MS 498 (MFT").

Example 84 (S)4-amine-5-(2-(3-(3-hydroxyprepoxy-d-methoxybenzamido)propoxy)-2-
methylgainoline-3-carboyylic acid

Me. N
e

HOLC™ e O
NH, O\/\H/[ O\/\/OH

1) g

OMe
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Prepared as in Example | from (S)ethyl 4-amino-5-(2-(3-(3-hydroxypropoxyj-4-
methoxybenzamido)propoxy)-2-methylguinoline-3-carboxylate (Example 84a) as an off-white
solid. MS 484 (MH").

Exanmple 84a; (S)-othyl 4-amino-5-(2-(3-(3-hydroxypropoxy }-4-methoxybenzamidoypro-
poxy}-2~methylqumoeline-3-carboyylate

Prepared as in Example 24a from (§)-ethyl 4-amino-5-(2-aminopropoxy)-2-methyl-
gumoline-3-carboxylate (Example 26b) and 3-(3-hydroxypropoxy)-4-methosybenzoic acid as a

brown solid. MS 512 (MH™,

Example 835 (-4-amino-5-(2-(4-G-hydrexypropoxy}-3-methoxybenzamido)propoxy)-2-

methylquinoline-3-carboxylic acid

e N
g
HOLC™ Y Me O
NHy O A o, OMe

H |

Prepared as in Example 1 from (S)-cthyl 4-amino-53-(2-(4-(3-hydroxypropoxy)-3-
methoxybenzamido propoxy)-2-methylquinoline-3-carboxylate (Example 85a}) as an off-white
solid, MS 484 (MH").

Example 83a: (S)cethyl 4-amino-5-(2-(4-(3-hydroxypropoxy)-3-methoxybenzamidoypro-
poxy)-2-methylquivoline-3-carboxylate ’

Prepared as in Example 24a from (S)-ethyl 4-amino-5-(2-aminopropoxy)-2-methyl-
quinoline-3-carboxylate (Example 26b) and 4-(3-hydroxypropoxy)-3-methosybenzoic acid

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

Example 86: (R)-4-amine-5-(2-(cyclohexanecarboxamido)prepoxy-2-methylguinoline-3-
carboxylic acid (SID 47687395%)

Me. _N
s

|

HOC™ Y Me O
NH, O AL

H

ISR
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Prepared as i Example | from (R)-cthyl 4-amine-5-(2-(cyclohexanecarbosamido)-
propoxy -2-methylquinoline-3-carboxylate (Example 86a) as a white solid (43%). 'H NMR (400
MHz, DMBSO-dg) 0 1.25-1.10 (m, 3H}, 1.34-1.31 (m, 2H), 1.69-1.62 (m, 5D, 2.11-2.05 (m, 1),
269 (s, 3H), 393 (t. J=9.2 Hz, 1H}, 4.13 (dd, /=4, 9.6 Hz, 11, 4.14-4.11 (m, 1H), 6.86 {(d, J
=§,0 Hz, [H), 728 {d, J=84 Hz, 111}, 749 (t, /= 8.0 He, [H}, 795 (d, J = 6.4 Hz, 111} M8
386 (M),

guinoline-3-carbox ylate

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

Example 86b: (R}-ethyl 4-amino-5-(2-aminopropoxyy-2-methylyuinoline-3-carboxylate

Prepared as in Example 2a from (R)-benzyl (1-(3-amino-Z-cvanophenoxy)propan-2-y1)-
carbamate (Example 86¢) and ethyl 3-oxobutanoate as brown solid. MS 304 (MH .

Example 86¢: (R)-benzyl (1-(3-amino-2-cvanophenoxyipropan-2-ylicarbamate

Prepared as in Bxample 24¢ from (R)-2-amino-6-(2-arninopropoxy Yoenzonitrile (Example
g6d) as brown sohid (79%). 'E NMR (400 Mz, DMSO-dg) 6 112 (d, J = 6.4 Hz, 3H), 3.81 {d,J
= 8.4 Hz, 1H), 3.95-3.92 {m, 11}, 4.99 (s, 2H), 5.36 (s, 2H)}, 5.96 (s, 2, 6.20 (4, J = 8.0 Hz,
TH), 6.31(d, J =84 Hz, 1H), 733 (t, /= 8.4 Hz, 1H), 7.44-7.38 (m, 5H). MS 326 (MH").

Examaple 86d: (K)-2-amino-6-(2-aminopropoxy Ybenzonitrile

Prepared as in Example 24d from (R)-2-aminopropan-1-0l and 2-amino-6-fluoro-
benzonitrile as brown solid {(81%). 'H NMR (400 Mz, DMSO-dsy 6 1.01 (d, J = 6.5 Hz, 31},
3.08 (m, 1H), 3.71(d, /= 6.1 Hz, 2H), 5.95 (s, 2H), 6.15 (d, J= 8.3 Hz, 1H), 6.2 (d, J = 8.3 Hz,
1H), 7.13 {t, J = 8.3 Hz, 1H). MS 192 (MHE").

Example 87: (#)y-4-amine-3-{2-(isenicetinamido)propexy)-2-methyiguinoline-3-carboxylic

acid
Me /N |
HOLCT S Me O
NH; O N
N
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Prepared as in Example 1 from (R}-ethyl 4-amino-5-(2-(isonicotinamido)propoxy )-2-
methylquinoline-3-carboxylate (Example 87a) as an off-white sofid (32%). 'H NMR (400 MHz,
DMSO-dy) 6 131 {d, J= 6.8 Hz, 3H), 2.66 (8, 3H), 4.14 {t, /=92 Hz, 1H), 4.28 (dd, J = 3.6, 4.6
Hz, 1H), 4.70- 4.55 (m, 10}, 6.92 (4, J = 8.0 Hz, 1), 7.26 (d, J = 8.4 Hz, 1}, 7.51 (t, J= 8.4
Hz, 1), 7.75{(dd, J= 1.2, 6.0 iz, 2H), 8.7 {dd, /= 1.2, 6.0 Hz, 2F), 8.95 {d, J = 8.0 Hz, 117).
MS 409 (M),
carboxylate

Prepared as in Example 24a from (R)-ethyl 4-amimo-3-{Z-aminopropoxy)-2-methyl-
guinoline-3-carboxylate (Example 86b) and isonicotinic acid as brown solid (41%). MS 409

(M.

Example 8% {Ry-d-aming-5-(2-(3-bydroxybenzamidejpropoxy)-2-methylguinoline-3-

carboyylic acid

Me. N
g
HOCT Y Me O
I 7 #. ¥
HL‘ \}\)\ﬁ {.H

Prepared as in Example 1 from (R)-ethyl 4-amine-5-(2-(3-hydroxybenzamido)propoxy)-
2-methylguinoline-3-arboxylate (Example 88a) as a white solid (51%). ' NMR (400 MHz,
DMSO-dpy 6 1.28 (d, J= 7.2 Mz, 3H), 2.65 (5, 3H), 411 (1, J=8.8 Hz, 1H), 4.22 (dd, /= 4.0, |0
He, 1H), 4.65-4.55 (m, 1H), 6.88 (d, J = 8.0, 2H), 7.25-7.13 (o, 48}, 748 (¢, J = 8.0 Tz, 1),
8.49 (4, J= 8.0, 11D}, 9.93 (brs, 1H}. MS 396 (M.

Example 88a; (Rj-ethyl 4-amino-5-(2-3-hydroxybenzamido)propoxy)-2-methviquine-
line-3-carboxylate

Prepared as i Example 24a from (R)-cthyl 4~amino-5-(Z-aminopropoxy)-2-methyl-
guinoline-3-carboxylate (Example 86b) and 3-hydroxybenzoic acid as brown solid (36%). MS

424 (M.

Example 8% (§rd-amino-S-((1-(cyclehexanecarbonyhpyrrolidin-2-ymethony)-2-methyl-

guinoline-3-carbosylic acid (81D 47639333
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Me N

-

l

HOZC: \,\(\ ; D
NH, O

NN

Prepared as in Example 1 from (S)-ethyl 4-amino-5-{(1-{cyclohexanecarbonylpyrrolidin-
2-yNmethoxy - 2-methylguinoline-3-carboxylate {Fxample 894) as an off-white solid (31%). '
NMR (400 Mz, DMSO-dg) ¢ 1.34-1.11 (m, SH), 1.72-1.51 (m, 5H), 2.08-1.79 {m, 5H}, 2.44~
2.35 {m TH), 2.52 (s, 3H), 3.535-3.45 (m, 2H), 4.02 (dd, J = 6.8, 9.2 Hz, [H), 417 {dd, J = 4.8,
10.0 Hz, THD), 4.45-4.38 (m, 1H), 6754, J=T7.2Hz), 711 {(d, J= 7.6 Hz, 1H), 7.27 (1, J = 8.0
Hz, 1H). MS 412 (MH").

Example 89a: (Sy-ethyi 4-amino-5-({1 -{cyclohexanecarbonyl}pyrrolidin-2-yhmethoxy)-2-
methylguinoline-3-carboxviate

Prepared as in Example 24a from {(S)-ethyl 4-amino-2-methyl-5-(pyrrolidin-2 -vimethoxy)
~gquinoline-3-carboxvylate (Example 89b) and cyclohexanecarboxvlic acid as brown solid (46%).
MS 440 (MH.

Example  890b: (S)-ethyl d-amino-2-methyl-5-{pyrrolidin-2-vimethoxyiguinoline-3-

carboxylate

Prepared as in Example 2a from (8)-benzyl 2-((3-amino-2-cyanophenoxyymethyDpyrro-
lidine-1-carboxylate (Example 89¢) and ethyl 3-oxobutanoate as brown solid. MS 330 (MH").

Prepared as in Example 24¢ from (§)-2-amino-6-(pyrrolidin-2-vimethoxyybenzoniirile
(Example 89d) as brown solid (79%). MS 351 (MH"),

Prepared as in Example 24d from (8-pyrrolidin-2-yhmethanol and 2-amino-6-fluore-

benzonitrile as brown solid (51%). MS 21§ (M¥1"),

Example 90 (S-4-amino-S<{{1-isebutyryipyrrolidin-2-yiimethovy)-2-methylquineline-3-

carbosylic acid

i1i4
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Me._ _N

]
HOQC A D
NH, O’y

I

Prepared as in Example | from {(S)-ethyl 4-amino-5-((1-isobutyrylpyrrolidin-2-yi}-
methoxy)-2-methylquinoline-3-carboxylate (Example 90a) as an off-white solid (39%). 'H NMR
(400 MHz, DMSO-ds) 6 .99 (dd, /= 2.0, 6.8 Hz, 6H), 2.05-1.83 (m, 4H), 2.65 (s, 3F1), 3.53 (1, J
= 7.2 He, 280, 4.08 (dd, J = 6.8, 10.0 Hz, 1H), 4.20 (dd, J = 6.0, 10.0 Hz, 1), 4.54 (w, 1H),
6.99 (d, J= 8.0 Hz, 1I1), 7.21 (d,J = 8.4 Tz, IH), 7.50 (t, J = 8.0 Hz , 1T1). MS 344 (MH").
guinoline-3-carboxylate

Prepared as in Example 24a from (S)-ethyl 4-amino-2-methyl-3-(pyrrolidin-2-yhmethoxy)
-gquinoline-3-carboxvlate (Example 89b) and isobutyric acid as brown solid (46%). MS 400

(MIT").

Fxample 91 (&3-5-((1-acetyipyrrolidin-2-yhmethoxy-4-amino-Z-methylquinoline-3-
carboxylic acid
Me N

]
HOLC™ D
NHZ O\“\\' N
Ac

Prepared as in Example | from (S)-ethyl S-((L-acetylpyrolidin-2-yhmethoxy)-4-amino-
2-methylgainoline-3-carboxylate (Example S1a) as an off-white solid (23%). "H NMR (400
MHz, DMSO-dy) 6 1.98 (s, 38}, 2.03-1.82 (m, 4H), 2.71 (5, 3}, 348 {t, 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, J=8.0
Fz, UT), 7.34 (d, J= 8.0 Hz, 1E), 7.54 (¢, /= 10.0 Hz, 1), MS 344 (M.

Example 91a: (S-ethyl S<{{1-acetylpyrolidin-2-vlmethoxy)-4-amino-2-methylquino-
line-3-carborylate

Prepared as in Example 24a from ($)-ethyl 4-amino-2-raethyl-5-(pyrrolidin-2-vlimethoxy)
-guinoline-3-carboxylate (Example 89b) and acetic anhydride as brown solid (31%). M5 372

(M.

115
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Example 921: (H)-d-amino-5-((-{cyclobexanccarbonyDpyrrolidin-2-yhimethoxy)-2-methyl-

Me N
]
NH, O N
)

Prepared as in Example 1 from (R)-cthy! 4-amino-5-((1~(cyclohexanecarbonylpyrrolidin

guineline-3-carbexylic acid

-2-yhmethoxy)-2-methylguinoline-3-carboxylate (Example 92a) as an off-white solid (37%). 'H
NMR (400 MHz, DMSO-ds) & 1.34-1.11 {m, SH), 1.72-1.51 (m, 5H}, 2.08-1.79 (m, 511), 2.44-
2.35 {m 1H), 2.52 (s, 3H), 3.55-3.45 (m, 28, 4.02 (dd, /= 6.8, 9.2 Hz, 1H), 417 (dd, J = 4.8,
10.0 Hz, 1H), 4.45-4.38 (m, 1H), 6.75 (d, J = 7.2 Hz), 7.11(d, /= 7.6 Hz, 1H}, 7.27 (t, J = &0
Hz, 1H). MS 412 (MH™).

Example 92a; ()-ethyl 4-amino-S-{(1-{cyclohexanccarbonyDpyrrolidin-2-ylmethoxy)-
Z-methylguinoline-3-carboxylate

Prepared as in Example 24a from (R)-cthyl d-amino-2-methyl-5-(pyrrolidin-2-
yimethoxy)-quinoline-3-carboxylate (Example 92b) and cyclohexanccarboxylic acid as brown
sofid (39%). MS 440 (MH").

Example  92b:  (E)cthyl  4-aming-2-methyl-5~(pyrrolidin-2-yimethoxyjquinoline-3-

carboxylate

Prepared as mn Example 2a from (R)-benzyl 2-((3-amino-2-cyanophenoxy ymethyDpyrro-
lidine-1-carboxylate (Example 92¢) and ethyl 3-oxobutancate as brown solid. MS 330 (MH").

Prepared as in Example 24¢ from (R)-2-amino-6-(pyrrolidin-2-yimethoxy)benzonitrile
(Example 92d) as brown solid (71%). MS 351 (MH").

Prepared as in Example 244 from (K)-pyrrolidin-2-yimethanol and 2-amino-6-fluoro-

benzonitrile as brown sofid (57%). MS 218 (M),

Example 93: (#)4-aminoe-3-((I-isobutyryipyrrolidin-2-yDmethoxy)-2-methylguinoline-3-

cavboxylic acid
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Me N

]
NH, o\/Q
o)j/

Prepared as in Example 1 from (R)-ethyl 4-amino-5-({1-isobutyrylpyrrolidin-2-y1)-
methoxy }-2-methylquinoline-3-carboxylate (Example 93a) as an off-white solid (44%). 'H NMR
{400 Mz, DMSO-ds) é 6.99 (dd, /= 2.0, 6.8 Hz, 61}, 2.05-1.83 (m, 411), 2.65 (s, 3F), 3.53 (1, J
= 7.2 fiz, 2ZH), 4.08 (dd, J = 6.8, 10.0 Hz, 11, 4.20 (dd, / = 6.0, 10.0 Hz, 1H), 4.54 {(m, 1},
6.99 (d,.J= 8.0 Hz, 11), 7.21 (d, /= 84 Hz, 1H), 7.50 (t, J= 8.0 Iz, 1H). MS 344 (MH").

Exammple 93a; (R)-cthy! 4-amino-3-((1-isobutyryipyrrolidin-2-yi}-methoxy}-2-methyl-
quinoline-3-carboxylate

Prepared as in Example 24a from (R)-ethyl 4-amino-2-methyl-5-(pyrrolidin-2-
vimethoxy)quinoline-3-carboxylate {(Example 92b) and isobutyric acid as brown solid {39%).

MS 400 (ME).

Example G {Ry-5-((1-acetylpyrrolidin-2-yDmethoxy -4-amino-2-methylquinoline-3-
carboxylic acid
Me N

-

HOZCm

NH, o\/(!}

Ac

Prepared as in Example 1 from (R)-ethyl S-{(1-acetylpyrrolidin-2-yimethogy )-4-amino-
2-methylquinofine-3-carboxylate (Example 94a) as an offiwhite solid (19%). 'H NMR (400
MHz, DMSO-dg) 6 1.98 (s, 3H), 2.03-1.82 (m, 4F), 2.71 (s, 3H), 3.48 (1, .J = 6.0 Hz, 211), 4.05
(dd, /= 6.4, 10.0 Hz, 1H), 4.22 {dd, J = 6.8, 1 0.0 Hz, 1H), 4.54-4.46 (m, {H), 6.99 (d, J = 8.0
Hz, 1H), 7.34 (d, J = 8.0 Hz, 1H), 7.54 (t, /= 10.0 Hz, 11, MS 344 (MH").

Example O94a:

{fy-ethyl 5-{{I-acetylpyrrolidin-2-yhmethoxy)-4-amino-2-methylquino-
Hne-3-carboxylaie

Prepared as in Example 24a from (K)-ethyl 4-amino-2-methyl-5-{pyrrolidin-2-
vimethoxyyquinoline-3-carboxylate (Example 92b} and acetic anhydride as brown solid (28%).

MS 372 (ME).

fa—
e
~d



Example 95 (§)-4-amino-5-(2-(Z-hydroxybenaamido)-3-methyvibutoxy)-2-methylquinoline-

3-carboxylic acid

Me /N
l
HOE
NH; O
g O OH
N
H
5 Prepared as in Example | from {(§-ethyl 4-anino-5-(2-(2-hydroxybenzamido}-3 -methyl-

batosy)-2-methylgninoline-3-carboxylate {(Example 95a) as a white solid (82%). MS 424 (MB").
guinoline-3~carbogylate
Prepared as in Example 24a fHom (8)-ethyl 4-amino-5-{2-amino-3-methylbutoxy)-2-
16 methylquinoline-3-carboxylate (Example 95b) and 2-hydroxybenzoic acid as brown solid (56%).
MS 452 (MIT),

Txample 95 ($)-ethyl  4-amino-5-(2-amine-3-methyibutoxy)-2-methylgemoline-3-

carboxrylate

Prepared as in Example 2a from (S)-benzyl 1-(3-amino-2-cyanophenoxy - 3-methylbutan-

15 2-ylearbamate (Bxample 95¢) and ethyl 3-oxobutanoate as brown sofid (79%). MS 332 (MIT).
Example 95¢; (Si-benzyl 1-(3-amino-2-cyanophenoxy)-3-methylbutan-2-ylearbamate
Prepared as in Example 24¢ from {5)-2-amino-6-(2-amino-3-methylbutoxy tbenzonitrile
(Example 95d) as brown solid (82%). M8 354 (MH™").
Example 95d: {(§)-2-amino-6-(2-amino-3-methylbutoxy Ybenzonitrile
20 Prepared as in Example 24d from (5)-2-amino-3-methylbutan-1-ol and 2-amino-~6-fluoro-

benzonitrile as brown solid (71%). MS 220 (MF").

Example 96: (Sp-4-amine-8~{2-(3-hydroxybenzamideo}-3-methylbutoxy)-2-methylquinoline-

3-carboxyiic acid

1138
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Me N

HOLC™
NH, O

\}ufg@w

Prepared as in Exarople 1 from (S)-ethyl 4-amino-~5-(2-(3-hydroxybenzamido)-3-methyl-
butoxy)-2-methylquinoline-3-carboxylate (Example 96a) as a white solid (83%). MS 424 (MH ).

Exarople 96a: (S)-ethyl 4-amine-5-(2-(3-hydroxybenzamido)-3-methylbutoxy )-2-methyl-
guinoline-3-carboxylate

Prepared as in Example 24a from (S)-ethyl 4-amino-5-(2-amine-3-methylbotoxy)-2-
methylquinoline-3-carbosylate (Example 95b) and 3-hydroxybenzoic acid as brown solid (35%).

MS 452 (MH".

Example 97: (&)-4-amine-5-C-2-hydrexybenzamido)butoxy)-Z-methylquineline-3-

carboxylic acid

Me. N
g
HOL.C™ Y 7 o oH
NHz OA
H

Prepared as in Exampile | from (S)-ethyl 4-amino-5-(2-(2-hydroxybenzamidobutoxy -2~
methylquinoline-3-carboxylate (Example 97a) as an off-white solid (78%). MS 410 (MH").

Example 97a; (S)-ethyl 4-amino-5-(2-(2-hydroxybenzamido}butoxy}-2-methylguinoline-
3-carboxylate

Prepared as in Example 24a from (5)-ethyl 4-amino-5-(2-aminobutoxy)-2-methylquino-
line-3-carboxylate (Example 97b) and 2-hydroxybenzotc acid as brown solid (46%). M8 438
(MH".

Example 97b: (S)-ethyl 4-amino-5-(2-aminobutoxy)-2-methylguinoline-3-carbox yiate

Prepared as in Example Za from (S)-benzyl 1-(3-amino-2-cyvanophenoxy)butan-2-
ylearbamate (Example 97¢) and ethyl 3-oxobutanoate as brown solid (75%), MS 318 (MH .

Example 97¢; (S)-benzyl 1-(3-amino-2-cyanophenoxybuian-2-yicarbamate

Prepared as o Example 24¢ from (5)-2-anivo-6-(Z-aminobutoxy fhenzoniirile (Example

97d) as brown solid (87%}. MS 340 (M),

1i9
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Example 974 (5)-2-amine-6-(2-aminobutoxy)benzonitrile
Prepared as in Example 24d from (S)-Z-aminobufan-1-0l and 2-amino-6-fluoro-

benzonitrile as brown solid (73%). MS 206 (MH"),

Example 98:  (S)-4-amine-5-2-(4-(2-hydroxyethoxy)-3-methoxybenzamidojbutoxy)-2-
methyiguinoline-3~carboxylic acid
Me /N

l

HOLCT 70

NH, O A N OMe
O/\‘/OH

Prepared as in Example 1 from (S)-ethyl 4-amino-5-(2-(4-(2-hydroxyethoxy }-3-methoxy-
benzamido)butory)-2-methylquinoline-3-carboxylate (Example 98a) as an off-white sohid (83%).
MS 484 (MH).

Example  98a:  (S)-ethvl  4-amino-5-(2-(4-(2-hydroxvethoxy )-3-methoxybenzamido)-

butoxy)-2-methylquinoline-3-carboxylate

Prepared as in BExample 24a from (S)-ethyl 4-amino-5-(2-aminobutoxy)-2-methylguing-
line-3-carboxylate (Example 97b) and 4-(2-hydroxyethoxy)-3-methoxybenzoic acid (Uto, Y. ¢t
al. Bioorg. Med. Chem. Lett. 2889, 19, 4151.) as brown solid (38%). MS 512 (MH").

Example 99: (8)-4-amine-5-(2-(2,3-dibyvdrobenzobl[1,4]dioxine-S-carboxamido)butoxy)-2-

methylquineline-3-carbeoxylic acid

HOz(J: /j/\; 70 0

Prepared as in Example 1 from (S)-ethyl 4-amino~-5-(2-(2,3-dilvdrobenzofb ][ 1,4 1dioxine-
S-garboxamidojbutoxy -2-methylquinoline-3-carboxylate (Example 99a) as an off-white solid
(78%). MS 452 (MH"). |

HExample 994 (S)-ethyl 4-amine-5-(2-(2,3-dihydrobenzoib]l 1 4]dioxine-5-carboxamido)-

butoxy)-2-methylquinoline-3-carboxylate

120
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Prepared as in Example 24a from (S)-ethyl 4-amine-5-(2-aminobutoxy)-2-methylquino-
line-3-carboxylate {(Example 97b) and 2,3-dihydrobenzofb][1,4]dioxine-5-carboxylic acid as

brown solid (40%). MS 480 (MH").

Example 1806: ($-4~-amino-5-(2-(4-(3-hydroxypropoxy)-3-methoxyvbenzamide)batoxy)-2-
methylguineline-3-carboxylic acid
Me ,N

HO,C™ Y P

NH, OJ\NJKQ:OMe
H
o/\/’\OH

Prepared as i Example 1 from (§rethyl 4-amino-5-(2-(4-(3-hydroxyproposy)-3-
methoxybenzamido)butoxy)-2-methylquinoline-3-carboxylate (Example 100a) as an off-white
solid (79%). MS 498 (MF").

Example 100a; (§-ethyl 4-amino-5-(2-(4-(3-hydroxypropoxy-3-methoxybenzamido)-

butoxy)-2-methyiquinoline-3-carboxylate
Prepared as in Bxample 24a from {S)-ethyl 4-amino-5-(2-aminobutoxy)-2-methylguino-
line-3-carboxylate {Example 97b} and 4-(3-hydroxypropoxy)-3-methoxybenzoic acid (Baraldi,

P, G.etal J. Med Chem. 1999, 42, 5131.) as brown solid (41%). MS 526 (MH").

Example 101 ($)-4-amino-5-(2-(3,5-dihydroxybenzamide)butexy)-2-methylguineline-3-

carboxvlic acid

Me. N
]
HOLC™ Y 7o
Ny O\//:\N QH
H

OH
Prepared as in BExample 1 from (S)-ethyl 4-amino-5-(2-(3,S-dihydroxybenzamido)butoxy)
-2-methylguinoline-3-carboxylate {Example 101a) as an off-white solid (69%). MS 426 (MH").

Example [0fa: (&)-cthyl 4-amino-5-(2-(3,5-dihydroxybenzamido)butoxy)-2-methyvl-

guinoline-3-carboxylate
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Prepared as in Example 24a from ($)-cthyl 4-amino-5-(2-aminobutoxy)-2-methylquing-
line-3-carboxylate (Example 97b) and 3.5-diliydroxybenzoic acid as brown solid (37%). MS 454
(MHM.

Example 182 (8)-4-amino-5-(2-(2,3-dihydrobenze{b}{ 1,4]dioxine-6-carbexamido) butexy)-
Z-methylquinsline-3-carbesylic acid

Me N

-

°\/\NJJW©E )

Prepared as in Example 1 from (S}-cthyl 4-amino-5-(2-(2,3-dihydrobenzofb]f1.4}dioxine-

HO,C

6-carboxarmidolbutoxy}-2-methylguinoline-3-carboxylate (Example 1024) as an off-white solid
(719%). MS 452 (MH™M).

Example 102a; (S)-ethyl 4-amino-5-(2-(2,3-dihydrobenzo[b][1,4]dioxine-6-carboxamido)

butoxy)-2-methylguinoline-3-carboxylate

Prepared as in Example 24a from (S)-ethyl 4-amino-5-(2-amincbutoxy)-2-methylguino-

" line-3-carboxylate (Example 97b) and 2,3-dihydrobenzofblf1,4]dioxine-6-carboxylic acid as

brown solid (46%). MS 480 (MH").

Example 1463 ($)-4-amine-5-2-3-hydrexybenzamideybutoxy)-2-methylguinoline-3-
carbexylic acid

Me N

ad

HOLC™ “ 0

NH, O\}\NJ\@OH
H

Prepared as in Example 1 from (Sh-ethyl 4-amino-5-(2-(3-hydroxybenzamido)butoxy)-2-
methylquinoline-3-carboxylate (Example 103a} as an off-white solid (72%). MS 410 (MH™).

Example 103a: (S)-ethyl 4-amino-3-(2-(3-bydroxybenzamidoYbutoxy)-2-methylquino-

line-3-carboxylate



Prepared as in Example 24a from (S)-ethyl 4-amino-5-2-aminobutoxy}-2-methylguino-
ling-3-carboxylate (Example 97b) and 3-hvdroxybenzoic acid as brown solid (499). MS 438

(ME.

(4

Example 184 (Sr4d-amine-53-C2-4-3-bydrexypropoxyi-3-methoxybenzamido}-3-methyd-
butoyy)-2-methylquinoline-3-carboxylic acid
Me /N

e

NH

b O o
NJUOME
H

Prepared as in Example [ from (S)ethyl 4-amino-5-(2-(4-(3-hydroxypropoxy)-3-

HO,C

methoxybenzamido)-3-methylbuioxy)-2-methylguinoline-3-carboxylate (Example 104a) as an
10 off-white solid (69%). MS 512 (MH").

Example 104a: (S)-ethyl 4-amino-5-(2-{4-(3-hydroxypropoxy)-3-methoxybenzamido}-3-

methylbutoxy)}-2-methylguinoline-3-carboxylate
Prepared as in Example 24a from (S)ethyl 4-amino-3-(2-amino-3-methytbutoxy)-2-
methylguinoline-3-carboxylate (Example 93b) and 4-(3-hydroxypropoxy)-3-methoxybenzoic

{5 acid (Baraldi, P. G. etal. J. Med. Chem. 1999, 42, 5131.) as brown solid (29%). MS 540 (MH").

Example 185 ($)4-amine-5-2-(3,5-dihydroxybenzamide)-3-methyibutoxy)-2-methyl-

guinefine-3-carboxylic acid

Me N
g
HO,C™ Y
NH
2 O o
N OH
H
OH
20 Prepared as m Example | from (§)-ethyl 4-amino-5-(2-(3,5-dihydrox ybenzamido)-3-

methyibutoxy -2-methylgunoline-3-carboxylate (Example 105a) as 2 white solid {(72%). MS 440
{MET.



15

20

Example 105a: (Sh-ethyl 4-amino-5-(2-(3,5-dihydroxybenzamido)-3-methylbutoxy }-2-

methylquinoline-3-carboxylate
Prepared as in Example 24a from (5)-cthyt 4-amino-5-(2-ammo-3-methylbutoxy)-2-
methylguinoline-3-carboxylate (Example 95b) and 3,5-dhydroxybenzoic acid as brown solid

(29%). MS 468 (MH".

Example 166 {(&)-4-amino-5-(2-(2,3-dibydrobenze[b]{1,4}diexine-5-carboxamide)-3-
methyibutoxyi-2-methyiguinsline-3-carboxylic acid
Me N

’

HOLC™

NH, O
SHSe.
Nk@/o
H

Prepared as in Example 1 from (S)-ethyl 4-amino-5-(2-(2,3-dihydrobenzofbli 1,4)dioxine-
5-carboxamide}-3-methylbutoxy )-2-methylguinotine-3-carboxylate (Example 106a) as a white
solid {(819%). MS 466 (M.

Example 106a; (S)-ethyl 4-amino-5-(2-(2,3-dihydrobenzo[b]{ 1,4 |dioxine-5-carboxarido)

~3e-methylbutoxy - 2-methylguinoline-3-~carboxylate

Prepared as in Example 24a from (S)-ethyl 4-amino-5-(2-amino-3-methylbuioxy)-2-
methylquinoline-3-carboxvlate  (Example  @5by  and  2.3-dihydrobenzofblf1,4]dioxine-5-
carboxylic acid as brown solid (36%). MS 494 (M.

Example 167: (5)4-amine-3-(2~(2 3-dihydrobenzoaib|[1,4]dicxine-6-carboxamido)-3-

methyibutoxy}-2-methylguineline-3-carboxylic acid
Me. N

g
HOC™

NH,

.y
o
aee
0
Prepared as m Example 1 from {S)-ethyl 4-amino-5~(2-(2,3-dihydrobenzofblf | .4 ]dioxine-

6-carboxamido)-3-methyibutoxy)-2-methylquinoline-3-carboxylate (Example 1078) as an off-

white solid (76%). MS 466 (MH ).
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Example 107a; (Sy-ethyl 4-amino-5-(2-(2,3-dibydrobenzolb][ {4 ]dioxine-6-carboxamido)
-3-methylbutoxy)-2-methylquinoline-3-carboxylate

Prepared as in Example 24a from {(S}ethyl 4-amino-5-(2-amino-3-methylbutoxy)-2-
methylguinoline-3-carboxylate  (Example  93b)  and  2,3-dihydrobenzo[b]{1,4]1dioxine-6-

carboxylic acid as brown solid (29%). MS 494 (MH ).

Example 188: 4-amino-S-((4-(isonicotinamids}cyclohexyhmethoxy)-2-methylguinoline-3-
carboxylic acid
Me N

d
| N._o
a2 de;
NHy © =~
< )
N

Prepared as i Hxample 1 from ethyl 4-amino-5-((4-(isonicotinamidoovelohexyl)-
methoxy)-Z-methylquinoline-3-carboxylate {Example 1084) as an off-white solid (43%). ‘"
NMR (400 Mz, DMSO-ds) 6 1.52 - 2.01 (m, 8H}, 2,13 (m, 1), 2.74 (s, 3, 3.99 (m, 11,
418 (d, /= 6.8 Hz, 2IT), 7.05 (d, J = 8.0 Hz, 11D, 7.26 (d, J= &0 Hz, [ID), 7.66 {t, J= 8.4 Hz,
15), 7.71 {d, J = 6.0 Fiz, 2H), 8.40 (d, J = 6.8 Hz, 11}, 8.71 (d,J = 6.0 Hz, 21), 12.70 (brs, 1H).
MS 435 (ME).

Example 108a; ethyl 4-amino-3-{{4-(isonicotinamido)eyelohexyl)-methoxy)-2-methyl-

guinoline-3-carboxylate

Prepared as in Example 2a from N-(4-((3-Amino-2-cyanophenoxyimethyljoyclohexyl)-
isonicotinamide {Example 108b) and ethy] 3-oxobutancate as a yellow solid {25%). MS 463
(MH.

Example 108h: N-(4-((3-Anuno-2-cyanophenoxyimethylicyclohesyisonicotinamide

3

Prepared as in Example Z2Zb from N-(4-(Hydroxymethylcyclohexyliisonicotinamide
{Example 108c) and 2-amino-6-fluorobenzonitrile as a colorless oil (6%). MS 351 (MHY).

Exarnple 08¢ N-(4-(Hydroxymethyliovelohexvhisonicotinamide

Prepured as in Example 24a from (4-Aminocyclohexylymethanol and isonicotinic acid as

a yellow oil (100%). MS 235 (MH),

Example 10%: 4-amine-S5-{{2-methoxyceyclohexyhoxy)-2-methylquinoline-3-carboxylic acid

125



HY

Me. _N

’d

|
HOLC™ OMe
NH, O

Prepared as in Example | from ethyl 4-amino-5-((2-methoxycvelohexyDoxy)-2-
methylguinoline-3-carboxylate {Example 1092) as a white solid (79%). 'H NMR (400 Mz,
DMSO-ds) 6 1.20-1.68 (m, 6H), 2.16 (m, 2H), 2.78 {8, 31, 3.34 (s, 311), 3.58 (m, 1H), 4.50 (m,
1, 737 (4, J = 8.4 Hz, 11, 7.29{d, J = 8.4 He, 1H), 7.67 {t, J= 8.8 Hz, 1H), 8.92 (brs, 11,
12.14 (brs, 1H), 12.86 (brs, 1H). MS 331 (M),

Example  109a:  eothyl  4eamino-5-{(2-methoxyeyclohexyhoxy)-2-methylquinoline-3-

carboxvylate

Prepared as in Example 2a from 2-Amino-6-(2-methoxveyclohexyloxyibenzonitrile
{Example 109b) and ethy! 3-oxobutanoate as a pale vellow oil (16%). MS 359 (MH").

Example 109b; 2- Amino-6-(2-methoxycyclohexyloxybenzonitrile

Prepared ss in Example 22b from 2-methoxyeyclohexano! and Z-amino-6-fluoro-

benzonitrile as a vellow oil (34%). MS 247 (MH").

Example 118 4-aminoe-5-((1-3-hydroxybenzovljpiperidin-3-vi)methoxy-2-methylguinoline
~3-carboxylie acid
Me N

'

NH, O N
OH

O
Prepared as in Example | from cthyl 4-amine-5-((1-(3-hydroxybenzoyl)piperidin-3-
yhmethoxy)-2-methylgninoline-3-carboxylate {Example 110a) as a white solid (35%:). MS 436
(MIT).

Example 110a;  ethyl  4-amino-5-((1-(3-hydroxybenzoyhpiperidin-3-yhmethoxy)-2-
methylquinoline-3-carboxylate

Prepared as in Example 24a from ethyl 4~amino-Z-methyl-S-(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:  ethyl  4-amino-2Z-methyl-5-{piperidin-3-ylmethoxyjquinoline-3-

carboxylate
Prepared as in Example 2a from benzyl 3-((3-amino-2-cyanophenoxymethylpiperidine-

1-carboxylate (Example [10c¢) and ethyl 3-oxobutanoate as a yellow oil (219%). MS 344 (MH"),

Prepared as in Example 24¢ from 2-amino-6-{piperidin-3-ylmethoxy)benzonitrile

{Example 110d) as a yellow solid (70%).

~ N

Prepared as i Example 24d from 3-piperidivemethanol and 2-amino-6-fluoro-benzo-

nitrile as a light yellow solid (27%). MS 232 (MH"),

Example 111 4amino-S-((1-3-hydroxybenzoyDpiperidin-2-yHmethoxy)-2-methylguine-
Bne-3-carboxylic acid
Me. N

’d

Hozc: \;I; ;\/O
NH
2 O N

Prepared as in Example | from .ethyl 4-amino-5-((1-(3-hydroxybenzoyl)piperidin-2-
viymethoxy)-2-methylquinoline-3-carboxylate (Example 111a) as an off-white solid (35%). 1
NMR (400 MHz, DMSCG-dj) 6 1.25-1.85 (m, 6H), 2.74 (s, 3H), 3.44 (m, 2H), 4.27 (m, 1H),4.73
{(m, 28y, 5.29 (m, 1H)}, 6.64 — 6.73 (m, 2H), 6.78 (d, /= 7.2 Hz, 1H), 7.18 {m, 2H), 7.26 (d, /=
8.4 Hz, 1H), 7.68 (m, 1H), .87 (brs, 1), 9.73 (brs, 1), 11.96 (brs, 1H), 12.70 (brs, 1H). MS
436 (MH™).

Example 1ila: ethyl 4-amino-5-((1-(3-hydroxyhenzoyl)pipenidin-2-ylymethoxy)-2-

methylquinoline-3-carbox viate

Prepared as in Example 24a from cthyl 4-amino-Z-methyl-5-(piperidin-2-yimethoxy)-
quinoline-3-carboxylate (Example 111b) and 3-hiydroxybenzoic acid as a white solid (28%). MS
464 (MET).

Example 111 ethyl  4-amino-2-methyl-5-(piperidin-2-ylmethoxy)quinoline-3-

carboxylate
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28

Prepared as in Example 2a from benzyl 2-((3-amino-2-cyanophenoxy ymethyDpiperidine-
I-carboxylate (HExample [1ic) and cthyl 3-oxobutanoate as a colorless oil (13%). MS 344
(MFL,

Prepared as in Example 24¢ from 2-amino-6-(piperidin-2-yhmethoxyyhenzonitrile
(Exaniple 111d) as a veliow solid (100%). MS 366 (M.

Prepaved as in Example 24d from 2-piperidinemethano] and 2-amino-6-fluore-benzo-

nitrile as a light yellow solid {(64%). MS 232 (MH").

Example 112: &-amino-S-cyclopropyb2-methylquinoline-3-carboxylic acid

Me N
]

HOLCT Y
NH,

Prepared as in Example | from ethyl 4-amino-5-cyclopropvi-2-methylguinoline-3-
carboxylate (Example |12a) as a white solid (85%). 'H NMR (400 MHz, MeOH-d5 § 1.03 (m,
2H), 1.31 (m, 2H), 2.53 (m, 1H), 2.81 (s, 3H}, 7.50 {m, TH), 7.58 (m, 1), 7.73 {m, 1H). MS 243
(ME).

Example 112a; ethyl 4-amino-S-cyclopropyl-2-methylguinoline-3-carboxviate

Prepared as in Example 2a from 2-amino-6-cyclopropvibenzonitrile (Tachdjian, C. e/ al.
PCT Int. Appl. 20808, WO 2008154221) and ethyl 3-oxobutanoate as a pale vellow solid (80%).
MS 271 (MH).

Example 113: d-amine-2-(carboxymethyl}-5-(2-cyclohexyiethyliquinoline-3-carboxylic acid

HO,C /Nl
HOLC™ Y
NH,

Prepared as in Example 1 from ethyl d-amino-5-(2-cyclohexylethyl)-2-{2-cthoxy-2-
oxoethyDquinoline-3-carboxylate (Fxample 113a) as an orange solid (69%). 'H NMR (400
MElz, DMSO-ds) 6 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, L), 3.15 (¢, § = 8.0 Hz, 28, 3.70 {s, 2H), 7.09-7.11 (m, 1H), 7.38-7.42 (m, 1),

7.46-7.51 (m, 2H). MS 338 (MH-H,0).
Example 113a; ethyl 4-amino-5-(2-cyclohexylethyl)-2-(2-cthoxy-2-oxoethyliguinoline-3-

TN R A

carboxylate
Prepared as in Example 2a from 2-amino-6-(2-cyclohexylethyhbenzonitrile (Example

113b) and diethy} 3-oxopentanedioate as an orange solid (33%). "H NMR (400 MHz, DMSO-ds)
o 0.87-0.96 (m, 21, 1.14-1.22 (m, 7TH), 1.27-132 (m, 4H), 1.47-1.52 (m, 2H), 1.61-1.68 {(m,
4H), 1.74-1.77 (m, 2H), 3.21-3.25 (m, 2H), 4.03 (5, 2H), 4.09 (g, J = 8.0 Hz, 2H), 4.27 (¢, J= 8.0
Hz, 2¥), 7.27 (1, J = 4.0 Hz, 1H), 7.57(d, I = 8.0 Hz, 2H), 7.63 (brs, 2H}. MS 413 (MH".

10
Prepared as in Example 21b from 2-amino-6-(cyclohexylethynybenzonitrile (Example
113c) as an orange solid (36%). 'H NMR (400 MHz, DMSO-d,) § 0.90-0.95 (m, 2H), 1.16-1.24
{m, 4H), 1.41-1.46 (m, 2H), 1.60-1.75 (m, 5H), 2.58-2.62 (m, 211), 5.90 (5, 2H), 6.48 (d, J = 8.0
Mz, 1H), 6.61 (4, J = 8.0 Hz, 1), 7.18 (t, § = 4.0 Hz, 171). MS 229 (M),

Prepared as in Example 21c from ethynylcyclobexane and 2-amino-6-bromobenzonitrile
as a brown oil {100%). Y NMR (400 MHz, DMSO-dg) § 1.24-1.77 {(m, 10, 2.70 {m, 1H), 6.13
(s, 2H), 6.64 (d, J = 8.0 Hz, 1H), 6.74 {d, I = &0 Hz, 1H), 7.22 {t, T = 8.0 Hz, 11). MS 225

(M.

20
Example 114: 4-amino-5-(3-methoxyphenyl)-2-methylquinoline-3-carboxylic acid

Me_ _N
]
90

HO,C

H,N l
OMe

Prepared as in Example | from ethyl 4-amino-5-(3-methoxypheny!)-2-methylguinoline-

3-carboxylate (Example 114a) as an off-white solid (38%). MS 309 (MH").

Example 1i4a; ethyl 4-amino-5-(3-methoxyphenyl)-2-methyiguinoline-3-carboxylate
3-amino-3'-methoxy-{1, U-biphenyl}-2-carbonitrile

2
L

Prepared as in Hxample 2a from 3
(Example 114b} and ethyl 3-oxobutanoate as a pale vellow solid (55%). MS 337 (MH ).

Example {14b: 3-amino-3-methoxy-[ 1, 1-biphenyi]-2-carbonitrile
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To a stirred solution of 2-aminc-6-bromobenzonitrile (195 mg, 1.0 mmol) and (3-
methoxyphenylboronic acid (300 mg, 2 mmol) in dioxane (2 mL) was added agueous potassivm
carbonate (2.0 mmol, 0.7 mL}. The reaction solution was degassed by bubbling Ny for 2 minutes.
Palladium tetrakistriphenylphosphine (5% miol) was added to the reaction mixture and the
reaction vessel was placed in a microwave reactor and irradiated at 1635 °C for 20 minutes. The
precipitate was removed by filtration and the filtrate concentrated, The residue was purified by
HPLC (acetonitrile/water; 10-90% gradient, 25 mivutes) to give the title compound as an off-

white solid {180 mg, 80%). MS 225 (M),

Example 115: d-amine-S-{cyclohexyimethoxy)-Z-methylguineline-3-carboxylic acid
Me N
2

NH, O

Prepared as in Example 1 from ethyl 4-amino-5-(cyclohexylmethoxy)-2-methylquino-
line-3-carboxylate {(Example 115a) as a white solid (84%). 'H NMR (400 MHz, DMSO-d;) &
1.03-1.29 (m, SH), 1.63-1.82(m, 5H), 1.94 (m, 1H), 275 (s, 3H), 4.06 (d, ] = 6.4 Hz, 2H), 7.03
(d, J=8.0Hz, 1H), 7.26 (d, I = 8.4Hz, 1H), 7.66 (1, T = 8.4 Hz, 1H). MS 315 (MH").

Prepared as 1o Example 2a from 2-amino-6-(cyclohesylmethoxybenzonitrile {Example
115b) and ethy! 3-oxobutanoate as a pale yellow solid (47%). "H NMR (400 MHz, MeOD) §
1.12-1.37 (m, 6H), 142 (t, J = 4.0 Tz, 3H), 1.73-2.01 (m, SH), 2.68 (s, 3H), 4.06 (4, I = 4.0 Hz,
2H), 442 {g, J = 8.0 Hz, 2H), 6.96 (d, J = 8.0 Hz, 1H), 7.32(d, J = 8.0 He, [H), 7.58 (1, } = 8.0
Flz, 17). MS 343 (MH.

Example 115h; 2-amino-6-(cyclohexylmethoxy benzonitrile

Prepared as in Example 22b from cyclohexyhmethanol and 2-amino-6-floorobenzonitrile
as a colorless oil (50%). 'H NMR (400 MHz, CDCl) & 1.07-1.09 (m, 21, 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 (4, J = &4 Hz, 1H), 628 (d, J =
84Hz 1H), 7.19 (t, = 8.4 Hz, 1F). MS 231 (MH").

Example 116: 4-amino-S-{cyclohexylmethexy}-2-methylguineline-3-carboxylic acid
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Me. _N
o
™

NH, O. :

Prepared as ju Example 1 from ethyl 4-amino-2-methyl-S-phenoxygquinoline-3-
carboxylate (Rxample 116a) as an off-white solid (47%). 'H NMR (400 Mz, DMSO-d;) § 2.77
(s, 3FD), 6.60(d, T = 4.0 He, {H), 7.23 (d, F = 8.0 He, 2H), 7.30 ¢, T = 8.0 He, 111), 740 (dd, } =
8.0 Tz, 1H), 749 (1, T = 8.0 Hz, 2H), 7.60 (1, ¥ = 8.0 Hz, 1H), 8.81 (brs, 1H}, 12.20 {brs, 11),
12.81 (brs, {FI), MS 295 (MH").

HO,C

Example | 16a: ethyl 4-amino-2-methyl-5S-phenoxyquinoline-3-carboxylate

Prepared as in Example 2a from Z-amino-6-phenoxybenzonitrile and ethyl 3-
oxobutanoeate as a yvellow oil (72%). 11 NMR {400 MHz, DMSO-ds) ¢ 1.32 (1, J = 8.0 Hz, 3H),
2.59 (s, 31y, 4.33 (g, I = 8.0 Hz, 210, 6.61 (dd, T = 8.0 Hz, 111), 7.16 (d, I = 4.0 He, 2H), 7.25 (1,
J = 8.0 ez, 1H), 7.39-7.52 (m, 411), 7.93 (brs, 2H). MS 323 (MH").

Example 117: 4d.amino-8-(3-{{4-methoxybenzyDaming)-2,2-dimethyl-3-oxopropoxy -2~

methylgainoline-3-carboxylic acid

Me N
|

f'iOgC@ . OMe
NH, o\x ],N.

O
Prepared as in Example 1 from ethyl 4-amino-5-(3-((4-methoxybenzylamine)-2,2-
dimethyi-3-oxopropoxy)-2-methylguinoline-3-carboxylate (Example 117a) as an off-white solid
(38%). MS 438 (MH").
poxy-2-methylguinoling-3-carboxylate
Prepared as i Example 24a from 3-((4-amino-3-{ethoxycarbonyl)-2-methylguinolin-5-
vhoxy)-2,2-dimethylpropanoic acid {(Example 47b) and (4-methoxyphenyDmethanamine as &

yellow solid (100%). MS 466 (MH").



Example 118: 4-amino-Z-methyl-5-((tetrabydro-2H-pyran-4-vl}oxy)quineline-3-carbeoxylic
acid
Me._ _N

~

g

NH, O
3

Prepared as in Example 1 from ethyl 4-amino-2-methyl-5-{{{etrahydro-2 H-pyran-4-

HO,C

5 yhoxyuinoline-3-carboxylate (Example 118a) as an off-white solid (80%). "H NMR (400
Mifz, DMSO-ds) 4 1.81 (im, 2H), 2.06 (o, 2H), 2.75 {5, 3¥D), 3.87 (m, 21D), 4.91 (m, 1), 7.15 (4,
F= 8.0 Hz, 1H), 7.26 (4, §= 8.0z, 11}, 7.65 {1, § = 8.0 Hz, 171). MS 303 (MH).

Example 118a: ethyl 4-amino-2Z-methyl-5-{{ietrahydro-2H-pyran-d-yDoxyiguinotine-3-

carboxylate
10 Prepared as in Example 2a from 2-amino-6-((tetrahydro-2H-pyran-4-yDoxy Ybenzonitrile
(Example 118b) and ethy] 3-oxobutanoate as a pale yellow solid (519%). M8 331 (MH™).

Example 118b: 2-amino-6-((teirabiydro-2H-pyran-4-yloxy)benzounitrile

Prepared as in Example 22b from tetrahydro-2H-pyran-4-0l and 2-amino-6-fluorobenzo-

nitrile as a colorless oil (48%). 'H NMR (400 MHz, CDCL) & 1.87 (m, 2H), 2.00(m, 2H), 3.63

15 {m, 2H), 4.00 (m, 2H), 4.42 (s, 2H), 4.58 (m, 1H), 6.23 (4, | = 8.4Hz, 11}, 6.30 (d, J=8.4 Hz,
1H), 7.20 (¢, J = 8.4 Hz, TH), MS 219 (M),

Example 119: 4-amine-5-2,2-dimethyl-3-oxo-3-({(pyridin-4-yvimethyllamino)prepoxy)-2-

methylgquinoline-3-carboxylic acid

Me N
]
HOQC X H = N
NH, O\X“,N )
26 O

Prepared as i Exanple 1 from ethyl 4-amino-3-(2,2-dimethyl-3-ox0-3-({pyridin-4-
ylmethyhamine)propoxy )-2-methylquinoline-3-catboxylate (Exauple 119a) as an off-white
solid (44%). MS 409 (M),

Example 119 ethyl 4-ammno-3-(2,2-dimethyl-3-0x0-3-({pyridin-4-ylimethy Bamine ypro-

25 poxyi-2-methylquinoline-3-carboxylate



Prepared as in Example 244 from 3-((4-amino-3-(cthoxycarbonyl}-2-methyiguinolin-5-
yhoxy)-2,2-dimethylpropanoie acid (Example 47b) and pyridin-4-yimethanamine as a brown

solid {43%). MS 437 (MH".

S Example 120: 4-amino-5-3-hydroxy-2,2-dimethylpropoxy)-Z-methyiguinoline-3~carboxylic
acid
Me N

-~

|
X
o NH, O\X/OH
Prepared as in Example 1 from ethyl 4-amino-5-(3-hydroxy-22-dimethylpropoxy)-2-
methylquinoline-3-carboxylate (Example 120a) as an off-white solid (33%). 'H NMR (400 M¥Hz,
10 DMSO-dg) 8 0.98 (s, 6H), 2.75 (s, 3H), 3.37 (5, 2H), 3.97 (5, 2H), 5.12 (brs, 1H), 7.01 (d, J =84
Hz, {H), 7.25(d, J = 7.6 Hz, 1H), 7.66 {t, J = 8.0 Hz, 1H), 9.27 (brs, 1H), 12.23 (brs, 1H), 12,73
(brs, 1F1), MS 305 (MBE™).
Example_{20a: ethyl 4-amino-5-(3-hydroxy-2,2-dimethyipropoxyi-2-methylguinoline-3-
carboxylate
15 Prepared as in Example 2a from 3-(3-amino-2-cyanophenoxy)-2,2-dimethyipropyl
acetate (Tachdjian, C. et al. PCT Int. Appl. 2808, WO 2008154221) and ethyl 3-oxobutanoate as
a pale vellow solid (26%), MS 333 ( MET).

Hxample 121:  4-amino-5-{(-isebulyryipiperidin-4d-yDmethoxy)-Z-methylguinoline-3-
20 carboexylic acid

Me._ _N
/[ Q

HOZCI\ I ; N)H/
NH, O

Prepared as 1n Example | from ethyl 4-amino-3-(( ll -isobutyrylpiperidin-4-yDmethoxy}-2-
methylguinoline-3-carboxylate (Example 121a) as a white solid (38%). 'H NMR (400 MHz,
DMSO-dg) 6 0.99 (m, 6H), [.13-1.23 (m, 2H), 1.78-1.89 (m, ZH), 2.26 {brs, 1H), 2.51 {(m, 1H),
2.78 (brs, 3H), 2.88 {m, [H), 3.06 (1, ] = 12.0 Hz, 1H), 4.02 (d, J = 12.0 Hz, 1H), 4.41 (m, 2H),
4.44 (d, J=12.0 Hz, 1H)}, 7.07 (brs, 1H}, 7.28 (4, J = 8.0 Hz, 1H), 7.70 (brs, 1H), 8.76 (brs, 1H)},
12.37 {brs, 1H), 12.67 (brs, 1), MS 386 (MH").

b
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Example 121a: ethyl 4-amino-5-((1-isobutyrylpiperidin-4-ymethoxy)-2-methylquino-
line-3-carboxylate

Prepared as in Example 2a from 2-amino-6-({I-(4-methoxybenzyl)piperidin-4-
vhimethoxy)benzonitrile (Exarnple {21b) and ethyl 3-oxobutancate as a yvellow oil (36%). gt
NMR (400 Mz, DMSO-dg) 4 0.97 (m, 6H), 1.32 {t, J = 8.0 Hz, 3H), 1.79-1.88 (m, 3F}, 2.15-
208 {m, 2FD), 2.55 (s, 3H), 2.86 (m, THY, 3.04 (m, 1H), 4.00 (m, 2H), 4.07 (4, T = 4.0 He, 2H},
432 {(q, J=8.0Hz, 2H), 446 (m, 1), 691 (d, T=8.0 Hz, {H), 7.24 (d, J = 8.0 [Tz, 1FD), 7.51 (1,
T=8.0Hz, 1H), 8.07 (brs, 2ZF). MRS 414 (MH").

Prepared as in Example 22b from [-(4-(hydroxymethyl)piperidin-1-y1)-2-methylpropan-
f-one (Example 121¢) and 2-amino-6-fluorobenzonitrile as a pale yellow solid (21%). "H NMR
{400 Mz, DMSO-dg) 4 0.99 (m, 6H), 1.13-1.24 (my, 2H), 1.74-1.81 (m, 2H), 1.99 {m, 1), 2.55
(m, 1H), 2.84 (m, TH), 3.01 (m, TH), 3.88 (m, 2H), 4.02 (m, 1ID), 4.46 (m, 15, 5.99 (s, 2I),
622 (d, §= 8.0 Hz, 111, 6.34 (4, T = 8.0 Hz, 1), 7.17 (¢, I = R.0 Hgz, 11, MS 302 (MH").

Bxample 121c; I-(4-(hydroxymethylpiperidin-1-y1)-2-methylpropan- 1 -one

Prepared as in Example 24a from isobutyric acid and piperidin-d-ylmethanol as a

colorless oil (36%%). MS 186 (MIT),

Example 122: 4-amino-3-(((1R,28,5R}-2-isepropyl-S-methyicyciobexyljexy)-2~-methviguine-
line-3-carboxyiic acid
Me. N
|
HOLCT Y
NHZ O;,,h ‘\\\\

Prepared as in BExample 1 from cthyl 4-ammo-S-(({{R,258.5R}-2-isopropyl-S-methyl-

cyclohexyhoxy)-2-methylquinoline-3-carboxylate (Example 122a) as a white solid (64%). 'H

NMR (400 MHz, DMSO-dy) § 0.70 (d, T = 6.8 Hz, 3H), 0.89 (t, J = 7.6 Hz, 6H), 0.9-1.0 (m, 2H),

1.04 (m, 2H), 1.50-1.82 (m, 5H), 1.95-2.05 (m, 1), 2.65-2.20 (m, 18), 2.72 (s, 31), 4.52 (t-d, J
= 10.4, 4.4 Hz, 18), 7.13 (4, T = 8.0 Hz, 1), 721 (4, J = 8.0 Hz, 11), 7.61 (, T = §.0 Hz, 111),
B.68 (brs, [11), 11.72 (brs, [T1), 12.73 (brs, 1H). MS 357(MHY).
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Example 122a: ethyl 4-amino-5-({(1R,25,5R)-2-isopropyl-S-methyleyclohexyhoxy)-2-

methylquinoline-3-carboxylate
Prepared as in Example Za from Z-amino-6-(({(1 R,28.5R}-2-isopropyl-5-methyleyclo-
hexyloxybenzonitrile (Example 122b) and ethyl 3-oxobutanoate as a pale yeliow solid (43%).

MS 385 (M.

Example §22b;  2-amino-6-(({1R,28,5R)-2-1sopropy!-5~-methyloycichexyljoxyibenzo-
nitrile
Prepared as in Example 22b from (1R.28,5R}-2-isopropyt-5-methyleyclohexanol and 2-

arnino-6-fluorobenzonitrile as a white solid (51%). MS 273 (MH").

Fxample 123: 4d-amino-5-(2-(3-(Z-hydrexyethoxy)-S-methoxybenzamido)-2-methylpro-

poxyi-2-methylguineline-3-carboxylic acid hydrochloride

Me i
]
HOLCT Y O
N oY
2 N Io™on
MO H

OlMe

To a stirred suspension of 4-amino-5-(2-(3-(2-hydroxyethoxy)-5-methoxybenzamido)-2-
methylpropoxy)-2-methylquinoline-3-carboxyhc actd {(Examwple 38, 263 mg, 0.544 punol) in
EiOH (2 wl) was added HCIin BIOH (1.25 N, 479 ul, 1.1 equiv.). The mixture was stivred at
room temperature until it became a clear sohution (0.5 h). The solution was concentrated under
reduced pressure (o give the title compound as a white solid, which was further purified by re-
erystallization from BEtOH/H,0 and dried under vacuum overnight (248 mg, §7%). 'H NMR (400
Mz, DMSO-ds) 8 1.51 (s, 6, 2.80 (s, 310, 3.68 (4, § = 52 ¥z, 211, 3.74 (5, 310, 397 (1, § =
5.2 Hz, 1HD), 4.53 (5, 2H), 6.59 (s, 11, 6.92 (s, 1H), 6.94 (s, 1H), 727 {(d, I = 8.0 Hz, 1), 7.57
(4, } = 8.4 Hz, 1H), 7.86 {1, ] = 8.4 Hz, 1H), 803 (s, 111), 9.40 (s, F), 9.98 (s, [11). 484 (MIT"-
HCH.

Example 124:  4eamino-S-{cyclopentylmethoxy-2-methylquinoline-3-carboxylic  acid

hydrochloride
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Me._ _N

9
HOQC%
NH, O
HCH

Prepared as in Example 123 from 4~-amino-3-(cyclopentylmethoxy)-2-methylguinoline-3-
carboxylic acid (Example 18} as a white solid (100%). 'H NMR (406 MHz, DBMSO-dsy 6 1.29-
1.37 (m, 2H), 1.51-1.66 {m, 4H}, 1.82-1.90 (m, 2H). 2.43-2.51 (m, [H), 2.81 (s, 3H},4.18(d, I =
7.2 Hz, 20D, 7.24(d, I = 84 Hz, {H), 7.60(d, I = 8.4 Hz, 1H), 7.84 (1, § = 8.4 Hz, 11, 8.25 (bis,
1H), 9.86 (brs, 1H). MS 301 (MH -HCI).

Example 125; 4-amins-S-({(1-{(4-methoxybenzypiperidin-4-yDmethoxy)-2-methylguinoline
3-carboxylic acid
Me._ N

]

HOZCI\’%/\Q
NH
2 0 OMe

Prepared as in Example 1 from ethyl 4-amino-5-((1-(4-methoxybenzylipiperidin-4-
ylimethoxy)-2-methylguinoline-3-carboxylate (Example 125a) as a white solid (23%). 'H NMR
(400 MHz, DMSO-ds) 6 1.67 (brs, 2H)}, 2.09 (m, 2H), 2.31 (brs, 1H), 2.92 {brs, 2H), 3.48 (brs,
28, 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, I =
8.0 Hz, 1H), 7.30 (d, I = 8.0 Hz, 1H), 742 (d, J = 8.0 Hz, 2H), 7.76 (t, § = 8.0 Hz, 1H). MS 436
(MH").

Example  125a: cthyl 4-amino-5-((1-(4-methoxybenzylipiperidin-4-yhmethaxy)}-2-

methylguinoline-3-carboxylate

Prepared as in Example 22 from 2-amino-6-((1-(4-methoxybenzyl)piperidin-4-
yhmethoxy)benzonitrile (Example 125b) and ethyl 3-oxobutanoate as an off-white solid (30%).
'H NMR (400 MHz, DMSO-dy) § 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, ] = 8.0 Hz, 21, 4.31 {q, J = 8.0 Hz, 2I1), 6.86
(d, T= 8.0 Hz, 2H), 690 (d, J = 8.0 Hz, 1H), 7.19 (d, I = 8.0 Hz, 2H), 7.23 (d, T = 8.0 Hz, 1H),
7.50 (1, J = 8,0 Hz, {H), 8.04 {brs, 2H). MS 464 (MY,
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Prepared as in Example 22b from (1-(4-methoxvbenzyDpiperidin-4-yhimethanol
(Example 125¢) and 2-amino-6-fluorobenzonitrile as an orange solid (19%). MS 352 (MH).

Example [25¢; (1-(4-methoxybenzylpiperidin-4-yhymethano!

To a solution of 4-piperidinemethanol (2.28 g, 19.78 mmol) and 4-methoxybenzaldehyde
{2.30 mL., 19.77 mwmol} in THE/DCE (111 by volume, 100 mwl) was added acetic acid (1 mL),
followed by NaBH(GAc) (16.76 g, 79.08 samol} in small portions. The reaction mixture was
stirred at voom temperature overmght under M The reaction was diluted with DCM and
basified to pf = 10 with 2 N NaOH solution. The organic layer was separated, dried over
MazSOy, filtered and evaporated onder reduced pressure,  The residue was purified by
chromatography on silica gel (Eluent: 60% EtOAc in hexanes) to give the title coropound as a
pale yellow oil (2.13 g, 46%). "H NMR (400 MHz, DMSO-dg) & 1.04-1.13 (m, 2F), 1.28-1.32
(m, 1), 1.58-1.61 (m, 213, 1.79-1.86 (m, 2FD), 2.75-2.77 {m, 21), 3.22 (t, ¥ = 8.0 ¥z, 211), 3.34
{s, 2HD), 3.72 {8, 311}, 4.38 (1, I = 4.0 Hz, 1H), 6.85(d, I = 8.0 Hz, 2, 7.16 (d, J = 8.0 Hz, 2H).
MS 236 (MH").

Example 126: 4-amine-5-((4-(isopropyicarbameylicyclohexylimethexy)-Z-methyiquinoline-

Prepared as in Example | from ethyl 4-amino-5-((d-(isopropylcarbamoyDoyclobexyl)-

J-carboxylic acid

methoxy)-2-methylguinotine-3-carboxylate (Example 126a) as a yellow solid (76%). 'H NMR
(400 MHz, DMSO-dg) § 1.00 (d, J= 6.8 He, 6F), 1.15 - 2.32 (m, 10H}, 2.75 (s, 3H), 3.82 (o, J
= 7.6 Hz, 1H), 4.16 (d, J = 6.8 Hz, 21, 7.07 (br d, J= 7.2 Hz, 1H), 7.25 (d, J = 8.0 Iz, 11D,
7.49 {4, J = 7.6 He, 1TH), 7.67 (br t, TH), 8.77 (5, 1H}, 12.23 (s, 1H), 12.66 (s, 1H). MS 400
(MH")

Example  126a;  ethyl  4-amino-3-({4-{isopropylcarbamoyljcyclohexybmethoxy)-2-
methylquinoline-3-carbox ylate

Prepared as in Example 2a from 4-((3-amino-2-cyanophenoxy imethyl}-N-isopropyl-
cyclohexanecarboxamide (Example 126b) and ethyl 3-oxobutancate as a pale yellow solid

(37%). "H NMR (400 MHz, DMSO-ds) § 1.01 (d, J = 6.4 Hz, 6H), 1.32 (t, J = 7.2 Hz, 3H),

Yo
[ 5]
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1.38-1.81 (m, 8H), 1.88 (o, [ED), 2.25 (m, 1¥), 2.55 (s, 3, 3.82 (bro, J= 7.6 Hz, 15D, 4.10 (d,
J=6.4Hz, 20), 431 (g, J = 7.6 Hz, 2H), 6.93 (d, 7= 7.6 Hz, 1H), 7.22 (d, J = 8.8 Hz, 1H), 7.50
(m, 2H), 8.09 (s, 2H). MS 428 (MH".

Example  126b; 4-{(3-aming-2-cyanophenoxy)methy)-N-isopropyicyclohexanecarbox-

aride

Prepared as in Example 21b from 4-((2-ovano-3-nitrophenoxyymethyl)-N-1soproplyeyelo-
hexanecarboxamide (Example 126¢) as a yellow sohid (81%). 'H NMR {400 Mz, DMSO-ds) 6
0.99 (4, J = 5.6 Hz, 6H), 1.22 — 1.99 (m, 9H), 2.17 {m, 11, 3.80 (m, 111}, 3.88 (4, J = 7.2 Hz,
2H), 5.94 (brs, 2H), 618 (1, J=8.0 Hz, 1H), 623 (d, /= R0 Hz, 1H), 631 (d, /=88 Hz, 1H),
744 (s, 1H). MS316(H").

Exzmple 126¢; 4-((2-cyano-3-nitrophenoxyhmethyl-N-isopropyloyclohexancarboxamide

To a solution of 4-(hydroxymethyl)-N-isopropylcyclohesanecarbogamide (Example
126d, 480 mg, 2.41 sunol) in dry THE (10 mL) was added Nall (60% in minperal oil, 116 mg,
4.82 mmol) in small portions at O °C vnder N». The reaction mixture was stirred at 0 °C under
N, for 2 h. To this solution was added 2,6-dinitrobenzonitrile (465 mg, 2.41 mmol), and the
reaction mixtore was stirted at 0 °C — RT for another 2 h, and then at 60 °C overnight under Ny
and cooled down to room temperature. The reaction was guenched with brine, and extracted with
EtOAc (3X). The combined organic layers were washicd with brine, dried over NS0, 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 (ra, 11,
3.79 (m, 1H), 4.15 (d, J = 7.6 Hz, 2H), 7.45 {(brs, 1K), 7.78 (d, J =72 Hz, 1H), 7.88 (m, 2H).
MS 346 (H ).

Prepared as in Example 24a from 4-(hydroxymethyDeyclohexanecarboxylic acid and
propan-2-amine as a colorless oil (57%). 'H NMR (400 Mz, DMSO-dy) 6 1.60(d, J= 7.6 Hz,
6, 1.22-2.08 (m, 9y, 2.12 (m, 18D, 3.28 (1, J= 7.6 He, 2H), 3.79 (n, [H), 434 (s, [T), 743 (s,
{H). MS 200 (MIT.

Example 127: d-amino-S-{cyclohexyvioayi-2-methylguinoline-3-carbaxyviic acid

hydrochloride
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HOLC™

NH, O
HCI \O

To a guspension of 4-amino-3-{cyclohexyloxy)-2-methylquinoline-3-carboxylic acid
(Example 36, 1.0 g, 3.33 mmol} in ethanol (10 ml) was added 1.25 M soluation of HCY in ethanol
(2.93 mL, 3.66 mmol}. The clear sohution was stirred for 30 minutes and evaporated o dryness to
provide 4-amino-3-(cyclohexyloxy)-2-methylquinotine-3-carboxylic acid hydrochloride (1.12 g,
100%) as a white solid. 'H NMR. (400 MHz, DMSO-dy) 4 1.30 (m, 1H), 1.39-1.47 {m, 2HY, 1.53-
172 (my, SHD), 2.01-2.05 (m, 2H), 2.82 (s, 3H), 4.78-4.82 (m, [H)}, 7.29-7.31 {d, J = 8.0 Hz, 11},
7.61-7.63 (d, J = 8.0 Hz, 1), 7.82 {1, J = €4 Hz, 1H), 9.30 (bs, 1), 9.93 (be, 1H). MS 301
(MET-HCD.

Example 128: sodium 4-amino-5-{cycishexyloxy)-2-methylguineline-3-carboxylate

Me. _N
“

NH, O\O

To a solution of 4-amino-5-(cyclohexyloxy)-2-methylquincline-3-carboxylic  acid

NaO,C

(Example 36, 1.0 g, 3.33 mmol) in ethanol (20 wL) was added a sohution of NaHCO; (294 mg,
3.50 mmol) in water (15 mL). The mixhwe was stirred and warmed up to 60 °C until the
sofution become clear then evaporated to dryness to provide sodium 4-amino-5-{cyclohexyloxy)-
Z-methylguinoline-3-carboxylate (1.07 g, 100%) a5 a white solid 'H NMR (400 Mliz,
DMSO-dgy & 1.25-1.45 (m, 3H), 1.50-1.76 {m, SH), 1.53-1.72 {m, 511}, 1.98-2.00 {(m, 211, 2.64
(s, 311, 4.59-4.63 (m, 1H), 6.87-6.89 (d, ] = 7.6 Hz, 1H), 7.20-7.22 (d, I = 8.0 Hz, 1H), 7.42 (1, ]
= 8.0 Hz, 1H). MS 301 (MH +H-Na).

Examplie 129 (E)-4-amine-3-((2-(5-(sopropylcarbamoyi)-2-methoxyphenoxyjeyclohexyl)-

oxy-2-methyiquineline-3-carboxylic acid
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Prepared as in Example 1 from {&Epethyl deamino-3-((2-(5-(isopropylcarbamoyl}-2-
methoxyphenosyeyclohexyhoxy)-2-methylaquinoline-3-carboxviate {Example 129a) as a white
solid {34%6). 'H NMR (400 MHz, DMSO-d,) 8 1.15 {d, J = 8.0 Hz, 6H), 1.35-1.51 (m, 3F), 1.63-
1.73 {m, 3H), 2.09 {d, J = 12.0 Hz, 1H), 2.24 {d, J = 12.0 Hz, 1H), 2.72 (5, 3H), 3.56 (s, 3H),
3.99-4.07 (m, 1H), 4.71-4.78 (m, 2H}, 6.85 (d, J = 8.0 Hz, 1H), 7.24 (d, J = 12.0 Hz, 2H), 742
{dd, J = 8.0 Hz, 1H), 746 (d, J = 8.0 Hz, 111}, 7.66 (1, I = 8.0 Hz, 1H), 8.03 (d, J = 8.0 Hz, 1H),
8.64 (brs, 1H), 12.00 (brs, 1H), 12.61 (brs, 1H). MS 308 (M.

Example 129z (F-cthyl 4-amino-5-((2-(5-(isopropylcarbamovl)-Z-methoxyphenoxy)-

eyclohexyloxy)-2-methylquinoline-3-carboxylate

Prepared as in Example Za from (&)-3-((2-(3-amino-2-cyanophenoxyjeyclohexylloxy }-N-
isopropyl-4-methoxybenzamide (Example 129b) and cthyl 3-oxobutanoate as a yellow solid
{(78%). MS 536 (MH").

Example  129% (&-3-((2-(3-amino-2-cyanophenoxyeyclohexyhory-N-isopropyl-d-

methoxybenzamide

Prepared as in Exarnple 21b from {(&3-3-((2-(2-cyano-3-nitrophenoxy)eyelohexyljoxy)-N-
isopropyl-4-methoxybenzamide (Fxample 129¢) as a brown oil (29%). 'H NMR (400 MHz,
DMSO-dg) & 1.13-1.19 (m, 6H), 1.42-1.66 {(m, 6H), 2.02-2.07 (m, 2ZH), 3.74 (s, 3H), 4.08 (m,
1H), 4.47 (ra, 1H), 4.57 (m, 1H), 593 (brs, 21), 6.32 (d, T = 8.0 He, 1H), 6.38 (d, J = 8.0 Hz,
1H), 7.00 (4, F = 8.0 Hz, 1H), 717 (t, I = 8.0 Uz, 1), 7.48-7.50 {(m, 20), 7.98 (4, I = 8.0 He,
TED). MS 424 (M),

Bxample  129¢:  (&3-3-({(2-(Z-cyvano-3-nitrophenoxyYeyelohex yloxy - N-isopropyl-4-
methoxybenzamide

Prepared as in Example 126¢ from (#)3-{Q-hydroxyeyelohexyDoxy)-N-isopropyl-4-
methoxybenzamide (Example 129d) and 2,6-dinitrobenzoniirile as a brown solid {100%). M8

454 {(MHM,

Example 129d: (#)-3-((2-bydroxycyclohexyhoxy-N-isopropyl-4-methox ybenzamide
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Prepared as in Bxample 24a from (£)}-3-((2-hydroxycyclohexyloxy)-4-methoxybenzoic
acid (Example 129¢) and propan-2-amine as a white solid (80%). 'H NMR (400 MHz, DMSO-
dgy 6 1.14 (d, = 8.0 Hz, 6H), 1.25-1.30 (m, 4H1), 1.61 (m, 2H), 1.85 (m, 21}, 3.56 (m, 1H), 3.79
(s, 3H), 4.03-4.12 (m, 2H), 4.81 (d, I = 4.0 Hz, 1H), 6.98 (d, J = 8.0 Hz, 1H), 7.45-7.49 (m, 2H),
8.01(d, J= 8.0 Hz, [H). MS 308 (MH").

Example 129¢: (£3-3-((2-hydroxycyclohexyDoxy)-4-methosybenzoic acid

Prgpared as in Example | from (&-ethyl 3-((2-bhydrosycyclohexyhoxy )-4-methoxy-
benzoate (Exarople 129f) as a white solid (100%). "H NMR. (400 Mz, DMEO-dg) 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, 1), 4.73 (4, T = 4.0
Hz, 1H), 6.82 (d, F = 8.0 Hz, 1H), 7.39 (dd, J = 4.0 Hz, 1), 7.48 (d,J = 4.0 Hz, 117),

To a sohstion of methyl 3-hydroxy-4-methoxybenzoate (210 mg, 1.15 mmol) and
cyclohexane oxide (466 ul, 4.61 mmol) in ethanol (1T mL) was added K,COs (637 myg, 4.61
mmol) at roor temperature. The reaction mixture was then refluxed overnight then cooled down
to room tempetature, and evapotreted under reduced pressure until a small amowunt of ethanol
remained. The solution was diluted with DCM and successively washed with 1N HCI and brine,
dried over Nay5Os filtered and evaporated under reduced pressure. The residue was purified by
chromatography on silica gel (Bluent: -20% EtOAc/Hexanes) to afford {y-etiyl 3-((2-
hydroxycyclohexyloxy)-4-methoxy-benzoate as a colorless oil (307 mg, 91%). 'HI NMR (400
MHz, DMSO-ds) ¢ 1.16-1.34 (m, 7TH}, 1.61 {m, 2H), 1.84-1.94 (m, 2H), 3.55 (m, 1H), 3.83 (5,
3H), 4.03 (m, 1), 4.28 (q, J = 8.0 Hz, 2H), 4.85 (d, I = 4.0 Hz, i), 7.05 (4, J = 12.0 Hz, 11D,
7.55-7.58 (m, 2H).

Example 136: 4&-amino-S-{cyclohexyloxy)-2-(hydroxymethyliquineline-3-carboxylic acid

HO /N I

HOLCT Y

NH, O\O

Prepared as in Example 1 from S-amino~8-(cyclohexyloxy)furo{3,4-blquinolin-1(3H)-one

(Example 130a) as 2 tan powder (44%). "H NMR (400 Miiz, DMSO-dy} 6 1.27-1.46 (m, 211,
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LE3-L71 (m, 6H), 2.00-2.04 (m, 2H), 4.70 (m, 1H), 4.87 (s, 2H), 7.10 {d, T = 8.0 Hz, 1), 7.58
(d, 7=8.0Hz, 1H), 7.64 (1, § = 8.0 Hz, 1H), 8.74 {brs, [H), 11,90 (brs, 1H). MS 317 (MH").

Prepared as in Example 2a from 2-amino-6-{cyclohexyloxyibenzonitrile (Example 36b)
and ethyl 4-chloro-3-oxobutanoate as an orange solid (29%6). 'H NMR (400 MHz, DMSO-dy) 6
1.30-1.72 (o, 81, 2.04-2.08 (m, 2H), 470 (m, 1H), 5.26 (s, 2H}, 7.09 (d, T = 8.0 Hz, 1H), 7.36
{d, J = 8.0 Hz, 1H), 7.64 (m, 2H), 8.14 (brs, 1H). M5 299 (M),

Example 131 I-amino-3-methyl-6h,7.8,9,10,10a-hexabhydrobenvofuare[2,3-flguinoline-2-
carboyylic acid
Me._ N

‘4

HOLCT

|
NH, O

Prepared as in Example 1 from ethyl l-amino-3-methyl-6b,7.8,9,10,10a-hexahydro-
benzofuro[2,3-flquinoline-2-carboxylate (Example 131a) as an off-white solid (28%). 'H NMR
{400 MHz, DMSO-dg) ¢ 1.35-1.48 (m, 4H), 1.87-1.97 (i, 411), 2.76 (s, 3H), 3.38 (m 1H), 5.03
(m TH), 7.20 (4, § = 8 Hz, 1H), 7.61 (d, § = 8 Hz, 1H). MS 299 (I,

Example  13%a:  ethyl l-amino-3-methyl-6b,7,8,9,10,10a-hexahydrobenzofure|2,3-

figninoline-2-carboxylate

Prepared as in Example 2a from Z-amino-6-(cyclohex-2-en-1-yloxy)benzonitrile
(Example 131b) and ethyl 3-oxobutanocate as a pale vellow solid (119%). M3 327 (MH.

Example 131h: 2~amino-6-(cyclohex-2-en-f-yloxy)benzonitrile

Prepared as in Example 22b from cyclehex-2-enol and 2-amino-6-fluorobenzoniirile as a
colorfess oil (78%). "H NMR (400 MHz, CDChL) 6 1.64 (m, 1H), 1.96 (m, 485, 215 (m, 11,
4.39 (5, 2H), 4.82 (m, 1H), 5.87 (m, 1H), 598 (m, 1H), 6.30 (d, 2H), 7.20 (t, 1H), MS 215
(MH").

Example 132: 4-amino-3-carboxy-S-(cyclohexyloxyi-2-methylguinoline 1-oxide



£0

26

Z-»Q

Me

d

X

NH, O\O

Prepared as in Example 1 from 4-(N-acetylacetamido)-3-(cyelohexyioxy)-3-(cthoxy-

HOLC

carbonyl)-2-methylquinoline 1-oxide (Example 132a) as a white solid (38%). 'HONMR (400
MHz, DMSO-d;).6 1.31-1.68 (m, 8H), 1.98-2.04 (m, 2H), 2.69 (s, 3H), 4.71 (m, 1H), 7.20 (4, =
8.0 Hz, [FD), 7.67 (1, } = 8.0 Hz, 1H), 7.87 (4, ] = 8.0 Hz, L H), 8.75 (brs, 2H). MS 317 (MH").

Example 132a; 4-(N-acetylacetamido)-S-(cyclohexyloxy)-3-(ethoxyearbonyl)-2-methyl-

guinctine I-oxide

To a solution of cthyl 4-(N-acetyiacetamido)-S-{cyclohexyloxy)-2-methyiquinoline-3-
carboxylate {Example 132b, 100 mg, 0.24 mmel) in DCE (5 mL) was added mCPBA {163 mg,
0.73 mamol). The reaction mixture was stirred at room temperature overnight vnder 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 1o give the title compound as an orange
oil (100 mg, 97%). MS 429 (M),

Example 1324 ethyl 4-(N-acetylacetamido)-S-(cyclohexyloxyy-2-methylqumoline-3-
carboxylate

To a solution of ethyl 4-amuno-5-{cyclohexyloxy)-2-methylquinoline-3-carboxylate
{Example 36a, 700 mg, 2.13 munol} and Et3N (891 ul, 6.39 mmol) in DCM (20 mL) was added
acetyl chloride (455 ul, 6.39 nunol) at 0 °C, and the reaction mixture was stirved at 0 °C - RT
overnight. The reaction was dilated with DCM and washed successively with 10% citric acid,
saturated NallC(Os, M0, and brine, dried over Na;SOs, filtered and evaporated uvnder reduced
pressure. The residue was purified by chromatography on silica gel eluting with 0-40%
EtOAc/Hexanes gradient to afford the title compound as a yellow oil (100 myg, 11%). MS 413

(M.

Example 133 4d-amine-5-((Z,3-dihydroxycyclohexyhoxy)-2-methylquinsline-3-carbeoxylic

acid
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Prepared as i Example 1 frova 3-({(4-amumo-3-{ethoxyearbonyl}-2-methylguinohn-5-
yhoxyeyclohexane-1,2-diy] diacetate (Example 133a) as a white solid (74%). 'H NMR (400
Mz, DMSO-ds) 6 1.42-1.50 (m, 3H), 1.66-1.70 (m, 2H), 2.12-2.18 (m, 1H), 2.74 (s, 3H), 3.71-
3.73 (i, 1), 3.90 (s, 1H), 4.60-4.62 {m, 1H). 471 (brs, 1H), 5.18 {(brs, {H), 7.06 (d, I = § Hz,
1H), 7.24 (d, J = 8 Hz, 1ED), 7.60 {t, J = 8.4 Hz, [11). MS 333 (MH").

Example 1334; 3-((4-amino-3-(ethoxyearbonyl-2-roethylguinolin-S-yhoxyicvelohexane-

1.2-diyl diacetate

Prepared as in Example 2a from 3-3-amino-2-cyanophenoxyleyelohexane-1,2-diyl
diacetate (Example 133b) and ethyl 3-oxobutanoate as a pale vellow solid {32%). MS 443
(MH".

Example 133b: 3-(3-amino-2-cyanophenoxy)cyclohexane-1,2-diy] diacetate

Prepared as in Example 21b from 3-(2-cyano-3-nitrophenoxyjcyelohexane-1,2-divl
diacetate (Bxample 133c¢) as a white solid (84%6). MS 333 (MH.

Example 133c: 3-(Z-cyano-3-nitrophenoxyicyclohexane-1,2-diyl diacetate

Prepared as in Example 132b from 2-({(2,3-dihydroxyceyclohexylioxy)-6-nitrobenzonitrile
{Example 133d) and acetyl chloride as a white solid (19%). MS 363 (MH").

Example 133d: 2-((2 3-dihydroxyeyclohexyhoxy)-6-nitrobenzonitrile

To a solution of 2-(cyclohex-2-en-1-yloxy)-6-nitrabenzonitrile (Example 133e, 5.3 g,
21.7 mmol) in THE/H-O (1:1 by volume, 110 mL) was added OsOq4 (110.3 mg, 0.434 mmol) at
room temperature. After it was stirred for 30 mimutes, NaCiO; (2.71 g, 26.04 mmol) was added
i small portions over a pertod of 1 h, and the reaction mixture was stirred at room temperature
for 48 h. The reaction was carcfully quenched with agqueous sodivm bisulfite solution, and
extracted with EtOAc (3X). The combined organic layers were washed with brine, dried over
MgSOy, filtered, and cvaporated. The residue was purified by clromatography on silica gel
eluting with 80-100% EtOAc in hexanes to give the fitle compound ag a brown sohd (3.88 g,
64%). MS 279 (M),
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Prepared as in Example 126¢ from cyclohex-2-enol and 2,6-dinitrobenzonitrile as a

brown solid (90%). MS 245 (M),

Biological Tests

EXPERIMENT 1: Sereening for Sweet Enhancers

hTTR2/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, hTTR2/R3-
HEK293 Gals were loaded with the caleiurg indicator Floo3AM (4 mM) (Invitrogen, Carlsbad,
CA) in B-PBS (Tavitrogen, Carlsbad, CA) using a Multidrop. Cells were incubated for T hour at
room teraperature and excess dye was washed out with D-PBS nsing an EMBLA cell washer
(Molecular Devices, Sunnyvale, CA), leaving a residual volame of 25 ml/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 voom temperature, Fluo3 AM-loaded cell plates,
and the sweetener/compound plate mixture were loaded into a Fluorometric Imaging Plate
Reader (FLIPR) (Molecular Devices, Sunmyvale, CA). Imaging was performed using a 480 nm
excitation and 2 335 emission and was initiated with the acquisition of the baseline fluorescence
for a period of 7 seconds. Then, the cells were stimulated on line with addition of 25 mi
stimuli/well. Subsequent images were acquired every other second for a period of 2 minutes.
Raw fluorescence connts were then normalized in each well (using custom made data import
software) by calculating dvlta F/f vatues {maximum fluorescent count obtained after stimulation -
minimal floorescent count obtained before stimulation/minimal fluorescent count obtained
before stimulation). ECses were determined using a non-linear regression algorithm {GraphPad
PRISM, San Diego, CA), where the Hill slope, bottom asymptotes and top asympiotes were
allow to vary. Enhancement properties of test compounds were quantified by determining the
magnitade of the leftward shift in the sweeteners ECs values (or an ECsg ratio): the value of the
ECsp measured in the absence of the enhancer divided by the value of the ECss measured in the
presence of the enhancer). The present compounds have been tested and shown sweet taste
enhancing activities for sucrose as shown in Table A |, Table B and C below. Specifically, the

ECS50 ratio of the test compounds for sucrose enhancerent are all greater than about 2 at about

[y
fe
<,



30 uM. The compounds listed in Table A, Table B and C below are Examples described above.

For examiple, Compound O in Table A is Example 7.

Table A,
J 7.5
C 37.5
B 15.5
8§ 1.8
Yy 1.6
K 8.8
& 3.4
i 9.7
N 8.1
o 5
T 1.7
L 8.7
F 13.6
M 5.7
H 8.4
D 21.5
p 4.2
A 43,6 {3 phd)
B 37.9
R 2.5
G 10.7
Table B.
Al 10.2 E3 15.8
o1 25.2 W1 3.7
H3 60.4 W2 21.4
p1 459 U3 15.9
B1 22.8 13 17.3
W 73.8 B3 8.9
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55.8 B2 7.7
D4 23.8 B2 24.7
93] 45.2 €3 7.6
® 32.5 F4 23.7
1 48.4 B3 173.40
E4 178.7 G4 48.2
R 18.7 i3 3.4
J3 28.8 V2 20.4
G3 48.8 Y3 51.0
B4 117 &2 6.7
¥2 233 Wi 4.5
2 134 K1 8.7
o1 18.7 F2 38
¥ 217 X3 38
2 6.4 N3 3.4
K2 25.7 W3 57
2 4.4
a3 17.4 % 8.4
Ti 12.8 H2 3.2
Ei 2%.1 yz 3.8
81 48.9 iz g.0
W4 31.7 23 33.6
F3 5.2 Hi 8347
A3 88.3 it 37.0
Z2 34.8 RéL 88.7
FL 278 ¥3 24.8
K2 63.1 a4 B8.8
B2 21.2 B3 8.9
T3 238 Rz 22.0
¥2 55.5 21 5.9
32 13.7 A2 21.8
Gl 3.8 ¥1 108.3
13 8.1 T2 6.2
2 18.1 03 5.9
G2 1.2 $2 3.8
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Table C,

L4 27.8
c5 23.8
M4 2.9
i4 0.9
BS 72.7
Wi 6.0
Kd 13.7
N4 3.4
X4 49
04 23.0
J4 9,2
vd 27.9
Y4 103.2
P4 37.5
R4 9.3
Ha 3.1
4 5.6
a4 17.4
T4 23.7

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

sucralose enhancement are all greater than about 2 at about 10 uM.

Table D.
c
D
A
B
v 67 | A3 109 | w3 2.1
Al 3.4 12 10.8 Z uz 5.0
o1 26 | ® a3 || 73 3.1
H3 125 1| K2 N 7.7
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P1 12.9 Dz 28 b1 M1 3,1
B1 4.2 T3 3.4 1w 4.4
hid 9.9 X2 9.3 | ¥3 39
i3 12.9 iz 1.6 | A4 6.0
K3 8.4 U1 20 |l Pa 29
4 6.0 €2 e oy
R1 16.5 Oz 28 | Z1 36
D4 1.4 E2 40 | a2 3.2
ot 13.4 E3 34 || i 19.1
X 5.9 Hi 16 | T2 2.4
£t 18.4 W2 57 | L4 5.4
E4 10.7 U3 45 = 4 6.8
R3 5.1 L3 22 | BS 6.8
43 59 B3 28 | K4 3.4
&3 23.8 Vi 61 1] 04 7.6
B4 8.0 i 64 | J4 2.9
Y2 2.6 i 43 | va 6.0
M2 5.4 B2 36 |1 Y4 10.3
b1 8.3 P2 34 [ Uk 8.3
Y 4.6 3 32 || P4 11.4
N2 7.2 Fd 41 || sa 1.9
s3 6.8 D3 1.0 o4 2.5
as 48 i1 64 75 1] T4 3.2

EXPERIMENT 2: Sweet Flavor and Sweet Flavor Enhancement Measurement Using
Human Panelists Conducting a Secaling Test

Test samples containing experimental compounds were compared to 2 dose-response
curve for perceived sweetness intensity of sweeteners (sucralose, sucrose, fructose and other
sweeteners) concentrations to determine equivalent sweetness intensity,

A group of cight or more panclists tasted solutions including sweeteners at various
concentrations, as well as the expenimental compound both with and without added sweetener.
Panelists then rated sweetness intensify of all samples on a structured horizontal line scale,
anchored from 0 to 15, where O equals no sweetness and 15 equals equivalent sweemess to a

15% sucrose sample. Scores for sweetness nfensity were averaged across panelists, Then using
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the average scores and/or egoation of the line for the sweetener dose-response curve, equivalent

~ sweetness concentrations were determined for the samples containing experimental compounds.

Subjects had been previously familiarized with the key attribute raste and were trained to
use the 0 to 15 point line scale. Subjects refrained from cating or drinking (except water) for at
least 1 hour priov to the test. Subjects ate a cracker and rinsed with water several times o clean
the mouth. '

Sweetener solutions are provided at a wide range of concerrations such as 100 ppm, 200
ppm, 300 ppmy, 400 ppro, and 500 ppn for sucralose, or between 0% and 12% for sucrose or
fractose, i order to create a dose-response curve. Samples containing experimental compound
were prepared both alove and in a 100 ppm sucralose sohution or a 6% sucrose or fructose
sotution. All samples were made up in low sodivm buffer pH 7.1, In order to aid dispersion,
solutions can be made up in 0.1% ethanol.

The solutions were dispensed in 20 ml volumes into 1 oz sample cops and served to the
sabjects 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 precigion.

Subjects tasted each sample individually and rate sweetness intensity on the line scale
prior to tasting the next sample. All samples were expectorated. Subjects way retaste the
sarnples but can only use the volume of sample given. Subjects must rinse with water between
samples. Eating an unsalted cracker between samples may be required depending on the samples
tasted.

The scores for each sample were averaged across subjects and standard error was
calculated. The dose-response curve was plotted graphically, and this may be used to ensure the
panel is rating accurately; 7.¢,, increasing the concentration of sucralose should correspond 1o
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 samples and/or panelists. A 3-way ANOVA, with sessions as

the third factor, can be used to deternune if there is any difference in the ratings between

sessions.
The results of human taste tests with Compound J are found below. Compound J is one
of the examples described above, Table | mdicates that 45 M Compound d n 6% sucrose has

sweetness equivalent to about 9-10% sucrose,
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Table 1. Average Swe@tness, n = 28 {14 Panelists x 2 rep). Tukey's Value = 8.986 (o = 0.05)

The results of human taste tests with Compound € are found below. Compound C is one of the
examples described above. Table 1 1 indicates that 25 M Compound € in 6% sucrose has
sweetness equivalent o about 9-10% sucrose.

Table 1_1. Average Sweetness, n = 24 (12 Panelists x 2 rep). Tukey's Valne = 8.912 (g =
(.85},

o Bucrese

il
The results of human taste tests with Compound 1 are found below. Compound O1 is one of
the examples described above, Table 1 2 indicates that 25 uM Compound O in 6% sucrose has
sweetness equivalent to about 10% sucrose.,

1S Table 1 2. Average Sweetuness, n =26 (13 Panelists x 2 rep). Tukey's Value = 6.733 (a =
8.05).
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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 equivalent 1o about [0% sucrose.

Table 1 3. Average Sweetness, n = 28 (14 Panelists 3 2 rep). Tukey's Value = 8.61% (a =
8.65).

t; o HUCTOsE JUIVINRER | K- F L :
8% Sugrose . 0 T B OB b
9% Swerose . . @5 poha b

6% Swerose+ 23uM Compound W 9.2

The results of human taste tests with Compound 13 are found below., Compound I3 is one of the
examples described above, Table 1 4 indicates that 21 pM Compound 3 in 6% sucrose has

swectness equivalent to about 10% sucrose.

Table 1_4. Average Sweetness, B = 28 (314 Panelists x I rep). Tukey's Value =8.785 (g =
6.035).
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The results of human taste tests with Compound C1 are found below. Compound C1 is one of
the examples described above. Table 1 5 indicates that 13 uM Compound €1 in 6% sucrose has
sweetness equivalent to about 10% sucrose and that 33 uM Compouend C1 in 6% sncrose has
sweetness equivalent to about 12% sucrose. Table 1 6 indicates that 33 pM Compound €1 in 50
ppm sucralose has sweetness equivalent to about between 100 ppm sucralose and 200ppm

sucralose.

Table 1_S. Average Sweetness, n = 26 (13 Panelists x 2 rep). Tukey's Value = 1.311 (g =
6.05),

B% Suerose

6% Sucrose + 13 uM Compound C1- . [0,

0.05).

56 ppm sucralose + 33 wM Compound €1 |
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The results of human taste tests with Compound B4 are found below. Compound B4 is one of
the examples described above, Table | 7 indicates that 36.5 uM Compound B4 in 6% sucrose
has sweetness equivalent to about 10-12% sucrose. Table 1 ¥ indicates that 36.5 pM Compound

B4 in 50 ppm sucralose has sweetness gquivalent to about 100 ppm

Table 1_7. Average Sweetness, i = 27 (14 Pamelists x 1 vrep & 13 Panelists x ¥ rep ). Tukey's
Valae = 1.138 {a = 4.05).

Table 1_8. Average Sweetness, 1 = 26 (13 Panelists x 2 vep). Tukey's Value = 8985 (o =
§.85),

50 ppm s;;;tm}gmgéhﬁﬁ, ka@quipﬁu-nd' S

B
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EXPERIMENT 3: Sweet Flaver and Sweet Flavor Enhancement Measurement Using
Human Panelists Conducting a Paired Comparison Test
Test samples contaming experimental compounds are presented in pairs 1o the panclist
and they are asked to determine which of the sample is sweeter. A group of 10-16 or more
S panelists participated in each test. Subjects refrained from eating ot drinking (except water) for
at feast 1 hour prior to the test, Subjects vinsed with water several times (o clean the mouth.
All samples are prepared with ethanol Lo ensure dispersion of the compound in solution.
This melades samples without compound; all solutions are balanced for 0.1% ethanol,
Samples are also prepared with Jow sodiwm buffer (pH 7.1) n place of water. Buffer
[0 contains 0.952 g of KO, 5.444 g of NaHPO, and 0.952 g of KILPO, in 40 L of DIUF water.
Sample vohunes are usually 20 ml
In one paired comparison test, the panelist is presented with two different samples and
asked 1o identify the sample which is sweeter. The samples within a paired comparison test are
presented in a randonized, counterbalanced order. Panelists have up {0 2 1 minute delay
15  between taste tests to olear the mouth of any tastes.
Binomial probability tables are used to determine the probability of the correct nuwber of
responses occurring for gach test at alpha=0.05
The results of human taste tests with Compound J are found betow. Table 2 indicates
that panelists perceived 6% sucrose + 45 uM Compound J as being not significantly different in
20 sweetness than a solution of 1056 sucrose (p>0.05). Table 3 indicates that 45 pM Compound 3

alone has little or no sweeiness on s own.

Table 2. Sample selected as sweeter by panelists, n =42 {14 panelists x 3 rep).

Table 3. Sample selected as sweeter by panelists, n = 48 (16 panelists x 3 rep).
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The results of human taste tests with Compound A are found below, Table 2 1 mdicates that
panelists perceived 6% sucrose + 25 uM Compound A as being not significantly different in
sweetness than a solution of 10% sucrose (p>0.05),. Table 31 mdicates that 25 pM Compound

A alone has hitle or no sweetness on 18 0w

CTable 2_1. Sample selected as sweeter by panelists, n=16 (16 panelists x 3 rep).

e

The results of urnan taste tests with Compound C1 are found below. Table 22 indicates that
panelists percerved 6% soerose + 33 oM Compound C1 as being not significantly different in
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 owh.
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Table 2 2. Sample selected as sweeter by panelists, n =30{15 panelists x 2 reps).

The results of human taste tests with Compound I3 are found below. Table 2 3 indicates that
panelists pereeived 6% sucrose -+ 25 uM Compound £3 as Deing not significantly different in

sweetness than a solution of 12% sucrose (p>0.05). Table 3 3 indicates that 25 pM Compound

£3 alone has littie or no sweetness on is own.

Table 2 3. Sample selected as sweeter by panelists, 8 =42 (14 panelists x 3 reps.

Table 3_3. Sample sclected as sweeter by panelists, n = 42 (14 panelists x 3 reps).




panelists perceived 6% sucrose + 36.5 uM 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, 8 =26 (13 panelists x 2 reps).

'YW? Al 7 3"

10 Table 3_4. Sample selected as sweeter lw panelists, o = 45 (15 paneligts x 3 reps)

All publications and patent apphcations herein are incorporated by reference to the same
extent as if each individual publication or patent application was specifically and individually

15 indicated to be incorporated by reference.
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The foregoing detailed description has been given for clearness of understanding only
and 1o unnecessary linitations should be onderstood therefrom as modifications will be obvious
1o those skilled in the art. 1f is not an admission that any of the information provided herein is
prior art or relevant to the presently claimed inventions, or that any publication specifically or
implicitly referenced is prioy art.

Embodunents of this invention are described herein, mcluding the best mode known to
the mventors for carrying out the iovention. Variations of those preferred embodiments may
become apparent to those of ordinary skill in the art upon reading the foregoing description. The
inventors expect skilled artisans to employ such variations as appﬁ;priate, and the mventors
intend for the mvention to be practiced otherwise than as specifically described herein.
Accordingly, this invention ineludes all wodifications and equivalents of the sohject matter
recited in the claims appended hereto as permitted by applicable law. Moreover, any
combination of the above-described elements in all possible vartations thereof is encompassed by

the invention bnless otherwise indicated herein or otherwise clearly contradicted by context.
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We claim:

1. A compeound having structural Formula (1) or (I'):
f
B /N I B /N ‘
™
C C
A {6y or A (I,

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

Ais -OR', -NRICIOR®, NHOR', -NR'R®, -NR'COR?, -NRIC(OINRR?,
NRICESINR R "or -NRICENHNRIR

B is hydrogen, alkyl, substituted alloyl, aryl, substitted aryl, arylalkyl, substituted
arylalkyl, acyl, substimted acyl, heteroalkvl, substituted heteroalkyl, heteroaryl, substituted
heteroaryi, heteroarylaltkyl, substituted hetercarylatkyl, -CN, SOR SSOLRY NRRS,
C(OINRR®, -COLRY, NRICOR, -NRICIOINRRY, -NRIC(SINRR®, -NRACE=NHINRRY,
-SONRRS, NRSO,R?, -NR'SO.NRRY, -B(ORNORY), -PIOYORNYORY), or -PIONRHNORY);

C is -OR".-S(O)R’, SOR, -C{OINRR®, -CO.R’, -NR'COR?, NR'C(OWNRR’,
NRICENHNR'R?, -80,NR RS, NRTSOLR®, -NRTSONRR®, -B(ORYORY),
POWORWORY, -PIOYRYORY), or heteroaryl;

[3 is an aryl, substituted aryi, hetercaryl, substituted heteroaryl, eycloatkyl, substituted
cycloalkyl, cycloheteroalkyl or substituted cyclohetercalkyl ring wherein the ring is optionally
fused to another aryl, substituted mi\;}, 'E‘xc-:t::m%n‘yi, substitoted heteroaryl, cycloalkyl, substitnted
cycloalkyl, cycloheteroalkyl, or substituted cycloheteroalkyl ring;

a and b are independently O, | or 2; and

R RZ, RS, RY R® RS, R, Rg, and R® are independently hydrogen, alkyl, substituted alkyl,
aryl, substituted arvi, arylalkyl, substituted arylalkyl, acyl, substitoted acyl, heteroalkyl,
substituted heteroalkyl, heteroaryl, substituted hetercaryl, heteroarylalkyl or substirated
heteroarylalkyl; or allernatively, R' and R%, R? and R, R* and B, R and R°, R” and RS, or R®
and R, togsether with the atoms 1o which they are bonded, form a cyeloheteroalkyl or substituted

eyclobeteroalkyl ring.
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2. The compound of ¢laim 1, wherein the Formupla (1) is subject to the following provisos:
{a) when D is substituted phenyl; B is hydrogen; C is -COR"; 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 [ is phenyl or substituted phenyl; C is -COuR"; R s alkyl; A s -NR'R?; and R
and R? are both hydrogen; then B is not -CORY; wherein R* is alkyl,
3. The compound of ¢laim 1, wherem the Fornmala (I) does not include the following
coripounds:
8-Bromao-4-{(4-methox ybenzyDamino-S-iethosyquinoline-3-carboxylie acid ethyl ester;
4-{4-MethoxybenzyDamino-S~methoxyquinoline-3-carboxyhic acid ethyl ester;
4-{4-MethoxybenzyDamino-5-methosyquinoline-3-carboxylic acid,
4-(4-Methoxybenzyhamino-8-methox yquinoline-3-carboxylic acid ethyl ester;
4-(4-MethoxybenzyDamino-8-methoxyguinoline-3-carboxylic acid,
4-Amino-3-ethoxycarbonyl-2~ethoxycarbonyimethylquinoline; and

4-Amino-3-ethoxyearbonyl-2-ethoxycarbonylmethyl-S-methoxyquinoline.

4. The compound of claim 1, wherein R’ and R” are independently hydrogen, alkyl,
substituted alkyl, aryl, substituted aryl, arylalkyl, acyl, substituted acyl, heteroalkyl, substituted
heteroalkyl, hetercaryl, substituted heteroaryl, hetercarylalioy! or substituted heteroarylalkyl; or
alternatively, ®' and R?, B% and B, R* and B , R’ and R(‘, R and R®, or R® and Rg, together with

the atoms to which they are bonded, form a cycloheteroalkyl or substituted cycloheteroaltky! ring.

5. The compound of claim 1 or 4, wherein
when B is substituted alkyl, then the substituent on the alkyl s not -C( OYORY; where R®

is atkyi.

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, -OR", -8R®, -, =S, -NR°R®, =NR”, =N-OR", trihalomethy},
-CF3, -CN, -OCN, -SCN, -NO, -NO,, =N,, -Ns, -${O}R", -S(O)1NR, -8(000", -S(O),0R",
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SOS(O)R", -OS(0),07, -OS(0)ROR", -P(OKO ), -PIONHORMO), -POKORPNOR®, -C(OIR”,
SCSIRY, -CINRDIRD, (00, -CESIOR®, -CIOINRR®, -CONRYNRR®, -OC(OIR®, -OC(SIRE,
-OCIOYY, -OC(OYOR®, -OC(SIOR”, -NRPCIOVR”, “NRPC(SIRY, -NRYC(OYT, -NRPC{OYOR®,
NRPC(SYOR?, -NRPCIOINRRS, -NRPCNRMIR® and -NR"CONRPINRRY, where R® is selected
from the group consisting of alkyl, eycloalkyl, heteroalkyl, cycloheteroalkyl, arvl, arylalkyl,
heteroaryl and heteroarylalkyl; each R is independently hydrogen or R% and cach R® is
independently R® or alternatively, the two R ma y be taken together with the nitrogen atom to
which they are bonded form a 4-, 5-, 6- or 7-mernbered cyclobeteroalk vl which may optionally
include from 1 to 4 of the same or different additional beteroatoms selecied from the group

consisting of G, N and S,

haet

The compound of any one of claims 1 to 6 having a stractoral Formuta (T or (117},

A (1 or A an,

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 -CR')-, 8-, N, -N(R)-, or -0-;

Y is -C(R %} or ~N-;

7 is -CR)-, -§-, -N-, -NRM)-, ot -0+

R is hydrogen, alkyl, substituted alkyl, aryl, substitated aryl, arylalkyl, substituted
arylalkyl, acyl, substituted acyl, beteroalkyl, substituted heteroalkyl, heteroaryl, substituted
heteroaryl, heteroarylalkyl, substituted heteroarylalkyl, halo, -CN, -OR", -S(OLR"”, -NRR',
COWRPRYE, -COsR™, -SONRYR', -NRPSOR', -PIOWORYWOR') or -POOYRPNOR');

R is bydrogen, alkyl, Si,tbsi‘itl.st@d alkyl, aryl, subsiitored aryl, arylalkyl, substitoted
arylatkyl, acyl, substituted acyl, beteroalkyl, substituted hetercalkyl, heteroaryl, substituted
heteroaryl, heteroarylalkyl, substituted heteroarylalkyl, halo, -CN, -ORY, -8(0)R", -OC(ORY,
NRRYELOOINRITRYE, CORY -SONRTRYE NRYSOLRY, -PAOYORYORS or
PEOWRTYOR



R is hydrogen, alkyl, substituted alkyl, aryl, substituted aryl, arylalkyl, substituted
arylalkyl, acyl, substituted acyl, heteroalkyl, substituted hetercalkyl, heteroaryl, substituted
heteroaryl, heteroarylalkyl, substituted heteroaryialkyl, halo, -CH, , -OR"Y, -S(O)R",
SOCORY, NRPRY, -C(OINRPRY, -CORY, -CORY, -SONRRY, NRSO.RY,
PCOHORPWOR? or -PEOWRYOR™); or alternatively R'” and RY, or R and RY, together
with the atoms to which they are attached, form a cycloalkyl, substituted cyeloalkyd,
cycloheteroalkyl or sabstifuted cyclobeteroalkyl ring;

s, & and e are independently 0, 1, or 2;

R and R* are ndependently hydrogen, alkyl, substituted alkyl, aryl, substituted aryl,
arylalkyl, substituied arylalkyl, acyl, substituted acyl, heteroalkyl, substitoted heteroalkyl,
heteroaryl, substituted heteroaryl, heteroarylalkyl or substitvted heteroarylalkyl; and

RS R RY RY RY, and R? are independently hydrogen, alkyl, substituted alkyl, aryl,
substitoted ary!, arviatkyl, substituted arylalkyl, acyl, substituted acyl, heteroaikyl, substituted
heteroalkyl, heteroaryt, substituted heterparyl, heteroarylalkyl or substitnted heteroarylalkyl; or
alternatively R and R, R' and R, or RY and R™, together with the atoms to which they are
attached, form a cycloheteroalkyl or substituted cycloheteroalkyi ring; and

with the following provisos:

(a) when W is -O- or -$- or ~NR''-, then Z is ~C(R %) or -N-;

(b} when Z is ~O- or -8~ or -NR™-, then W is -C(Rw)~ or -N-; and

(¢) when W is -C{R'")- or -N-, then Z cannot be ~C(R')- or -N-.

8. The compound of claim 7 having a structural Formula (Ila) or (31a”),
O
B N W ?
~ N BN _w
N l /Y ~ I \\Y
c Z TN
A {1ia) or A (I1a’},

or a tantemer, salt, and/or solvate, wherein,
e i ;

W is -CR'%)-, or =N-;

Y 18 ~C(R ) or -N-; and

7 ig -8-, -N{R")-, o1 -0-.



9. The compound of claim 7 having a stroctural Formuda (ITb) or (b)),

]

B N

~ W\ B N W
e l //Y ~ | Y

C z NN

A (I1h) or A {Ih™,
or a taptomer, salt, and/or solvate, wherein, ’
W is -S-, “N{R'"-, or -O-;

Y is -C(R')- or -N-; and
7. is ~C{RP)-, ot -N-,

10, The compound of ¢laiim 1 having a stroctural Formula (1) or (1177,

1
2 ..
C A K c AN K,J
A (Imn or A (1),

or a tautomer, salt, and/or solvate, wheren:

H is ~CR™- or -N-;

1is -C(R™) or N-;

Fis -C(R™)- or -N-;

K is -C{R*")- or -N-;

R is hydrogen, alloyl, substituied alkyl, halo, -CN, -OR%;

R% s hydrogen, alkyl, spbstituted alkyl, halo, -ON, -QR”;

R* is hydrogen, alkyl, substituted alkyl, aryl, substituted aryl, arylalkyl, substituted
arylalkyl, acvl, substituted acyl, halo, heteroalkyl, substituted heteroalkyl, heteroaryl, sebstituted

heteroaryi, heteroarylalkyl, substituted heteroarylalkyl ,-CN, ~(_)R39, -S{O}ngg, ~(}C({)'}R29,

3

NRPRY, -CIOWNRPRY, -CORY, -SO;NRPR™Y, -NRPSORY, -BIOR™HOR™),
-PLOWOR™YORY) or -P(ON R HOR™;

R is hydrogen, alkyl, substituted alkyl, aryl, substituted aryl, arylalkyl, substituted
arylalkyl, acyl, substituted acyl, halo, heteroalkoyl, substitated heteroalkyl, heteroarvl, substituted

heteroaryl, heteroarylalkyl, substituted heteroarvialkyl, -CN, -OR’, -’S{(})g}{“, OCORY,

i64



NRMRPLCIOWNRMRY, -COIR?, -COsRY, -SOMNRYRY, NRYSO,RY, -BORYYOR™,
-P{OYOR HOR™) or -POWRWOR™); or alternatively R* and R, taken together with the
atoms to which they are attached, form a eycloalkyl, substituted cycloalkyl, cycloheteroalkyl, or
substituted cyclobhetercalkyl ring;

fand g ave independently 0, 1 or 2; and

Rzﬁ, Rzﬂ RY R R.zg, R¥, R.S"’, R 1, and R>? are independently hydrogen, alkyl, substituted
alkyl, arvl, substinuted arvl, arvlalkyl, substituted arylalkyl, acyl, substituted acyl, beteroalkyl,
sphstituted beteroalkyl, heteroaryl, substituted heteroaryl, heteroarylalkyl, or substituted
heteroarylalkyl; or alternatively R™ and R, R*" and R_m, R and R, or R and RP, together
with the atoms 1o which they are attached, form a cycloheteroalky! or substituted
cycioheteroalkyl ring;

with the proviso that at most, two of H, I, Jand K are -N-,
1. The compound of claim 10, wheretn one ortwo of H, [, J and K are -N-.

12, The compound of claim 10 having a structoral Formula (Ka) or (511",

R21 0
B. _N R22 } R
~ B _N R??
'
N R23 N s
A R (ifla) o A R® (T,

or a tautomer, salt, and/or solvate thereof,
- . ; ) 2
13, The compound of claim 12, wherein two or three of RY, R*, R*, and R* are hydrogen.

14, The compound of claim {2, wherein

& is hydrogen;

R* is hydrogen, alkyl, substituted alkyl, halo, -CN, or SORY,

R™ is hydrogen, alkyi, substituted alkyi, -CN, -OR*, -S(O)R”, -OC(OIRY, -NR¥R,
C(ONRRY .C(ORY, -CORY, -SO.NRPRY. or NR¥S0,R™,

R™ is hydrogen, alkyl, substituted alkyl, -CN, -OR™, -8(0)R*", -OC{ORY, -NRP TR,
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~C(O)NR31R3?‘° ~C(O:}R3l, "(.‘.(}’_/‘_R:H, -SOL,NRIRY, or *N-E.{EISOQR.SZ; or alternatively R* and R“,
taken together with the atoms to which they are attached, form a cyeloalkyl, sabstinuted
cycloalkyl, cycloheteroatkyl, or substituted cyclohetercalky! ring; and

RY R® B R and B are independently hydrogen, alkyl, substituted alkyl, arvi,
substituted aryl, arylalkyl, substituted arylalkyl, acyl, substituted acyl, heteroalkyl, substituled
hetercalkyl, heteroaryl, substifuted hetevoaryl, heteroarvialkyl, or substituted hetercarylalkyl; or
alternatively R and Rzé, R and Rzg‘, &% and Rm, or ¥ and R, together with the atorms to

which they are attached, form a cyclohetercalkyl or substitited cyeloheteroalkyl ring,
- 3 g . . 2F w22 3 Y

15, The compound of claim 14, wherein R™, R™, R, and R™ are all hydrogen.

16.  The compound of claim 14, wherein R™ and R™ are all hydrogen.

- - -t 23 2 . -
17. The compound of ¢laim 16, wherem R™ and R 4, talcen together with the atom to which
they are attached, form a cycloalkyl, substituied cycloalkyl, cycloheteroatkyl, or substituted

cycloheteroalky! ring,

18.  The compound of claim 17, wherein R™ and R™, taken together with the atow to which
they are attached, form a substituted cyveloheteroalkyl ring containing one or more substifuents
selected from the group consisting of -R?, halo, -0, =0, -OR®, -8R, -8, =8, -NRR®, =NR",
=N-ORP, trihalomethyl, -CF3, -CON, ~OCN, -SCN, -NO, -NGs, =N;, <N, ~S(O)R, -S(O)LNR",
SO0, -S(0)0R", ~OSIOLRY, ~O8(0)LY, -OS(0R0RY, -PONO ), -PONOR™HO,
PEOWORPHORD), -C(OIRE, -CLOYOR?, -C(SIR, -CINRMIR®, -C(O)07, -C(SHOR®, -C{OINRRE,
SCONRMINRRS, -OC(OIRP, -OC(SIR, -OC(0)0, -OC(O)OR", -OC(SIOR®, -NRPC{OIR",
NRPCISIRY, -NRPC(OYD, -NRPC(OYOR®, -NRUC(SHOR®, -NRPC(OINRRE, -NRPC(NRMR" and
SNRPCONRPINRRS, where R” is selected from the group consisting of aikyl, cycloalkyl,
hotercalkyl, eycloheteroatkyl, aryl, arylaikyl, heteroaryl and heteroarylalkyl; cach R” is
independently hydrogen or RY; 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- or
T-membered cyclobeteroalkyl which may optionally include from 1 to 4 of the same or different

additional beteroatoms selected from the group consisting of O, N and §; or alternatively, two of
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the substituents on the cyclohetersalkyl ring, together with the atoms to which they are bonded,

form a cycloalkyl, substituted cyeloalkyl, cycloheteroalkyl, or substituted cycloheteroalkyl ring.

19, The compound of any one of claims 1 to 18, wherein
A is -OR' -NRIC(OR?, -NHOR', -NR'R?, -NR'CO,R?, -NRIC(OINRR?,
NRICSNRR?, or -NR'C{=NHNR’R’,

20, The compound of any one of claims | to 19, wherein

Cis -S(O%R’, SO:R’-CLOINR'R?, -CO5R”, -NR'CO.RY, -NR'C(OYNRR’,
NRIC(SINRIRY, -NRC=NHINR 'R, -S0,NRTRY, -NRSO,RY, -NRTSO,NRR’,
B(ORYORY), -P(O}ORTYORY, or -P(OWRYORY).

21.  The compound of any one of claims { o 20, wherein
B is hydrogen, allcyl, substitnted alkyl, aryl, substituted aryl, arylalkyl, substituted
arylalkyl, acyl, substituted acyl, heteroalkyl, substituted heteroalkyl, heteroaryl, substituted

heteroaryt, heteroarvlaikyl, or substituted heteroarylalkyl,

22, The compound of claim 12 having a structural Formuta (IHb) or (T1H"),

0

B. N }

B N

\ el
C Ny
A 0L A O
L'—L2—R® (151 or SU—12—R® (1110,
or a favtomer, salt, and/or solvate thereof; wherein
L' is alkylene or substituted alkylene;

L7 i -NR¥-, -0, -§-, “NR**-C(0)-, -CO}NRM-, -0-C(O)-, -C(O)-0-, ~NR>-C(0)-0-,

O-C{OWNRM MR -C{O)-NR -, -0-C(O)-0- ~heterocyelylene—C(O)-, or ~(substituted
heterocycelylene)-C(O)-; _

R* is alky!, substituted alkyl, carbocyclyl, substituted carbooyelyl; aryl, substituted aryl,
arylalkyl, substituted arylalkyl, heterocyely!, substituted heterocyelvl, heteroalkyl, substituted

heteroatkyl, heteroaryl, substitited hetercaryl, heteroarvialkyl, or substituted heteroarylalkyl; and



R™ and R* are independently hydrogen, alkyl, substituted alkyl, carbocyelyl, substituted
carbocyelyl; aryl, substituted aryl, arylalkyl, substituted aryialkyl, heterocycelyl, substituted
heterocyelyl, heteroalkyl, substituted hetercalkyl, heteroaryl, substituted hetercaryl,

hetercarylalkyl, or substituted heteroaryialkvl,

23, The compound of claim [2 having a structural Formula (e), (THe"), (111d), or (11d°),

O
BN 1
BN
\ o’
C PN
A O vO
"R (1110) or T e
0
B N ?
- " BN
N R 33
C 0~ o o
A (Hid)  or A

or a tautomer, salt, and/or solvate thereof] wherein
R* is alkyl, substituted atkyl, carbocyclvl, substituted carbocyelyl, aryl, substitated arvl,
arylalkyl, substitnied arylalkyl, heterocyclyl, substituted heterocyelyl, heteroalkyl, substituted

heteroalkyl, heteroaryl, substitoted heteroaryl, heteroarylalkyl, or substituted heteroarylatkyl.

24, The compound of claim 23, whercin
B* is alkyl, substituted alkyl, carbocyclyl, substituted carbocyclyl; heterocyelyl,

substituted heterocyelyl, hetercalkyl, or substituted heteroalkyl.

25, The compound of claim 22 or 23, wherein
Ais -OR', -NR'CIOW?, -NHOR', -NR'R?, -NR'CO, R, -NRIC(OINRR,
NRICSNRR®, or “NR'CE=NHINRR?,

26, The compound of any one of claims 22, 23, and 25, wheremn

C is -S(OWR", SOR’ -COINR'RE, -CO,R7, -NR'COR?, NR'C{ONRR?,
NRICSINRR®, -NR'CENHINRTR?, -50,NRTRE, -NRTSOLRY, -NRVSO,NRR,
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-BORYORY, -P(OHORYWORY), or -PIOWRWORY.

27. The compound of any one of claims 22, 23, 25, and 26, wherein
B is hydrogen, alkyl, substituted alkyl, aryl, substituted aryl, arvlalkyl, substituted
arylalkyl, acyl, substituted acyl, heteroalkyl, substitoted heteroalkyl, heteroaryl, substituted

hetercaryl, heteroarylalioyl, or substitited heteroarylalkyl.

28, The compound of claim 22, wherein

Ais-OR’, -NHOR', or -NR'R%;

B ts hydrogen, alkyl, substitnted alkyl, aryl, or substituted arvi;

C is -SO5R " -C{OWR'RE, -CO.R’, -80,NRRY, -B(ORWORY), -PIONORNWORD), or
-POWRTNOR®);

s alkylene or substituted alkylene;

L2 is - NR*., -0, ~NR*C{O)-, ~COFNRY-, -G-C(D)-, -C{O)-0-, ~hetercyclylene—
C{O-, or ~(substitated hetereyclylene)-C(O)-;

R¥ {s alkyl, substituted alkyl, carbocyelyl, substituted carbogyelyl; aryl, substituted aryl,
arylalkyl, substitated arylalkyl, heterocyelyl, substituted heterocyclyl, heteroalkyl, substituted
heteroalkyl, heteroaryl, substituted heteroarvl, heteroarylatkyl, or substituted heteroarylalkyl; and

R* and R are independently hydrogen, alkyl, or substituted alkyl,

29.  The compound of claim 23, wherein

Ais -OR’, -NHOR', or -NR'R%;

B is hydrogen, alkyl, substitited alkyl, aryl, or substitoted aryl;

C is -805R7 -C{OINRR®, -COR”, -SO,NR'RY, -B(ORTWORY), -P(OHORNORY, or
PIOYRTWORY;

1Y is alkyl, substituted alkyl, carboeyelyl, substituted carbooyelyl; heterocyelyl,

sabstituted heterocyelyl, heteroalkyl, or substituted heteroalkyl.

30.  The compound of claim 1, which is selected from the group consisting of
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31, Aningestible composition compnising
a compound of claim 1; and

an ingestibly acceptable excipient.
32.  The ingestible composition of claim 31, farther comprising one or more sweeteners.

33.  The ingesiible composition of claim 32, wherein the sweetener is selected from the group
consisting of sucrose, fructose, ghicose, galactose, mannose, lactose, tagatose, maltose, corn
syrup (including high fractose corm symp), D-tryptophan, glvcine, erythritol, isomalt, lactitol,
mannitof, sorbitol, xylitol, maltodexirin, maltitol, isomalt, hydrogenated glucose syrup (HGS),
hydrogenated starch hydrolyzate (145H), stevioside, rebaudioside A, other sweet Stevia-based
glycosides, carrelame, other guanidine-based sweeteners, 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 contairng the compound of claim [, as mdgtd by a majority of

a panel of at least cight human taste testers,
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35, The ingestible composition of claim 31, which is m 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 produet is for

hursan or animal consumplion.

37.  The ingestible commposition of clatn 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 Dairy Product category; the lee
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.

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.  An ingestible 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

pharmacentical composifion, a nutritional product, s dictary supplement, over-the-counter

medication, or oral care product.
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42. A flavoring concentrate formulation comprising

i) as flavor modifying ingredient, a compound of claim 1
i} a carrier; and

i) optionally at least 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

adjuvant CoOMprises One OF MOTe SWeeteners,

45.  The flavoring concentrate formulation of any one of claims 42 to 44, wherein the ai least
one adjuvant comprises one or more jugredients selected from the group consisting of a
emulsifier, a stabilizer, an antimicrobial preservative, an antioxidant, vitamins, minerals, fats,
starches, protein concentrates and isolates, salts, a freezing point depressant, nocleating agent,

and combinations thereof,

46.  The flavoring concentrate formulation of any one of claims 42 io 45, which is in a form
selected from the group consisting of liquid, solid, semi-solid, foamy material, paste, gel, cream,

jotion, and combinations thereof.

47.  The flavoring concentrate formulation of any one of claims 42 to 46, whercin the
compound of claim | is in a concentration that is at least 2 times of the concentration in a ready-

to-use composition.

48, A method for preparing a compound of Formula IV

R21

22
B. N SR

CUCRGE NG NP~ RZ

O P N R24
1 \
R R awv,

comprising reacting a compound of Formula (TVa):
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R# (TVa)
with a compound of Formula (TVh):
o O
B/U\/U\ORT'” (IVh)
in the presence of a Lewis acid in an anhydrous and non-polar solvent;
wherein

B is hydrogen, alkyl, substituted alkyl, arvl, substituted aryl, arylalkyl, substituted
arylalkyl, acyl, substituted acyl, heteroalkyl, substituted heteroalioyl, hetercaryl, substituted
heteroaryl, heteroarylatkyl, substituted heteroarylalkyl;

®', R% and R’ are independently hydrogen, aikyl, substituted alloyl, aryl, substituted aryl,
arylalkyl, substituted arvlalkyl, heteroalkyl, substituted heteroalkyl, hoteroaryl, substituted
heteroaryvl, heteroarylalkyl or substituted heteroaryvlatkyl; or alternatively, R and R?, together
with the atoms fo which they are bonded, form a eycloheteroalkyl or substituted cycloheteroalkyi
Tifg;

R is alkyl, substituted alkyl, aryl, substituted aryl, arvlalkyl, substituted arylatkyl,
heteroalkyl, substituted heteroalkyl, hetercaryl, substituted heteroaryl, heteroarylalkyl or
substituted heteroarylalkyl;

R*! is bydrogen, alkyl, substituted atkyl, halo, -CN, -OR%;

R* is hydrogen, alloyl, substitaied alkyl, halo, -CN, -OR%;

R™ is hydro gen, alkyl, substituted alkyl, aryl, substitoted aryl, arylalleyl, substitnted
arylalkyl, acyl, substituled acyl, balo, heteroalloyl, substitoted heteroalkyl, heteroaryl, substitated
heteroaryl, heteroarylalkyl, sabstituted hetercarylalioyl, -OR™, -S{O)R?, -OC(ORZ, -NR# R,
COWRPRY, -CORY, -SONRPRY, -NRPSOR, -B(ORZYOR™), -PIOYOR®NOR™) or
-PIOYR™HOR™);

R* is hydrogen, alkyl, substituted atkyl, aryl, substituted aryl, arylalkyl, substifuted
arylalkyl, acyl, substituted acyl, halo, beteroalkvl, substituted heteroalkyl, heteroaryl, substituted
heteroaryl, heteroarylalkyl, substitoted heteroarylalkyl, -OR%!, -S(())gRSI, OCORY, SNRMRY,
SCIONRIRY, -CEOIRY, -CORY, -SONRYR™ NRYISO.RY, -BORPHOR™),
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~POWORPHOR™) or -POURHOR™),; or alternatively R™ and R™, taken together with the
atorn to which they are attached, form a cyclealkyl, substituted cycloalkyl, cveloheteroalkyl, or
substituted cycloheteroalky! ring;

fand g are independently 0, 1 or 2; and

P R RY, RE RY R R and R are independently hyidrogen, alkyl, substituted
alkyl, aryl, substituted aryl, arvlalkyl, substituted arylalkyl, acyl, substituted acyl, heteroalkyl,
substituted heteroalkyl, heteroaryl, substituted heteroaryl, heieroarylalioyl, or substituted
heteroarylalkyl; or alternatively R® and R%, R¥ and st, R¥ and R3Q, or R*! and R together
with the atoras to which they are attached, form a cycloheteroalkyl or substitute

cycloheteroalkyl ring.
46, The method of claim 4&, 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 (V) is conducted at least in part at a temperature of about 60°C

or higher.

N . N N . 2
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 claiims 48 to 51, wherein B is alkyl or substituted allkyl,

53.  The method of any one of claims 48 to 52, wherein R* is -ORY, and R*' is alkyl,
substituted alkyl, carbocyelyl, substituted carbocyelyl; aryl, substituted aryl, arylalkyl,
substituted arylalkyl, beterocycelyl, substituted heterocyelyl, heteroalkyl, substituted heteroalkyl,

heteroaryl, substituted heteroaryl, heteroarylalkyl, or substituted heteroarylalkyl,

54.  The method of any one of claims 48 to 53, wherein the compound of Formula (IV) is

represented by Formula (IVe)

B.__N
'
HO_Ax
O NH, O

\R31 (I‘V)C),



wherein
B is alky! or substiuted alkyl; and

R is alkyl, substituted alkyl, carbocyelyl, and substituted carbocyelyl.



