
SWEET FLAVOR MODIFIER 

CROSS-REFERENCE TO RELATED APPLICATIONS 

5 This application claims the benefit of priority to U.S. Provisional Patent Application No, 

61/320.528, filed April 2, 2010 and entitled "SWEET FLAVOR MODIFIER"; and U.S. 

Provisional Patent Application No. 61/422,341, filed December 13. 2010 and entitled "SWEET 

FL AVOR MODIFIER". The contents of these applications are hereby incorporated by reference 

in their entireties for all purposes. 

10 

FILED OF THE INVENTION 

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

BACKGROUND OF THE INVENTION 

15 The taste system provides sensory information about the chemical composition of the 

external world. Taste transduction is one of the most sophisticated forms of chemical-triggered 

sensation in animals. Signaling of taste is found throughout the animal kingdom, from simple 

rnetazoans to the most complex of vertebrates. Mammals are believed to have five basic taste 

modalities: sweet, bitter, sour, salty, and umami (the taste of monosodium glntamate, a.k.a. 

20 savory taste). 

Obesity, diabetes, and cardiovascular disease are health concerns on the rise globally, but 

an; 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 

25 sweeter than sugar, much less of the sweetener is required to replace the sugar. 

High-intensity sweeteners have a wide range of chemically distinct structures and hence 

possess varying properties, such as. without limitation, odor, flavor, mouthfeei, and aftertaste. 

These properties, particularly flavor and aftertaste, are well know to vary over the time of 

tasting, such that each temporal profile is sweetener-specific (Tunaley, A., "Perceptual 

30 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-I,2,3-oxathiazin-4(3H)-one-2,2-dioxide 

potassium salt (acesoifame potassium) are commonly characterized as having bitter and/or 

metallic aftertastes. Products prepared with 2,4-dihydroxybenzoie acid are claimed to display 

reduced undesirable aftertastes associated with sweeteners, and. do so at concentrations below 

5 those concentrations at which their own tastes are perceptible. Also, high intensity sweeteners 

such as sucralose and aspartame are reported to have sweetness delivery' problems, i.e., delayed 

onset and lingering of sweetness (S. G. Wiet, et ah, J. Food Sci., 58(3):599-602, 666 (1993)). 

It has been reported that an extra-cellular domain, e.g., the Venus flytrap domain of a 

chemosensory receptor, especially one or more interacting sites within the Venus flytrap domain, 

10 is a suitable target for compounds or other entities to modulate the chemosensory receptor and/or 

its ligands. Certain compounds have been reported to have superior sweet taste enhancing 

properties and are described in the four patent applications listed below. 

(I) 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 

15 Application Serial No. 11/836,074, entitled "Modulation of Chemosensory Receptors and 

Ligands Associated Therewith", tiled August 8, 2007; (3) U.S. 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 June 

20 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. 

25 SUMMARY OF THE INVENTION 

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

Formula (1) or(r): 
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o 

A (I) or A (]')T 

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

A is -OR1, -NR'C(0)R2, -NHOR1, -NR'R2, -NRJC02R2, -NR'C(0)NR2R3, 

NR'C(S)NR2R3or -NR1C(=NH)NR2R: 

5 B is hydrogen, alkyl, substituted alkyl, aryl, substituted aryl, arylalkyl, substituted 

arylalkyl, acyl, substituted acyl, heteroaikyl, substituted heteroaikyl, heteroaryl, substituted 

heteroaryl, heteroaryl alkyl substituted heteroaryialkyl, -CN, -OR4, -S(0)aR4, -NR4R5, 

-C(0)NR4R5, -CO,R4, -NR4C02R5, -NR4C(0)NR5R6, -NR4C(S)NRSR6, -NR4C(=NH)NR5R6, 

-SOJNR4R5, -NR4S02R5, ~NR4S02NR5R6, -B(OR<XOR5), -P(0)(0R4)(0RS), or -P(0)(R4)(0R5); 

10 C is -GR>S(0)bR7, SOjR', -C(0)NR7R8, -C02R7, -NR7C02R8, -NR7C(0)NRSR9, 

-NR7C(=NH)NRSR9, -S02NR7RS, -NR7S02RS, -NR7S02NRSR9, -B(OR7)(ORS), 

-P(OXOR/KOR8), -P(0)(R')(OR8), or heteroaryl (for example, tetrazole); 

D is an aryl, substituted-aryl, heteroaryl, substituted heteroaryl, cycloalkyi, substituted 

cycloalkyi cycloheteroalkyl or substituted cycloheteroalkyl ring wherein the ring is optionally 

15 fused to another aryl, substituted aryl, heteroaryl, substituted heteroaryl, cycloalkyi, substituted 

cycloalkyi, cycloheteroalkyl, or substituted cycloheteroalkyl ring; 

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

R.1, R.\ R'\ R.\ R3> R6» R', R8, and R9 are independently hydrogen, alkyl, substituted alkyl, 

aryl, substituted aryl., arylalkyl, substituted arylalkyl acyl, substituted acyl, heteroaikyl, 

20 substituted heteroaikyl, heteroaryl, substituted heteroaryl, heteroaryialkyl or substituted 

heteroaryialkyl; or alternatively, R1 and R2, R* and R3, R" and R5, R5 and R6, R7 and R8, or R8 

and R9, together with the atoms to which they are bonded, form a cycloheteroalkyl or substituted 

cycloheteroalkyl ring. 

25 comprising a compound of the present invention and an ingestibly acceptable excipient. 

In another embodiment, the present invention provides a flavoring concentrate 

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

In another embodiment, the present invention provides an ingesrible composition 



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 

5 compound of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

These and other embodiments, advantages, and features of the present invention are 

provided in the sections below. Unless defined otherwise, all technical and scientific terms used 

10 herein have the same meaning as commonly unders tood by one of ordinary skill in (he art to 

which this invention belongs. 

Definitions 

"Alkyl," by itself or as part, of another suhstituent refers to a saturated or unsaturated, 

branched, straight-chain or cyclic monovalent hydrocarbon, radical der ived by the removal of one 

15 hydrogen atom from a single carbon atom of a parent alkane, alkene or alkyne. The term "alky!" 

includes "cycloalkyi" as defined herein below. Typical alkyl groups include, but are not limited 

to, methyl; ethyls such as ethanyl, ethenyl, ethynyl; propyls such as propan-l-yl, propan-2-yl, 

cyclopropan-1 -yL prop-1 -en-l-yl, prop-l-en-2-yl, prop-2-en-l -yl (allyl), eycloprop-.l-en-1-yi; 

cycloprop-2-en-l-yl, prop-l-yn-l-yl, prop-2-yn-l-yl, etc.; butyls such as butan-l-yl, butan-2-yj, 

20 2-methyl-propan-l-yl, 2-methy'i-propan-2-yli cyclobutan-l-yl, but-l-en-1 -yl, but-l-en-2-yi, 

2-methyf-prop-1 -en-l-yl, but-2-en-l-yl, but-2-en-2-yl, buta-l,3-dien-l-yi,buta-L3-dien-2-yl 

eyclobut-l-en-l-yl, cyclobut-1 -en-3-yl cyclobuta-1,3-dien-1 -y 1, but-l-yn-l-yl, but-1 -yn-3-yl, 

but-3-yn-l-yk etc.; and the like. The term "alkyl" is specifically intended to include groups 

having any degree or level, of saturation, i.e., groups having exclusively single carbon-carbon 

25 bonds, groups having one or more double carbon-carbon bonds, groups having one or more triple 

carbon-carbon bonds and groups having mixtures of single, double and triple carbon-carbon 

bonds. Where a specific level of saturation is intended, die expressions "alkanyL" "alkenyi," and 

"alkynyl" are used. In some embodiments, an alkyl group comprises from 1 to 20 carbon atoms 

(C1-C20 alkyl). In other embodiments, an alkyl group comprises from 1 to 10 carbon atoms 

30 (Cj-Cio alkyl). In still other embodiments, an alkyl group comprises from 1 to 6 carbon atoms 

(Cj-C6 alkyl). It is noted that when an alkyl group is further connected to another atom, it 
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becomes an "alkylene" group. In other words, the term "alkylene" refers to a divalent alkyl. For 

example, -CH2CH3 is an ethyl, while -CH2CH2- is an ethylene. That is, "Alkylene," by itself or 

as part of another substituent, refers to a saturated or unsaturated, branched, straight-chain or 

cyclic divalent hydrocarbon radical derived by the removal of two hydrogen atoms from a single 

5 carbon atom or two different carbon atoms of a parent alkane, alkene or alkyne. The term 

"alkylene" includes "cycloalkylene" as defined herein below. The term "alkylene" is 

specifically intended to include groups having any degree or level of saturation, i.e., groups 

having exclusively single carbon-carbon bonds, groups having one or more double 

carbon-carbon bonds, groups having one or more triple carbon-carbon bonds and groups having 

10 mixtures of single, double and triple carbon-carbon bonds. Where a specific level of saturation 

is intended, the expressions "alkanylene," "alkenylene," and "alkynylene" are used. In some 

embodiments, an alkylene group comprises from. 1 to 20 carbon atoms (C1-C20 alkylene). In 

other embodiments, an alkylene group comprises from 1 to 10 carbon atoms (Cj-Cio alkylene). 

In still other embodiments, an alkylene group comprises from 1 to 6 carbon atoms (Cj-Ce 

15 alkylene). 

"Alkanyl," by itself or as part of another substituent, refers to a saturated branched, 

straight-chain or cyclic alkyl radical derived by the removal of one hydrogen atom from a single 

carbon atom of a parent alkane. The term "alkanyl" includes "c-ycloakanyl" as defined herein 

below. Typical alkanyl groups include, but are not limited to, methanyl; ethanyl; propanyls such 

20 as propan-1 -yl, propan-2-yl (isopropyi), cyclopropan-1-yl, etc.; butanyls such as butan-I-yl, 

butan-2-yl (sec-butyl), 2-methyl-propan-1 -yl (isobutyl), 2-methyl-propan-2-yl (f-butyi), 

cyclobutan-1 -yl, etc.; and the like. 

"Alkenyi," by itself or as part of another substituent, refers to an unsaturated branched, 

straight-chain or cyclic alkyl radical having at least one carbon-carbon double bond derived by 

25 the removal of one hydrogen atom from a single carbon atom of a parent alkene. The term 

"alkenyi" includes "cyeloalkenyl" as defined herein below. The group may be in either the cis or 

trans conformation about the double bond(s). Typical alkenyi groups include, but are not limited 

to, ethenyl; propcnyls such as prop-1-en-l-yl, prop-i-en-2-yl, prop-2-en-l-yl (allyl), 

prop-2-en-2-yl, cycloprop-1-en-l-yl: cycioprop-2-en-l -yl; butenyls such as but-1-en-l-yl, 

30 but-l-en-2-yl, 2-methyl-prop-1 -en-1 -yk but-2-en-l-yi, but-2-en-l-yl, but-2-en-2-yl, 
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buta-l,3~dicn-l-yl, buta-1,3-dien-2-yl> cyclobut-1 -en-l-yl, cyclobut-l-en-3-yl, 

cyciobiita~i.3-dien~I-yl, etc.; and the like. 

"Alkynyl," by itself or as part of another substituent refers to an unsaturated branched, 

straight-chain or cyclic alkyl radical having at least one carbon-carbon triple bond derived by the 

5 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-l-yn-l-yl, prop-2-yn-i-yl, 

etc.; butynyls such as but-l-yn-l-yl, but-! -yn-3-yl, but~3~yn~l -yl, etc.; and the like. 

"Alkoxy," by itself or as part of another substituent, refers to a radical of the formula -O-R199* 

where R199 is alkyl or substituted alkyl as defined herein. 

10 "Acyl" by itself or as part of another substituent refers to a radical -C(0)R2w, where Ri0° 

is hydrogen, alkyl, substituted alkyl, aryl. substituted aryl, arylalkyl, substituted arylalkyl, 

heteroaikyl, substituted heteroaikyl, heteroaryialkyl or substituted heteroaryialkyl as defined 

herein. Representative examples include, but are not limited to formyl, acetyl, 

eyelohexylcarhonyl, cyclohexylmethylcarbonyl, benzoyl, benzvlcarbonyl and the like. 

15 "Aryl," by itself or as part of another substituent, refers to a monovalent aromatic 

hydrocarbon group deri ved by the removal of one hydrogen atom from a. single carbon, atom of a 

parent aromatic ring system, as defined herein. Typical aryl groups include, but are not limited 

to, groups derived from aceanthrylene, acenaphihylene, acepbenanthrylene, anthracene, azulene, 

benzene, chrysene, coronene, fhioranthene, fluorene, hexacene, hexaphene, hexalene, 

20 as-indacene, i-indaeene, indane, indene, naphthalene, octacene, octaphene, octalene, ovafene, 

penta-2,4-diene, pentacene, pentalene, pentaphene, perylene, 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 (Q-C^o aryl). In other 

embodiments, an aryl group comprises from 6 to 15 carbon atoms (Ce-Cu aryl). In still other 

25 embodiments, an aiyl group comprises from 6 to 15 carbon atoms (Cg-Cio aryl), 

"Arylalkyl," by itself or as part of another substituent, refers to an acyciic alkyl group in 

which one of the hydrogen atoms bonded to a carbon atom, typically a terminal or sp3 carbon 

atom, is replaced with an aryl group as, as defined herein. Typical arylalkyl groups include, but 

are not limited to, benzyl, 2-phenylethan-1 -yl, 2-phenylethen-l-yl, naphtbylmethyl, 

30 2-naphthylethan-l-yl, 2-naphthylethen-l-yl, naphthobenzyl, 2-naphthophenylethan-l-yl and the 

like. Where specific alkyl moieties are intended, the nomenclature arylalkanyl, aiylalkenyl 
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and/or arylalkynyl is used. In some embodiments, an arylalkyl group is (C6-C30) arylalkyl, e.g., 

the alkanyl, alkenyi or alkynyl moiety of the arylalkyl group is (CJ-CJO) alkyl and the aryl moiety 

is (CVC20) aryl. In other embodiments, an arylalkyl group is (C6-C20) arylalkyl, e.g., the alkanyl, 

alkenyi or alkynyl moiety of the arylalkyl group is (Cj-Ca) alkyl and the aryi moiety is (Qj-Cn) 

5 aryl. In still other embodiments, an arylalkyl group is (Q-Cis) arylalkyl, e.g., the alkanyl, 

alkenyi. or alkynyl moiety of the arylalkyl group is (C1-C5) alkyl and the aryl moiety is (CVCso) 

aryl.. 

"Cycloalkyi," or "Carboeyclyl" by itself or as part of another substituent, refers to a 

saturated or unsaturated cyclic alkyl radical, as defined herein. Similarly, "Cycloalkylene," or 

10 "Carbocyclylene," by itself or as part of another substituent, refers to a saturated or unsaturated 

cyclic alkylene radical, as defined herein. Where a specific level of saturation is intended, the 

nomenclature "cycloalkanyl", "cycloalkenyl", or "cycloalkynyl" is used. Typical cycloalkyi 

groups include, but are not limited to, groups derived from cyclopropane, cyclobut&ne, 

cyclopentaue, cyelohexane, and the like. In some embodiments, the cycloalkyi group comprises 

15 from 3 to 10 ring atoms (CVCio cycloalkyi). In other embodiments, the cycloalkyi group 

comprises from 3 to 7 ring atoms (C3-C7 cycloalkyi). The cycloalkyi may be further substituted 

by one or more heteroatoms including, but not limited to, N, P, O, S, and Si, which attach to the 

carbon atoms of the cycloalkyi via monovalent or multivalent, bond. 

"Heteroaikyl," "Heteroalkany V "HeteroalkenyP and "Heteroalkynyl," by themselves or 

20 as part of other substituents, refer to alkyl, alkanyl alkenyi and alkynyl groups, respectively, in 

which one or more of the carbon atoms (and optionally any associated hydrogen atoms), are 

each, independently of one another, replaced with the same or different heteroatoms or 

heteroatomic groups. Similarly, "Heteroalkylene ""Heteroalkanylene," "Heteroalkenylene"and 

"Heteroalkynyiene," by themselves or as part of other substituents, refer to alkylene, alkanylene, 

25 alkenylene and alkynyenel groups, respectively, in which one or more of the carbon atoms (and 

optionally any associated hydrogen atoms), are each, independently of one another, replaced 

with the same or different heteroatoms or heteroatomic groups. Typical heteroatoms or 

heteroatomic groups which can replace the carbon atoms include, but are not limited to, -0-s -S-, 

-Si-, "NH-> -S(O)-, -S(0)r, -S(0)NH-( -S(0);;>NH~ and the like and combinations thereof. 

30 The heteroatoms or heteroatomic groups may be placed at any interior position of the alkyl, 

alkenyi or alkynyl groups. Typical heteroatomic groups which can be included in these groups 
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include, but are not limited to, -0-, -S-, -0-0-, -S-S-, -0-S-, -NR20IR202-, =N-N==, -N=N-, 

-N=N-NR203R204, -PR205-, ~P(G)r, -PGR206-, -0~P(0)2-, -SO-, -SOj-, -SnR20?R208- and the like, 

where R'"01, Ria% R"0,3.. Rz04, R'(b, R"0<\ R207 and R"08 are independently hydrogen, alkyl, 

substituted alkyl, aryl, substituted aryl, arylalkyl, substituted arylalkyl, cycloalkyi, substituted 

5 cycloalkyi, cycloheteroalkyl, substituted cycloheteroalkyl, heteroaikyl, substituted heteroaikyl, 

heteroaryl, substituted heteroaryl, heteroaryialkyl or substituted heteroaryialkyl. 

"Cycloheteroalkyl " or "He?.erocyclyl,"by itself or as part of another substituent, refers to 

a saturated or unsaturated cyclic alkyl radical in which one or more carbon atoms (and optionally 

any associated hydrogen atoms) are independently replaced with the same or different 

SO heteroatom. Similarly, "Cycloheteroalkylene," or "Heterocyclylene," by itself or as part of 

another substituent, refers to a saturated or unsaturated cyclic alkylene radical in which one or 

more carbon atoms (and optionally any associated hydrogen atoms) are independently replaced 

with the same or different heteroatom. The cycloheteroalkyl may be further substituted by one 

or more heteroatoms including, but not limited to, N, P, O, S, and Si, which attach to the carbon 

15 atoms of the cycloheteroalkyl via monovalent or multivalent bond. Typical heteroatoms to 

replace the carbon atom(s) include, but are not limited to, N, P, 0, S, Si, etc. Where a specific 

level of saturation is intended, the nomenclature "cvcloheteroalkanyl" or "cycloheteroalkenyl" is 

used. Typical cycloheteroalkyl groups include, but are not limited to, groups derived from 

epoxides, azirines, thiiranes, imidazoline, morphoiine, piperazine, piperidine, pyrazolidine, 

20 pyrrolidone, quinuclidine, and the like, in some embodiments, the cycloheteroalkyl group 

comprises from 3 to 10 ring atoms (3-10 menibered cycloheteroalkyl) In other embodiments, the 

cycloalkyi group comprise from 5 to 7 ring atoms (5-7 menibered cycloheteroalkyl). A 
cycloheteroalkyl group may be substituted at a heteroatom, for example, a nitrogen atom, with a 

(Ci-Q) alkyl group. As specific examples, N-methyl-imidazolidinyl, N-methyl-morpholinyl, 

25 iNj-methyl-pipenizinyl, N-methyi-piperidinyl, N-methyi-pyrazolidinyl and N-methyl-pyrrolidinyl 

are included within the definition of "cycloheteroalkyl." A cycloheteroalkyl 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 (I), (If), (Ha), (lib), (III), (Ilia), (11Tb), (IIIc), and (Hid), and includes any specific 

30 compounds within these formulae whose structure is disclosed herein. Compounds may be 

identified either by their chemical structure and/or chemical name. When the chemical structure 
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and chemical name conflict., the chemical structure is determinative of the identity of the 

compound. The compounds described herein may contain one or more chiral centers and/or 

double bonds and therefore, may exist as stereoisomers, such as double-bond isomers (i.e., 

geometric isomers), enantiomcrs or diastereoraers. Accordingly, the chemical structures 

5 depicted herein encompass att possible enantiorners and stereoisomers of the illustrated 

compounds including the stereoisomerically pure form (e.g., geometrically pure, 

enanfiomerically pure or diasiereomericalfy pure) and enantiomeric and stereoisomeric mixtures. 

Enantiomeric and stereoisomeric mixtures can be resolved into their component enantiomers or 

stereoisomers using separation techniques or chiral synthesis techniques well known to the 

10 skilled artisan. The compounds may also exist in several tautomeric forms including the enol 

form, the keto form and mixtures thereof. Accordingly, the chemical structures depicted herein 

encompass all possible tautomeric forms of the illustrated compounds. The term "tautomer" as 

used herein refers to isomers that change into one another with great ease so that they can exist 

together in equilibrium. In general, compounds may be hydrated, solvated or N-oxides. Certain 

15 compounds may exist in multiple crystalline or amorphous forms. In general all physical forms 

are equivalent for the uses 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 to the rest of the 
molecule. 

20 "Halo," by itself or as part of another substituent refers to a radical -1% -CI, -Br or -I. 

"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 systems, as defined herein. Typical heteroaryl groups include, but are 

not limited to, groups derived from acridine, {3-carholine, chromane, chromene, cinnoline, furan, 

25 imidazole, indazole, indole, indoline, indolizine, isobenzofuran,, isochromene, isoindole, 

isoindoline, isoquinoline, isofhiazole, isoxazoLe, naphthyridiiie, oxadiazolc, oxazole, perimidinc, 

phenanthridine, phenanthroline, phenazine, pbthaiazine, pteridine, purine, pyran, pyrazine, 

pyrazole., pyridazinc, pyridine, pyrimidine, pyrrole, pvrrolizine, quinazoline, quinoline, 

qiiinolizine, quinoxaline, tetrazole, thiadiazole, thiazole, thiophene, triazole, xanthene, and the 

30 like. In some embodiments, the heteroaryl group comprises from 5 to 20 ring atoms (5-20 

membered heteroaryl). In other embodiments, the heteroaryl group comprises from 5 to 10 ring 
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atoms (5-10 menibered. heteroaryl). Exemplary heteroaryl groups include those derived from 

furan. thiophene. pyrrole, benzothiophene, benzofuran, benzimidazole, indole, pyridine, 

pyrazole, quinoline, Imidazole, oxazole, isoxazole and pyrazine. 

"Heteroaryialkyl" by itself or as part of another substituent refers to an acyclic alkyl 

5 group in which one of the hydrogen atoms bonded to a carbon atom, typically a terminal or sp3 

carbon atom, is replaced with a heteroaryl group. Where specific alkyl moieties are intended, the 

nomenclature heteroarylalkanyl, heteroaryl akenyl and/or heteroarylalkynyl is used. In some 

embodiments, the heteroaryialkyl group is a 6-21 membered. heteroaryialkyl, e.g., the alkanyl. 

alkenyi or alkynyl moiety of the heteroaryialkyl is (Cj-Cg) alky] and the heteroaryl moiety is a 

10 5-15-membered heteroaryl. In other embodiments, the heteroaryialkyl is a 6-13 membered 

heteroaryialkyl, e.g., the alkanyl, alkenyi or alkynyl moiety is (C1-C3) alkyl and the heteroaryl 

moiety is a 5-10 membered heteroaryl 

"Protecting group'' refers to a grouping of atoms that when attached to a reactive 

functional group in a molecule masks, reduces or prevents reacti vity of the functional group. 

15 Examples of protecting groups can be found in Green et ai"Protective Groups in Organic 

Chemistry", (Wiley, 2nd ed. 1991) and Harrison et at., "Compendium of Synthetic Organic 

Methods", Vols. 1-8 (John Wiley and Sons, 1971-1996). Representative amino protecting 

groups include, but are not limited to, formyl, acetyl, triiluoroacetyl benzyl benzvloxycarbonyi 

("CBZ"), ferf-butoxycarbonyl ("Boc"), trimethylsilyl ("IMS"), 2-trimethylsilyl-ethanesulfonyl 

20 ("SES"}> trity! and substituted trityl groups, allyloxycarbonyl, 9-fluorenylmethyloxycarbonyl 

(MFMOC*% nitro-veratiyloxyc-arbonyl ("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 trityl ethers as well as alkyl ethers, tetrahydropyranyl 

ethers, trialkylsilyl ethers and allyl ethers. 

25 "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 as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid, 

phosphoric acid, and the like; or formed with organic acids such as acetic acid, propionic acid, 

hexanoic acid, cyelopentanepropionic acid, glycolic acid, pyruvic acid, lactic acid, malonic acid, 

30 succinic acid, malic acid, rnaleic acid, fumaric acid, tartaric acid, citric acid, benzoic acid, 
3-(4-hydroxybenzoyl) benzoic acid, ciimamic acid, mandelie acid, methanesulfonic acid, 
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ethanesulfonic acid, 1,2 -• et h a ne - d i suI fonic acid, 2-hydroxyethanesulfonic acid,, bcnzenesulfonic 

acid, 4-chlorobenzenesulfonic acid, 2-naphthalcnesulfonic acid, 4-toluenesulfonic acid, 

campborsulfonic acid, 4-methylbicyelo[2.2.2]-oct-2-ene-l-carboxylic acid, giucoheptonic acid, 

3-phenyIpropionic acid, trimethylacetic acid, tertiary butyl acetic acid, lauryi sulfuric acid, 

5 gluconic acid, glutamic^cid, hydroxynaphthoic acid, salicylic acid, stearic acid, muconie acid, 

and the like; or (2) salts formed when an acidic proton present in the parent compound is 

replaced by a metal ion, e.g., an alkali metal ion, an alkaline earth ion, or an aluminum ion; or 

coordinates with an organic base such as ethanolamine, diethanolamme, triethanolamme, 

N-methylgluearmne and the like. 

JO "Solvate" means a compound formed by solvation (the combination of solvent molecules 

with molecules or ions of the solute), or an aggregate that consists of a solute ion or molecule, 

i.e., a compound of the present invention, with one or more solvent molecules. When water is 

the solvent, the corresponding solvate is "hydrate". 

"N-oxide", also known as amine oxide or amine-N-oxide. means a compound that derives 

15 from a compound of the present invention via oxidation of an amine group of the compound of 

the present invention. An N-oxide typically contains the functional group RsN^'-O" (sometimes 

written as RnN^O or R3N-->0). 

"Substituted." when used to modify a specified group or radical, means that one or more 

hydrogen atoms of the specified group or radical are each, independently of one another, 

20 replaced with the same or different substituent(s). Substituent groups useful for substituting 

saturated carbon atoms in the specified group or radical include, but are not limited to ~Ra. halo, 
-o; =0, -ORb, -SRb, -S", =S, -NR°RC, =NRb, =N-ORb, tribaiomethyl, -CF3, -CN, -OCN, -SCN, 

-NO, -NOj. -N2, -N,, -S(0)2Rb, -S(0)2NRb, -8(0)20; -S(Q)2GRb, -0S(0)2Rb, -0S(0)20\ 

-0S(0)20Rb, -P(0)(0")2, -P(0)(0Rb)(0"), -P(0)(0Rb)(0Rb), -C(0)Rb, -C(S)Rb, -C(NRb)Rb, 

25 -C(0)0; -C(0)0Rb, -C(S)ORb, 4^0)NR'R<, -C(NRb)NR0Rc, -0C(0)Rb, -0C(S)Rb, -0C(0)G", 

-0C(0)0Rb, -OC(S)ORl>, -NRbC(0)Rb, -NRbC(S)Rb, -NRbC(0)0", -NRbC(0)0Rb, 

-NRbC(S)ORb, -NRbC(0)NRcRc, -NRbC(NRb)Rb and -NRbCOJRb)NR'!Rc, where K" is selected 

from the group consisting of alkyl, eycioalkyl heteroaikyl, cycloheteroalkyl, aryi, arylalkyl 

heteroaryl and heteroaryialkyl; each Rb is independently hydrogen or Ra; and each Rc is 

30 independently Rb or alternatively, the two Rcs may be taken together with the nitrogen atom to 

which they are bonded form a 4-, 5-, 6~ or 7-mernbered cycloheteroalkyl which may optionally 



include from 1 to 4 of the same or different additional heteroatoms selected, from the group 

consisting of O, N and S. As specific examples, -NRCRC is meant to include -NH;>, -NH-alkyl, 

N-pyrrolidinyl and N-morpholinyl. As another specific example, a substituted alkyl. is meant to 

include - alkylene-O-alkyL -aikyiene-heteroaryl, -alkylene-cycloheteroalkyl, -alkylene-C(0)0Rb, 

5 -alkylene-C(0)NRbRb, and -CH2-CH2-C(0)-CH3. The one or more substituent groups, taken 

together with the atomy to which they are bonded, may form a cyclic ring including cycloalkyi 

and cycloheteroalkyl. 

Similarly, substituent groups useful for substituting unsaturated carbon atoms in the 

specified group or radical include, but are not limited to, -Ra, halo, ~0"5 -ORb, -SRb, -S", -NRCRC, 

10 trihalomethyl, -CF3» -ON, -OCN, -SCN, -NO, -NO* -N3, -S(0)2Rb, -S(0)20; -S(0)20Rb, 

-0S(0)2Rb» -0S(0)20\ -0S(0)20Rb, ~P(0)(0~)2, -P(0)(0Rb)(0'), -P(0)(ORb)(ORb), -C(0)Rb, 

-C(S)Rb, -C(NRb)Rb, -C(0)0", -C(0)0Rb, ~C(S)ORb, -C(0)NRcRc, •*C-(NR.b)NRcRc, -0C(0)Rbs 

-OC(S)Rb, -00(0)0-, -0C(0)0R\ ~0C(5)0Rb, -NRbC(0)R\ -NRbC(S)R\ -NRbC(0>0\ 

-NRbC(0)0Rb, -NRbC(S)ORb„ -NRbC(0)NRcRc, -NRbC(NRb)Rb and -NRbC(NRb)NR°Rc, where 

15 Ra, Rb and Rc are as previously defined. 

Substituent groups useful for substituting nitrogen atoms in heteroaikyl and 

cycloheteroalkyl groups include, but are not limited to, -R\ -0\ -OR1', -SRb, -S", -NRCRC, 

trihalomethyl, ~CF3, -CN, -NO, ~N02, ~S{0)2Rh, ~S(0)20", -S(0)20R\ -0S(0)2Ri5t -0S(0)20\ 

-0S(0)20Rb, -P(0)(0_)2, -P(0)(0Rb)(0~,)J -F(0)(0Rb)(0Rb)? -C(0)Rb, -C(S)Rb, -C(NRb)Rb, 

20 -C(0)0Ri\ -C(S)ORb, -C(0)NRcRc, -C(NRb)NRcRc, -OC{D)Rb, -OC(S)Rb, -0C(0)0Rb, 

-0C(S)0Rb, -NRbC(0)Rl\ -NRbC(S)R\ -NRbC(0)0Rb, -NRbC(S)0Rb, -NRbC(0)NR°Rc, 

-NRbC(NRn)Rb and -NRbC(NR°)NR.l'R\ where R". Rb and Rc are as previously defined. 

Substituent groups from the above lists useful for substituting other specified groups or atoms 

will be apparent to those of skill in the art, 

25 The substituents used to substitute a specified group can be further substituted, 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, 

30 As used herein, an "ingestible composition'" includes any substance that, either alone or 

together with another substance, can be taken by mouth whether intended for consumption or 
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not. The ingestible composition includes both "food or beverage products'1 and "non-edible 

products". By "Food or beverage products", it is meant any edible product intended for 

consumption by humans or animals, including solids, semi-solids, or liquids (e.g., beverages). 

The term "non-edible products" or "noncomestible composition" includes any product or 

5 composition that can be taken by humans or animals for purposes other than consumption or as 

food or beverage. For example, the non-edible product or noncomestible composition includes 

supplements, mitraceuticals, functional food products (e.g., any fresh or processed food claimed 

to have a health-promoting and/or disease-preventing properties beyond the basic nutritional 

function of supplying nutrients), pharmaceutical and over the counter medications, oral care 

10 products such as dentifrices and mouthwashes, cosmetic products such as sweetened Hp balms 

and other personal care products that may or may not contain any sweetener. 

A "ingestibly acceptable carrier or excipient" is a medium and/or composition that is used 

to prepare a desired dispersed dosage form of the inventive compound, in order to administer the 

inventive compound in a dispersed/diluted form, so that the biological effectiveness of the 

15 inventive compound is maximized. The medium and/or composition may be in any form 

depending on the intended use of a product 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 pH, fruit or vegetable juices, vinegar, 

20 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 glyceryl esters of fatty acids, and dispersions or emulsions of such hydrophobic 

substances in aqueous media, salts such as sodium chloride, wheat flours, solvents such as 

ethanol, solid edible diluents such as vegetable powders or flours, or other liquid vehicles; 

2.5 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 ingestibly acceptable salt or solvate 

thereof, that modulates (increases) the activation of a particular receptor, preferably the 

chemosensory. e.g., T1R2/T1R3 receptor. Herein such enhancers will enhance the activation of 

30 a chemosensory receptor by its iigand. Typically the "enhancer" will be specific to a particular 

ligand, i.e., 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 closely 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 

5 receptor by a ligand without substantially activating the particular receptor by the enhancer 

itself. In some embodiments, certain enhancers, when used at a concentration higher than the 

ligand enhancing concentration, can also activate a particular receptor by themselves in addition 

to modulating (e.g., increase or enhancement) the activation of the receptor. For example, 

certain enhancers, when used at a concentration higher than the ligand enhancing concentration, 

10 can be sweeteners (i.e., sweet flavoring agent/entity) as well. 

A "flavor" herein refers to the perception of taste in a subject, which include sweet, sour, 

salty, bitter and umami. The subject may be a human or an animal. 

A "flavoring agent" herein refers to a compound or the ingestibly acceptable salt or 

solvate thereof that induces a flavor or taste in an animal or a human. The flavoring agent can be 

15 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, including 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 salt thereof that 

20 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 

25 "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 T1R2/T1R3 receptor in vitro. The subject may be a human or an animal. 

A "sweet flavor modifier" or "sweet flavor modifying agenfherem refers to a compound 

or ingestibly acceptable salt or solvate thereof that modulates, including enhancing or 

30 potentiating, inducing, or blocking, the sweet taste of a sweet flavoring agents in an animal or a 

14 



human. The sweet flavor modifier includes both sweet flavor enhancer and sweet flavoring 

agent. 

A "sweet flavor enhancer" or "sweet flavor enhancing agent" herein refers to an enhancer 

of a sweet flavor wherein the term enhancer is the same as defined above. 

A "sweet receptor activating compound" herein refers to a compound that activates a 

sweet receptor, such as a TIR2/TJ.R3 receptor. One example of a sweet receptor activating 

compound is a sweetener, such as sucrose. 

A "sweet receptor modulating compound" herein refers to a compound that modulates 

(activates, block, or enhances/reduces activation of) a sweet receptor such as a T1R2/TIR3 

receptor, 

A "sweet, receptor enhancing compound" herein refers to a compound that enhances or 

potentiates the effect of a sweet receptor activating compound, e.g., sucrose. 

Although most sweet receptor enhancing compounds or sweet -flavor enhancers, at its 

ligand enhancing concentration of use, do not result in substantial activation of the particular 

receptor by themselves, some of the sweet receptor enhancing compounds or sweet flavor 

enhancers, when used at a concentration higher than its ligand enhancing concentration, can also 

activate a particular receptor by themselves in addition to modulating (increase) the activation of 

the receptor. For example, some of the sweet receptor enhancing compounds or sweet flavor 

enhancers, when used at a concentration higher than their ligand enhancing concentrations, can 

also activate a sweet receptor, such as a T1R2/T1R3 receptor, acting as the receptor agonists. 

A "sweet flavor modulating amount" herein refers to an amount of a compound of 

Formula (I) 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, hi many 

embodiments of the invention, at least about 0.001 ppm of the present compound would need to 

be present in order for most human subjects to perceive a modulation of the sweet flavor of an 

ingestible 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 

modulation can he from about 0.001 ppm to J 00 ppm, or a narrow range from about 0.1 ppm to 

about 10 ppm. Alternative ranges of sweet flavor modulating amounts can be from about 0.01 

ppm to about 30 ppm, from about 0.05 ppm to about 15 ppm. from about 0.1 ppm to about 5 

ppm. or from about 0.1 ppm to about 3 ppm. 



A "sweet: flavor enhancing amount" herein refers to an amount of a compound that is 

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 enhancing amount can be 

from about 0.001 ppm to 100 ppm, or a narrow range from about 0.1 ppm to about 10 ppm. 

5 Alternative ranges of sweet flavor enhancing amounts can be from about 0.01 ppm to about 30 

ppm, from about 0.05 ppm to about 15 ppm, from about 0.1 ppm to about 5 ppm, or from about 

0.1 ppm to about 3 ppm. In some embodiments, sweet flavor enhancing amount is the amout 

corresponding to ligand enhancing concentration(s) of a sweet flavor enhancer of the present 

invention. 

10 A "sweet receptor modulating amount'1 herein refers to an amount, of a compound, that is 

sufficient to modulate (activate, enhance or block) a sweet taste receptor protein. In many 

embodiments of the invention, a sweet receptor modulating amount is at least about 1 pM, or at 

least about 1 nM, or at least about 10 nM, or at least about lOOnM (i.e. about 0.1 fiM). A 

"Tl R2/TJ R.3 receptor modulating or activating amount" is an amount of compound that is 

15 sufficient to modulate or activate a Tl R2/T1R3 receptor. A "sweet receptor" is a taste receptor 

that can be modulated by a sweet compound. Preferably a sweet receptor is a G protein coupled 

receptor, and more preferably the sweet receptor is a T1R2/T1 R.3 receptor. 

Compounds 

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

20 Formula (I) or (F): 

O 

C' 
A (!) or A (i')j 

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

A is -OR1, -NR'CXOyR2, -NHOR1, -NR'R2, -NR'COJR2, -NR'C(0)NRJR\ 

-NR1C(S)NR2R3or -NR'C(=NH)NR2R3; 

25 B is hydrogen, alkyl, substituted alkyl, aryl, substituted aryl, arylalkyl, substituted 

arylalkyl, acyl, substituted acyl, heteroaikyl, substituted heteroaikyl heteroaryl, substituted 

heteroaryl, heteroaryialkyl, substituted heteroaryialkyl, -CN, -OR4, -S(0)aR*1» -NR^R5, 
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-C(0)NR4R5, -C02R\ -NR4C02R5, -NR4C(0)NR5R6, ~NR4C(S)NR5R6» -NR4C(=NH)NR5R6, 

-S02NR4R5, -NR4S02R5, ~NR4SO-)NR5R6f -B(OR4)(OR5), -P(0)(0R4)(0R5)( or -P(0)(R4)(QK5"}: 

C is -OR7, -S(0)bR7, S03R7> -C(0)NR7RS, -C02R7, -NR7C02RS, -NR7C(0)NR8R9, 

-NR7C(==NH)NRSR9, ~S02NR7R8, ~NR7S02R8, -NR7S02NR8R9, -B(OR7)(OR8), 

5 -P(0){0R:'}(0Rs), ~P(0)(R./)(0R;5)v or heteroaryl (for example, tetrazole); 

D is an aryl, substituted aryl, heteroaryl, substituted heteroaryl. cycloalkyi, substituted 

cycloalkyi, cycloheteroalkyl or substituted cycloheteroalkyl ring wherein the ring is optionally 

fused to another aryl, substituted aryl, heteroaryl, substituted heteroaryl, cycloalkyi, substituted 

cycloalkyi, cycloheteroalkyl, or substituted cycloheteroalkyl ring; 

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

R.'t R2. R~\ R4, R5, R°., R',, Rg, and R9 are independently hydrogen, alkyl, substituted alkyl, 

aryl, substituted aryl, arylalkyl, substituted arylalkyl acyl, substituted acyl, heteroaikyl, 

substituted heteroaikyl, heteroaryl substituted heteroaryl heteroaryialkyl or substituted 

heteroaryialkyl; or alternatively, R5 and R~, R2 and R\ R4 and R\ R5 and R6, R7 and R8, or R8 

15 and Ry, together with the atoms to which they are bonded, form a cycloheteroalkyl or substituted 

cycloheteroalkyl ring. 

In one embodiment of the present invention, the Formula (I) is subject to the following 

provisos: 
(a) when D is substituted phenyl; B is hydrogen; C is -C02R7; R7 is hydrogen or alkyl; A 

20 is -NRJR2; and one of R! and R'' is hydrogen; then the other of R] and R2 is not substituted 

arylalkyl; and 

(b) when D is phenyl or substituted phenyl; C is -C02R''; R7 is alkyi; A is -NR]R2; and R1 

and R" are both hydrogen; then B is not -C02R4; wherein R4 is alkyl 

In one embodiment of the present invention, the Formula (I) does not include the 

25 following compounds: 
8-Bromo-4-(4-methoxybenzyl)amino~5-methoxyqumolme-3-carboxylic acid ethyl ester; 

4-(4-Methoxybcnzyl)ammo-5-methoxyqumolinc-3-carboxylic acid ethyl ester; 

4~(4-Mefhoxybenzyi)ammo-5--methoxyquiiioiine-3-carboxylic acid; 

4-(4-Methoxybenzyl)ammo-8'-methoxyquinolme-3-carboxyiie acid ethyl ester; 

30 4~(4-Metboxybenzyl)ammo-8-methoxyquinolme~3~carboxylie acid; 

4-Ammo-3-etboxyearbo]iyl-2-etboxycarbonylraethylquinoline; and 
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4~Amino-3-ethoxycarbonyl-2-ethoxycarbonylniethyl-5-niethoxyqumoline. 

In one embodiment of Formula (I), R1 and R2 are independently hydrogen, alkyl, 

substituted alkyl, aryl, substituted aryl, arylalkyl, acyl, substituted acyl, heteroaikyl substituted 

heteroaikyl, heteroaryl, substituted heteroaryl, heteroaryialkyl or substituted heteroaryialkyl; or 

5 alternatively, R1 and R2, R2 and R:\ R4 and R\ R5 and R6, R.' and R*, or R8 and R9, together with 

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

In one embodiment of Formula (I), when B is substituted alkyl, then the substituent on 

the alkyl is not -C(0)0R°; where Rb is alkyl. 

In one embodiment of Formula (I), when B is substituted alkyl, then the substituent on 
10 the alkyl is selected from the group consisting of -Ra, halo, -0", =0, -GRb, -SRb, -S\ =S, -NRCR°, 

=NRb, -N-ORb, trihalomethyl, -CF3, -CN, -OCN, -SCN, -NO, -N02, =N2; -N3, -S(0)2Rb, 

-S(0)2NRb, ~S(0)20\ -S{0)20R\ ~0S(0)2Rb, -OS(OfcO\ -0S(0)20R\ -P{0)(0")2, 

-P(0)(0Rb)(Cr), -P(0)(0Rb)(0Rb), -C(0)Rb, -C(S)Rb, -C(NRb)Rb, ~C(0)0\ -C(S)ORb, 

-C(0)NRcRc, -C(NRb)NRcRc, -0C(0)Rb, -OC(S)Rb, -0C(0)0\ -0C(0)0Rb, -OC(S)ORb, 

15 -NRbC(0)Rb, -NRbC(S)Rb, -NRbC(0)0", -NRbC(0)0Rb; -NRbC(S)ORb, -NRbC(0)NRcRc, 

-NRbC(NRb)Rb and -NRbC(NRb)NRcRc, where Ra is selected from the group consisting of alkyl, 

cycloalkyi heteroaikyl, cycloheteroalkyl aryl. arylalkyl heteroaryl and heteroaiylalkyl; each Rb 

is independently hydrogen or R"; and each Rc is independently R° or alternatively, the two Rcs 

may be taken together with the nitrogen atom to which they are bonded form a 4-, 5-, 6- or 

20 7-membcred cycloheteroalkyl. which may optionally include from 1 to 4 of the same or di fferent 

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 (P) have a 

structural Formula (II) or (IF), 

O 

25 or a tautomer, salt, and/or solvate, wherein; 

Y forms a single bond with either W or Z and a double bond with the other of W or Z; 

W is -C(R.i0)-, -S-, -N-, ~N(Rn)~, or -0-; 
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Y is -C(R12)- or -N-; 

Z is -C(R13)-, -S-, -N-, -N(R14)-, or -0-; 

RJ° is hydrogen, alkyl substituted alkyl, aryl substituted aryi, arylalkyl, substituted 

arylalkyl, acyl. substituted acyl, heteroaikyl, substituted heteroaikyl, heteroaryl, substituted 

5 heteroaryl, heteroaiylalkyl, substituted heteroaryialkyl, halo, -CN, -OR15, -S(0)cR35, ~NT<15R!6, 

-C(0)NR15R16, -C02RIS, -S02NR.15R16, -NRI5S02R16, -P(0)(0R15)(0R16) or -P(0)(Ri5)(OR16); 

Ru is hydrogen, alkyl, substituted alkyl, aryl, substituted aryl, arylalkyl, substituted 

arylalkyl, acyl, substituted acyl, heteroaikyl, substituted heteroaikyl, heteroaryl substituted 

heteroaryl, heteroaiylalkyl, substituted heteroaryialkyl, halo, -CN, ~OR5/, -S(0)dRl-0C(0)R! 

10 -NR17R18, -C(0)NR17R18, -C,02R17, -S02NRI7RI8, -NR"S02R,S, -P(0)(0R17)(0R18) or 

-P(0)(R17)(0R18>; 

R13 is hydrogen, alkyi, substituted alkyl, aryl, substituted aryl, arylalkyl, substituted 

arylalkyl, acyl, substituted acyl, heteroaikyl, substituted heteroaikyl, heteroaryl, substituted 

heteroaryl, heteroaryialkyl, substituted heteroaryialkyl, halo, -CN,, -OR19, ~S(0)eR19, 

15 -0C(0)R19, -NR19R20, -C(0)NRl9R20, -C(0)R19, -C02R19, -S02NRi9R2°, -NR19SO2R20, 

-P{0)(0R19)fOR20) or -P(0)(R19)(0R20); or alternatively R*° and Ri2; or R12 and R!\ together 

with the atoms to which they are attached, form a cycloalkyi, substituted cycloalkyi 

cycloheteroalkyl or substituted cycloheteroalkyl ring; 

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

20 Ri1 and Rj4 are independently hydrogen, alkyl, substituted alkyl, aryl substituted aryl 

arylalkyl substituted arylalkyl, acyl, substituted acyl, heteroaikyl substituted heteroaikyl 

heteroaryl, substituted heteroaryl heteroaiylalkyl or substituted heteroaiylalkyl; and 
Ri:j, R16, Rj \ R18, R19, and R20 are independently hydrogen, alkyl substituted alkyl aryl, 

substituted aryl, arylalkyl, substituted arylalkyl acyl, substituted acyl, heteroaikyl, substituted 

25 heteroaikyl, heteroaryl substituted heteroaryl heteroaiylalkyl or substituted heteroaiylalkyl; or 

alternatively R35 and Ri(>, R11 and Rlc, or R19 and R"''1, 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 -0- or -S- or --NR11-, then Z is -C(RIj)- or -N-; 

30 (b) when Z is -O- or -S- or -NR!4-, then W is -C(R30)- or -N-; and 

(c) when W is -C(Rt0)- or then Z cannot be -C(R13)- or ~N~, 
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20 

In one embodiment of the present invention, the compounds of Formula (II) or (IT) have 

a structural Formula (Ha) or (Ha'), 
O 

or A (Tia1), 

or a fcautomer, salt, and/or solvate, wherein. W is ••C(R10)-, or -N~; Y is -C(RJi)- or -N-; 

5 and Z, is -S-% -NCR1'*)-, or -0-. 

In one embodiment of the present invention, the compounds of Formula (II) or (IT) have 

a structural Formula (lib) or (lib*), 
O 

B. J\L w\/ 
B\r^N\r^/V 

Y 

or A (lib'), 

or a fcautomer, salt, and/or solvate, wherein, W is -S-, ~N(R!!)~, or -0-; Y is -C(Rlz)~ or 

10 -N~; and Z is -C(R13)-> or -N-. 

In one embodiment of the present invention, the compounds of Formula (I) or (T) have a 

structural Formula (III) or (IIP)» 
O 

NL JH. 

C 

yy- " 

oJ rM K' -J 

A (nr), A (111) or 

or a tautomer, salt, and/or solvate thereof, wherein; 

H is -C(R21)- or-N-; 

I is -C(R22) or -N-; 

J is -C(R23)- or -N-; 

K is ~C(R24)~ or -N-; 

R2i is hydrogen, alkyl, substituted alkyl, halo, -CN, -OR23; 

Rzz is hydrogen, alkyl, substituted alkyl, halo, -CN, -OR"'; 

R2J is hydrogen, alkyl, substituted alkyl, aryl, substituted aryl, arylalkyl, substitutes 
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arylalkyl, acyl, substituted acyl, halo, heteroaikyl, substituted heteroaikyl, heteroaryl, substituted 

heteroaryl, heteroaryialkyl, substituted heteroaiylalkyl ,-CN, -OR"9, -S(0)fR29, -0C(0)R29, 

-NR^R30, -C(0)NR29R30, -COJR® -SQjJflpR30, -NR^SOZR3®, -B(OR29)(OR30), 

-P(0)(0R29)(0R3") or -P(0)(R29)(0R30); 

R24 is hydrogen, alkyl, substituted alkyl, aryl, substituted aryl, arylalkyl, substituted 

arylalkyl, acyl, substituted acyl, halo, heteroaikyl. substituted heteroaikyl, heteroaryl, substituted 

heteroaryl, heteroaryialkyl, substituted heteroaryialkyl, -CN, -ORjI, ~S(0)gRM, -0C(0)R3i, 

-NR3JR32, -C(0)NR3,R32S -C(0)R3\ -C02R3,» -S02NR3iR32, ~NR31S02R32, -B(OR3,)(OR32), 

~P(0)(0R31 )(ORJz) or ~P(0)(R3i)(0R32); or alternatively R23 and R24, taken together with the 

atom to which they are attached, form a cycloalkyi, substituted cycloalkyi, cycloheteroalkyl, or 

substituted cycloheteroalkyl ring; 

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

R2\ R26, R27, R28, RZ9, RJ0, RJ1, and R~2 are independently hydrogen, alkyl, substituted 

alkyl, aryl, substituted aryl, arylalkyl, substituted arylalkyl, acyl, substituted acyl, heteroaikyl, 

substituted heteroaikyl, heteroaryl, substituted heteroaryl, heteroaryialkyl, or substituted 

heteroaryialkyl; or alternatively R25 and Ft'"0, R2' and R2S, R29 and R"'°, or R3' and R32, together 

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

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

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

[n one embodiment of Formula (III), E is -N-, I is -C(R22)-, J is -C(Ri3)-, and K is 

-C(R24)-. 
In one embodiment of Formula (III), H is -C(RzJK I is -N-, J is -C(R23)-, and K is 

-C(R24)-. 

In one embodiment of Formula (III), H is -C(R^K I is -OCR""'')-, J is -N-, and K is 

-C(R24)--
In one embodiment of Formula (HI), H is -C(R^J )-, I is -C(R"";). j is -C(R"5)-, and K is 

-N-. 
In one embodiment of Formula (III), H and I are -N-. 

In one embodiment of Formula (III), H and J are -N-. 

In one embodiment of Formula (III), H and fv are -N-. 



In one embodiment of Formula (III), I and J are ~Kk 

In one embodiment of Formula (111), I and K are -N~. 

In one embodiment of Formula (III), J and K are -N-. 

In one embodiment of the present invention, the compounds of Formula (HI) or (IIT) 

have a .structural Formula (Ilia) or (ITIa'), 

or a tautomer, salt, and/or solvate thereof. 

In one embodiment, of Formula (Ilia), two or three of R21, R.22, R2J. and R24 are hydrogen. 

alkyl, halo, -CN, or -OH2'; R23 is hydrogen, alkyl, substituted alkyl, -CN, -OR29, ~S(0)iR2!>, 
-0C(0)R29, -NR29R30, -C(0)NR29R3°, -C(0)R29, -C02R29, -S02NR29R3°, or -NR29S02R3fl; R24 is 

hydrogen, alkyl, substituted alkyi, -CN., -OR3!, -S(0)gR31, -0C(0)R3!, -NR3IR32, -C(0)NR3,R32, 

-C(0)R31, -C02R3}, -S02NR3,R"'2, or -NRJ5S02RJ2; or alternatively R" and R24, taken together 

with the atoms to which they are attached, form a cycloalkyi, substituted cycloalkyi, 

cycloheteroalkyl, or substituted cycloheteroalkyl ring; and R2', R29, R'°, R31, and R32 are 

independently hydrogen, alkyl, substituted alkyl, aryl, substituted aryl, arylalkyl, substituted 

arylalkyl, acyl, substituted acyl, heteroaikyl, substituted heteroaikyl, heteroaryl, substituted 

heteroaryl, heteroaryialkyl, or substituted heteroaryialkyl; or alternatively Rz3 and R/(), R47 and 

Ria, R29 and R30, or RJ1 and R32, together with the atoms to which they are attached, form a 

cycloheteroalkyl or substituted cycloheteroalky l ring. 

In one embodiment of Formula (Ilia), R21 and IV' are all hydrogen. 

In one embodiment of Formula (Ilia), R23 and R24, taken together with the atom to which 

they are attached, forma cycloalkyi, substituted cycloalkyi, cycloheteroalkyl, or substituted 

cycloheteroalkyl ring. 

In one embodiment of Formula (Ilia), R^3 and R~'\ taken together with the atom to which 

they are attached, form a substituted cycloheteroalkyl ring containing one or more substituents 

selected from the group consisting of -Ra, halo, -O", =0, -0Rb, ~SRb, -S', =S, -NRCRC, =NRb, 

R21 n 

*• 21 ^ In one embodiment of Formula (Ilia), R is hydrogen; R" is hydrogen, alkyl, substituted 
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=N-OR.\ trihalomethyl, -CF3, -CN, -OCN, -SCN, -NO, -N02, =N2s -N;, -S(0)2Rb, -S(0)2NRb, 

-S(0)20\ ~S(0)20Rb, -0S(0)?,Rb, ~0S<0)20\ ~0S(0)20Rb, -P(0)(Q% ~P(0)(0Rb)(G")» 

-PCOXOR^CORh), -C(0)Rb, -C(0)0Rb, -C(S)Rb, ~C(NRb)Rb, -0(0)0", -C(S)0Rb, -CCONR^ 

-C(N"Rb)NRcRc, -0C(0)Rb, -OC(S)Rb, ~0C(0)0", -0C(0)0Rb, -0C(S)0Rb, -NRbC(0)Rb, 

5 ~NRbC(S)Rb, -NRbC(0)0\ -NRbC(0)0Rb, ~NRbC(S)0Rb, ~NRbC(0)NR€Rc, ~NRbC(NRb)Rb and 

-NRbC(NRb)NR°Rc, where Rd is selected from the group consisting of alkyl, cycloalkyi, 

heteroaikyl, cycloheteroalkyl, aryl, arylalkyl, heteroaryl and heteroaryialkyl; each Rb is 

independently hydrogen or R"; and each is independently Rb or alternatively, the two R°s may 

be taken together with the nitrogen atom to which they are bonded form a 4-, 5-, 6- or 

10 7-membered cycloheteroalkyl which may optionally include from 1 to 4 of the same or different 

additional heteroatoms selected from the group consisting of O, N and S; or alternatively, two of 

the substituents on the cycloheteroalkyl ring, together with the atoms to which they are bonded, 

form a cycloalkyi, substituted cycloalkyi, cycloheteroalkyl, or substituted cycloheteroalkyl ring. 
9'f *)*) o j In one embodiment of Formula (Ilia), R" , R", R*", and R ' are all hydrogen. 

15 "In one embodiment of Formula (Ilia), A is -OR1, -NR5C(0)R\ -NI SOR1, ~NR!R2, -NOR5, 

-NR'CCWl -NR,C(0)NR2R3, -NRICSNR2R3> or -NRJ C(~:NH)NR2R3. 

In one embodiment of Formula (Ilia), C is -S(0)bR7, S03R7,-C(0)NR'R8, -CO2R7, 

-NR7C02R8> -NR7C(0)NR8R9, -NR7C(S)NR8R9, -NR7C(=NH)NR8R9, -SO2NR7R8, -NR7SO2R8, 

-NR7S02NR8R9, -B(OR7)(OR8)S -P(0)(0R7)(0R8), or -P(0)(R7)(0R8). 

20 In one embodiment of Formula (Ilia), B is hydrogen, alkyl, substituted alkyl, aryl, 

substituted aryl, arylalkyl, substituted arylalkyl, acyl, substituted acyl, heteroaikyl, substituted 

heteroaikyl, heteroaryl, substituted heteroaryl, heteroaryialkyl, or substituted heteroaiylalkyl. 

In one embodiment of Formula (Ilia), three of R" , R", R'\ and R-" are hydrogen; A is 

-OR1, -NRJC(0)R2, -NHOR\ -NR5R2, -NR'COzR2* -NRJC(0)NR2R3, -NR*C(S)NR2R3, or 

25 -NR1 C(==NH)NR2R3; C is -S(0)bR7, S03R7,-C(0)NR7Rss -C02R7, ~NR7C02Rl 

~NR7C(0)NR8R9, -NR7C(S)NR8R9, -NR7C(=NH)NR8R9, -S02NR7R8^ -NR?SO2R8, 

-NR7S02NRSR9, -B(OR7)(OR8)» -P(0)(0R7)(0R8), or -P(0)(R7)(0R8) or tetrazoie; B is 

hydrogen, alkyl, substituted alkyl aryl, substituted aryl, arylalkyl, substituted arylalkyl, acyl, 

substituted acyl, heteroaikyl, substituted heteroaikyl, heteroaryl, substituted heteroaryl. 

30 heteroaiylalkyl, or substituted heteroaryialkyl. 
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In one embodiment of the present invention, the compounds of Formula (Ilia) or (Ma*) 

have a structural Formula (Mb) or (Ilftv), 

A O. >33 A O, •L1 L2—R33 {m>)t L L r\ (.iilD) or 

or a tautomer, salt, and/or solvate thereof; wherein 

5 L5 is alkylene or substituted alkylene; 

L2 is -NR34-, -0-, -S-, ~-NR34-C(0)-, -C(0)-NR34-, -0-0(0)-, -C(0>0-, -NR34-C(0)-0-, 

-0~C(G)-NR34->~NR5*-C(0)-NR*5-, -0-C(0)-0-,-hetercyclylene-C(0)-, or -(substituted 

hetercydylene)-C(O)-; 

R3J is alkyl, substituted alkyl, carbocyclyl, substituted carbocyclyl; aryl, substituted aryi, 

10 aiylaikyl, substituted aiylaikyl heterocyclyl substituted heterocyclyl heteroaikyl substituted 

heteroaikyl heteroaryl substituted heteroaryl, heteroaiylalkyl, or substituted heteroaryialkyl; and 

R34 and R35 are independently hydrogen, alkyl substituted alkyl, carbocyclyl substituted 

carbocyclyl; aryl, substituted aryl, aiylaikyl, substituted arylalkyl, heterocyclyl substituted 

heterocyclyl heteroaikyl, substituted heteroaikyl, heteroaryl substituted heteroaryl 

15 heteroaryialkyl or substituted heteroaiylalkyl 

In one embodiment of the present invention, the compounds of Formula (11Tb) or (Mb') 

have a structural Formula (Hie)., (IHc'), (Hid), or Olid'), 

R33 (IIIc) or 
A Ck 

•R 33 

lid) or 
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or a tautomer, salt, and/or solvate thereof; wherein R.33 is alkyi, substituted alkyi, carbocyclyl, 

substituted carbocyclyl; aryl, substituted aryl, arylalkyl, substituted aiylaikyl, heterocyclyl 

substituted heterocyclyl heteroaikyl substituted heteroaikyl heteroaiyl substituted heteroaiyl, 

heteroaryialkyl or substituted heteroaiylalkyl 

5 In one embodiment, of Formula (Hie) or (Did), Rx> is alkyl, substituted alkyl carbocyclyl 

substituted carbocyclyl; heterocyclyl substituted heterocyclyl, heteroaikyl or substituted 

heteroaikyl. 

In one embodiment of Formula (IITb), (IITc), or (Hid), A is -OR3, ~NR1C(0)Ri, -NHOR.1, 

-NR'COaR2, -NR1C(0)NR2R3, -NRlCSNR2R3, or -NR1C(=NH)NR2R3. 

10 In one embodiment of Formula (Illb), (IIIc), or (Hid), C is -S(0)bR7, S03R7,-C(0)NR7R8, 

-C02R7, -NR7C02R8> -NR7C(0)NR8R9, -NR7C(S)NR8R9, -NR7C(=NH)NR8R9, -SO2NR7R8, 

-NR7S02R8t -NR7S02NR8R9, -B(0R7)(0R8)» -P(0)(0R7)(0R8), or -P(0)(R7)(QR8). 

In one embodiment of Formula (Illb), (IIIc), or (IIId),B is hydrogen, alkyl, substituted 

alkyl, aryl, substituted aryl, arylalkyl, substituted aiylaikyl, acyl, substituted acyl heteroaikyl, 

15 substituted heteroaikyl heteroaryl, substituted heteroaryl heteroaiylalkyl, or substituted 

heteroaryialkyl., 
» 1 • "y • In one embodiment, of Formula (Illb), A is -OR', -NHOR , or -NR'R"; B is hydrogen, 

alkyl, substituted alkyl, aryl or substituted aryl; € is -S03R7,-C(0)NR7R8, -CO2R', -SOjNR'R8, 

-B(OR7)(OR8), -P(0)(0R7)(0R8), or -P(0)(R7)(0Rs); L1 is alkylene or substituted alkylene; L2 is 

20 -NR3 \ -0-, ~NR34-C(Qh -C(0)-NR34-, -O-C(O)-, -C(0}-0-, -hetercycIyleae-C(O)-, or -

(substituted hetercyclylene)-C(O)-; R33 is alkyl substituted alkyl carbocyclyl substituted 

carbocyclyl; aryl, substituted aryl arylalkyl substituted aiylaikyl, heterocyclyl substituted 

heterocyclyl heteroaikyl, substituted heteroaikyl heteroaryl substituted heteroaiyl, 

heteroaryialkyl or substituted heteroaryialkyl and R'4 and R35 are independently hydrogen, 

25 alkyl, or substituted alkyl 

In one embodiment of Formula (JIIc) or (Hid), A is -OR', -NHOR1, or -NRJR~; B is 

hydrogen, alkyl, substituted alkyl, aryl, or substituted aryl; C is -S03R\-C(0)NR'Rh,, -CO2R', 

-S02NR7R8, -B(OR7)(OR8), -P(0)(0R7)(0R8), or -P(Q}(R7)(OR8); R33 is alkyl substituted alkyl, 

carbocyclyl substituted carbocyclyl; heterocyclyl substituted heterocyclyl heteroaikyl, or 

30 substituted heteroaikyl 

25 



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

the group consisting of 
• NL \ .N. 

O NH2 O NH2 

NH2 NHc NH, 

H02C" J | H 
NH2 O. N. 

o 

HO2C 

HO2C 
NH2 O 

OPh H02c 

Me^ .N 

H02C 
NH2 Me 

H02C 
NH-J OMe 

HO2C 
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Me^ M 
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NH2 O 

NH2 O,^ 
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Me^ M 

HO2C Me O 
NHZ O^A. J 

HOoC 
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H02C 

KO2C 

HO2C 

OMe 
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,OH 
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Me O 
NH2 
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Me^ -N. 

HO2C' Me 9 
m2 O^AN> 

OMe 

Me. .N. 

Me O 
NH2 O^A^A^^-OMe 

O v OH 
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31 



32 



33 



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

5 compound of Formula (TV): 

R21 

wherein 

B is hydrogen, alkyl, substituted alkyl, axyl, substituted aryl, arylalkyl, substituted 

arylalkyl, acyl, substituted acyl, heteroalkyl, substituted heteroalkyl, heteroaryi, substituted 

10 heteroaryi, heteroarylalkyi, substituted heteroarylalkyl; 

R!5 RZ, and R? are independently hydrogen, alkyl, substituted alkyl, aryl, substituted aryl, 

arylalkyl, substituted arylalkyl, heteroalkyl, substituted heteroalkyl, heteroaryi, substituted 

heteroaryi, heteroarylalkyl. or substituted heteroarylalkyl; or alternatively, R3 and R2, together 

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

15 ring; 

R21 is hydrogen, alkyi, substituted alkyl, halo, -CN, -OR25; 

Rz2 is hydrogen, alkyl, substituted alkyl, halo, -CN, -OR2'; 

R23 is hydrogen, alkyl, substituted alkyl, aryl,, substituted aryl arylalkyl, substituted 

arylalkyl, acyl, substituted acyL halo, heteroalkyl, substituted heteroalkyl, heteroaryi, substituted 

20 heteroaryi, heteroarylalkyl, substituted heteroarylalkyl, -OR'9, -S(0)fRz9, ~0C(0)R29, -NR^R30, 
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-C(0)NR29R3°, -C02R25, -S02NR:";R3Q, -NR29SO,R3", -B(OR29)(OR30)> -P(0)(0R29)(0R30) or 

-P(0)(R-')(OR30); 

R2'4 is hydrogen, alkyl, substituted alkyl, aryl, substituted aryl, arylalkyl, substituted 

arylalkyl, acyl substituted acyl halo, heteroalkyl, substituted heteroalkyl. heteroaryi, substituted 

5 heteroaryi, heteroarylalkyl, substituted heteroarylalkyl, -OR31, -S(0)gR31, -OC(G)R31, -NR3,R32f 

-C(0)NR31R32, -C(0)R3I» 'CO2R31, -S02NR31R32S ~NR3JS02R32} -B(OR33)(OR32), 

-P(0)(0R31)(0R"3'i) or -P(0)(Rjl ){0R3ji); or alternatively R.23 and R24, taken together with the 

atom to which they are attached, form a cyeloalkyl, substituted eycloalkyl, eyclobeteroalky!, or 

substituted eycloheteroalkyl ring; 

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

R2\ R26, R27, Rzc, R~9, RJ0, RJ1, and R'"' are independently hydrogen, alkyl, substituted 

alkyl, aryl, substituted aryl, arylalkyl, substituted arylalkyl, acyl, substituted acyl, heteroalkyl, 

substituted heteroalkyl, heteroaryi, substituted heteroaryi, heteroarylalkyl, or substituted 

heteroarylalkyl; or alternatively R25 and R"6, R2' and R28, R29 and R';0, or R31 and R3\ together 

15 with the atoms to which they are attached, form a cvcloheteroalkyl or substituted 

cycloheteroalkyl ring. 
The method comprises reacting a compound of Formula OVa): 

R'3 (IVa) 

with a compound of Formula (FVb); 
0 O 1 X 

20 B^-^OR7b (JVb) • 

in the presence of a Lewis acid in an anhydrous and non-polar solvent; wherein R.70 is alkyi, 

substituted alkyl, aryl, substituted aryl arylalkyl, substituted arylalkyl, heteroalkyl, substituted 

heteroalkyl, heteroaryi, substituted heteroaryi, heteroarylalkyl or substituted heteroarylalkyl; and 

R21, R22, R23, and R24, are the same as defined in Formula (IV), 

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

hydrolyzing the corresponding compound where R' is alkyl or substituted alkyl, which in turn 
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can be prepared from the reaction of the compounds of Formulae (IVa) and (IVb). Such -a 

hydrolyzation condition may be basic, acidic, or any condition known to one skilled in the art. 

By "Lewis acid", it is meant a compound that is an electron-pair acceptor and therefore 

able to react with a Lewis base to form a Lewis adduet, by sharing the electron pair furnished by 

5 the Lewis base. One illustrative example is that the reaction of trimethylboron (Lewis acid) and 

ammonia (Lewis base) to give the adduet MesBML, The Lewis acid suitable for the reaction of 

compounds of Formulae (IVa) and (IVb) may be any Lewis acid known to one skilled in the art. 

In one specific embodiment, the Lewis acid is a metal hal.ide, for example, stannic chloride, 

boron trihalides, or aluminium chloride. 

10 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 dielectric constant of less than 15 are generally considered 

to be nonpolar. Examples of nonpolar solvents include, but are not limited to, pentane, 

cyclopentane, hexane, cyclohexane, benzene, toluene, 1,4-dioxane, chloroform, diethyl ether, 
15 and a combination thereof. 

In one embodiment of the method, the reaction of the compound of Formula (IVa) and 

the compound of Formula (IVb) is conducted at least in part, at a temperature of about 60°€ or 

higher. For example, the reaction may be conducted at the room temperature in part and at a 

temperature of about 60°C or higher in part. In one embodiment, the temperature of about 60°C 

20 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 temperature of about 60°C or higher is a temperature of about 100°C or higher; 

in another embodiment, the temperature of about 60°C or higher is a temperature below about. 
25 130°C. 

In one embodiment of Formula (IV), R\ R.\ 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 R"1 is alkyl, substituted alkyl, 

carbocyclyl, substituted carbocyelyl; aryl, substituted aryl, aiylalkyl, substituted arylalkyl, 

30 heterocyclyi, substituted heterocyclyl, heteroalkyl, substituted heteroalkyl, heteroaryi, substituted 

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

Formula (IVc): 

Wherein B is alkyl or substituted alkyl; and R31 is alkyl, substituted alkyl, carbocyclyl, and 

5 substituted carbocyclyl. 

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, 

10 individually or in combination, can be provided in a composition, such as, e.g., an mgestible 

composition. 
The compounds of Formula (I) and its various siibgenuses, and their salts and/or solvates, 

should preferably be cornestibly acceptable, e.g., deemed suitable for consumption in food or 

drink from the perspective of giving unmodified comestible compositions an improved and/or 

15 pleasing sweet taste, and would not be significantly toxic or causes unpleasant or undesirable 

pharmacological or toxicological effects on an animal or human at the typical concentrations 

they are employed as flavoring agents for the comestible compositions. 

The typical method of demonstrating that a flavorant compound is cornestibly acceptable 

is to have the compound tested and/or evaluated by an Expert Panel of the Flavor and Extract 

20 Manufacturers Association and declared as to be "Generally Recognized As Safe" ("GRAS"). 

The FEMA/GRAS evaluation process for flavorant compounds is complex, but well known to 

those of ordinary skill in the food product preparation arts, as is discussed by Smith, et al. in an 

article entitled "GRAS Flavoring Substances 21Food Technology, 57(5), pgs 46-59, May 

2003, the entire contents of which are hereby incorporated herein by reference. 

25 In one embodiment, the compounds of the present invention can be used at its ligand 

enhancing concentrations, e.g., very low concentrations on the order of a few parts per million, in 

combination with one or more known sweeteners, natural or artificial, so as to reduce the 

concentration of the known sweetener required to prepare an ingestible composition having the 

desired degree of sweetness. 
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Commonly used known or artificial sweeteners for use in such combinations of 

sweeteners include but are not limited to the common saccharide sweeteners, e.g., sucrose, 

fructose, glucose, and sweetener compositions comprising natural sugars, such as com syrup 

(including high fructose corm syrup) or other syrups or sweetener concentrates derived from. 

5 natural fruit and vegetable sources, semi-synthetic "sugar alcohol" sweeteners such as erythritol, 

isomalf. lactitol, mannitol, sorbitol, xylite!, maltodextrm, and the like, and artificial sweeteners 

such as aspartame, saccharin, aeesuffame-K, cyclamate, sucralose, and alitame. Sweeteners also 

include cyelamic acid, mogroside, tagatose, maltose, galactose, rnannose, sucrose, fructose, 

lactose, neotame and other aspartame derivatives, glucose, D-tryptophan, glycine, maltitol 

10 lactitol, isornalt, hydrogenated glucose syrup (I-TGS), hydrogenated starch hydrolyzate (HSH), 

stevioside, rebaudioside A and other sweet Stevia-based glycosides, carrelame and other 

guanidme-based sweeteners, etc. The term "sweeteners" also includes combinations of 

sweeteners as disclosed herein. 

In one embodiment, the present compound is added to a noncomestible composition or 

15 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},, pharmaceutical and over the 

counter medications, oral care products such as dentifrices and mouthwashes, cosmetic products 

such as sweetened lip balms and other personal care products that use sucrose, sucralose and/or 

20 other sweeteners. 

in general, over the counter (OTC) product and oral hygiene product generally refer to 

product for household and/or personal use which may be sold without a prescription and/or 

without a visit to a medical professional. Examples of the OTC products include, but are not 

limited to Vitamins and dietary supplements; Topical analgesics and/or anesthetic; Cough, cold 

25 and allergy remedies; Antihistamines and/or allergy remedies; and combinations thereof. 

Vitamins and dietary supplements include, but are not limited to vitamins, dietary supplements, 

tonics/bottled nutritive drinks, child-specific vitamins, dietary supplements, any other products 

of or relating to or providing nutrition, and combinations thereof. Topical analgesics and/or 

anesthetic include any topical creams/omtments/gels used to alleviate superficial or deep-seated 

30 aches and pains, e.g. muscle pain; teething gel; patches with analgesic ingredient; and 

combinations thereof Cough, cold and allergy remedies include, but are not limited to 
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decongestants, cough remedies, pharyngeal preparations, medicated confectionery, 

antihistamines 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, insect bites and stings. Examples of oral hygiene product include,, 

5 but are not limited to mouth cleaning strips, toothpaste, toothbrushes, mouihwashes/dentai. 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 

formulations. Examples of food and beverage products or formulations include, but are not 

limited to sweet coatings, frostings, or glazes for comestible products or any entity .included in 

J 0 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 Ice Cream category, the Meal 

Replacement category, the Pasta and Noodle category, and the Sauces, Dressings, Condiments 

15 category, the Baby Food category, and/or the Spreads category. 

In general, the Soup category refers to canned/preserved, dehydrated, instant, chilled, 

IJIFF and frozen soup. For the purpose of this definition soup(s) means a food prepared from 

meat, poultry, fish, vegetables, grains, fruit and other ingredients, cooked in a liquid which may 

include visible pieces of some or all of these ingredients. It may be clear (as a broth) or thick (as 

20 a chowder), smooth, 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 used 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" usually means; (i) Cooking aid. products such 

25 as: powders, granules, pastes, concentrated liquid products,, 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); (ii) Meal solutions products such as: dehydrated and freeze 

dried soups, including dehydrated soup mixes, dehydrated instant soups, dehydrated 

30 ready-to-cook soups, dehydrated or ambient preparations of ready-made dishes, meals and single 

serve entrees including pasta, potato and rice dishes; and (hi) Meal embellishment products such 
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as: condiments, marinades, salad dressings, salad toppings, dips, breading, batter mixes, shelf 

stable spreads, barbecue sauces, liquid recipe mixes, concentrates, sauces or sauce mixes, 

including recipe mixes for salad,, sold as a finished product or as an ingredient within a product, 

whether dehydrated, liquid or frozen. 

5 The Beverage category usually means beverages, beverage mixes and concentrates, 

including but not limited to, carbonated and non-carbonated beverages, alcoholic and 

non-alcoholic beverages, ready to drink beverages, liquid 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, isotonic beverages, and hot 

10 drinks. The alcoholic drinks include, but are not limited to beer, cider/perry, FABs, wine, and 

spirits. The soft drinks include, 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 purified/table water; functional drinks, which 

can be carbonated or still and include sport, energy or elixir drinks; concentrates, such as liquid 

i 5 and powder concentrates in ready to drink measure. The drinks, either hot or cold, include, but 

are not limited to coffee or ice coffee, such as fresh, instant, and combined coffee; tea or ice tea, 

such as black, green, white, oolong, and flavored tea; and other drinks including flavor-, malt- or 

plant-based powders, granules, blocks or tablets mixed with milk or water. 

The Snack Food category generally refers to any food that can be a light informal meal 

20 including, but not limited to Sweet and savory snacks and snack bars. Examples of snack food 

include, but are not limited to fruit snacks, chips/crisps, extruded snacks, tortilla/corn chips, 

popcorn, pretzels, nuts and other sweet and savory snacks. Examples of snack bars include, but 

are not limited to granola/muesli bars, breakfast bars, energy bars, fruit bars and other snack 

bars. 

25 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 to bread, buns, cookies, muffins, cereal, toaster pastries, pastries, 

waffles, tortillas, biscuits, pies, bagels, tarts, quiches, cake, any baked foods, and any 

combination thereof. 

30 The Ice Cream category generally refers to frozen dessert containing cream and sugar and 

flavoring. Examples of ice cream include, but are not. limited to: impulse ice cream; take-home 
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ice cream.; frozen yoghurt and artisanal ice cream; soy, oat, bean (e.g., red bean and mung bean), 

and rice-based ice creams. 

The Confectionary category generally refers to edible product that is sweet to the taste. 

Examples of confectionary include, but are not limited to candies, gelatins, chocolate 

5 confectionery, sugar confectioner)', gum, and the likes and any combination products. 

The Meal Replacement, category generally refers to any food intended to replace the 

normal meals, particularly for people having health or fitness concerns. Examples of meal 

replacement include, but are not limited to slimming products and convalescence products. 

The Ready Meal category generally refers to any food that can be served as meal without 

10 extensive preparation or processing. The ready meal includes products that have had recipe 

"skills" added to them by the manufacturer, resulting in a high degree of readiness, completion 

and convenience. Examples of ready meal include, but are not limited to canned/preserved, 

frozen, dried, chilled ready meals; dinner mixes; frozen pizza; chilled pizza; and prepared salads. 

The Pasta and Noodle category includes any pastas and/or noodles including, but not 

15 limited to canned, dried and chilled/fresh pasta; and plain, instant, chilled, frozen and snack 

noodles. 

The Canned/Preserved Food category includes, but is not limited to canned/preserved 

meat and meat products, fish/seafood, vegetables, tomatoes., beans, fruit, ready meals, soup, 

pasta., and other canned/preserved foods. 

20 The Frozen Processed Food category7 includes, but is not limited to frozen processed red 

meat, processed poultry, processed fish/seafood, processed vegetables, meat substitutes, 

processed potatoes, bakery products, desserts, ready meals, pizza, soup, noodles, and other 

frozen food. 

The Dried Processed Food category includes, but is not limited to rice, dessert mixes, 

25 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, lunch kits, fresh cut fruits, ready meals, pizza, prepared salads, 

soup, fresh pasta and noodles. 
The Sauces, Dressings and Condiments category includes, but is not limited to tomato 

30 pastes and purees, bouillon/stock cubes, herbs and spices, monosodium glutamate (MSG), table 

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

dressings and condiments. 

The Baby Food category includes, but is note limited to milk- or soybean-based formula; 

and prepared, dried and other baby food. 

5 The Spreads category includes, but is not limited 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 include, but are not limited to drinking milk products, cheese, 

yoghurt and sour milk drinks, and other dairy products. 

10 Additional examples for comestible composition, particularly food and beverage products 

or formulations, are provided as follows. Exemplary comestible compositions include one or 

more confectioneries, chocolate confectionery, tablets, coimtlines, bagged selflines/softtines, 

boxed assortments, standard boxed assortments, twist wrapped miniatures, seasonal chocolate, 

chocolate with toys, alfajores, other chocolate confectionery, mints, standard mints, power mints. 

15 boiled sweets, pastilles, gums, jellies and chews, toffees, caramels and nougat, medicated 

confectionery, lollipops, liquorice, other sugar confectionery, gum, chewing gum, sugarized 

gum, sugar-free gum, functional gum, bubble gum, bread, packaged/industrial bread, 

unpackaged/artisanal bread, pastries, cakes, packaged/industrial cakes, unpackaged/artisanal 

cakes, cookies, chocolate coated biscuits, sandwich biscuits, filled biscuits, savory biscuits and 

20 crackers, bread substitutes, breakfast cereals, rte cereals, family breakfast cereals, flakes, muesli, 

other cereals, children's breakfast cereals, hot cereals, ice cream, impulse ice cream, single 

portion daily 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, artisanal ice cream, dairy products, milk, 

25 fresh/pasteurized milk, full fat fresh/pasteurized milk, semi skimmed fresh/pasteurized milk, 

iong-life/uht milk, full fat long life/uht milk, semi skimmed long life/uht 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 

30 whiteners, powder milk, flavored powder milk drinks, cream, cheese,, processed cheese, 
spreadable processed cheese, unspreadable processed cheese, unprocessed cheese, spreadable 
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unprocessed cheese, hard cheese, packaged hard cheese, unpackaged hard cheese, yoghurt, 

plain/natural yoghurt, flavored yoghurt fruited yoghurt, probiotic yoghurt, drinking yoghurt, 

regular drinking yoghurt, probiotic drinking yoghurt, chilled and shelf-stable desserts, 

dairy-based desserts, soy-based desserts, chilled snacks,, fromage frais and quark, plain fromage 

5 frais and quark, flavored fromage frais and quark, savors'1 fromage frais and quark, sweet and 

savor)'' snacks, fruit snacks, chips/crisps, extruded snacks, tortilla/corn chips, popcorn, pretzels, 

nuts, other sweet and savory snacks, snack bars, granola bars, breakfast, bars, energy bars, fruit 

bars, other snack bars, meal replacement products, slimming products, convalescence drinks, 

ready meals, canned ready meals, .frozen ready meals, dried ready meals, chilled ready meals, 

10 dinner mixes, frozen pizza, chilled pizza, soup, canned soup, dehydrated soup, instant soup, 

chilled soup, hot soup, frozen soup, pasta, canned pasta, dried pasta, chilled/fresh pasta, noodles, 

plain noodles, instant noodles, cups/bowl instant noodles, pouch instant noodles, chilled noodles, 

snack noodles, canned food, canned meat and meat products, canned fish/seafood, canned 

vegetables, canned tomatoes, canned beans, canned fruit, canned ready meals, canned soup, 

15 canned pasta, other canned foods, frozen 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, dehydrated soup, 

20 instant soup, dried pasta, plain noodles, instant noodles, cups/howl instant noodles, pouch instant 

noodles, chilled food, chilled processed meats, chilled fish/seafood products, chilled processed 

fish, chilled coated fish, chilled smoked fish, chilled lunch kit, chilled ready meals, chilled pizza, 

chilled soup, chilled/fresh pasta, chilled noodles, oils and fats, olive oil, vegetable and seed oil, 

cooking fats, butter, margarine, spreadable oils and fats, functional spreadable oils and fats, 

25 sauces, dressings and condiments, tomato pastes and purees, bouillon/stock cubes, stock cubes, 

gravy granules, liquid stocks and fonds, herbs and spices, fermented sauces, soy based sauces, 

pasta sauces, wet sauces, dry sauces/powder mixes, ketchup, mayonnaise, regular mayonnaise, 

mustard, salad dressings, regular salad dressings, low fat salad dressings, vinaigrettes, dips, 

pickled products, other sauces, dressings and condiments, baby food, milk formula, standard 

30 milk formula, follow-on milk formula, toddler milk formula,, hypoallergcnic milk formula, 

prepared baby food, dried baby food, other baby food, spreads, jams and preserves, honey, 
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chocolate spreads, nut-based spreads, and yeast-based spreads. Exemplary comestible 

compositions also include confectioneries, bakery products, ice creams, dairy products, sweet 

and savory snacks, snack bars, meal replacement products, ready meals, soups, pastas, noodles, 

canned foods, frozen foods, dried foods, chilled foods, oils and fats, baby foods, or spreads or a 

5 mixture thereof. Exemplary comestible compositions also include breakfast cereals, sweet 

beverages or solid or liquid concentrate compositions for preparing beverages, ideally so as to 

enable the reduction in concentration of previously known saccharide sweeteners, or artificial 

sweeteners. 

Typically at least a sweet receptor modulating amount, a sweet receptor ligand 

10 modulating amount, a sweet flavor modulating amount, a sweet flavoring agent amount, or a 

sweet flavor enhancing amount of one or more of the present compounds will be added to the 

ingestible composition, optionally in the presence of known sweeteners, e.g., so that the sweet, 

flavor 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 human 

15 beings or animals in general, or in the case of formulations testing, as judged by a majority of a 

panel of at least eight human taste testers, via procedures 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 various other ingredients, especially the presence of other 

20 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 

25 inhibiting) the sweet taste or other taste properties of other natural or synthetic sweet tastants, 

and ingestiable compositions made therefrom. In one embodiment, the compounds of the 

present invention is used or provided in its ligand enhancing concentration(s). For example, a 

broad but also low range of concentrations of the compounds or entities of the present invention 

would typically be required, i.e., from about 0.001 pprn to 100 ppm, or narrower alternative 

• 30 ranges from about. 0.1 ppm to about S.0 ppm, from about 0.01 ppm to about 30 ppm, from about 

44 



0,05 ppm to about 10 ppm, from about 0.01 ppm to about 5 ppm, or from about 0.02 ppm to 

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 enhancing composition comprises a compound of the present invention in an amount 

5 effective to provide sweetening, e.g., sweet flavor enhancing amount 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. 

In one embodiment, the present, invention provides an ingestible composition which 

comprises the sweet enhancing composition of the present invention. In certain embodiments, 

10 the present ingestible composition is in the form of a food or beverage product, a pharmaceutical 

composition, a nutritional product, a dietary 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 

15 provide sweetening, e.g., at a concentration higher than 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 to 

produce a ready-to-use (i.e.. ready-to-serve) product. By "a flavoring concentrate formulation", 

20 it is meant a formulation which should be reconstituted with one or more diluting medium to 

become a ready-to-use composition. The term "ready-to-use composition" is used herein 

interchangeably with "ingestible composition", which denotes any substance that, either alone or 

together with another substance, can be taken by mouth whether intended for consumption or 

not. in one embodiment, the ready-to-use composition includes a composition that can be 

25 directly consumed by a human or animal. The flavoring concentrate formulation is typically 

used by mixing with or diluted by one or more diluting medium, e.g., any consumable or 

ingestible ingredient or product, to imparl' or modify one or more flavors to the diluting medium. 

Such a use process is often referred to as reconstitiition. The reconstitiition can be conducted in a 

household setting or an industrial setting. For example, a frozen fruit juice concentrate can be 

30 reconstituted with water or other aqueous medium by a consumer in a kitchen to obtain the 

ready-to-use fruit juice beverage. In another example, a soft drink syrup concentrate can be 
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reconstituted with water or other aqueous medium by a manufacture in large industrial scales to 

produce the ready-to-use soft drinks. Since the flavoring concentrate formulation has die 

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 

5 directly without reconstitution. There are many benefits of using and producing a flavoring 

concentrate formulation. For example, one benefit is the reduction in weight and volume for 

transportation as the flavoring concentrate formulation can be reconstituted at the time of usage 

by the addition of suitable solvent, solid or liquid. 

In one embodiment, the flavoring concentrate formulation comprises i) as flavor 

10 modifying ingredient, a compound of the present, invention; ii) a carrier; and hi) optionally at 

least one adjuvant. The term "as flavor modifying ingredient" denotes that the compound of the 

present invention acts as a flavoring agent or a flavor modifying agent (such as a flavor 

enhancer) in the formulation. The term "carrier" denotes a usually inactive accessory substance, 

such as solvents, binders, or other inert medium, which is used in combination with the present 

15 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 carries-

is the same as the diluting medium for reconstituting the flavoring concentrate formulation; and 

in other embodiments, the carrier is different from the diluting medium. The term "carrier" as 

used herein includes, but is not limited to, ingestibiy acceptable carrier. 

20 The term "adjuvant'1 denotes an additive which supplements, stabilizes, maintains, or 

enhances the intended function or effectiveness of the active ingredient, such as the compound of 

the present invention. In 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, peanut butter, 

25 chat, or combinations thereof. In another embodiment, the at least one adjuvant comprises one 

or more sweeteners. The one or more sweeteners can be any of the sweeteners described in this 

application. In another embodiment, the at least one adjuvant comprises one or more ingredients 

selected from the group consisting of a emulsifier, a stabilizer, an antimicrobial preservative, an 

antioxidant, vitamins, minerals, fats, starches, protein concentrates and isolates, salts, and 

30 combinations thereof. Examples of emulsifiers, stabilizers, antimicrobial preservatives, 

antioxidants, vitamins, minerals, fats, starches, protein concentrates and isolates, and salts are 
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described in U.S. 6,468,576, the contents of which arc hereby incorporated by reference in its 

entirety for all purposes, 

In one embodiment, the present flavoring concentrate formulation can be in a form 

selected from the group consisting of liquid including solution and suspension, solid, foamy 

5 material, paste, gel, cream, and a combination thereof, such as a liquid, containing certain amount 

of solid contents. In one embodiment, the flavoring concentrate formula tion is in form of a 

liquid including aqueous-based and nonaqueous-based. The present flavoring concentrate 

formulation can be carbonated or non-carbonated. 

The flavoring concentrate formulation may further comprise a freezing point depressant, 

10 nucleating agent, or both as the at least one adjuvant. The freezing point depressant is a 

ingestibly acceptable compound, or agent which can depress the freezing point of a liquid or 

solvent to which the compound or agent is added. That, is, a liquid or solution containing the 

freezing point depressant has a lower freezing point than the liquid or solvent without the 

freezing point, depressant. In addition to depress the onset freezing point, the freezing point 

15 depressant may also lower the water activity of the flavoring concentrate formulation. Hie 

examples of the freezing point depressant include, but are not limited to, carbohydrates, oils, 

ethyl alcohol, polyol, e.g., glycerol, and combinations thereof. The nucleating agent denotes a 

ingestibly acceptable compound or agent which is able to facilitate nucleation. The presence of 

nucleating agent in the flavoring concentrate formulation can improve the mouthfeel'of the 

20 frozen slushes 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 include, but are not limited to, calcium silicate, calcium 

carbonate, titanium dioxide, and combinations thereof. 

In one embodiment, the flavoring concentrate formulation is formulated to have a low 

25 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. 

In another embodiment, the flavoring concentrate formulation has a water activity of less than 

30 about 0.75. 
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In one embodiment, the flavoring concentrate formulation has the present compound in a 

concentration that is at least 2 times of the concentration of the compound in a ready-to-use 

composition. In one embodiment;, 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 

5 ready-to-use composition. In one embodiment, the flavoring concentrate formulation has the 

present compound in a concentration that is at. least .10 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 1.5 times of the 

concentration of the compound in a ready-to-use composition. In one embodiment, the flavoring 

10 concentrate formulation has the present compound in a concentration that is at least 20 times of 

the concentration of the compound in a ready-to-use composition. In one embodiment, the 

flavoring concentrate formulation has the present compound in a concentration that is at least 30 

times of the concentration of the compound in a ready-to-use composition. In one embodiment, 

the flavoring concentrate formulation has the present compound in a concentration that is at. least 

15 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 

20 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 
25 The starting materials used in preparing the compounds of the invention, i.e. the various 

structural subclasses and species of the compounds of the synthetic precursors of the present 

compounds of Formula (I), are often known compounds, or can be synthesized by known 

methods described in the literature, or are commercially available from various sources well 

known to those of ordinary skill in the art, such as for example, Sigma- Aldrieh Corporation of 

30 St. Louis, Missouri USA and their subsidiaries Fluka and Riedel-de Haen, at their various other 

worldwide offices, and other well known chemical suppliers such as Fisher Scientific, TCI 
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America of Philadelphia, PA, ChemDiv of San Diego, 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 ofNewark, DE. 

5 It is recognized that the skilled artisan in the art of organic chemistry can readily cany 

out the synthesis of many stalling materials and subsequent manipulations without further 

direction, that is, it is well within the scope and practice of the skilled artisan to carry out many 

desired manipulations. These include reduction of carbonyl compounds to their corresponding 

alcohols, oxidations, acylations, aromatic substitutions, both electrophilic and nueleophilic, 

10 etherifications, esterification, saponification, nitrations, hydrogenations, reductive animation and 

the like. These manipulations are discussed in standard texts such as March's Advanced Organic 

Chemistry (3d Edition, 1985, Wiley-Interseienee, New York), Feiser and Feiser's Reagents for 

Organic Synthesis, and in the various volumes and editions oiMethoden der Organischen Chemie 

(Houben-Weyl), and the like. Many general methods for preparation of starting materials 

15 comprising variously substituted heterocyclic, hetereoaryl, and aryl rings (the precursors of Ar, 
\ ^ hAr, and/or hAr'j can be found in Methoden der Organischen Chemie (Houberi-Weyi), whose 

various volumes and editions are available from Cieorg Thieme Verlag, Stuttgart. The entire 

disclosures 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. 

20 The skilled artisan will also readily appreciate that certain reactions are best carried out 

when other functionality is masked or protected in the molecule, thus avoiding any undesirable 

side reactions and/or increasing the yield of the reaction. Often the skilled artisan utilizes 

protecting groups to accomplish such increased yields or to avoid the ondesired reactions. These 

reactions are found in the literature and are also well within the scope of the skilled artisan. 

25 Examples of many of these manipulations can be found for example in T. Greene and P. Wilts, 

Protecting Groups in Organic S3'nthesis, 3' Ed., John Wile)' & Sons (1999). 

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

the Schemes 1 to 4 below, 

30 Scheme 1: Preparation of substituted 4--ammoqmoolme~3~caiiH)xy]ate derivatives (VI) 

from substituted anilines (I) 
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IV 

POCI3 

or 

As shown in Scheme 1, substituted 4-aminoquinolme-3-carboxylate derivatives (VI) can 

be prepared by reacting the corresponding anilines i with 2-(aikoxymethytene)rrrak>nates I! 

followed by cyclization of the intermediates Mi under elevated temperature to provide the 

5 hydroxy! intermediates IV that can be treated with POCI3 or SO2CI2 to provide the corresponding 

chloride derivaiives V that can be further treated with ammonia or amines to give the desired 

amino-quinolines VI. (Kama!, A. et al. Bioorg. Med. Chem. 2005,13, 2021-2029; Fryer, R. I. et 

al. J. Med, Chem. 1993, 36, 1669-] 673; Bi, Y. et al. Bioorg. Med Chem. Lett. 2004,14, 1577-

1580; Li, S. Y. et al. Bioorg. Med Chem. 2006, 14, 7370-7376. Koga, H. et al J. Med Chem. 

10 19»0,23t 13584363.). 

Scheme 2: Preparation of substituted 4-aniinoquinoiine-3-carboxylate derivatives (VI) 

H R^-CO,R" 

^ YY^, ̂ RYY^I. , RVy 
HO^R1 ̂  V^R ^ .0, 

•R' 

O IX OHv R3-N-R 

VI 

15 Substituted 4-aminoquinoline-3-earboxylate derivatives (VI) can also be prepared by 

reacting the corresponding 2-aminobenzoic acids VHJ with phosgene or equivalent to provide 

the isatoic anhydrides IX that can be further reacted with X to give the derivatives IV (Mai, A, et 

al. J Med Chem. 2006, 49, 6897-6907. Beutner, G. L. et al J. Org. Chem. 2007, 72, 7058-7061, 

and references cited therein.), which can be converted to VI as described in Scheme 1. 

20 
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Scheme 3: Preparation of substituted 4-animoquinoline-3-carboi£yiate derivatives 
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Alternatively, substituted 4-ammoquinoime-3-earboxylate derivatives (VI) can be 

prepared by reacting the corresponding amino benzonitriles XI with X to provide the amino 

derivatives Xli (Sestili, L et al. Eur. J. Med. Chem. 2004, 39, 1047-1057. D oil e et - P ers on en i, C. 

et al. J. Med. Chem. 2001, 44, 3203-3215. Veronese, A. C, et al. Tetrahedron 1995, 57, 12277--

12284, and the references cited therein.) that can be further alkylated to give the substituted 

armnoquittolines VI as shown in Scheme 3. Amino quinolines XII can also be prepared via a 

Michael addition of the 2-amino benzonitriles XI to various a,^-unsaturated carboxvlate 

derivatives XIII, XIV or XV to provide the adducts XVI (MacNab, H. et al, Synthesis 2809. 

2171-2174. Vieario, J. L> Synthesis 2007, 2065-2092, and references cited therein.) that can be 

further eyolized to give the amino quinoHnes XII (Han, G. F. et al. Synth. Commun. 2009, 39, 

2492-2505. Tabarrmi, (X et a!. Bioorg. Med. Chem. 2001, 9, 2921-2928. Shutske, G. M. et al J. 

Med. Chem. 1989, 52,1805-1813, and references cited therein.). 

51 



Scheme 4: Preparation of substituted 4-aminoquinoiine-3-carboxyIic acids (XVII, XX) 

amides (XVIII and XXI) 

RIY> NaOH RJN;X>,1 Sf 
H02 Y Y RSN 

4-R1 

::J'NV R3'NV °R3'NV 
xvm VI XV}{ 

XII 

Na0H "Ww EST 
R"O2C r - —-

RY'R4 °RY>,4 

o 6 
XX XXI 

5 As described in Scheme 4, hydrolysis of 4-aminoquinoline~3-carboxylate derivatives VI 

or XII in the presence of NaOI l provide 4-aininoqmnolme-3-carboxylic acids XVII (Zhao, Y. 

L. et ai. Eur. J. Med. Chem. 2005, 40, 792-797-) which can be further coupled with amines XXII 
A 

under standard conditions to give 4-aminoquino!ine-3~carboxamide derivatives XVITF. When R 

and/or R4H, 4-anunoquinoiii]e-3-carboxy[atcs VI or XII can be further fimctionalized by 

10 coupling with acids XXIII to give 4-carboxamidoquinoiine-3-carboxylates XIX. Compound 

XIX can be further hydroiyzed to the acids XX that can be further coupled to the amines XXII to 

provide amide derivatives XXI. 

Examples 

15 Having now generally described the invention, the same will be more readily understood 

by reference to the following examples, which are provided by way of illustration and are not 

intended as limiting. It is understood that various modifications and changes can be made to the 

herein disclosed exemplary embodiments without, depart ing from the spirit and scope of the 

invention. 

20 

Example 1: 4-amino^methoxyquinoline-3~carbo:xyiic acid 

52 



To a stirred solution of ethyl 4-ammo-6-methoxyquinoline-3-carboxy!ate (Example la, 

1.23 g, 5.0 mmol) in EtOH (20.0 m'L) was added aqueous NaOlI (2.0 N, 5.0 ml,) at room 

temperature. The reaction mixture was then refliixed for 3 hr. The solution was then filtered and 

5 washed with water. The filtrate was cooled to 0 °C and neutralized carefully with 1 N HQ to pH 

7. Most of the EtOH was removed under reduced pressure, and the precipitate was collected by 

filtration, washed with cold water, and dried under vacuum to give the title compound as an off-

white solid (1.01 g, 93%). JH "NMR (400 MHz, DMSO~<4) S 3.89 (s, 3H), 7.40 (dd, J - 2.8, 9.4 

Hz, IH), 7.73 (d, J - 9.4 Hz, IH), 7.77 (d, J - 2.8 Hz, IB), 8.77 (s, 1H). MS 219 (MB1). 

10 Example la: ethyl 4-ammo-6-methoxyquinoline-3-carboxy]ate 

A mixture of ethyl 4-ch]oro-6-methoxyqumoHiie-3-carhoxylate (Example lb, 796 mg, 3.0 

rarnol) and ammonia (25% aqueous solution, 10 ml.) in isopropanol (40 mL) was stirred at 110 

°C in a pressure reactor overnight. Most of the solvent was then removed under reduced 

pressure, and the reaction mixture was diluted with water. The precipitate was collected by 

15 filtration, washed with cold water, and dried under vacuum to give the title compound as an off-

white solid (680 mg, 92%). 'H NMR (400 MHz, DMSO-cfc) S 1.33 (t, J = 7.0 Hz, 3H), 3.88 (s, 

• 3H), 4.32 (q, J = 7.0 Hz, 2H), 7.36 (dd, J - 2.8, 8.8 Hz, IH), 7.72 (d, J = 8.8 Hz, IH), 7.74 (d, J = 

2.8 Hz, IH), 8.23 (bs, 2H), 8.77 (s, J H). MS 247 (MH+). 

Example 1 b: ethyl 4-chioro-6-niethoxyquinolme-3-carboxylate 

20 A solution of ethyl 4-bydroxy-6-methoxyq'uinoline-3-carboxylate (Example 1c, 1.24 g, 

5.0 mmol) in POCI3 was refluxed under nitrogen tor 3 hrs. The solution was cooled to room 

temperature and evaporated under reduced pressure. The residue was carefully quenched with 

ice, and neutralized with 2.0 N NaOH to pH 7. Hie precipitate was collected by filtration, 

washed with cold water, and dried under vacuum to give the title compound as a pale-yellow 

25 solid (1.29 g, 97%). !H NMR (400 MHz, DMSO-d6) S 1.36 (t, J = 7.0 Hz, 3H), 3.96 (s, 3H), 

4.41 (q, J - 7.0 Hz, 211), 7.57 (d, J - 2.8 Hz, 11 i t 7.61 (dd, J = 2.8, 8.8 Hz, IH), 8.05 (d, J = 8.8 

Hz, IH), 8.97 (s, IB). MS 266, 268 <MH+). 

Example 1c: ethyl 4-hydroxy-6-methoxyquinoiine-3-carboxylate 
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A mixture of 4-methoxyaniline (12.3 g, i 00 mmol) and diethyl 2-

(cthoxymcthylene)malonate (21.6 g, 100 mmol) was stirred at 120 °C under nitrogen for 4 hrs. 

The solution was cooled to room temperature and Ph->0 (100 mL) was added. The reaction 

mixture was refiuxed at 260 °C under nitrogen for 8 hrs. The solution was cooled to room 

5 temperature and diluted with hexanes. The resultant precipitate was collected by filtration, 

washed with 25% ethyl acetate in hexanes, and dried under vacuum to give ethyl 4-hydroxy-6-

methoxyq'umoiine-3-carhoxylate as a pale-yellow solid (4.21 g, 17%). ill. NMR (400 MHz, 

DMSO-d6) 6 1.26 (t, J = 7.0 Hz, 3H), 3.83 (s, 3H), 4.19 (q, J = 7.0 Hz, 2H), 7.32 (dd, J - 3.2, 9.6 

Hz, Hi), 7.55 (d, J - 3.2 Hz, IH), 7.56 (d, I = 9.6 Hz, IH), 8.47 (8, 111), 12.27 (s, IH). MS 248 

Example 2: 4-ammo-5-(2,2-dimethyl-3-oxo-3~(propylamliio)propoxy)-2«inethy!-quHioline-3-
carboxylic acid 

15 Prepared as in Example 1 from ethyl 4-amino-5-(2,2-dimethyl-3-oxo-3-(propylamino)-

propoxy)-2-raethylcjuinoiine-3-carboxylate (Example 2a) as an off-white solid (41%). 5H NMR 

(400 MHz, DMSO-40 S 0.73 (t, J - 7.6 Hz, 3H), 1.25 (s, 61 i), 1.33-1.42 (m, 2H), 2.76 (s, 3B)} 

3.00-3.05 (m, 2H), 4.16 (s, 2H), 7.01 (d, J - 8.0 Hz, IH), 7.29 (d, J - 8.0 Hz, IH), 7.67 (t, j = 8.0 

Hz, IH), 7.89 (t, J - 5.8 Hz, IH), 8.85 (bs, IH), 12.28 (bs, HI). 12.78 (bs, IH). MS 360 (Mi-f). 

20 Example ethyl 4-amino-5-(2,2-dimethyl-3-oxo~3~(propylamino)propoxy)-2-

methylquinoline-3-carboxylate 

To a solution of 3-(3-amino-2-cyanophenoxy)-2i2-dimethy]-N-propyJpropan-amide 

(Tachdjian, C. et al. PCT Int. Appl 2008, WO 2008154221, 1.38 g, 5.0 mmol) and ethyl 

acctoaeetate (0.66 g, 5.0 mmol) in dry toluene (150 mL) was added SnCU (2.61 g, 10.0 mmol) 

25 dropwise via syringe at room temperature under nitrogen. After 1 hr at room temperature, the 

reaction mixture was refiuxed for an additional 5 hrs. The solution was cooled to room 

temperature and the solvent removed under reduced pressure. The residue was diluted with 

EtOAc, and aqueous NaOH (2N) was added at room temperature 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?.SC>4. After evaporation of the 

solvent, the residue was purified by chromatography on silica gel (0.5% MeOB in EtOAc) to 

give the title compound as an off-white solid (1.63 g, 84%). [ll NMR (400 MHz, DMSO-<&) 3 
5 0,73 (I, J - 7.6 Hz, 3H), 1.25 (s, 6B), 1.32 (t, J = 7.4 Hz, 3H), i.35-1.42 (m, 2H), 2.54 (s, 311), 

3.00-3.05 (m, 2H), 4.12 ($, 2H\ 4.31 (q, J - 7.4 Hz, 2H), 6.87 (d, J = 8.0 Hz, IH), 7.23 (d, J = 

8.0 Hz, IH), 7.50 (t, J = 8.0 Hz, IH), 7.80 (t, J - 5.6 Hz, IH), 8.08 (s, 2H). MS 388 (MH+). 

e-i-ei 

Me. .N 

HO2C OMe 
10 NH2 

Prepared as in Example 1 from, ethyl 4-amino-6-methoxy-2~metbylquinoline-3-

carboxylate (Example 3a) as a white soiid (87%). NMR (400 MHz, DMSCMf) S 2.83 (s, 3H), 

3.90 (s, 3H)} 7.57 (dd, J = 2.4, 8.2 Hz, IH), 8.09 (d, J - 8.2 Hz, IH), 8.10 (d, J = 2.4 Hz, IB), 

9.39 (s, IH), 9.67 (s, IH). MS 233 (MH'). 

15 Example 3a: ethyl 4-ammo-6-methoxy-2-methylquinoline-3-carboxy]ate 

Prepared as in Example 2a from 2-amino-5-rnet'hoxybeiizonitrile (Campbell, J. B. et al. 

Synth. Commun. 1989, 19,, 2255-2263.) and ethyl acetoacetate as an off-white solid (92%). 

NMR. (400 MHz, DMSO-rftf) <5 1.33 (I, J - 6.8 Hz, 3H), 2.57 (s, 3H), 3.86 (s, 3H), 4.33 (q, J - 6.8 

Hz, Illy 7.28 (dd, ,1 - 2.8, 9.2 Hz, IH), 7.59 (d, J - 9.2 Hz, JH), 7.60 (bs, 2H), 7.63 (d, .1 - 2.8 

20 Hz, IH). MS 261 (MH+). 

Prepared as in Example I from ethyl 4~amino~2~phenylquiijoline-3-earboxylate (Example 

25 4a) as an off-white solid (33%). 'H NMR (400 MHz, DMSO^V) 3 7.39-7.52 (m, 7H), 7.79 (m» 

3H), 8.33 (d, J - 8.0 Hz, IH), 12.63 (bs, IH). MS 265 (MH") 

Example 4a; ethyl. 4-ammo-2~phenylquinoline-3-carboxylate 
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Prepared as in Example 2a from 2-aminobenzonitrile and ethyl 3-oxo-3-

phenylpropanoate as a yellow solid (45%). NMR (400 MHz, DMSO-d&) S 0.72 (t, J = 8.0 Hz, 

3H), 3.92 (q, J = 8.0 Hz, 2H), 7.44 (m, 5H), 7.50 (m, IH), 7.61 (bs, 2H), 7.73 (m, IH), 7.83 (d, J 

- 8.0 Hz, IH), 8.37 (d. 1 - 8.0 Hz, IH). MS 293 (Ml-f). 

Example 5: 4-amino-2-ethylquinoiine~3H:arboxy]ic acid 

Prepared as in Example 2 from methyl 4-amino-2-ethylquinoiine~3-carboxy!ate (Example 

5a) as a white solid (26%). lH NMR (400 MHz, DMSCMJ + 1 drop D20) S 1.24 (t, J' - 8.0 Hz, 

3H), 3.28 (q, J = 8.0 Hz, 2H), 7.56 (t, J - 8.0 Hz, IH), 7.78 (d, J - 8.0 Hz, IH), 7.83 (t, J - 8.0 

Hz, IH), 8.36 (d, J - 8.0 Hz, IH), ). MS 217 (Uit). 

Example 5a: ethyl 4-amino-2-phenylquinolmG-3-carboxylate 

Prepared as in Example 2a from 2-aminobenzonitrile and methyl 3-oxopentanoate as a 

solid (27%). 'H NMR (400 MHz, DMSO-4;) (5 1.18 (t, J =8.0 Hz, 3H), 2.88 (q, J - 8.0 Hz, 2H), 

3.86 (s» 3H), 7.40 (m, IH), 7.44 (bs, 2H), 7.64 (m, IH), 7.68 (m, IH), 8.26 (d, J - 8,0 Hz, IH). 

MS 231 (MB'). 

Example 6: 4-amine-2~methylqtim0line~3~carboxylic add 

Prepared as in Example 1 from ethyl 4-ammo-2-methylquino!ine-3-carboxylate (Example 

6a) as a off-white solid (41%). JH NMR (400 MHz, DMSO-d6) S 1.05 <t, J - 8.0 Hz, 3H), 2.84 

(s, 3H), 7.56 (bs, IH), 7.76 (m, IH), 7.82 (bs, IH), 8.39 (d, J - 8.0 Hz, IH), 8.99 (bs, IB), 12.00 

Prepared as in Example 2a from 2-aminobenzonitrile and ethyl 3-oxobutanoatc as a 

yellow solid (32%). *H NMR (400 MHz, DMSO-</6) S 1.33 (t, J == 8.0 Hz, 3H), 2.61 (s, 3H), 4.34 
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(q, i - 8.0 Hz, 2H)5 7.41 (m, IH), 7.66 (m> 2H), 7.74 (bs, 2H), 8.27 (d, J = 8.0 Hz, IH). MS 231 

Example 7: 4~aiiimO"5-(2,2-c!imethyI"3"Oxo-3~(propy1aiisino)propoxy)~2~ethyl~qi6i5ioime~3~ 

5 carboxviic acid 

Prepared as in Example 1 from methyl 4~ammo-S-(2>2-dimethyl-3-oxo~3-

(propy]ammo)propoxy)-2-ethylquinoS.ine-3~carboxylaie (Example 7a) as a solid (75%). 3HNMR. 

(400 MHz, DMSO-d6) S 0.75 (i, J - 8,0 Hz, 3H)( 1.03 (1, J - 8.0 Hz, 3IJ), 1.27 (s, 6H), 1.39 (m, 

10 2H), 3.04 (q, J - 4.0 Hz, 2H), 3.45 (q, J - 4.0 Hz, 2H), 4.17 (s, 2H)f 7,04 (d» J - 8.0 Hz, IH), 

7.32 (d, J - 8.0 Hz, IH), 7.69 (t J = 8.0 Hz, IH), 7.90 (t, J - 4,0 Hz, i H), 8.89 (bs, IH), 12.75 

(bs, IH). MS 374 (MH+). 

Example 7a: methyl 4-amino-5-(2,2-dimethyl~3~oxo-3~(propylammo)propoxy)-2~ 

ethylqui.nolme-3-carboxylafe 
15 Prepared as in Example 2a from 3-(3-amino-2-cyanophenoxy)-2.2-dimethyl-N-

propylpropan-amide (Tachdjian, C. et al PCT Int. Appl 2008, WO 2008154221) arsd methyl 3-

oxopentanoate as a yellow solid (17%). !H NMR (400 MHz, DMSO§ 0.75 (t, J - 8.0 Hz, 

3H), 1.17 (t, 1 - 8,0 Hz, 3H), 1.26 (s, 6H), 1.40 (m, 2H), 2.84 (q, J - 8.0 Hz, 2H), 3.04 (q, J - 8.0 

Hz, 2H), 3.85 (s, 311), 4.13(s,2H), 6.88 (d, J - 8.0 Hz, IH), 7.27 (dd, J - 8.0 Hz, IB), 7.5] (t, J 

20 - 8.0 Hz, 1H), 7.81 (m, 3H). MS 388 (Mil"). 

Example 8: 4-amm0~6-phemsxyqi*moHne~3-carboxylk acid 

NH2 

Prepared as in Example 1 from ethyl 4-amino-6-phenoxyquinoline-3-carboxylale 

25 (Example 8a) as a off-white solid (50%). 'l-I NMR (400 MHz, DM$0-cf6) & 7.07 (d, J - 8.0 Hz, 
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2H), 7.16 (t, J = 8.0 Hz, IH), 7.42 (m, 2H)> 7.49 (del J - 8.0 Hz, IH), 7.87 (d, J - 8.0 Hz, IB), 

8.13 (d, J - 4.0 Hz, IH), 8,86 (s, IH). MS 28i (MH*). 

Prepared as in Example la from ethyl 4-chloro-6-phenoxyquinoline-3-carboxylate 

(Example 8b) and ammonia as a off-while solid (82%). !H NMR (400 MHz, DMS0-dr\) 6 1.35 

(t, J = 8,0 Hz, 3H), 4.35 (q, J - 8.0 Hz,; 2H), 7.05 (d, J - 8.0 Hz, 2H), 7.15 (t, J = 8.0 Ilz, IH), 

7.40 (m, d, 2H), 7.46 (dd,J = 8.0 Hz, IH), 7.87 (d» J - 8.0 Hz, IH), 8.13 (d, J = 4.0 Hz, IH), 8.27 

fbs, 21-1), 8.87 (s, IH). MS 309 (MH+). 

Exai:n.ple 8b: ethyl 4~ehk>ro-6-phenoxyqumolme-3~carhoxylate 

Prepared, as in Example lb from ethyl 4-hydroxy~6-phenoxyquinoline-3~carboxylate 

(Example 8c) and P0C13 as a tan solid (96%). !H NMR (400 MHz, DMSO-<fc) 6 1.36 (t, J = 8.0 

Hz, 3H), 4.40 (q, J == 8.0 Hz, 2H), 7.23 (d, J - 8.0 Hz, 2H), 7.29 (t, J = 8.0 Hz, IH), 7.50 (t> J = 

8.0 Hz, 2H), 7.63 (d, I - 4,0 Hz, IH), 7.76 (dd, J - 8.0 Hz, 1H), 8.21 (d, J = 8.0 Hz, i H), 9.06 (s, 

1H). MS 328, 330 (MH4). 

Example 8c: ethyl 4-hydroxy-6~phenoxyqvnnolme-3~carboxy!ate 

Prepared as in Example 1c from 4-phenox.yaniiine and diethyl 2-

(ethoxymethylene)malonate as a white solid (41 %). !f-l NMR (400 MHz, DMSO-tifc) S 1.24 (t, J 

- 8.0 Hz, 311), 4.18 (q, J = 8.0 Hz, 2H), 7,07 fd, J - 8.0 Hz, 2H), 7.20 (t, J = 8.0 Hz, 1H), 7.43 (t, 

j" - 8.0 Hz, 2H), 7.47 (m, 2H), 7-69 (d, J - 12.0 Hz, IH), 12.39 (bs, IH). MS 310 (MI-f). 

Example 9: 4-aniinG-7-fluorGquinoline-3-carboxylic acid 

Prepared as in Example 1 from ethyl 4-amino~7~tluoroqumolme-3~carboxylate (Example 

9a) as an off white solid (66%). !H NMR (CD3OD, 400 MHz) d 7,49 (m, 2H), 8.50 (dd, J = 10,0, 

5.2 Hz, III), 8.94 (s, IH). MS 207 (Mi!1), 

Example 9a: ethyl 4-aniino-7-fluoroquinoline-3-carboxylate 

Prepared as in Example la from ethyl 4-chloro-7-fluoroquinoline-3-carboxylate 

(Example 9b) and ammonia as an off while solid (99%). MS 235 (MHH). 

Example 9b: ethyl 4-chloro-7-fluoroquinoline-3-carboxy 1 ate 

e 8a: ethyl 4-amino-6-phenoxyquinolme-3-carboxyiate 
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Prepared as in Example lb from ethyl 7-f!uoro-4-hydroxyquinoline-3-carboxylate 

(Example 9c) and POCI3 as an off white solid (96%). MS 254, 256 (MH*). 

Example. 9c: ethyl 7-fluoro-4~hydroxyquinoline-3-carboxylate 

Prepared as in Example lc from 3-fluoroanilme and diethyl 2-

5 (ethoxyrnethylene)malonale as a brown solid (51%), MS 236 (MH4). 

Example 10: 4~amino-64sopropoxyq5iim>lme-3~carboxy!ie add 

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

10 (Example 10a) as a an off white solid (94%). 5H NMR (400 MHz, DMS(W6) 3 1.30 (s, 3H), 

1.32 (s, 3H), 4.82 (m, IH), 7.37 (d, J - 9.2 Hz, IH), 7.72 (d, J = 9.2 Hz, IH), 7.78 (s, IH), 8.75 

fs> IH), MS 247 (MH*). 

Example 10a: ethyl 4-amino-6-isopropoxyqiiino!me-3-carboxyiate 

Prepared as in Example la from ethyl 4-ehloro-6-isopropoxyquinoLine-3--carboxylate 

15 (Example JOb) and ammonia as an off white solid (75%). MS 275 (MH1). 

Example 10b: 4-cMoro-6-isopropoxyquinoliiie-3-carboxylate 

Prepared as in Example lb from ethyl 4~hydroxy-6~isopropoxyqitinoline-3~carboxylate 

(Example .10c) and POCI3 as a pale yellow solid (93%). MS 294, 296 (MH4). 

Example 10c: ethyl 4-hydroxy-6-isopropoxyqnmolme-3-carboxylate 

20 Prepared as in Example lc from. 4~isopropoxyani!ine and diethyl 2-

(ethoxymeihylene)malonate as a yellow solid (20%). MS 276 (MH+). 

Example 11: 4-amino^6-methoxy-2-mcthyH,5-naphthyridme-3-carbo"x.yHc add 

NH2 

25 Prepared as in Example 1 from ethyl 4-amino~6~methoxy-2-methyl-l>5-naphthyridme-3-

earboxylate (Example j ia) as an off white solid (56%). 'H NMR (400 MHz, DMSO-fifc) 8 2.68 

(s. 3H), 4.02 (s, 3H), 7.21 (d, J = 8.8 Hz, IH), 7.99 (d, J - 9.2 Hz, J H). MS 234 (MB4"). 
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Example 11a: ethyl 4-amino~6-methoxy-2-methyl-l ,5-naphthyridme-3-carboxylate 

Prepared as in Example 2a from 3-afflino-6-methoxypicolinonitrile (Example I lb) and 

ethyl 3-oxobutanoate as an off white solid (45%). MS 262 (MH*). 

Example 1 lb: 3-amino-6-methoxypicolinonitriie 

Chem.. 2007, 5, 2567-2571.) (2.0 g, li.I mmol) in diglyme (52 mL) was added dropwise a 

solution of SnCi-2 (6.35 g, 33.5 mmol) in concern/rated BC1 solution (26 mL) at 0 °C. Hie 

solution was stirred at 0 °C for 1 hr, then the reaction mixture was neutralized with concentrated 

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

10 with brine, and dried over NajSO^ After evaporation of the solvent, the residue was purified by 

chromatography on silica gel ( 50% EtOAc in hexanes) to give 3-ammo-6-

iiiethoxypicolinoiiitrile (966 mg, 58%) as a brown solid. ]H NMR (400 MHz, CDCh) S 3,81 (s, 

3H), 4.10 (bs, 2H), 6.81 (d, J - 8.0 Hz, IH), 7.08 (d, J - 8.0 Hz, IH). MS 150 (MH4). 

15 Example 12: 4-amin0~2,5-ti!methyic|uino(!ne-3-carboxyilc acid 

Ethyl 4~{4-metb*oxyhenzylam.ino)-2,5-dimethyk]uino1ine~3~carhoxylate (Example 12a, 

0.563 g. 1.54 mmol) was dissolved in TFA (8 mL) and the resultant solution was stirred at room 

temperature for 15 minutes, TFA was then removed under vacuum to give the crude ethyl 4-

20 amino-2,5-dimethylqumolme-3-carboxylate product, which was dissolved in EtOH (4 mL). To 

this solution was added NaOH (4.0 N, 3.86 mL) and the reaction mixture was stirred at 100 °C 

for ! hr. Water (25 rat) was added, and the solvent was decanted away from insoluble material 

then acidified with AcOH to pH 5.5, The precipitate was collected by filtration to give the title 

compound (300 mg, 90%) as a white solid. 3H NMR (400 MHz, DMSO-c/fj) 3 2.78 (s, 3H), 2.88 

25 (s, 3H), 7.30 (d, J - 7.2 Hz, III), 7.58 (d, J = 8.0 Hz, 11-1), 7.65 (m, IH), 7.8-8.0 (br, IH), 12.2-

12.9 (hr. 211). MS 217 (MH4-). 

Example 12a: ethyl 4-(4-methoxybenzylammo)-2>5<limethylqumoline-3~carboxylate 

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

1.96 mmol) and (4-methoxyphenyl)methanamine (1.15 mL, 8.86 mrnol) in toluene (10 mL) and 

5 To a solution of 6-methoxy-3-nitropicolinonitrile (Piersanti, G. et al. Org. Biomolecuiar 

NH2 Me 
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DMF (5 mL) were stirred at 115 °C under nitrogen for 12 hrs. The solvent was removed under 

vacuum, and the residue was purified by chromatography on silica gel (0% to 50% EtOAc in 

hexanes) to give the title compound as an oil (563 mg, 79%). 3H NMR (400 MHz, DMSO-<&) S 
1-24 (t, J = 7.6 Hz, 3H), 2,45 (s, 3H), 2.78 (s, 3H), 3.73 (s, 3H), 4.2-4.3 (m, 4H), 6.27 (t, J - 6.0 

5 Hz, IH), 6.88 (d, J-8.4 Hz, 2H), 7.19 (m, 3H), 7.48 (m, IH), 7.58 (d, J~ 8.4 Hz, IH). MS 365 

(MH4"). 

Example 12b: ethyl 4-ch]oro-2,5-dimethyiquinolme-3-carboxylate 

A solution of 5-methy]-l//-benzo[</|fl,3]oxazine-2,4~dione (Example 12c) (1.36 g, 7.68 

mmol), ethyl 3-oxobutanoate (1.46 mL, 11.5 mmol), and NaOH (0.046 g, 1.15 mmol) in 

10 anhydrous dioxane (10 mL) were refiuxed under nitrogen for 15 hrs. The solvent was then 

removed under vacuum, and the residue was re-dissolved in DMF (15 mL). To this solution was 

added POO3 (1.41 mL, 15.4 mmol), and the reaction mixture was stirred at room temperature for 

45 minutes. The reaction was carefully quenched with ice water (150 mL), and extracted with 

DCM (2 x 75 mL). The combined organic layers were washed with brine, and dried over 

15 N82SO4. After evaporation of the solvent, the residue was purified by chromatography on silica 

gel eluting with 50% EtOAc in hexanes to give the title compound as red oil (520 rag, 26%). 

NMR (400 MHz, DMSO^fe) 6 1.36 (t, J= 7.6 Hz, 3H), 2.58 (s, 3H), 2.97 (s, 3H), 4.46 (q, J = 

7.6 Hz, 2H), 7.51 (d, J - 7.2 Hz, IH), 7.71 (m, IH), 7.87 (d, J= 7.6 Hz, IB). MS 264, 266 

(MH') 

Trichloromethyi carbonochlondate (2.04 mL, 16.9 mmol) was added to 2-amino-6-

methylbenzoic acid (2.13 g, 14.1 mmol) in anhydrous dioxane (32 mL) under nitrogen, then 

refiuxed for 30 minutes. Diethyl ether (100 mL) was added, and the precipitated solid was 

collected by filtration to give 5~methyl-1//-benzo[J][l ,3]oxazine-2,4-dione (1.4 g, 56%) which 

25 was used without further purification. 

Example 13: 4-ammo-6-ethoxycjiiinoIme-3-carboxylic acid 

20 Example i 2c: 5-met.hy 1-i//-benzo[<Q[ 1,3]oxazine~2,4-dione 

NH2 
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(Example i3a) as an off white solid (76%). lH NMR (400 MHz, DMSO-c^,) 8 1.39 (t, J = 7.2 Hz, 

30), 4,18 (q, J - 7.2 Hz, 2H), 7.50-7.53 (m, 1H)S 7.86 (d, J - 8.8 Hz, IH), 7.95 (d, J - 2.0 Hz, 

IH), 8.86 (s, IH), 9.26 (bs, IH), 9,86 (bs, 1H). MS 233 (MH4). 

Example 13a; ethyl 4-amir)o-6-elhoxyqumolme-3-carboxylate 

Prepared as in Example la from ethyl 4-chloro-6-ethoxyquinoiine-3~carboxylate 

(Example 13b) and ammonia as an off white solid (77%). JH NMR (400 MHz, DMSO-f&) 8 

1.31-1.40 (m, 6H), 4.15 (q, J - 7.2 Hz, 2H), 4.31 (q, J - 6.8 Hz, 2H), 7.34 (q, J « 6.4 Hz, IH), 

7.69-7.74 (m, 2H), 8/21 (bs, 2 H), 8,77 (s, If I). MS 261 (MH4). 

Example 13b: ethyl 4-chloro-6-ethoxyquinoline-3-carboxylaie 

Prepared as in Example lb from ethyl 6-ethoxy-4-hydroxyquinoline-3-carboxylate 

(Example 13c) and POCl3 as pale yellow solid (100%). lV\ NMR (400 MHz, DMSCMa) 8 1.34-

1.42 (rn9 6H), 4.21 (q5 J - 7.2 Hz, 2H), 4.40 (q, I - 7.2 Hz, 2H), 7.52 (d, J - 2.8 Hz, IB"), 7.56-

7.59 (m, IH), 8.02 (d, J = 8.8 Hz, IH), 8.94 (s, IH). MS 280, 282 (Mil1"). 

Example 13c: ethyl 6-ethoxy-4-hydroxyquinoline-3~carboxylaie 

Prepared as in Example 1 c from 4-ethoxyaniline and diethyl 2-

(ethoxymethylene)malotiate as a white solid (26%). 3 H "NMR (400 MHz, DMSO-dfe) <5 1.24-1.37 

(m, 6H), 4.09 (q, J - 6.8 Hz, 2H), 4.19 (q, 1 == 7.2 Hz, 2H), 7.29-7.32 (m, HI), 7.52-7.56 (m, 20), 

8.47 (s, 1H), 12.27 (s, IH). MS 262 (MHO. 

Example 14: 4-amiiio-6-propoxyqmm>iine-3-earhoxy!ic acid 

Prepared as in Example 1 from ethyl 4-amino~6-propoxyqiimo!me-3-carboxylate 

(Example 14a) as a white solid (56%). JH NMR (400 MHz, DMSO-d6) 8 1.01 (t, J = 7.6 Hz, 3H), 

1.77-1.82 (m, 2H), 4.06 (t, J == 6.8 Hz, 2H), 7.43 (d, J == 2.0 Hz, Hf), 7.71-7.78 (m, 2H), 8.77 (s, 

IB). MS 247 (MH'). 

Example 14a: 4-ammo-6-propoxyqumoline-3-carboxylate 

Prepared as in Example la from ethyl 4-chloro-6-propoxyqiiinoiine-3-carboxyl.ate 

(Example 14b) and ammonia as a white solid. MS 275 (Mi O. 



Example 14b: ethyl 4-chk>rO"6~propoxyqiimolme~3~carboxyiate 

Prepared as in Example lb from ethyl 44wdroxy-6-propoxyquinoime~3~earboxylate 

(Example ] 4c) and POCI3 as a pale yellow solid. MS 294, 296 (MH4). 

Example 14c: ethyl 4-kydroxy-6~pr0poxyqumoline-3-carhoxylate 

5 Prepared as in Example lc from 4~propoxyaniline and diethyl 2-

(ethoxymethy!ene)malonate as a white solid (65%). JH NMR (400 MHz, DMSO-c/5} 8 0.98 (t, J 

= 7.2 Hz, 3H), 1.25 (t, I = 7.2 Hz, 3H), 1.72-1.77 (m, 2H), 3.98 (t, J = 6.0 Hz, 2H), 4.16-4.21 (m, 

2H), 6.97-6.99 (m, IH), 7.53-7.56 (m, 2H), 8.47 (d, J - 5.2 Hz, IH), 12.27 (s, IH). MS 276 

(Ml-f). 

10 

Example 15: 4~amim>~5~raethoxy~2~methylqHiiioHf*e~3~earboxyIic acid 

Prepared as in Example 1 from ethyl 4-amino-5-methoxy-2~mcthylquinoJmc-3-

carboxylate (Example 15a) as a off-white solid. !H NMR (400 Mliz, DMSO-4>) 8 2.49 (s; 3H), 
15 4.05 (s, 3fl), 7.19 (d, J = 7.6 Hz, IH), 7.61 (d, J = 8.0 Hz, IH), 7.85 (t, J = 8.0 Hz, IH), 9.49 (s, 

IH), 9.85 (s, IH). MS 233 (MH+). 

Example 15a: ethyl 4~ammo~5~mcthoxy-2-methylqun]olme-3-carhoxylate 

Prepared as in Example 2a from 2-amino~6-methoxybenzomtrile and ethyl. 3-

oxobutanoate as a pale yellow solid. l\\ NMR. (400 MHz, DMSCMr) 3 1.32 (t, I = 7.2 Hz, 3H)S 

20 2.55 (s. 3H), 3.96 (s, 3H), 4.30 (q, J - 7.2 Hz, 2H), 6.88 (d, J - 8.4 Hz, IH), 7.22 (d, J - 7.6 Hz, 

IH), 7.52 (tf J - 8.0 Hz, IH), 8.15 (s, 2FI). MS 261 (MH+). 

Example 16: 4-a«iino-2-mei:hyl-5-(ncopeniyloxy)qwinoIme~3-carboxylic acid 

25 Prepared as in Example 1 from ethyl 4-amino-2-methyl-5-(neopentyloxy)quinolme-3-

earboxylate (Example 16a) as a white solid. UT NMR (400 MHz, DMSO-^) S 1.06 (s, 911), 2.76 
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(s. 3H), 3.93 (s, 2H), 7.05 (d, J" = 8.4 Hz, IH), 7.3J (d, J = 8.0 Hz, IH), 7.66 (t, J = 8.0 Hz, IB). 

MS 289 (MH"). 

Example 16a; ethyl 4-ammo-2~methyI-5-(neopentyloxy)quinoline-3-carboxylate 

Prepared as in Example 2a from 2-ammo-6~(neopentyloxy)benzomtrile (Tachdjian, C. et 

5 a], PCT Int. Appl, 2008, WO 2008154221) and ethyl 3-oxobutanoate as a white solid (64%). 

NMR (400 MHz, DMSO-c/tf) S 1.06 (s, 9H), 1.32 (t, J = 6.8 Hz, 3B), 2.54 (s, 3H), 3.86 (s, 2H), 

4.31 (q, J = 6.8 Hz, 2!1). 6.88-6.9.1 (m, IH), 7.22-7.25 (m, 1H), 7.50 (t, J - 8.0 Hz, 1H), 8.06 (s, 

2H). MS 317 (MIT). 

10 Example 1.7: 4-aramo-2-(carboxymethyl)qMinoliiie~3-carboxylic acid 

H02C 

HO 
NH2 

Prepared as in Example 1 from ethyl 4-amino-2-(2-ethoxy-2-oxoethyl)qumoline-3-

carboxylate (Example 17a) as a white solid (26%). JII NM.R (400 MHz, DM$0~fi>) S 3.76 (s. 

2H), 7.36 (t, I - 8.0 Hz, IH), 7.58 (t, J - 8.0 Hz, IH), 7.64 (d, J - 12.0 Hz, IH), 7.87 (bs, 2H), 

15 8.17 (dt J - 8.0 Hz, IH). MS 188 (MIT - CH?.C02H). 

Example 17a; ethyl 4--aiiiino-2--(2--ethoxy-2-oxoethy])qim]olme-3"earboxylate 

Prepared as in Example 2a from 2-aminobenzonitrile and diethyl 3-oxopentanedioate as a 

pale yellow solid (25%). !H NMR (400 MHz, DMSO-ck) $ 1.19 (t, J = 8.0 Bz, 3H)> 1.30 (t, J = 

8.0 Hz, 3H),4.08 (in, 4H), 4.28 (q, J" - 8.0 Hz, 2H)f 7.50 (m, IH), 7.73 (m, 2B), 8.10 (bs, 2111 

20 8.53 (d, J = 8.0 Hz, IH). MS 303 (MH1). 

Example 1.8: 4-ammo-5<cyclopentyiinethoxy)~2-methylquinoline-3~carb0xylle acid 
Me 

H02C 
NH2 O 

6 
To a solution of ethyl 4-ammo-5-(cyclopentylmethoxy)-2-raelhylquino!me-3-carboxylate 

25 (Example 18a, 16.8 g, 51.2 mmol) in EtOH (100 mL) was added NaOH (2 N, 64 mL) at room 
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temperature. The reaction mixture was refiuxed for 4 h. After it was cooled down to room 

temperature, the reaction solution was filtered to remove any possible solid residue. The nitrate 

was carefully neutralized with 2N HQ to pH 7 at 0 °C. The resultant precipitate was collected by 

filtration, washed with water, re-dissolved in EtOB (500 mL) and water (30 mL), and treated 

5 with activated charcoal (650 mg) at 70 °C for 0.5 h. The charcoal was removed by filtration, and 

the filtrate was concentrated and stored at 4 °C overnight. The resulting precipitate was collected 

by filtration, washed with cold 25% EtOH in H2O, and dried under vacuum at 60°C overnight to 

give the title compound as an off-white solid (7.5 g, 49%). ]H NMR (400 MHz, DMSO-^) 3 

1.31-1.37 (m, 21-1), 1.53-1.64 (m, 4H), 1,79-1.85 (m, 2H), 2.47-2.50 (ra, IH), 2.75 (s, 3H), 4.11 

10 (d, J - 8.8 Hz, 2H), 7.03 (d, J - 8-0 Hz, IH), 7.26 (d, J - 8.4 Hz, IH), 7.66 (t, J - 8.0 Hz, 1H)S 

8.77 (brs, IH), 12.26 (brs, IH), 12.75 (brs, IH). ]H NMR (400 MHz, CD3OD) 6 1.39-1.49 <m, 

211). 1.63-1.77 (in, 4H), 1.91-1.98 (m, 2H), 2.51-2.61 (m, IH), 2.78 (s, 3H), 4.16 (d, J - 8.0 Hz, 

2H), 7.08 (d, J = 8.0 Hz, IH), 7.23 (d, J" = 8.0 Hz, IH), 7.72 (t, J - 8.0 Hz, IH). MS 301 (MH4). 

Example 18a: ethyl 4-amino-5-(cyclopent>'lmethoxy)-2-met3iylquinoline-3-carboxylate 

15 T'o a solution of 2-amino-6-(cyciopentylmethoxy)benzonitrile (Tachdjian, C. et al PCT 

Int. Appl. WO 2008154221) (21.63 g, 100.0 mmol) and ethyl acetoacetate (12.6 mL, 100.0 

mmol) in anhydrous toluene (300 mL) was added SnCL (23.1 mL, 2.00.0 mmol) over a period of 

25 minutes at room temperature under nitrogen. The stirred reaction mixture was then refiuxed 

for 5 h under nitrogen. After it was cooled down to room temperature, the reaction solution was 

20 concentrated to remove most of the solvent under reduced pressure. The residue was re-dissolved 

in EtOAc (3.5 L) and carefully neutralized to pH 8 with aqueous 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 mL), dried over 

NaiS04 and concentrated under reduced pressure. The residue was purified by column 

25 chromatography on silica gel eluting with 30% EtOAc in hexanes to give the title compound as a 

pale yellow solid (24.6 g, 75%). ]H NMR (400 MHz, DMSO-<&) <5 1.30-1.36 (in, 5H), 1.53-1.65 

(m, 4H), 1.81-1.86 (m, 2H), 2.42-2.45 (m, IH), 2.54 (s, 3H), 4.05 (d, J - 7.2 Hz, 2H), 4.31 (q, J -

7.2 Hz, 2H), 6,89 (d, J" = 7.6 Hz, IH), 7.21-7.23 (m, IH), 7.50 (t, J - 8.0 Hz, IH), 8.08 (s, 2H). 

MS 329 (MT-f). 

30 
Example 19: 4~amino-5<cyclopentyioxy)~2-methylqttinotfne~3-carbQxy!ic add 

65 



Me 

H02C' 

Prepared as in Example { from ethyl 4-ammo-5-(cyclopentyloxy)-2-methylquinoline-3-

carboxylate (Example 19a) as a off white solid (83%). ]H NMR (400 MHz. DMSO-ofc) 5 1.56-

1.60 (m, 2H), 1.67-1.70 (m, 21 i), 1.83-1.87 (m, 21!}. 1,92-1.96 (m, 2H), 2.67 (s, BIT), 5.05-5.07 

5 (m, IH). 6.93 (d, J - 8.4 Hz, IH"), 7.18 fd, J = 8.4 Hz, IH), 7.57 (t, J - 8.4 Hz, IH). MS 287 

Example 19a: ethyl 4-amino-5-(cyclopentyloxy)-2-methylquino]me-3-carboxy{ate 

Prepared as in Example 2a from 2~ammo-6-(cyclopentyioxy)benzomtriie (Tachdjian, C. 

et al. PCT Int. Appl, 2008, WO 200815422.1} and ethyl 3-oxobutanoate as a yellow solid (40%). 

10 MS 315 (MH*). 

Example 20: 4-amino-2,3-butyIene^nmethylthieno|2,3-l>]pyridine-5-cai,bo:xyIic acid 

15 b]pyridine-5-carboxylate (Example 20a) as a solid. *H NMR (400 MHz, DMSO-£fe) 3 1.78-1,79 

(m, 4H), 2,53 (s, 3H): 2.71-2.72 (m, 2H)> 2.94-2.96 (m, 2H), 6.86 (s, 2H). MS 263 (MH"). 

Example 20a: ethyl 4-amino-2,3-butylene-6-inethylthieno[2,3-h]pyridme-5-carboxy!ate 

Prepared as in Example 2a from 2-amino-4,5J6>7-tetrahydrobenzo[b]thiophene-3-

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

20 oxobiitanoate as a yellow solid. MS 291 (MHT). 

Example 21: 4-ammo-5-(3,3~dimethylbutyl)-2-ffletliylqumolme-3-carboxyIic acid 

NH2 

Prepared as in Example 1 from ethyl 4-amino-2,3-butylej>e-6-raethyithieuc>[2,3-
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Prepared as in Example 1 from ethyl 4-ammo-5-(3,3-dimethylbuty!)-2~methylqiiiiioline-

3-carboxylate (Example 21a) as a white solid (88%). NMR (400 MHz, DMSO-cfc) <5 0.93 (s, 

9H), 1.40 (t, J" - 8.8 Hz, 2H), 2.75 (s, 3H), 3.17 (t, J - 8.4 Hz, 2H)> 7.35 (d, J - 7.2 Hz, IH). 7.57 

(d, 1 = 8.4 Hz, IH), 7.66 (t, J - 8.0 Hz, IH), 12.78 (s,lH). MS 287 (MH"), 

5 Example 21a: ethyl 4~amino-5-(33-dimethylbutyiy2-methyU]umoline~3-earboxylate 

Prepared as in Example 2a from 2-armno~6-(3,3-dirnethy]butyl)benzonitri1e (Example 

21b) and ethyl 3-oxobutanoate as a white solid (95%). !H NMR (400 MHz, DMSO-<&) S 0.93 (s, 

9T:I), 1.32 (t, J = 7.2 Hz, 3H), 1.42-1.46 (rn, IH), 2.55 (s, 3H), 3.11-3.15 (m, 2H), 4.33 (q,J = 7.2 

Hz, 2H), 7.12 (s, 2H), 7.19-7.21 (m, IH), 7.46-7.52 (m, 2H). MS 335 (MF!'~). 

10 Example 21b: 2-ammo-6-(3,3-dimeiliylbuty1)benzonitrile 

A suspension of 2-amino-6-(3.3-dimeihylbiif-l-ynyl)benzonltrile (Example 21c, 690 mg. 

3.48 mmol) and 10% Pd/C (100 mg) in EtOAc/EtOH (1:1, 20 mL) was stirred under an 

atmosphere of H2 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 ekiting with 

15 20% EtOAc in hexanes to give the title compound as a light yellow oil (620 mg, 88%). JH NMR 

(400 MHz, DMSO-^) S 0.92 (s, 9H), 1.36-1.40 (m, 2H), 2.52-2.56 (m, 2H), 5.88 (s, 2H), 6.45 

(d, J::: 7.6 Hz, IH), 6.57 (d, J - 7,6 Hz, 1H), 7.15 <t, J - 8.0 Hz, 1B). MS 203 (MH"*). 

Example 21 c: 2-amino-6-(3,3-dirnethylbut- l-ynyl)benzonitrile 

To a solution of 2-amino-6-bromobenzonitri le (1.97 g, 10.0 mmol), 3,3-dimethylbut-1 -

20 yne (2.46 g, 30 mmol), K?C03 (2.76 g, 20.0 mmol), and Cut (191 nig, 0.1 mmol) in DME/HjO 

(4:1. 50 mL) was added PdfPPhr,^ (1.16 g, 0.1 mmol) at room temperature under nitrogen. The 

reaction mixture was refiuxed under nitrogen overnight. After it was cooled down to room 

temperature, the reaction was quenched with brine, extracted with EtOAc. The organic layer was 

washed with brine, dried over NajSO^ and concentrated. The residue was purified by 

25 chromatography on silica gel eluting with 20% EtOAc in hexanes to give the title compound as a 

light brown oil (1.84 g, 93%). 'HNMR (400 MH2, DMSO-^) S 1.27 (s, 9H), 6.10 (s, 2H), 6.59 

(d, J - 7.2 Hz, IH), 6.71 (d,J= 8.0 Hz, IH), 7.18-7.22 (m, IH). MS 199 (MH1). 

Example 22: 4-amino~5-(2~ethylbat0xy)-2-methyiqwnoiine~3~carhoxyiic acid 
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Prepared as m Example 1 from ethyl 4~amino~5~(2HHhylbutoxy)-2-methy]qvnnoline-3-

oarboxylate (Example 22a) as a white solid (45%), M.p,: 145-151 °C, *H NMR (400 MHz. 

DMSO~d6) 6 0,90 (t,J = 8 Hz, 6H), 1.48-1.41, (m, 4I-T), 1.84-1,78 (m, IH), 2.73 (s, 3H), 4.1! (d, 

5 • J - 8 Hz, 211), 6.99 (d,J - 8 Hz, 1H), 7.32 (d, J - 8 Hz, 1H), 7,59 (t,,/ = 8 Hz, 1H), 8.40 (brs. 

HI), 11.09 (brs, IH), 13.91 (brs, 1H).MS303 (MH""). 

Example 22a: ethyl 4-armno~5--{2-ethylbutoxy>2-meihylquinolme-3-carboxylafe 

Prepared as in Example 2a from 2-amino-6-(2-ethylbutoxy)benzonitrile (Example 22b) 

and ethyl 3-oxobutanoate as a white solid (89%). ]H NMR (400 MHz, DMSO-t^) S 0.90 (t8 

10 Hz, 6H), 1.32 (t, J- 8 Hz, 3H), 1.48-1.41 (m, 4H), 1.79-1.73 (m, IH), 2.54 (s, 3H), 4.08 (d,./-4 

Hz, 2H), 4.31 (q, J - 8 Hz, 211), 6.92 (dd, J = 2, 8 Hz, 1H), 7.23 (dd,,/ - 2, 8 Hz, 1 H), 7.50 (t, J 

= 8 Hz, IH), 8.04 (brs, IH). MS 331 (MH4"). 

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

To a solution of 2-ethylbutan-l-ol (1.02 g, 10.0 mmol) in dry THF (60 mL) was carefully 

15 added Nail (60%) in mineral oil, 480 mg. 12.0 mmol) in small portions at 0 CC under nitrogen. 

The reaction mixture was stirred at 0 °C under nitrogen for 2 hrs. To this solution was added 2-

amino-6-fl.uorobenzonit.rile (1.36 g, 10.0 rnmol), and the reaction solution was stirred at 0 °C -

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

temperature then quenched with brine, and extracted with EiOAe (3X). The combined organic 

20 layers were washed with brine, dried over Na2S04. Filtered and evaporated under reduced 

• pressure. The residue was purified by chromatography on silica gel (eluent: 20% EtOAc in 

hexanes) to give the title compound as colorless oil (1.29 g, 59%). 5H NMR (400 MHz, CDCb) S 
0.93 (L J - 8 Hz, 61 h. 1.55-1.43 (m, 4H), 1.73- 1.65 (m, IH), 3.90 (d, J - 4 Hz, 2H), 4.10 (brs, 
2H), 6.25 (d, J = 8 Hz, 1H), 6.34 (d, J = 8 Uz, 1H), 7.20 (t J - 8 Hz, 1B). 

25 

Example 23: 4-anuno-5-(heptan-4"yloxy)~2-methylquinoIme-3-carboxyiic acid 
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Prepared as in Example 1 from ethyl 4-ammo-5-(heplan-4-y!oxy)-2-methylqui:noiine-3-

carboxylaie (Example 23a) as a white solid (59%). !B NMR (400 MHz, DMSO-4s) 3 0.87 (ttJ = 

7.2 Hz, 6H), 1.49-1.25 (m, 4H), 1.84-1.60 (m 4H), 2.74 (s, 3H), 4.74-4.71 (m> 1H), 7.07 (d, J = 

5 8-4 Hz, IH), 7.24 (d, J = 8.0 Hz, IH), 7.64 (t,y = 8.4 Hz, iH), 8.82 (brs, IH). MS 317(MH+). 

Example 23a: ethyl 4-ammo-5-(heptan-4-yloxy)-2-methylqumolirje-3-carboxylate 

Prepared as in Example 2a from 2-ammo-6-(heptan-4-yloxy)benzoiiitrile (Example 23b) 

and ethyl 3-oxobutanoate as a pale yellow solid (65%). 3U NMR (400 MHz, DMStWtf) 8 0.87 (t, 

J ™ 7.2 Hz, 6H), 1.31 (t, J -• 12 Hz, 3H), 1.47-1.33 (m, 411), 1.77-1.59 (m, 4H), 2.54 (s, 31-1), 

H) 4.30 (q, J12 Hz, 21-1), 4.67-4.64 (ra, IH), 6.92 (d, J = 7.6 Hz, IH), 7.19 (dd, J = 0.8, 8.4 Hz, 

1H), 7.49 (t,./- 8.0 Hz, 1H), 8.13 (brs, 2IJ). MS 345 (MH1). 

Example 23b: 2-amino-6-(heptan-4-yloxy)berizonitri1e 

Prepared as in Example 22b from heptan-4-oi and 2-amim>6-tluorobenzomtrile as a 

white solid (24%). !H NMR (400 MHz. CDCh) S 0.92 (t, J - 7.2 Hz, 6H), 1.55-1.31 (m, 8H), 

15 3.88 (s, brf IH), 4.33-4.27 (m, IH), 6.26 (d, J - 8.0 Hz, IH), 6.35 (d, J- 8.0 Hz, il l), 7.20 (t, J-

8.0 Hz, IH). 

Example 24: 4-

20 

HO2C 

25 

NH2 O 

Prepared as in Example 1 from ethyl 4-amino-5-(2-(isonicotinamido)-2-methylpropoxy)-

2-methylqiiinoliiie-3-earboxyIate (Example 24a) as a wbite solid (67%). M.p.: 195-198 °C. !H 

NMR (400 MHz, DMSO-4) <5 1.51 (s, 6H), 2.75 (s, 3H), 4.48 (s„ 2H), 7.07 (d, J - 8 Hz, IH), 
7.31 (d, J = 8 Hz. IH), 7.67 (£, J = 8 1 !z„ IH), 7.70 (dd, 7= K 8 Hz, 2H), 8.50 (s, IH), 8.67 (dd,./ 

-1,8 Hz, 2H), 8.76 (brs, IH), 12.19 (brs, IH), 12.85 (brs, IH). MS 395 (MH"1"), 
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Example 24a; ethyl 4-anuno-5~(2-(isonicotinamido)-2~metbylpropoxy)~2-methylqmru>-

linc-3-carboxylate 

To a solution of ethyl 4-ammo-5-(2-amino-2-methylpropoxy)~2~methylquinoline-3~ 

carhoxylate (Example 24b, 1.0 g, 3.15 mmol) in dry DMF (20 mL) was added isonicotinic acid 

5 (504 mg, 4.10 mmol), followed by EDO (783 trig, 4.10 mmol), HOBt. (554 rag, 4.10 mmol), and 

triethylamine (414 .mg, 4.10 mmol) at room temperature'under nitrogen. After it was stirred at 

room temperature for 12 hrs, the reaction mixture was concentrated under reduced pressure. The 

residue was diluted with water, and extracted with EtOAc (3X). The aqueous layer was basitied 

with 2N NaOH to pH 8 and extracted with EtOAc (3X). The combined organic layers were 

10 washed with brine, dried over MgS04, filtered, concentrated, and purified by chromatography on 

silica gel elutmg with 10% MeOH in dichlorornethane to give the title compound as a yellow 

solid (1.1 g, 83%). !HNMR (400 MHz, DMSO-flfe) $ 1.29 (t, J-4 Hz, 314), 1.51 is, 6H), 2.94 

(s, 3B), 4.28 (q, J ------ 4 Hz, 2H), 4.42 (s, 2H), 6.93 (dd, J =• 1, 8 Hz, 1H), 7.24 (dd, J - 1, 8 Hz, 

21:1), 7.52 (t,8 Hz, Hi), 7.69 (dd,./-2,4 Hz, 2B), 8.14 (s, 211), 8.37 (s, 11:1), 8.67 (dd,./- 2, 

15 4 Hz, 2H). MS 423 (MH1). 

Example 24b: ethyl 4-amino-5~(2-amino-2-methylpropoxy)-2-methylqinnolme-3-

carboxylate 

Prepared as in Example 2a from benzyl l-(3-amino-2-cyanaphenox.y)-2-meihylpropan-2-

ylcarbamate (Example 24c) and ethyl 3-oxobutanoate as a yellow-brown solid (91%). lE NMR 

20 (400 MHz, DMSOmfe) 3 1.15 (s, 611), 1.31 4 Hz, 3H), 2,54 (s, 3H), 3.87 (s, 20), 431 (q,J 
= 4 Hz, 2H), 6.85 (d„,/-4Hz, IH), 7.21 (d,J-4Hz, 1H). 7,49 (t, J ::: 8 Hz, IH), 8.38 (brs, 20). 

MS318(MI-J+). 

Example 24c: benzyl I-(3-amino-2-cyaiiophenoxy)-2-methylpropan~2-ylcarbamate 

To a solution of 2-ammo~6-(2-amino-2-methy]propoxy)benzonitrile (Example 24d, 30.5 

25 g, 148.6 mmol) in THF/H2O (1:1, 400 mL) was added NaHCOs (24.7 g, 294 mmol), followed by 

benzyl (2,5-dioxopyrrolidin-1 -yl) carbonate (44.0 g. 176 mmol) at room temperature. The 

reaction was stirred at room, temperature for 4 h then the organic layer was separated and the 

aqueous layer was extracted with EtOAc (2X). The combined organic layers were washed with 

brine and dried over MgS04. After filtration, the solvent was evaporated and the crude oil was 

30 purified by chromatography on silica gel (eluent: 0-60% EtOAc in hexane) to give the title 

compound as yellow oil (44.8 g, 89%), NMR (400 MHz, DMSO~4>) S 1.30 (s, 6H)„ 4,02 (s, 
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2H), 4.96 (s, 2H), 5.98 (s, 2H), 6.14 (d,J = 8.0 Hz, iH), 6.32 (dd, J = 0,8, 8.4 Hz, IH), 7.12 (t, J 

= 8.4 Hz, iH), 7.38-7.21 (m, 6H). MS 340 (MH*). 

Example 24d: 2-ammo-6-(2~amino~2-methylpropoxy)benzonitriie 

To a solution of 2-amino-2-methylpropan-l-ol (14.4 g, 161. mmol) in anhydrous THF 

5 (150 mL) was added NaH (6.8 g, 161 mmol, 60% in mineral oil) in small portions at 0 °C under 

nitrogen. The mixture was stirred at 0 °C for 30 minutes and then stirred at room temperature for 

another 30 minutes. The solution was cooled down to 0 °C again, and to this solution was added 

dropwise a solution of 2~amino-6-f!uorobenzonitrile (20.0 g, 147 mmol) in anhydrous THF (50 

mL). The reaction mixture was then refiuxed overnight under nitrogen. The reaction mixture 

10 was cooled down to room temperature and carefully quenched with aqueous NH4CI solution and 

extracted with ethyl acetate (3X). The combined organic layers were washed with brine, dried 

over MgS(>4. filtered and concentrated. The crude mixture was purified by chromatography on 

silica gel eluting with 10% MeOH in DCM to give the title compound as yellow solid (23.4 g 

71%). JH NMR (400 MHz, DMSO-rf*) S 1.08 (s, 6H), 3.15 (s, 214), 3.64 (s, 2H), 5.98 (s, 2H), 

15 6.13 (d, J~ 8.0 Hz, IH), 6.31 (d,.7-8.4 Hz, IB), 7,15 (t, ,7-8.4 Hz, 1H).IV1S 236 (MH+). 

Example 25: 4-amino-5~(2-(3~hydroxybenzamido)-2-mcthyIpropoxy)-2-met|iyiqainoiii!e-3-

20 Prepared as in Example 1 from ethyl 4-ammo-5-(2-(3-hydroxybenzamido)-2-methy[-

propoxy)-2-methylquinoline-3-carboxy!ate (Example 25a) as a white solid (65%). M.p.: .195-198 

°C. ]H NMR (400 MHz, DMSCW*) <5 1.48 <s, 614), 2.75 (s, 3H), 4.47 (s, 111), 6.87 (dt, J - 8, 4 

Hz, IH), 7.22-7.16 (m, 3H), 7.06 (d, J8 Hz, Hi), 7.27 fd,.7-8Hz, IN), 7.67 (t, J-8 Hz, IB), 

8.08 (s, 1H), 8.84 (brs, IB), 9.69 (s, IH), 12.12 (brs, IB), 12.78 (brs, IH). MS 410 (MHh). 

25 Example 25a: ethyl 4-amino-5-(2-(3-hydroxybeiizamido)-2-methylpropoxy)-2-methyl-

quinoline-3-carboxylate 

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

quinoline-3-carboxylate (Example 24b) and 3-hydroxybenzoic acid as a yellow-brown solid 

(64%). lH NMR (400 MHz, DMSCW6) <5 1.30 (t,J- 4 Hz, 3H), 1.48 (s, 6H), 2.55 (s, 3H), 4.30 
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(q, J = 4 Hz, 2iH, 4.41 (s, 2H), 6,85-6.88 (m, 1H), 6.92 (d, J - 8 Hz, IH), 7,25-7.15 (m, 4H), 

7.52 (W-8 Hz, IH), 7.98 (s, IH), 8.19 (s, 2H), 9.59 (s, IH). MS 438 (MH+). 

Example 26: (£>4-amino-5~(2-(cyciobexanecarhoxamlri0)propoxy)~2~methyh|wmoliiie~3-

5 earboxyiic acid 
MevN^^ 

H02C^y^j^ Me O 
NH2 O^XQ 

Prepared as in Example 1 from (S)-ethyl 4-ammo-5-(2-(cyelohexanecarboxarmdo)-

propoxy)-2-methylquinolme-3-carboxylate (Example 26a) as a white solid (53%). *H NMR (400 

MHz, DMSO-4) S [.25-1.10 (m, 5H), 1.34-1.31 (m, 2H), 1.69-.1.62 (m, 5H), 2.f1-2.05 (m, IN), 

10 2.69 (s, 3H)} 3.93 (t, 7=9.2 Hz, IH), 4.13 (dd, J=4,9.6 Hz, IH), 4.14-4.11 (m, 11:1), 6.86 (d 

= 8.0 Hz, IH), 7.28 (d, J - 8.4 Hz, iH), 7.49 (t, J - 8.0 Hz, IH), 7.95 (d, J = 8.4 Hz, IH). MS 

386 (MH*). 

Example 26a: (5)-ethyl 4-aniino-5-(2-(cyclohexanecarboxamido)propoxy)-2-methyl-

qisinoIine-3-carboxylate 

15 Prepared as in Example 24a from (5')-ethyl 4-ammo-5-(2-aminopropoxy)-2~methyl-

quinoline-3-carboxylate (Example 26b) and cyclohexanecarboxylic acid as brown solid (28%). 

MS 414 (MB'). 

Example 26b: ftO-ethyi 4-amino-5-(2-airunopropoxy)-2~methylquinoline-3-carhoxylate 

Prepared as in Example 2a from (,S)~benzyi (1 -(3~amino~2~cyanophenoxy)propan-2-y})-

20 carbamate (Example 26c) and ethyl 3-oxobutanoate as brown solid. MS 304 (MH*). 

Example; 26c: (5>benzy 1 (1 -(3-amino-2~cyanophenoxy)propan-2-yl)carbamate 

Prepared as in Example 24c from (5)-2~amino-6-(2-aminopropoxy)benzonitrile (Example 

26d) as brown solid (86%). lH NMR (400 MHz, DMS(Wtf) ,51.12 (d, J = 6.4 Hz, 311), 3.81 (d, J 
- 8.4 Hz, IH), 3.95-3.92 (m, IH), 4.99 (s, 2H)> 5.36 (s, 2H), 5.96 (s, 2H), 6.20 (d, J = 8.0 Hz, 

25 IH), 631 (d, J - 8.4 Hz, IH), 7.13 (t, J= 8,4 Hzs IH), 7.44-7.38 (m, 5H). MS 326 (MH+). 

Example 26d: (S)-2-armno~6-(2-aminopropoxy}benzonitrile 

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

benzonitrile as brown solid (73%). ]H NMR (400 MHz, DMSO-<fc) S 1,01 (d. J - 6.5 Hz, 3H\ 
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3.08 (m, IH), 3.71 (d,7=6.1 Hz, 2H)S 5.95 (s, 2H), 6.15 (d, 8.3 Hz, IH), 6.2 (d,7=8.3 Hz, 

iH), 7.13 (t, J= 8.3 Hz, IH). MS 192 (MH*). 

Example 27: (5)-4-amlno-5-(2-(isoHicotinaiTiido)propoxy)~2-met!iylqumoline-3-carboxylic 

Prepared as in Example 1 from (5)~ethyl 4-amino-5^2-(isonicotinamido)propoxy)-2-

metbylquinoiine-3~carboxylate (Example 27a) as an off-white solid (42%). 'H NMR (400 MHz, 
DMSO-<4) <5 i .31 (dt7= 6.8 Hz, 3H), 2.66 (g, 3H), 4.14 (L J = 9.2 Hz, IH), 4.28 (dd, 7 = 3.6, 9.6 

10 Hz, IH), 4.70- 4.55 (m, IH), 6.92 (d,7- 8.0 Hz, IH), 7.26 (d, 7 =8.4 Hz, IH), 7.5.1 (t,7=8.4 

Hz, IB), 7.75 (dd, 7- 1,2,6.0 Hz, 2H), 8.71 (dd, 7 = 1.2, 6.0 Hz, 2H), 8.95 (d, J - 8.0 Hz, IH). 

MS 409 (MT-f). 

Example 27a; 65)-ethyl 4-ammo-5-(2-(isonicotinamido)propoxy)>2-methylquinolme-3-

earboxylate 
15 Prepared as in Example 24a from (S)«elhyl 4-amino-5-(2-aminopropoxy)-2~methyi-

qumoIine-3-carboxylate (Example 26b) and isonicothric acid as brown solid (36%). MS 409 

)-

25 

Example 28: (5)-4-aniHio-S-(2-(3-hydrox'yben5£amido)propoxy)-2-methyUi|uliioIine~3-

20 carboxvllc 

Prepared as in Example 1 from (,S)-etbyl 4~amino-5-(2-(3-hvdroxybenzamido)propoxy)-

2-methylqumoline-3-carboxylate (Example 28a) as a white solid (58%). !H NMR. (400 MHz, 

DMSOaV) d 1.28 (d, J - 7.2 Hz, 3H), 2.65 (s, 3H), 4, J1 (t, 7 = 8.8 Hz, 1H), 4.22. (dd, J - 4.0, 10 

Hz. IH), 4.65-4.55 im, IH), 6.88 (d, 7- 8.0, 2H), 7,25-7.13 (m, 4B), 7.48 (t, J • 8,0 Hz, IB), 

8.49 (d, J8.0, III), 9.93 (brs, IH). MS 396 (MH5). 
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Example 28a: (5)-ethyl 4-amino-5-(2-(3-hydroxybenzamido)propoxy)-2-methyl-

quinolme-3-carbox.ylate 

Prepared as in Example 2.4a from (5)-ethyI 4~amino-5-(2-aminopropoxy)-2-methyl-

quinoline-3-carboxylate (Example 26b) and 3-hydroxybenzoie acid as brown solid (41%). MS 

5 424 (MIT1). 

Example 29: 4-amino~5~(3~(cyciopentylammo)-2,2-dimethy!-3-oxopropoxy)-2-metliyl-

quinoli&e~3-carboxyIic acid 

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

oxopropoxy)-2-rnethylquinolme~3-earboxylate (Example 29a) as a white powder (74%). 3II 

(400 MHz, DMSO-d'o) 3 I -27 (s, 6H), 1.36-1.46 (m, 4H), 1.57-1.59 (m, 2H), 1.72-1.78 (m, 

2.78 <s, 3H), 4.04 (m, IH), 4.19 (s, 2H), 7.02 (d, J - 8.0 Hz, 1H), 7.33 (d, J == 8.0 Hz, IH), 

7.64-7.7! (m,2Hl 8.83 (brs, IH), 12.25 (brs, IH), 12.93 (brs, IH). MS 386 (MH'). 

15 Example 29a: ethyl 4~ammo-5-(3-(cyclopentyiamino)-2,2-dimethyl~3-oxopropoxy)-2-

methylquinoline-3-carhoxylate 
Prepared as in Example 2a from 3 -(3~amino-2--cyanophenoxy)-A-cyclopentyl--2,2-

dimethylpropanamide- (Example 29b) and ethyl 3-oxobutanoate as a bright yellow solid (62%). 
lH NMR (400 MHz. DMSO-4) $ 1.26 (s, 6H), 1.34 (t J - 8.0 Hz, 3H), 1.40-1.46 (m, 4H), 1.57-

20 3.59 (m, 2H), 1.74-1.77 (m> 2H), 2.57 (s, 3H)f 4.09 (qt J = 4.0 Hz, IH), 4.15 (st 2H), 4.33 (qt J -
8.0 Hz, 2H), 6.89 (d, J = 4.0 Hz, IH), 7.26 (dd, J = 8.0 Hz, IH), 7.53 (d, J" = 8.0 Hz, 1H), 7.56 (s, 

IH), 8.09 (brs, 2H). MS 414 (MB1). 

Example 29b: 3-(3~ammo-2-cyanophenoxy)-A?-cyclopenty!-2,2-dime?hylpropanamide 

Prepared as in Example 22b from A/-cyclopentyi-3-hydroxy-2,2-dimethylpropanamide 

'25 (Example 29c) and 2-amino-6-ftuorobenzonitrile as a white solid (45%). *H NMR (400 MHz, 

DMSO-^e) S 1.19 (s, 6H), 1.40-1.49 (m, 4H), 1.61-1.63 (m, 2H\ 1.74-1.79 (m, 21-1), 3.95 (s, 2H), 

4.03 (m, IH), 5.98 (s, 2H)» 6.19 (d, J - 8.0 Hz, 1H), 6.33 (d, J - 8.0 Hz, IH), 7.17 (t J - 8.0 Hz, 
IH), 7.23 (d, J = 8.0 Hz, IH). MS 302 (MIT). 

Example 29c: AJ-cyck>penty!-3-hydroxy-2,2-dimethy!propanatmde 
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Prepared as in Example 24a from hydroxypivalic acid and eyclopenfyi amine as an 

orange oil (32%). JH NMR (400 MHz, DMSCM*) 6. 1.00 (s, 6H), 1.32-1.40 (m, 211), 1.43-1.49 

(m, 2H). 1.57-1,65 (m, 2H), 1.73-1.81 (m, 2H), 3.34 (d, J - 4.0 Hz, 2H), 3.98 (m, IH), 4.87 (t, J 

- 4.0 Hz, IH), 7.22 (d, I - 4.0 Hz, IH). MS 186 (MH"). 

5 

Example 30: 4"Amino-S~(cyciobufylmetli«xy)"'2-mefhyli|MinoIiiie-3-carboxylic acid 

Prepared as in Example i from ethyl 4-aniino-5-(cyciobutylmethoxy)-2-methyJqiiinoiine-

3-carboxylate (Example 30a) as a white powder (51%). NMR (400 MHz, DMSO-<&) S 1.84-

10 i .99 (m, 4H), 2.10-2.15 (m, 2H), 2.77 (s, 3H), 2,92 (m, IH), 4.23 (d, J - 8.0 Hz, 2H), 7.05 (d, J -

8.0 Hz, IH), 7.29 (d, J - 8.0 Hz, IH), 7.68 (t, J" - 8,0 Hz, IH), 8.71 (brs, IH), 12.23 (brs, IH), 

12.81 (brs, iH). MS 287 (MH+). 

Example 30a: ethyl 4-ammo-5-(cyelobutylmethoxy)-2-methylqumolme-3-carboxylate 

Prepared as in Example 2a from 2-ammo-6-(cyclobutylmethoxy)benzomtrile (Taciuijian, 

15 C. et al. PCT Int. Appl. 2008, WO 2008154221) and ethyl 3-oxobuEanoate as an orange solid 

(26%). ]H NMR (400 MHz, DMSO-d6) d 1.32 (t, J = 8.0 Hz, 3H), 1.83-1.90 (m, 4H), 2.10- 2.13 

(m, 2H), 2.59 (s, 3H), 2.86 (m, IH), 4.16 (d, J = 4.0 Hz, 2H), 4.32 (q, J = 8.0 Hz, 2T-1), 6.90 (d, J 

= 8.0 Hz, IH), 7,23 (d, J - 8.0 Hz, IH), 7,51 (t, J - 8.0 Hz, 1H), 8.05 (brs, 211). MS 315 (Mil4). 

20 Example 31: 4~amm0~5~(2-(c^cl0pentanecarb0xamid0)~2~meti)ylpr0p0Y.y)-2-methyl-

qsiIrsoline-3-ca r bosrylie acid 
Me. .N. 

HO2C 

Prepared as in Example 1 from ethyl 4-ammo-5-(2-(cyc1opentanecarboxamido)-2-

methylpropoxy)-2-mel;hylqirinolme-3-carboxylat.e (Example 31a) as an off-while solid (68%). 

H-\ NMR (400 MHz, DMSO-d6) 8 1.36 (s, 6H), 1.43-1.51 (m, 6H), 1.65-1.69 (m, 2H), 2.58 (m, 
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IH), 2,78 (m, 3H), 4.37 (s, 2H), 7.04 (m, IH), 7.29 (cl J - 8.0 Hz, Hi), 7.68 (m, iH), 7.80 (s, 

IH), 8.84 (brs, IH), 12.42 (brs, IH), 12,73 (brs, IH). MS 386 (MH+). 

Example 31a: ethyl 4-amino-5-(2-(cyclopentanecarboxamido)-2-methylpropoxy)-2-

mcthylquinoline-3-carboxylate 

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

quinoline-3-carboxylate (Example 24b) and cyclopentane carboxylie acid as a yellow solid 

(33%). !H NMR (400 MHz, DMSO-<ftf) S 1.34 (t, J - 4.0 Hz, 3H), 1.37 (s, 6H), 1.42-1.53 (in, 

6H), 1.64-1.69 (m, 2H).„ 2.58 (m, 1H), 2.62 (s, 3H), 4.32 (s, 2H), 4.35 (m, 2H), 6,96 (m, IH), 

7.28 (d, J - 8.0 Hz. IH), 7.58 (m, IH), 7,66 (s, IH), 8,41 (d, 2H). MS 414 (MH+). 

Prepared as in Example 1 from ethyl 4-amino-5-(cycioheptyloxy)«2-methyiquino]ine-3-

earboxylate (Example 32a) as a light yellow solid (34%). *H NMR (400 MHz, DMSO<4) 8 

15 1.49-1.65 (m, 8H), 1.83-1.89 (m, 2H), 2.04-2.09 (m, 2H), 2.74 (s, 3H), 4.85 (ra, IH), 7.03 (d, J « 

8.0 Hz, IH), 7.23 (d, J - 8.0 Hz, ! if), 7.65 (t, J - 8.0 Hz, IH), 8.82 (brs, IH), 12.24 (brs, IH), 

12.64 (hrs, IH). MS 315 (MHH). 

Example 32a: ethyl 4-aminQ-5-(cycIoheptyloxy)-2-methy!qumolme~3-carboxyiate 

Prepared as in Example 2a from 2-amino-6-(cycloheptyioxy)heiizonitrile (Example 32b) 

20 and ethyl 3-oxobotanoate as a bright yellow solid (72%). JH NMR (400 MHz, DMSO-tfc) 8 1.32 

(t J - 8.0 Hz, 3H). 1.49-1.65 (m, 81i), 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 (m, IH), 6.89 (d, J - 8.0 Hz, IH), 7.20 (d, J" - 8.0 Hz, Hi), 7.49 (t, J" = 

8.0 Hz, IH), 8.14 (brs, 2H). MS 343 (MH+). 

Example 32b: 2-amino-6-(eycloheptyloxy)benzonitrile 

25 Prepared as in Example 22b from oycloheptanol and 2~amino-6-fli]orobenzonitrile as 

yellow oil (U%). lH NMR (400 MHz, DMSO-^) <51.42-1.71 (m, 10H), 1.88-1.93 (m,2H),4.56 

(m, IH), 5,95 (s, 2H)» 6.20 (d, J = 8.0 Hzf 1H)„ 6.30 (d, J - 8.0 Hz, i H), 7.15 (t5 J - 8.0 I-lz, i H). 

MS 231 (MT-I+). 
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Example 33: 4-Amino~2-methyl-5-(3-phenoxypropoxy)tiuiiioliiie-3~carboxylIc acid 
Me 

H02C 

TO 
Prepared as in Example 1 from ethyl 4~ariiino-2-methy!-5-(3~phenoxypropox.y)quino1ine-

3-carboxylate (Example 33a) as a yellow solid (90%). lH NMR. (400 MHz, DMSO-tfe) <5 2.35 

(ra, 2H), 2,77 (s, 3H), 4.19 (t, J - 4.0 Hz, 2H), 4.42 (t, J - 4.0 Hz, 2H), 6.91-6.96 (m, 3H), 7.09 

(d, J - 8.0 Hz, IH), 7.26-7.30 (rn, 3H), 7.70 (t, J - 8.0 Hz, IH), 8.96 (brs, IH), 12.24 (hrs, lH)f 

12.75 (brs, Hi). MS 353 (MIT1). 

Example 33a: ethyl. 4~amino-2-metbyl-5-(3-phenoxypropoxy)qumolme-3-carboxy}ate 

Prepared as in Example 2a from 2-a?iiitio-6-(3-phei!Oxypropoxy)baizoiutri!e (Example 

33b) and ethyl 3-oxobutanoate as a yellow solid (47%). ]H NMR (400 MHz, DMSOS 1.33 

(t, J - 8.0 Hz, 3H), 2.34 (m, 2H), 2.57 is, 3H), 4.19 (t, J = 4,0 Hz, 2H), 4.33 (q, J - 8.0 Hz, 2H), 

4.37 (t, .1 - 4.0 Hz, 2H), 6.91-6.97 (m, 4H), 7.24-7.29 (rn5 3H), 7.53 (t, J - 8.0 Hz, IH), 8.17 (s, 

2H). MS 381 (MH+). 

Example 33b: 2-amino~6-(3-phenoxypropoxy)benzonitrile 

Prepared as in Example 22b from 3-phenoxy-\-propanol and 2-amrno-6-fluorobenzo-

nitrile as a yellow oil (93%). [B NMR (400 MHz, DM'SG-<&) S 2.14 (m, 2H), 4.10-4.16 (m, 4Hf> 

5.98 (s, 2H), 6.23 (d, J - 8.0 Hz, IH), 6.33 (d, J - 8.0 Hz, 1l-I), 6.89-6.94 (m, 5H), 7.16 (t, J = 8.0 

Hz, IH). 

Example 34: 44-Ammo-5-((l-(3-hydroxybenzoyl)pIperidm-4-yI)uiethoxy)-2-methyI-
c|uinoihie-3-carboxylic acid 

Prepared as in Example 1 from ethyl 4-amino-5-((l-(3-hydroxyberizoyr)piperidin-4-

y])raeUioxy)-2-methylquinolixje-3-carboxy]ate (Example 34a) as an orange powder (23%), !0 

NMR (400 MHz, DMSCW&) $ 1.24 (brs, 2H), 1.79-1.88 (m, 2H), 2.29 (m, 1H), 2.77 <s, 3H), 

3.07 (brs, 2H), 3.65 (brs, IH), 4,17 (d, J - 8.0 Hz, 21-1), 4.50 (brs, IH), 6.74-6.83 (m, 3H), 7.07 
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(d, J - 8,0 Hz, 1H), 7.23 (t, J - 8.0 Hz, JH), 7.29 (d, J = 8.0 Hz, 1 H), 7.69 (1, J - 8.0 Hz, 1H)( 

8.74 (brs, IB), 9.75 (s, IH), 12.25 (brs, iH), 12.7! (brs, IH). MS 436 (MH*). 

Example 34a: ethyl 4-amino-5~((l-(3~hydroxybenzoyr)piperidm"4-yi)methoxy'}~2~ 

Lnethylquinoline-3-carboxylate 

5 Prepared as in Example 2a from 2-arnino-6-(( 1 -(3 -hydroxybenzoy l)piperidm-4-

yl)methoxy)beiizoriitrile (Example 34b) and ethyl 3-oxobutanoate as a yellow solid (49%). ]13 

NMR (400 MHz, DMSCWtf) <5 1.24 (m, 2H), 1.31 (t, J - 4.0 Hz, 3H), 1.77-1.89 (m, 2H), 2.22 

(brs, Hi), 2.55 (s, 3T-I), 2.79 (brs, iH), 3.04 (brs, IH), 3.64 (brs, IH), 4.10 (m, 2H), 4.32 (q, J -

8,0 Hz, 2H), 4,49 (brs, IH), 6.71-6.82 (m, 3H), 6.93 (d, J - 8.0 Hz, HI), 7.19-7.25 (m, 2H), 7.52 

10 (t, J - 8.0 Hz, IB), 8.06 (brs, 2H), 9.64 (s, IH). MS 464 (MH1). 

.Example 34b: 2-arnino~6-((l -(3-hydroxybenzoyl)piperidin-4-y])methoxy)benzonitrile 

Prepared as in Example 24a from 2-amtfio-6-(piperidm-4-y!methoxy)benzonMe 

(Example 34c) and 3-hydroxybenzoie acid as an orange glass (66%). lH NMR (400 MHz, 

DMSO<4) S 3.29 (m, 2H), 1.66-1.92 (m, 2H), 2.06 (m, IH), 2.80 (brs, IH), 3,05 (brs, IH), 3.62 

15 (brs, IH), 3.91 (d, J = 8.0 Hz, 2H), 4.49 (brs, IH), 5.99 (s, 2H)> 6.22 (d, J - 8.0 Hz, IH), 6.34 (d, 

J - 8.0 Hz, 1H), 6.72-6.83 (m, 311), 7.15-7.24 (m, 2H), 9.65 (s, IH). MS 352 (MH4). 

Example 34c: 2-ami.no-6-("pir>eridm-4-v1rnethoxv)benzoiiitrile 

To a solution, of /erz-butyl 4-((3-armno-2-e-yanophenoxy)rnethyl)piperidiiie-l -earboxylate 

(Example 34d. 1.33 g, 4.0 mmol) in EtOAc (20 mL) was added dropwise aqueous HCl solution 

20 (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 tert-buty] 4-((3~ammo-2-cyanophenoxy)methyl)piperidme-1 -earboxylate 

25 Prepared as in Example 22b from A?~Boe-4-piperidinemethanol and 2-amino-6-fluoro-

benzoiiitrile as an off-white solid (37%). JH NMR (400 MHz, DMSO-40 3 1.15-3.21 (in, 2H), 

1.40 (s, 9H), S .74 (m, 2H), 1.99 (brs, 1H), 2.74 (brs, 2H), 3.87 (d, J - 4.0 Hz, 2H), 3.96 (m, 2H), 

5.99 (s,2H), 6.21 (d, J" - 8.0 Hz, iH), 6.33 (d, J = 8.0 Hz, IH), 7.17 (t, J = 8.0 Hz, 111). MS 232 

(MH'-Boc). 

30 
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Example 35: 4-Ammo-5^(l-butyiylpiperidin-4-yi)metho}iiy)-2-ii<icthyk)iiinoline-3-

carboxylic acid 

"•yv^ O 
HticyY 

NH2 

Prepared as in Example 1 ethyl 4-ammo-5-(( 1 -butyry}piperidm-4-yl)methoxy)-2-

5 methylquinoline-3-carboxylate (Example 35a) as a white solid (61%). *H NMR (400 MHz, 

DMSQ-^) S 0.87 (t, i = 8.0 Hz, 3H), 1.05-1.22 (m, 2H):, i .50 (m, 2H)t 1.80 (m, 2H), 2.24-2.31 

(in, 3H), 2.65 (s, 3H)„ 3.02 (2H), 3.88-3.92 (ra, Hi), 4.11 (m, 2H), 4.44 (m, IB), 7.05 (m, 1H), 

7.26 (d, J = 8.0 Hz, IH), 7.69 (m, IH), 8:76 (brs, iH), 12.33 (brs, IH), 12,65 (bra, IH). MS 386 

10 Example 35a: ethyl 4-amino-5-((l-b'ut3^ylpiperidin-4-yl)methoxy)-2-met:hyiquinolme-3-

earboxylate 

Prepared as in Example 24a from ethyl 4-amino-2-methyl~5-(piperidin~4-ylmetboxy)-

qumoline-3-carboxylate (Example 35b) and butyric acid as a yellow oil (50%). MS 414 (MH4). 

Example 35b: ethyl 4-arrj.ino-2-methyl-5-(piperidin-4-yimethoxy)qumoline-3-carboxylate 

15 Prepared as in Example 2a from benzyl 4-((3-ammo-2-cyanophenoxy)metbtyl)piperidme-

1 -earboxylate (Example 35c) and ethyl 3-oxobutanoate as an orange solid (25%). fH NMR (400 

MHz, DMSO-d6)S 1.29-1.37 (ra, 5H), 1.77-1.80 (ms 2H), 2.07 (brs, 3 Vi), 2.53 (s, 3H), 2.55-2.65 

(m, 3H), 3.06-3.09 (m, 21-1), 4.06 (d, J - 8.0 Hz, 2H), 4.32 (q, J - 8.0 Hz, 2H), 6.92 (d, I - 8.0 

Hz, IH), 7.24 (d, J - 8.0 Hz, IB), 7.51 (t, J - 8.0 Hz, 1H), 8.08 (s> 2H). MS 344 (MH+). 

20 Example_35c: 4-((3-aniinO"2-cyanophenoxy)methyr)piperidine-l-carboxylate 

Prepared as in Example 22b from l-A'-Cbz~4-(hydroxymethyl)piperidine and 2-amino-6-

fluoro-benzonitrile as a yellow oil (18%). 'H NMR (400 MHz, DMSO-^) S 1.20-1.25 (m, 20), 

1.75-1.78 (m, 2H}, 1.96 (brs, 1 H)} 3.88 (d, J = 8.0 Hz, 2H), 3.99-4.04 (m, 4H), 5.07 (s, 2H), 5.99 

(s, 2H), 6.21 (d, J - 8.0 Hz, IB), 6.34 (d, J = 8.0 Hz, IH), 7.17 (1,1-8.0 Hz, IH), 7.29-7.40 (m, 

25 5H). MS 366 (MH+). 

Example 36: 4-amino-5-(cyciohexyloxy)«2-methylquinaline-3-carboxylic acid 
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NH2 O 

To a solution of ethyl 4-amino-5-(cyclohexyloxy)-2-methyiqumoline-3-carboxylate 

(Example 36a, 110 g, 0.335 mol) in EtOH (450 niL) was added a solution of NaOH (33,5 gh 

0.837 mo!) in water (200 ml.) at room temperature. The reaction mixture was then refiuxed 

5 overnight The reaction solution was cooled down to 0 °C and carefully neutralized with 4N HC1 

to pB 7. The resultant solution was concentrated under reduced pressure to remove most of the 

EtOH, The precipitate was collected by filtration, and re-dissolved in EtOH (4 L) at 65 °C and 

treated with activated charcoal (5 g) for 0.5 h. The charcoal was removed by filtration over 

eelite, and the filtrate was concentrated. The precipitate was collected by filtration, washed with 

10 coid 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 "MMR (400 MHz, DMSO-4) S L28-1.72 (m, 8H), 

2.00-2.04 (m, 2H), 2.75 (s> 3H), 4.69-4.71 (m, IH), 7.10-7.12 (d, J" - 8.0 Hz, IH), 7.24-7.26 (d, J 

- 8.0 Hz, IH), 7.65 (t, J = 8.0 Hz, III), 12.80 (hrs, 1 H). MS 301 (MH+). Elemental Analysis 

Calculated (Found) for C17H20N2G3: C, 67.98% (67.74%); H, 6.71% (7.01%); N, 9.33% (9.40%). 

15 . Example 36a: ethyl 4-amino--5-(c;s/clohexySoxy)-2-methylqumoline-3-carboxyiate 

A. solution of ethyl 3-oxobutanoate (29.9 g, 0.230 mol) in anhydrous toluene (200 mL) 

was added to a solution of 2-amino-6~(cyc]ohexyloxy)benzonitrile (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. SnCLj (53.9 mL, 0.461 mol) was added slowly over a period of 

20 approximately 1 h. The oil bath temperature was then raised to 110 °C and the reaction mixture 

was stirred at that temperature for 2.5 h. It was then cooled down to 5 °C, still under nitrogen, 

and the toluene was decanted away from, the immiscible viscous oil: at the bottom of the flask. 

The viscous oil was further concentrated under vacuum at 60 °C, re-dissolved in boiling ethyl 

acetate (1 L), and transferred to a 4 liter Erlenmeyer flask. The solution was diluted with more 

25 EtOAc (1.5 L), cooled down to -15 °C, and neutralized with NaOH (3 N, 500 mL), The organic 

layer was separated, and the aqueous emulsion was extracted once more with ethyl acetate. The 

insoluble tin salts were filtered out from the aqueous layer, 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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MgSC>4. concentrated, and passed through a silica column using 0% to 60% ethyl acetate in 

hexanes. The product was purified by recrystailization from EtOAc to give the title compound 

as an off-white solid (64.3 g, 85%). JH "NMR (400 MHz, DMSO-^) 3 i .28-1.34. (m, 1 H), 1.32 (i 

3H), 1.37-1.45 Cm, 2H), 1.51-1.63 (m, 30), 1.67-1.71 (m, 2H), 1.99-2.03 (m, 2H), 2.54 (s, 3H)> 
5 4.28-4.33(q, J == 6.8 Hz, 2H), 4.64 (m, IH), 6.95-6.97 (d, J == 7.6 Hz, IH), 7.19-7.21 (d, J = 8.4 

Hz, IH), 7.65 it, J - 8.4 Hz, 1 IT), 8.15 (brs, 2H). MS 329 (MH"). 

Example 36b: 2-amino-6~(cyclohexyloxy)benzonitri1e 

To a solution of eyclohexanol (19.1 g, 0.191 mol) in anhydrous THF (500 mL) was added 

NaH (7.6 g, 40% in mineral oil, 0.191 mol) in small portions at 0 °C under nitrogen. The mixture 

10 was stirred at room temperature for 1 h and a solution of 2-amino-6-fittorobeiizonitrile (20.0 g, 

0.15 mol) in anhydrous THF (150 mL) was added drop-wise at room temperature. The reaction 

mixture was heated to reflux overnight then cooled to room temperature and most of the THF 

removed under reduced pressure. Ice water (100 mL) was added to the concentrated reaction 

mixture followed by EtOAc (500 mL). The organic layer was separated and successively washed 

15 with water and brine, dried over Nc^SO.s, filtered and evaporated under reduced pressure. The 

residue was purified by chromatography on silica gel ehitmg with 25-30% EtOAc in hexanes to 

give 2-amino-6-(cyclohexyloxy)benzonitriie as a light yellow oil (17.9 g, 56%). 3H NMR. (400 

MHz, CDCb) 3 1.32-1.43 (in, 3H), 1.51-1.55 (m, IH), 1.62-1.69 (m, 2H), 1.79-1.95 (m, 4H), 

4.31 -4.36 (m, 3IT), 6.23-6.27 (m, 2H), 7.18 (d, I - 8.0 Hz, IH). MS 329 (MH'5'). 

20 Example 36b: 2-amino~6~(eyelohexyioxy)benzouitrile 

Alternative Meihode a): To a solution of 2-(cyclohexyloxy)-6-'nitrobenzonitrile 

(Example 36c, 50.0 g, 0.20 mol) in THF/AcOH (1:1 by volume, 500 mL) was added iron powder 

(34.0 g, 0.61 mol) in one portion at room temperature under nitrogen. The reaction mixture was 

refiuxed for 40 min under nitrogen and cooled down to room temperature and EtOAc (2 L) was 

25 added. The precipitate that formed was filtered off and washed with EtOAc. The organic layer 

was separated and washed successively with water (2 X. 300 mL), aqueous NaOH (1.0 N, 2 X 

300 mL), saturated l^COj solution (300 mL), brine (300 mL). dried over Na2SO.i filtered and 

evaporated under reduced pressure. The residue was purified by chromatography on silica gel 

eluting with 25% EtOAc in hexanes to give 2-ammo-6-(cyc!ohexyioxy)benzonitrile as a pale 

30 yellow oil (45.0 g, 94%>), which solidified after storage overnight at room temperature. 
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Alternative Methods h}: 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-

(eyclohexyloxy)--6-ni1:robenzonitril.e (Example 36c, 43,2 g, 0.175 mol). anhydrous methanol (389 

mL), and acetic acid (80.4 mL). A reflux condenser, a dropping funnel containing a solution of 

5 ammonium formate (49.8 g, 0.790 mol) in anhydrous methanol (498 mL), thermometer, nitrogen 

inlet and nitrogen outlet were attached. Ammonium formate solution (75 mL) was added at 

room temperature, then the reaction was slowly heated to a maximum of 42 °C. The mixture 

was monitored carefully until initiation of the reaction was observed (an evolution of gas 

occurred with roughly a 10°C ex.otherm). Initiation of the reaction often took up to 40 minutes 

10 before starting. The remaining of the ammonium formate solution was then added at a rate 

which maintained an internal reaction temperature of 40 °C to 48 °C. After the addition was 

complete, the reaction mixture was stirred for another 10 minutes at 45 °C, then cooled down to 

room temperature. The Pd/C was filtered oat using a Teflon filter, and the solvent was 

evaporated. Ice water (1 L) was added to the residue, then the water was decanted and discarded. 

15 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 36c: 2-(cyclohexyloxy)-6-mtrohenzomtrile 

To a solution of cyclohexanoi (46,8 grams, 0.467 mol) in anhydrous THF (1 L) was 

20 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-dinitrobenzonitriIe (78.4 g, 0.406 mol) was added. The reaction was 

stirred at room temperature overnight, then cooled down to -20 °C„ and citric acid (23.4 grams, 

0.122 mol) was added. The mixture was then poured into ice water (5 L) which contained citric 

25 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), filtered, washed with isopropanol (300 ml..), then air dried to give 

84.4 g yellow solid. The solid was dissolved in dichloromethane (1.69 mL) and filtered through a 

plug of alumina to give the title compound as a pale yellow solid (83.2 g, 83.2%). JH NMR (400 

30 MTTz, DMSCWtf) 6 1.4 (in, 4H), 1.6 (rn, 2H), IJ (m, 2H), 1.9 (m, 211), 4,75 (m, 1 IT), 7.79 (dd, J 

- 2.0, 8.0 Hz, IH), 7.84-7.91 (m, 2TI). 
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Example 37: 4-ammo-5-(2-(cyclohexanecarboxamido)-2~fiiethyipropoxy)~2-metbyl-

quinoliiie~3~carboxy!ic acid 

Prepared as in Example 1 from ethyl 4-arnino-5-(2--k'yclohexanecarhoxamido}-2-

inethylpropoxy)~2-methylqiiinolme-3~carboxylate (Example 37a) as a white powder (78%). !H 

NMR (400 MHz, DMSO-40 8) .11-1.22 (m, 5ii)J 33 (s, 6H), 1.56-1.62 (m, 5h\ 2.14 (m, IB), 

2.78 (s, 3H"),, 4,34 (s, 2H), 7.01 (d, J" - 8.4 Hz, IH), 7.30 (d, J - 8.4 Hz, IH), 7.66 (t J - 8.4 Hz, 

IB), 7.74 (s, IB). MS 400 (MET). 

Example 37a; ethyl 4-amino-5-(2-(cyclohexanecarboxainido)-2~inethylpropoxy)-2-

methylquinolme-3-carbox.ylate 

Prepared as in Example 2a from N-( 1 -(3-amiiio-2-cyanophenoxy)-2-niethy[propan-2-

yl)cyclohexanecarboxamide (Example 37b) and ethyl 3-oxobutanoate as a bright yellow solid 

(55%). MS 428 (MH."1'). 

Example 37b: A'-(1-(3-amino-2-cyanophei30xy)-2-methylpropan-2-yl)cyclohexane-

carboxamide 

Prepared as in Example 22b from A'-( i"hydrQxy-2.-methylpropan-2-yi.)cyciohexaTie-

carboxaraide (Example 37c) and 2-amroo-6-fluorobcnzonitrile as an off-white solid (29%). MS 

316 (MTTf). 

Example 37c; Ar-(1 -hydroxy~2-methy1propan-2-yl)cyclohexaiiecarboxarnide 

Prepared as in Example 24a from cyclobexanecarboxylic acid and 2-ammo-2-

methylpropan-l-ol as a colorless oil (15%). MS 200 (MH1). 

Example 38: 4~amSn0-5-(2-(3-(2-hydroxyethoxy)-5-methoxybenzamido)~2-methylpropoxy)~ 

2-methylquinGline-3H^arboxyiic acid 
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Me 

H02C' 

"OH 

OMe 

To a solution of 4-amino-5~(2-(3-(2~(benzyloxy}ethoxyV5~methoxybenzamido)~2-metby-

ipTopoxy)~2-methylquinoline-3~c-arboxyHc acid (Example 38a, 237 mg, 0.5 mmol) in 

EtOH/EtOAc (i:1, 20 mL) was added '10% Pd/C (wet, 50 mg). The suspension was then stirred 

5 under an atmosphere of hydrogen at room temperature overnight. The Pd/C was filtered off, and 

the filtrate was concentrated. The residue was purified by HPLC (eluent: .10-100% MeOH in 

FLO) to give the title compound as an off-white solid (152 mg, 63%). jH NMR (400 MHz. 

DMSO~d6) S 1.49 (s, 6H), 2.75 (s, 3H), 3.68 ft J « 5.2 Hz, 2H), 3.73 (s, 3H). 3.99 (I J - 5.2 Hz, 

IB), 4.47 (s, 2H), 6.57 (sf IH), 6.88 (s, IB), 6.96 (s, 111), 7.06 (d, J = 7.6 Hz, IB), 7.28 (d, J - 8 

10 Hz, IB), 7.67 (t,J = 8 Hz, IH), 8.14 (s, IH). MS 484 (MH+). 

Example 38a: 4-amino-5-(2-(3-(2-(benzyloxy)ethoxy)-5-methoxyben2arnido)-2-methyl-

propoxy)-2-methyIqumoline-3-carboxyHc acid 

Prepared as in Example 1 from ethyl 4-amino-5-(2-(3-(2-hydroxyethoxy)-5-methoxy-

benzaraido)-2~methylpropoxy}-2-methylquinoline-3-carboxylate (Example 38b) as a white 

15 powder (95%), MS 574 (MH+). 

Example 38b: ethyl 4-amino-5-(2-(3-(2-hydroxyethoxy)-5-methoxy-benzamido)-2-

methylpropoxy)-2-methylquinoline-3-carboxylate 

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

methylquinoline-3-carboxylate (Example 24b) and 3-(2-(benzy(oxy)ethoxy)-5-methoxybenzoic. 

20 acid (Example 39c) as a pale-brown solid (90%). MS 602 (MH'f). 

Prepared as in Example 1 from methyl 3-(2-(benzyloxy)ethoxy)-5-methoxybenzoate 
(Example 38d) as a white solid (64%). ®H NMR (400 MHz, DMSO-4) S 3.83 (s, 3H). 3.84 (t, J 

- 4.8 Hz, 2H), 4.18 (t, J = 4,8 Hz, 2H), 4.65 (s, 2H), 6.74 (s, IH), 7.25 - 7.37 (mt 7H). 

To a solution of methyl 3-hydroxy-5-methoxybenzoate (Chakraporty, T. K. and Reddy, 

G. V. J Org. Chem, 57, 1992, 5462.) (3.3 g, 18.1 mmol) in dry DMF (30 mL) was added K2C03 

(6.3 g, 45.3 mmol) at room temperature. The reaction was stirred at room temperature for 10 

Example 38c: 3-(2-(benzy!oxy)ethoxy)-5-methoxybenzoic 

25 Example 38d: methyl 3-(2-(benzyloxy)ethoxy)-5-methoxybenzoate 
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minutes then ((2-bromoethoxy)methyi)benzene (3,4 mL, 21.7 mmol) 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 MgS04, filtered and concentrated to give 

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

Example 39: 4-amino~5~((2-isobut>,ramidocyclohexyl)oxy)~2-methylqiiinolme-3-carboxyIic 

acid 

Prepared as in Example 1 from ethyl 4-amino-5-((2~isobutyraraidoeydohexyl)oxy)~2~ 

10 methylquinoline-3-carboxylate (Example 39a) as a white powder (90%). 3H NMR (400 MHz, 

DMSO-c/tf) <5 0.83 (d, J - 6.4 Hz, 3I-I), 0.93 (d, J ::: 6.4 Hz, 3H), 1.42 (m, 3H), 1.65 (m, 4H), 1.96 

(m, IB), 2.40 (m, IH), 2.76 (s, 3H), 4.13 (m, 111), 4.99 (m, IH), 7.07 (d, I - 8.4 Hz, IH), 7.25 

(d, J = 8.4 ITz, IH), 7.63 (t, J =« 8 hz, 1H), 7.93 ( d, J - 7.6 Hz, 1I-I). MS 386 (Mil4). 

Example 39a: ethyl 4-amino-5-((2-isobutyramidocyclohexyi)oxy)-2-methylqiiinoime-3" 
15 earboxylate 

Prepared as in Example 2a from AT-(2-(3-amino-2-cyanophenoxy)cydohexyl)isobutyr-

araide (Example 39b) and ethyl 3-oxobutanoate as a yellow solid (63%>). MS 414 (MH4). 

Example 39b: A-<'2-('3-amino-2-evanophenoxvte-vclohexvlMsobutyramide 

Prepared as in Example 22b from Af-(2-hydroxycyclohexyl)isobutyramide (Example 39c) 

20 and 2-amino-6-fluorobenzonitrile as a brown solid (70%). MS 302 (MH4). 

Example 3 9c: AM'2-hvdroxycy dohexvfiisobutvramide 

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

oil (53%). MS 186 (MH4). 

25 Example 40: 4-amino-5^(4~isobutyramidocyclohexyl)oxy)-2-methyl(|umoline~3-carboxylic 

add 
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Me 

H02C 

Prepared as in Example 1 from ethyl 4-amino-5-((4-isobutyramidocyelohexyl)oxy)-2-

methylquinoline-3-carboxylate (Example 40a) as a white powder (87%). ]B NMR (400 MHz, 

DM SO-S 0.97 (d, J = 7.2 Hz, 6H), 1.34-1.37 (m, 2H), 1.65-1.68 (m, 2H), 1.81-1.84 (m, 2H), 

5 2.13-2.16 (m, 2H), 2.33 (m, IB), 2,75 (s, 3H), 3.58 (m, IB), 4.84 (m, IB), 7.15 (d, J - 8.4 Hz, 

1H), 7.23 (d, J = 8 Hz, 1B), 7.65 (d, J - 7.6 Hz, 2H). MS 386 (MH"). 

Example 40a: ethyl 4-ammo-5-((4-isobutyramidocycSohexyl)oxy)-2-metbylqiimoHne-3-

earboxylate 

Prepared as in Example 2a from Af-(4-(3~ammo-2-cyanophenoxy)cyclohexyi)isobutyr~ 

10 amide (Example 40b) and ethyl 3-oxobutanoate as a yellow solid (57%). MS 414 (MH+). 

Example 40b: iV-(4-(3-amino-2-cyanophenoxv)cvelohexvnisobi]tvramide 

Prepared as in Example 2.2b from iV-(4-hydroxycyclohexyJ)isobutyramide (Example 40c) 

and 2-amino-6~fiuorobenzonitrile as an off-white solid (99%). MS 302 (MH"), 

Example 40c: Ar-(44ivdroxvcvclohexvflisobutvramide 

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

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

Example 41: 4-amino-5-isobut0xy~2-methyl<juino!ine-3~carboxyHe acid 

20 To a solution of ethyl 4-amino-5"isobutoxy-2-methylqtiinoline-3-carboxyiate (Example 

41a, 18.0 g, 59.53 mmol) in EtOH (150 mL) was added aqueous NaOH solution (3 N, 50 ml) 

and the reaction mixture was refiuxed 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 HC1 to pH 7 at 0 °C. The resultant precipitate was collected by filtration, 

25 washed with water, re-dissolved in EtOH (700 mL) and water (20 mL), and treated with 
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activated charcoal (650 mg) at 70 °C for 0,5 h. The charcoal was removed by filtration, and the 

filtrate was concentrated and stored at 4 °C overnight. The resulting precipitate was collected by 

•filtration, washed with cold H2O, and dried under vacuum at 60 °C overnight, to give the title 

compound as a white solid (4.24 g, 26%). M.p,; 203.7 °C. fH NMR (400 MHz, DMSCW^) S 

5 1-01-1.02 (m, 611), 2.19-2.24 (m, IH), 2.77 (s, 3H), 4.05 (d, J - 6.4 Hz, 2H), 7.08 (d, J === 8.0 Hz, 

IH), 7.33 (d, J == 8.0 Hz, IH), 7.71 (1,1 - 8.0 Hz, IH), 8.9 (brs, IH), 11.45 (brs, IH), 13.2 (brs, 

IH). MS 275 (MH4). Elemental Analysis Calculated (Found) for CisHi8N203*0.75H20: C» 

62.59% (62.23%); H, 6.83% (7.25%); N, 9.76% (9.73%). 

Example 41 a: ethyl 4-ammo-5-isobutoxy-2-methylqumoline-3~carboxylate 

10 To a solution of 2-amino-6-isobutoxyben2omtrile (Example 41b, 16.4 g, 86.32 mmol) 

and ethyl acetoace&te (10.9 mL, 86.32 mmol) in anhydrous toluene (200 mL) was added SnCU 

(19.9 mL, 172.63 mmol) over a period of 15 minutes at room temperature under nitrogen. The 

stirred reaction mixture was then refiuxed for 3.5 h under nitrogen. After it was cooled down to 

room temperature, the reaction solution was concentrated to remove most of the solvent under 

15 reduced pressure. The residue was re-dissolved in EtOAc (3 L) and carefully neutralized to pH 8 

with aqueous NaOH solution (6.0 N, -410 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;>S04 and concentrated under reduced pressure. 

The residue was purified by column chromatography on silica gel eluting with 50% EtOAc in 

20 hexanes to give the title compound as a white solid (18.0 g, 69%). MS 303 (MH""). 

Example 41b;. 2-amino-6-isobutoxybenzonitriie 

To a solution of 2-isobutoxy-6-nitrobenzonitrile (Example 41c, 34.3 g, 0.156 mol) in 

AcOH/THF (1:1 by volume. 250 mL) was added iron powder (17,36 g, 0.311 mol) in one 

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

25 room temperature, the reaction solution was diluted with EtOAc (1 L). The solid was removed 

by filtration, and the filtrate was washed subsequently with water (300 ml, X 2), IN NaOH (300 

mL), saturated Na^COs aqueous solution (300 ml.,), brine (300 ml,), and dried over Na2SO^. 

After evaporation of the solvent, the residue was purified by chromatography on silica gel 

eluting with 20 % EtOAc in hexanes to give the title compound as a yellow oil (16.4 g, 83%). 3H 

30 NMR. (400 MHz, DMSO-rf*) S 0.96 (d,1 - 6.8 Hz, 6H), 1.96-2.02 Cm, IH), 3.75 (d, J" - 6.4 Hz, 
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2H), 5.96 (s, 2H), 6.17 (d, J = 8.4 Hz, 1H), 6.30 (d, J = 8.4 Hz, IH), 7,15 (t, J - 8.8 Hz, IH). MS 

191 (MH4). 

Example 41 b alternative procedure: 2-aminQ-6Tsobutoxvbenzonitrile 

Sodium hydride (60% suspension in oil, 25.0 g, 0.625 mol) was suspended in anhydrous 

5 THF (1000 ml,) under nitrogen and heated io an internal temperature of 40°C to 45°C. 2-

methylpropan-1 ~oi (61.2 mL, 0.661 mol) was then added slowly and portionwise. The mixture 

was heated at 40°C to 45°C for i hour, then cooled to 35°C. 2~animo-6-fS.uorobenzomtrile (50,0 

g, 0.367 mol) was added and refiuxed for 21 hours. The mixture was cooled to r.t, then ice (250 

g), ice water (750 rnL), and hexanes (1000 mL) was added. Insoluble solids were filtered out 

10 and the organic layer was separated. The aqueous layer was extracted once more with a mixture 

of diethyl ether (250 mL) and hexanes (250 mL). The combined organic layer was washed 

twice with a solution of citric acid (53 g) in water (500 mL), then washed with 80% brine (300 

mL), then dried with magnesium sulfate, filtered and concentrated under reduced pressure. The 

residue was dissolved in methanol (500 mL), and the immiscible oil carried through from the 

15 sodium hydride suspension was separated off in a separator}' funnel. The solvent was evaporated 

under vacuum, and the residue was washed with hexanes (250 mL), after which the product 2-

ammo-6-isobutoxybenzonitrile was obtained as a viscous oil (46 grams, yield: 66%). 1II NMR 
(400 MHz, DMSCWtf) S 7.16 (t, J - 8.0 Hz, JH), 6.33 (± J = 8.0 Hz, IH), 6.17 (d, J = 8,0 Hz, 

IH), 5.97 (s. 2H), 3.75 (d, J = 7.2 Hz, 2H), 2.00 (m, IH), 0.97 (d, J = 6.8 Hz, 6H) ppm. MS 191 

20 (MI-f). 

Example 41c: 2-isobutoxy-6-nitrobcnzonitrile 

To a solution of 2-methylpropan-l-oi (9.6 mL, 0.104 mol) in anhydrous THF (200 mL) 

was added Nail (60% in mineral oil, 4.565 g, 0.114 mol) in small portions at 0 °C under Nb, 

After it was stirred at room temperature for 30 min, the reaction mixture was cooled down to -70 

25 °C and 2,6-dinitrobenzomtrile (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 ice water 

(600 mL). The resultant precipitate was collected by filtration and rinsed with water, hexane, and 

air dried to provide 2-isobirtoxy-6-mtrobenzonitrile as a light yellow solid (34.3g, 100%). ]H 

NMR (400 MHz, DMSCMs) 3 1.0 (d, J = 6.8 Hz, 6HT 2.04-2.11 (m, IH), 4,02 (d, J = 6,8 Hz, 

30 2H), 7.69-7.71 (m, IH), 7.84-7.90 (m, 2H). MS 221 (MH4). 
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Example 42: 4-amino-5-lsopropoxy-2-methyIqumoIine~3-carboxyiic acid 
Me 

HO2C 

Prepared as in Example 1 from ethyl 4-amino-5-isopropoxy-2-methyiqirinoIine-3-

earboxylate (Example 42a) as a white solid (71%). JH NMR (400 MHz, DMSO-<&) 8 1.4 (d, J = 

5 6.4 Hz, 6H), 2.73 (s, 3H), 4.87-4.93 (m, IH), 7.01 (d, J = 8.0 Hz, iH), 7.27 (d, J = 8.0 Hz, IH), 

7.60 (t, J - 8.4 Hz, IH). MS 261 (MH+). 

Example 42a: ethvi 4-amino-5-isopropoxy-2-methyiqumolinc-3-carboxylate 

Prepared as in Example 2a from 2-arnino-6-isopropoxybenzonitrile (Tachdjian, C. et ah 

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

10 NMR (400 MHz, DMSO-^) 8 1.32(t, J - 7.6 Hz, 3H), 1.38(d, J - 6.0 Hz, 6H), 2.54 (s, 3H)S 4.3 

(q, J - 7.2 Hz, 2H), 4.83-4.89 (m, IH), 6.93 (d, J - 8.0 I-Tz, IH), 7.20 (d, J - 8.0 Hz, IB), 7.50 (t 

J - 8.4 Hz, IH), 8.14 (s, 2H). MS 289 (MH4). 

Example 43: 4-amino-5-((1-(hydroxymetfeyl)cyclohexyl)melhoxy)-2-rnel"hylcjuinoline-3-

15 carboxylic acid 

Prepared as in Example 1 from ethyl 4-amino-5-((l-(hydroxymethyl)cyelohexyl)-

methoxy)-2~methyiquino!ine-3-carboxylate (Example 43a) as an off-white solid (49%). 1H NMR 

(400 MHz, DMSO-4,) 8 1.37-1.48 (ra# 1011), 2.75 (s, 3H), 3.50 (s> 2H), 4.03 (s, 214), 5.08 (brs, 

20 IH), 7.06 (d, J - 8.4 Hz, IH), 7.25 <d, J = 8.8 Hz, IH), 7,66 (t, J - 8.4 Hz, IH), 939 (brs, IH), 
12.17 (brs, IH), 12.74 (brs, IH). MS 345 (MH+). 

Example 43a: ethyl 4-ammo~5-((! -(hydroxymethyf)cyclc>hexyl)methoxy)-2-methyl-

qtnnoline-3-carboxylate 

OH 

89 



Prepared as in Example 2a from (1 -((3-amino-2-cyanophenoxy)raethyl)cyclohexyl)-

methyl acetate (Tachdjiart, C. et al. PCT Int. Appl. 2008, WO 2008154221) and ethyl 3-

oxobiitanoate as an off-white solid (60%). MS 373 (MH4"). 

5 Example 44: 4-a.mino-5-(2-(3,5-dihydr0xybenzamid©)~2-methylpropoxy)~2~methyi~ 

qtiinoline-3-carboxylic acid 

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

methylpropoxy)-2~methylqumolme~3-carboxylate (Example 44a) as a white solid (73%). 1H 

10 NMR (400 MHz, DMS0-4<) <5 1.46 (s, 6H), 2.75 (s, 3H), 4.44 (s, 2H); 6.3-6.31 (ra, IH), 6.61 (s, 

2H), 7.04 (d, J - 8.0 Hz, IH), 121 (d, J « 8.4 Hz, IH), 7.66 (1 J == 8.0 Hz, IH), 7.98 (s, IH), 8.79 

(brs, 1 H), 9.48 (s, 2H). MS 426 (MH4). 

Example 44a: ethyl 4-amino-5-(2~(3,5~dihydroxybenzamido)-2-Tnethylpropoxy)~2-

methylquinoline-3-carfooxylate 

15 Prepared as m Example 24a from 4-amino-5-(2-amino-2-raethylpropoxy)-2-

methylqujnoline-3-earboxylate (Example 24b) and 3,5-dihydroxybenzoic acid as a yellow-brown 

solid (15%). MS 454 (MH1). 

Example 45: 4-amiiio~5-((4-(isopropykarhamoyl)cyc!ohexyi)oxy)-2-methyiquinoline-3-

20 carboxylic acid 

Prepared as in Example 1 from ethyl 4-arnino-5~((4-(isopropyicarbamoyl)cyclohexyl)-

oxy)-2~methylquinolme~3-carboxylate (Example 45a) as a white powder (71%). ' IT NMR (400 

MHz, DMSCMi) & 1.0'UU J - 6.4 Hz, 6H), 1.59-1.68 (ms 6H), 2.06-2.09 (m5 2H), 2.2-2.22 (m, 

OH 
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IH), 2.76 (s, 3H), 3.77-3.83 (m, IH), 4.96 (s, IH), 7.06 (d, J = 8.0 Hz, iH), 7.26 (d, J" = 8.4 Hz, 

IH), 7.58 (d, j - 8.0 Hz, IH), 7.65 (t, J = 8.4 Hz, IH), S.79 (brs, IH), 12,84 (brs, 2H), MS 386 

Example 45a: ethyl 4-amino-5-((4-(isopropylcarbamoyi)cyciohexyl)oxy)-2-methyl-
5 quinoline-3-carboxylate 

Prepared as in Example 2a from 4~(3-amino-2-cyanophenoxy)-A/-isopropylcyciohexane-

carboxamide (Example 45b) arid ethyl 3-oxobutanoate as a yellow solid (56%), MS 414 (MHf), 

Example 45b: 4-(3~ammo-2-cyanophe!K>xy)~Ar-isopropylcyelohexanecarboxamide 

Prepared as in Example 22b from. 4-hydroxy~Ar-isopropy]cyc]ohexanecarboxamide 

10 (Example 45c) and 2-amino-6-fluorobenzonitrile as an off-white solid (17%). *H NMR (400 

MHz, DMSO-d6)S 1.01 (d. J = 6.4 Hz, 6H), 1.47-1.57 (ra, 4H), 1.67-1.77 (m,2H), 1.89-1.93 (ra, 

2H), 2.08-2.15 (m, IB), 3.75-3.84 (m, IH), 4.57 (brs, IH), 5.93 (s, 2H), 6.19 (d, 5 = 8.0 Hz, IH), 

6.28 (d, 1 - 8.0 Hz, IH), 7.13 (t, J - 8.0 Hz, IB), 7.48 (d, J == 8.0 Hz, IH). MS 302 (MH+). 

Example 45c: 4-hydroxy-tf-isopropyicyclohexanecarboxamide 

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

amine as a colorless oil (68%). MS 186 (Ml-f). 

Prepared as in Example I from ethyl 4-amino-5-(3-((3-met.hoxybenzyi)amino)-2,2-

dimethyi-3-oxopropoxy)-2-methylquinoiine-3-carboxy]ate (Example 46a) as a white powder 

(58%). M.p.: i72-174 °C . 'H NMR (400 MHz, DMSO-ti) S 1.31 (s, 6H), 2.76 (a, 3H), 3.53 (s, 

311), 4.21 (s, 2H), 4.27 (d, .1• 5.6 Hz, 2H), 6.64 (dd, j « 8.0, 2.4 Hz, 1H), 6.69 (m, 11I), 6.72 (d, J 
25 - 8.0 Hz, IB), 6.98-7.10 (m, 2B), 7.28 (d, .1 = 8.0 Hz, IH), 7.66 (t, J = 8.0 Hz, IH), 8.47 (t, J = 

5.6 Hz, IH), 8.77 (brs, IH), 12.26 (brs, IH), 12.79 (brs, IH). MS 438 (MH*). 

Example 46a: ethyl 4-amino-5-(3-((3-methoxybenzyl)amino)-2,2-dimethyl-3-

oxooropoxy}-2--methy]qrEmolme-3"Carboxylate 
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Prepared as in Example 2a from 3-(3-amino-2-cyanophenoxy)-./V-(3-methoxybenzyl)-2,2-

dimethylpropanamide (Example 46b) and ethyl 3-oxobutanoate as a yellow solid (42%). MS 466 

(MET). 

Example 46b: 3-(3-amino~2~cyanophenoxy)-A/-(3-methoxybenzyl)-2,2-dimethyipropan-
amide 

Prepared as in Example 22b from. 3-hydroxy-N-(3-methoxybenzy1)~2,2-dimethyl-

propanamide (Example 46c) and 2-ammo-6-fluorobenzoTiitrile as a white solid (41%). MS 354 

(M If). 

Example 46c: 3-tiydroxy-N-(3-methoxyhenzyl)-2,2-dimethylpropanamide 

Prepared as in Example 24a from 3-hydroxy-2,2-dimethylpropanoic acid and (3-

methoxyphenyl)methanamme as an orange oil (41%). MS 238 (MH4). 

Example 47: 4~armno-5~(3~(cydohexylamim))-2,2-dimetfoy!~3-oxopropoxy)~2~methyl~ 

qtsinolhuK^-carboxylic acid 

Prepared as in Example I from ethyl 4-amino-5-(3-(cyclohexylamino)-2,2-diniethyl-3-

oxopropoxy)-2-methylquiiioline-3-carboxylate (Example 47a) as an off-white solid (13%). MS 
400 (MH4). 

Example 47a: ethyl 4-amino-5-(3-(cyclohexylamino)-2,2-dimcthyl-3-oxopropoxy)-2-
methylquinoline-3-carboxylate 

Prepared, as in Example 24a from 3-((4-amino-3-(ethoxycarbonyl)-2-methylquinolin-5-

yl)oxy)-2?2'dimethylpropanoie acid (Example 47b) and cyclohexanamine as a yellow-brown 

Example 47b: 3~((4-ammo-3-(ethoxycarbonyi)-2-methyiquinolm-5-yi)oxy)-2>2-dimethyi-

propanoic acid 

Prepared as in Example 2a from benzyl 3-(3~amino-2~cyaiiophenoxy)-2,2-dmiethyl-

propanoate (Example 47e) and ethyl 3-oxobutanoate as a brown solid. (80%), MS 192 (MH4). 

Example 47c: 3-(3-ammo-2-cyanopbenoxy)-2,2-diraethy]propanoaie 

solid (46%). MS 428 (MH") 
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To a solution of benzyl 3-(2-cyano-3~nitrophenoxy)-2,2-dimethylpropanoate (Example 

47d, 200 mg, 0.56 mmol) in AcOH (5 mL) was added iron powder (158 mg, 2.82 mmol) at room 
temperature. The reaction mixture was then stirred at 90 °C for 1 h. The reaction mixture was 

was cooled to room temperature then diluted with AeOEt. The precipitate was filtered off and the 

5 filtrate was successively washed with I N NaOH and brine, then dried over Na2S04, filtered and 

evaporated. The residue was purified by chromatography on silica gel (eluent; 40% EtOAc in 

hexanes) to give a title compound as a colorless oil (187 mg, 100%). MS 325 (MH4). 

10 Soc. 2IS02, 124, 9966. 6.68 g. 32.1 mmol) in dry THF (200 mL) was carefully added "Natl (60% 

in mineral oil, 3.5 g, 87.5 mmol) in small portions at 0 °C under nitrogen. The reaction mixture 

was stirred at 0 °C under nitrogen for 2 hrs. To ibis 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 quenched with brine, and extracted with EtOAc (3X). The combined 

15 organic layers were washed with brine, dried over Na2SO^. After evaporation of the solvent, the 

residue was purified by chromatography on silica gel eluting (Eiunet: 20% EtOAc in hexanes) to 

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

Example 47d: benzyl 3-(2-cyano-3-nitrophenoxy)~2,2-dirnethylpropanoate 

To a solution of benzyl 3~hydrox.y-2,2~dimethy!propanoate (Yang, D. et al. J. Am. Chem. 

Prepared as in Example 1 from ethyl 4-ammo-5-(3-(cycloheptylamino)-2,2«dimethyl-3-
oxopropoxy)-2-methyiqiimo]ine-3-carboxylate (Example 48a) as an off-white solid (12%). MS 

25 

414 (MH+). 

Example 48a: ethyl 4-ammo-5~(3-(cycloheptylamino)-2,2-dimethyl-3-oxopropoxy)-2-
methylquinoline-3-carboxylate 
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Prepared as in Example 24a from 3-((4-amino-3-(ethoxycarbonyl)-2-methylquraolin~5-

yl)oxy)-2,2-dimethylpropaiioic acid (Example 47b) and cycioheptanamine as a brown solid 

(43%), MS 456 (MH4). 

5 Example 49: 4~amm0-5-(3-(cyclooetyiamino)-2,2~dimethyI~3-oxopropoxy)-2~metfaykjwii0-

Hne-3-carboxylic acid 

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

oxopropoxy)-2-methylquinolme-3-carboxylate (Example. 49a) as an off-white solid (11%). MS 

10 428 im V). 

'Example 49a: ethyl 4-amino-5-(3~(cyclooctylammo)-2,2-dimethyl-3-oxopropoxy)-2-

methylqumoline-3-earboxylate 

Prepared as in Example 24a from 3-((4-amino-3-(ethoxycarbonyl)-2-methylqumolin-5-

yi)oxy)-2,2-dimethylpropanoic acid (Example 47b) and cyclooctanamine as a brown solid 

15 (46%). MS 456 (MH4). 

Example SO: 4~ammo-5-(3-((3-hydroxy~2,2~dimetfay}propyl)amino)-2,2~dimethyl~3~ox©pro-

poxy)-2-methyk|iikioliiie-3~earboxyIie acid 

amino)-2,2-dimetbyl-3-oxopropoxy)>2-methyiqi»nolme-3-carboxylate (Example 50a) as an off-

white solid (87%). ]H NMR (400 MHz, DMSOefe) <5 0.71 (s, 6H), 1.28 (s, 6B% 2.74 (s, 3H), 

2.97 (d, J == 6,0 Hz, 2H), 3.0 (s, 2H), 4.57 (brs, IH), 6.99 (d, J - 8.4 Hz, IH), 7.27 (d, .1 - 8.0 Hz, 

IH), 7.65 (t, J - 8.4 Hz, HI), 7.77 (t, J - 6.4 Hz, IH), 8.78 (brs, III), 12.04 (brs, 1 H), 12.82 (brs, 

25 IH). MS 404 (Mil4). 

20 

o 
Prepared as in Example 1 from ethyl 4-amino~5-(3-((3-hydroxy-2,2-dimethylpropyl)-
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Example 50a; ethyl 4-ammo-5~(3-((3-hydroxy-2,2~dimcthyipropyi)amino)-2,2-dimethyl-

3-oxopropoxy)-2-methylqiiinoline-3-carboxylatc 

Prepared as in Example 24a from 3-((4-aminO"3-(ethoxycarbonyl)-2~methy!qumoliii-5-

yl)oxy)-2,2-dimethylpropanoic acid (Example 47b) and 3-amino-2,2-dimethy Ipropan-1 -of as a 

5 brown solid (40%). MS 432 (MH1). 

Example 51: 4-ammo~5-(3-(chroman-4-ylamlno)-2,2-dimethyl-3-oxopropoxy)~2~methyI-

quinottne-3-carboxylic 

NH2 

o 

10 Prepared as in Example 1 from ethyl 4-ammo-5-(3-(chroman-4-ylamino)-2,2-dimethyf-3-

oxopropoxy)-2-methy]quinoHne-3-carboxyJate (Example 5.1a) as an off-white soiid (80%). JH 

NMR (400 MHz, DMSO-4,) S 1.31 (d, J - 4.0 Hz, 6H), 1.80-2.00 (m, 2H), 2.76 (s, 3H), 4.05-

4.19 (m, 2H), 4.24 (s, 2H), 5.10 (q, J - 6.8 Hz, IH), 6.51 (i. J - 7.6 Hz, IH), 6.89 (d, I - 8.4 Hz, 

1H), 6.94 (d, J - 8.0 Hz, 11:1), 7.01 (dd, J - 15.0, 8.4 Hz, 2H), 7.30 (d,J - 8,8 Hz, IH), 7.66 (t, J 

15 = 8.4 Hz, IH), 8.26 (d, j = 8.8 Hz, IH), 8.77 (brs, IH), 12.31 (brs, IH), 12.86 (brs, IH). MS 450 

(MH+). 

Example 51a; ethyl 4-amino-5-(3-(cliroman-4-ylamino)-2r2-dimethyl-3-oxopropoxy)-2-

methylquinoline-3-carboxylate 
Prepared as in Example 24a from 3-((4-ammo-3-(ethoxycarbonyl)-2-methylqiiinolm-5-

20 yi)oxy)-2,2-dimethylpropanoic acid (Example 47b) and chroman-4-amine (Lu, Y. et al. PCT Int. 
Appl 2008, WO 2008043019) as a brow soiid (37%). MS 478 (MH+). 

Example 52: 4-amino-5-(3-((5-ftiethdxy~l,2,3,4~tetrahydron&phthaien-l-yi)&nii:nG)-2,2-

dimetfoyl-3~oxopropoxy)-2-methylqmriolme~3-earhoxyIic acid 

HO2C 

95 



Prepared as in Example 1 from ethyl 4-ammo-5-(3-((5-methoxy~l,2,3>4~tetrahydro-

naphthaien-l-yl)amino)-2,2-dimethyl-3-oxopropoxy)~2-methylquiiioline-3-carboxylate (Example 

52a) as an off-white solid (69%). SH NMR (400 MHz. DMSO-4) S J .30 (d, J = 4.0 Hz, 6H), 

1.52-1.87 (m, 4H), 2.75 (s, 3H)> 4,22 (s, 2H), 4.95-5.05 (m, IH), 6.59 (d, J = 7.2 Hz, IH). 6.67-
6.75 (m, 2H)> 6.97 (d, J - 8.4 Hz, IH), 7.28 (a, J = 8.0 Hz, 2H), 7.64 (t, j - 8.4 Hz, IH), 8.13 (d, 

J - 8.8 Hz, Hi), 8.74 (bra, IH), 12,22 (brs, IH), 12.80 (brs, IH). MS 478 (Mf-f). 

Example 52a: ethyl 4-amino-5~(3-((5-methoxy-i,2,3,4~tetrahydronaphlhalen-l~yl)ammo) 

-2,2~dimethyl-3~oxopropoxy)~2-raethylqumolrae-3~carboxylate 

Prepared as in Example 24a .from 3-((4-amm<>-3-(ethoxycarboriy])-2-methylquinolin-5-

yl)oxy)-2,2~dimethylpropaiioic acid (Example 47b) and 5-methoxy-i,2,3,4-tet.rahydronaphtha-

len-1-amine as a brown solid (40%), MS 506 (MB"1), 

Example 53: 4-amino~5^2~(4Hmethoxybenzamido)~2Hnriethylpropoxy)-2HmethyiquinoIine-3~ 

carboxylic add 

Prepared as in Example 1 from ethyl 4~amino-5-(2-(4-methoxybenzamido)-2-rnethylpro-

poxy)-2~methylqumoiine-3-car boxy late (Example 53a) as.a white solid. MS 424 (MB"'), 

Example 53a: ethyl 4-amino-5-(2-(4-niethoxybenzamido)-2-methylpropoxy)-2-methyl-

qumoline-3-c-arboxylate 
Prepared as in Example 24a from 4-amino-5-(2-amino-2-rnethylpropoxy)-2-methylquino-

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

Example 54: 4-amino-5-(2-(2-hvdroxybenzaiiiido)-2-methylpropoxy)~2-inethyiqiiinoiIne-3-

carboxylic acitl 
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Prepared as in Example 1 from ethyl 4-amino-5-(2-(2-hydroxybenzamido)-2-methyl-

prapoxy)~2-methyiquinoline-3-carboxylate (Example 54a) as an off-white soiid. MS 4J0 (MB+). 

Example 54a: ethyl 4-ammo-5-(2-(2-hydroxybenzanaido)-2-methylpropoxy)-2-methyi-

quinoline-3-carboxylate 

Prepared as in Example 24a from 4-ami"D.o-5-(2-amino~2-metbylpropoxyV2-methylquino-

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

Example 55: 4-amino-5-(2-(3-methoxybenzainido)-2-methylpropoxy)-2-'iiiethylqumoliiie-3-

earboxyiie acid 

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

poxy)-2-methylquinoline-3-carboxylate (Example 55a) as a white solid. MS 424 (MH1), 

Example 55a: ethyl 4-amino-5-(2-(3-methoxybenzamido)~2-methylpropoxy)-2-methyi-

quinoline-3-carboxylate 

Prepared as in Example 24a front 4-anmo-5-(2-ammo-2-methylptopoxy}-2-methylquino-

line-3-carboxylate (Example 24b) and 3-methoxyhenzoic acid as a brown solid. MS 452 (MH*). 

Example 56: 4-amino-5~(2-beiizamido-2~methy]prop0xy)"2~fnethyiqumoiiiie~3-carboxy]ic 

Prepared as in Example 1 from ethyl 4-amino-5~(2-beiizamido~2-methylpropoxy)-2-

methylquinoiine-3-carboxylate (Example 56a) as a white solid. MS 394 (MH4). 

Example 56a: ethyl 4-ainino-5-(2-benzamido-2-niethy!propoxy)-2-iiiethylquinoline-3-

carboxyiate 

Me. N 

acid 



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

line-3-carboxylate (Example 24b) and benzoic acid as a brown soiid, MS 422 (MH4). 

Example 57: 4-amino~5-(2--(4-hydroxybenzamIdlo)~2-methylpropoxy)~2~methylq«inoline-3-
carboxylic acid 

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

oxy)-2-methylqiiino(me-3~carboxylate (Example 57a) as an off-white solid. MS 410 (MH4), 
Example 57a: ethyl 4-amino-5-(2~(4-hydroxybenzamido)-2-methylpropoxy)-2<-nicthyJ-

quinoline-3-carboxylate 

Prepared as in Example 24a from 4-amino-5-(2-amii)o-2-methylpropoxy)-2-methylquino-

!me-3~earboxylate (Example 24b) and 4-hydroxybenzoic acid as a brown solid. MS 438 (MH4). 

Example 58: 4-amino-5-(2-(2-fiuorobenzaniido)~2~methylpropoxy)-2-niethyiqiiinoliiie~3-

carboxylic acid 

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

propoxy}-2-methylquinoiine-3-carboxylate (Example 58a) as an off-white solid. MS 412 (MR'1). 

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

qu mol i ne- 3 -c ar boxy 1 ate 

Prepared as in Example 24a from 4-amino-5-(2-amino-2-methylpropoxy)-2-methylqi.iino-

line-3-carboxylate (Example 24b) and 2-fluorobenzoic acid as a brown soiid. MS 440 (MH4). 

Example 59: 4-amino-5~(2-(3-fliiorobesi2amido)-2-fflethylpropoxy)-2-methylqiiInoIine-3-
carboxyiic acid 

Me N 
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NH2 C F 

Prepared as in Example I from ethyi 4-amino-5-(2-(3-fluorobenzamido)-2-raethy1pro-

poxy)-2-methyiquinolrae~3-carboxyIate (Example 59a) as an off-white solid- MS 412 (MHT). 

Example 59a; ethyl 4-ammo-5-{2-(3-fluorobenzamido)-2~methylpropoxy)-2-methyl-

quinolme-3-carboxylate 

Prepared as in Example 24a from 4-aniino-5-(2-amino-2-methylpropoxy)-2-methylqiunO' 

iine-3-carboxylate (Example 24b) and 3-fhiorobenzoic acid as a brown solid. MS 440 (MH*). 

Example 60: 4-amino-5-(2-(3~hydroxy-4-methoxybeRzamldo)-2"methylpropoxy)-2-methyl~ 

cgmnGiine-3-earboxyIic acid 

Prepared as in Example 1 from ethyl 4-ammo-5-(2-(3-hydrox.y-4-methoxybenzamido)-2-

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

(MH+). 

Example 60a: ethyl 4-ainino-5-(2-(3-hydroxy-4-niethoxybenzamido)-2-rneihylpropoxy)-

2-methylquinoline-3-earboxylate 

Prepared as in Example 24a from 4-amino-5-(2-amino-2-metbyIpropoxy)-2-methylqnmo-

lme-3-carboxy'iate (Example 24b) and 3-hydroxy-4~methoxybenzoic acid as a brown solid. MS 

468 (MH*). 

Example 61: 4-amino-5-(2-(3-carbamoyIbeiizamido)-2-niethylpropoxy)-2-methylquinoline-
3-carboxylic acid 

"OMe 
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HO2C 

Me 

NH* °0^N 
H 

CONH2 

Prepared as in Exarnpk 1 from ethyl 4-amino~5-(2-(3-carbamoyVbenzamido)-2~methyl-

propoxy)-2-methy)q"uinoliiie-3-carboxyiate (Example 61a) as an off-white solid. MS 437 (Mir). 

Example 61a: ethyl 4-amino-5-(2~(3-carbamoy[hettzamido)-2-methylpropoxy)~2~inethy[-

5 qumoline- 3-carboxylate 

Prepared as in Example 24a from 4-ammo-5-(2-ammo-2-methylpropoxy)-2-mefhyiqiimo-

line-3-carboxylate (Example 24b) and 3-carbamoylbenzoic acid as a brown solid. MS 465 

10 Example 62: 4-ammo-5-(2-(2j3-dihydrobenzofb](l,4]dioxine-6-carboxamido)-2-methylpro-

poxy)»2-methylqiiiiioliiie-3"Carbc>xyiic acid 

Prepared as in Example 1 from ethyl 4-amino-5-(2-(2,3-dihydrobenzo[b][l,4]dioxine-6-

carboxarmdo)-2-methylpropoxy)-2-methylqiunoline-3-carboxylate (Example 62a) as a pale-

15 yellow solid (18%). fH NMR (400 MHz, DMSO-^) 3 1.49 (st 6H), 2.76 (s, 3H), 4.25 (m, 4I-I), 

4.48 (Sj, 2H), 6.87 (d, J - 8.8 Hz, IH), 7.06 (d, J = 7.6 Hz, IH), 739-7.26 (m, 3H), 7.67 (t, J -

7.2 Hz, IH\ 7.99 (s, 1H), 8.83 (brs, 1B")5 1231 (brs, IH), 1.2.71 (brs, IH). MS 452 (MH+). 

Example 62a: ethyl 4-amino-5-(2-(2,3~dihydrobenzo[b][l,4]dioxine~6-carboxamido)"2-

methylpropoxy)-2-methyiqumoline-3-carboxylate 

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

line-3-earboxylate (Example 24b) and 2,3-dihydrobenzo[b][j ,4]dioxine-6-carboxylic acid as a 

brown solid (60%). MS 480 (Mit). 

Example 63: 4~amiflG"5-(2-(2-ethyH>titanamido)-2~mcthylpropoxy)-2-mcthykjuiiiotine~3~ 

25 carboxylic acid 

(Mlf). 
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Me 

H02C 

Prepared a,9 in Example 1 from ethyl 4-amino-5-(2-(2-ethylbutanamido)-2-ro.elhyt-

propoxy)~2-methy1qumolme-3~carboxylaie (Example 63a) as an off-white soiid, MS 388 (MH4). 

Example 63 a: ethyl 4-amirso-5~(2-(2-ethylbutanamido)-2-methy]propoxy)-2-meihyi' 

5 quinoline~3~earboxylate 

Prepared as in Example 24a from 4-amino-5-(2-amii"jo-2-methylpropoxy)-2-methyiqui:no-

lirie-3-earboxyiate (Example 24b) arid 2~ethylbutanoic acid as a brown solid. MS 416 (Mil"1). 

Example 64: 4-ammo~5-(2~(3-metIioxypropanamido)-2-methyipropoxy)~2~methy!<p!iBolme~ 

10 3~carboxylte acid 

Prepared as in Example 1 from ethyl 4-aminoo-(2-(3~methoxypropanamido)-2-metbyl-

propoxy)-2-methykjumoline-3-earboxylate (Example 64a) as an off-white solid. MS 376 (MIT). 

Example 64a: ethyl 4-amirio-5-(2-(3-methoxypropattamido)-2-methylpropoxy)-2-methyl-

15 q u inol i ne~ 3 -carboxy late 

Prepared as in Example 24a from 4-amino~5-(2-ammo-2-methy]propoxy)-2-methy]qiuno-

line-3-carboxylate (Example 24b) and 3-methoxypropaiioic- acid as a brown solid. M.S 404 

(uir). 

20 Example 65: 4-amiiio-5-(2"bsityramii10"2-metl]yipropoxyr2-methyic|iiinoIine-3-carboxyiic 

acid 
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Prepared as in Example i from ethyl 4-amino-5-(2-butyranudo-2-me1hyJpropoxy)-2-

methylquinoline-3-earboxylate (Example 65a) as an off-white solid. MS 360 (MET). 

Example 65a: ethyl 4-amino-5-f2-butyramido-2-methyipropoxy)-2~methylquino1iiic-3' 

earboxylate 

Prepared as in Example 24a from 4-amrao-5-(2-aramo~2~methylpropoxy)-2~methyfqum<> 

Hne-3-earboxylate (Example 24b) and butyric acid as a brown solid. MS 388 (MIT1'). 

Example 66: 4~aramo-2-methy!~5-(2HmetfayI-2-(tetrahydrofaran~3~carb0xamldo)propQxy> 
e-3~earboxyise acid 

Me. 

HO2C T T \/ 0 

NH2 

10 H 

Prepared as in Example 1 from ethyl 4-amino-2-methyl~5-(2-metliyl-2-(tetrahydmfuran-

3-carboxamido)propoxy)qiimoline-3-carboxy{ate (Example 66a) as an off-white solid. MS 388 

Example 66a: ethyl 4-amino-2-methyl~5-(2-methyl~2~(tetrahydrofuran-3-carboxamido)-

i 5 propoxy)quinoline-3-carboxylate 

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

line-3-carbox.ylate (Example 24b) and tetrahydrofuran-3-carboxylic acid as a brown soiid. MS 

416 (MH1-). 

20 Example 67: 4~ammo-5-{2-(> 

Me^ „N 

HOoC 
NH2 CX 

IN T| ^-1 
H II I 

,QH 

Prepared as in Example 1 from ethyl 4~amino-5-(2-(4-(hydroxymethyl)betizamido)-2-

methylpropoxy)-2-methylqmnoline-3-carboxylate (Example 67a) as an off-white solid. MS 424 
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Example 67a: ethyl 4~amino-5-(2-(4-(hydToxymethyI)benzamido)-2-methy!propoxy)-2~ 
methylquinoline-3-carboxy]ate 

Prepared as in Example 24a from 4~ammo-5-(2-amino-2-methylpropoxy)~2-methyk[uino~ 

line-3-carboxylate (Example 24b) and 4-(hydroxymethyi)benzoic acid as a brown solid. MS 452 
5 (MH+). 

Example 68: 4~amino~5-(2~(2«methoxyacetamido)-2-fitethyIprop0xy)~2~methylqiimoliiie~3~ 
carboxylic acid 

Me. „N. 

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

poxy)-2-methylquinoline~3-carboxylate (Example 68a) as an off-white solid, MS 362 (MB'1). 

Example 68a: ethyl 4-amino-5-(2-(2-methoxyacetarnido)-2-met.hylpropoxy)-2-m.eiby]-
qumoline-3-carboxylaie 

Prepared as in Example 24a from 4-arnmo-5~(2~amim>2-methylpropoxy)-2-methylquino-

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

Example 69: 5-(2-acetamido-2-methyIpropoxy)~4-atnmo-2-metbylq«molme-3-carboxy!ic 

Me. M 

HO2C 
NH2 O 

20 Prepared as in Example 1 from ethyl 5-(2-acetamido-2-methylpropoxy)-4-ammo-2-

methylqumoline-3-carboxylate (Example 69a) as an off-white solid. MS 332 (Ml-f). 

Example 69a: ethyl 5-(2-acel:arriido-2-methylpropoxy)-4-amirio-2-rnethylquinolme-3-

earboxylate 

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

25 line-3-carboxylate (Example 24b} and acetic acid as a brown solid. MS 390 (MH"1). 
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Example 70: 4-amino-5-(2-(2»3-dfhydrobenzo(b)|l,4jdioxine-5-carboxamido)-2-methylpr0-
poxy)-2~methyk|uliioiiiie~3~carboxyUc acid 

l\ A* Ki 

Prepared as in Example I trom ethyl 4-amino-5-{2-(23-dihydrobetizo[b][l,4]dioxme-5-

carboxamido)-2-methylpropoxy)-2~methylqumoiine.-3-carboxylate (Example 70a) as an off-

white solid. MS 452 (MH4). 

Example 70a: ethyl 4-amino-5-(2-(2,3-dihydrobenzo(b](l>4]dk>xine~5-carboxamido)~2-

methylpropoxy)-2-methylquino{me-3-carboxylate 

Prepared as in Example 24a from 4-ammo-5-(2~amino-2-methy]propoxy)~2-rnethyiquino-

line-3-carboxylatc (Example 24b) and 2,3~dihydrobenzo[b][l ,4]dioxinc-5-carboxylic acid as a 

brown soiid. MS 480 (MH*). 

Example 71: 4-amino-5-(2-(3,5-dimethoxybenzamido)-2-methylpropoxy)-2-methyk|uino-

liiie-3-carboxylic acid 

Prepared as in Example 1 from ethyl 4~anmo-5-(2-(3,5~dimethoxybenzamido)-2-methyl-

propoxy)-2-mcthylquinoline-3-carboxylate (Example 71a) as an off-white solid. MS 454 (MH+). 

Example 71a: ethyl 4~amrao-5-(2-(3,5-dimcthoxybenzamido)-2-mcthyipropoxy)-2-

methylquinoline-3-carboxylate 

Prepared as in Example 24a from 4-aniino-5-(2-amino-2-raethylpropoxy)-2-methylquino-

line-3-carboxylate (Example 24b) and 3.5-dimethoxybenzoic acid as a brown solid. MS 482 

Example 72: 4-amino~5~(2~(3,4-dimethoxybenzamido)-2-methyipropoxy)-2-inethyiqiiMQ~ 

iine-3-carboxylic acid 

OMe 

"). 
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Me 

H02C' 
NHI <0^N 

H 
OMe 

'OMe 

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

propoxy)-2-methylquinoline-3-carboxyiate (Example 72a) as an off-white solid. MS 454 (MH+). 

Example 72a: ethyl 4-amino-5-(2-(3»4-dimethoxybenzamido)-2-methylpropoxy)-2-

5 methylquinoiinc-3-carboxylate 

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

line-3-carboxylate (Example 24b) and 3,4-dimethoxybenzoic- acid as a brown solid. MS 482 

(Mil). 

10 Example 73: 4~amino-5-(2-(2-(4-methoxyphenyl)acetaraido)-2-methylproposy)-2-Hiethyl-

quinoliiic-3-carboxyiic acid 

Prepared as in Example ) from ethyl 4~ammo-5~(2-(2-(4-methoxypheny])aeetamidoV2-

metiiylpropoxy)-2-methylq«moline-3-carboxy]ate (Example 73a) as an off-white solid. MS 438 

Example 73a: ethyl 4-amim>5-(2-(2-(4-methoxyphetty])aeetamido)-2-methylpropoxy)-2~ 

met by 1 qui nol i ne-3-earboxylate 

Prepared as in Example 24a from4-amim>5-(2-amino-2-methylpropoxy)~2~methytqumo-

line-3-carboxylate (Example 24b) and 2-(3.4-dimethoxyphenyI)acetie acid as a brown solid. MS 

Example 74: 4-ami«o-5-(2-(4-fliioro-3-hydroxyben2amido)-2-methylpropoxy)-2-methyl-

quiiiolioc-3-carboxyisc acid 

H 

15 (MHr). 

20 466 (MH1'). 
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Prepared as in Example 1 from ethyl 4-amino-5-(2-(4-fluoro-34iydroxybenzaraido)~2-

methyipropoxy)-2-methyiqumoiine-3-carboxylate (Example 74a) as an off-white solid. MS 428 
(MI-f)„ 

Example 74a; ethyl 4-amino~5-(2~(4-tluoro-3-hydroxybenzamido)~2~methyipropoxy)-2-
5 methylqumoline-3-earboxylate 

Prepared as in Example 24a from 4-armno~5~(2-ainino-2-methylpropoxy)-2-methylquino-

lme-3-carboxylate (Example 24b) and 4-il.iioro-3-hydroxybenzoic acid as a brown solid. MS 456 

'*)• 

.0 Example 75: 4~amirto-5~(2~(3~hydroxy~5~medidxybenzam1do)-2~roethylpropoxy)~2~methyl-

quiiiolme~3-carboxyUc acid 

OMe 

Prepared as in Example 1 from ethyl 4-amino-5-(2-(3-hydroxy-5-metboxybei)zamido) 
methylpropoxy)-2-methyIquinoline-3-carboxy}ate (Example 75a) as an off-white solid. MS 

15 (Mif). 

Example 75a: ethyl 4-ammo-5-(2-(3-bydroxy-5-methoxybenzamido)-2-methylpropoxy)-

2-methyiquinoline-3-carboxylate 

Prepared as in Example 24a from 4-amjno-5-(2-amino-2-methyipropoxy)-2-methylqumo-

line-3-carboxylate (Example 24b) and 3-hydroxy-5-metboxybenzoic acid as a brown solid. MS 

20 468 (MH+). 

Example 76: 4-amiBO-5-(2-(4-(2-hydroxyethoxy)-3-methoxybenzamido)-2-raethylpropoxy)~ 
2-metliyIqiiinoliiiC-3-carboxylic acid 

Me. .N. 

\02C T T v , 0 
NH2 O^X^A^s^OMe 

H ' " ,OH 
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Prepared as in Example i from ethyl 4-amino-5-(2-(4-(2-hydroxyctboxy)-3-mefhoxy-

benzamido)-2-methyipropoxy)-2-ineihylquinolme-3 -earboxylate (Example 76a) as an off-white 

solid. MS 484 (MH""). 

Example 76a; ethyl 4~amino-5-(2-(4-(2-hydroxyethoxy)-3-methoxybenzamido)-2-methyl 

5 -propoxy)-2-inethylquinoiine-3-carboxylate 

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

tine~3-carboxyiate (Example 24b) and 4~(2-hydroxyeihoxy)-3-methoxybenzoie acid (Uto, Y. et 

al. Bioorg. Med Chem. Lett, 2009, /9,4151.) as a brown solid. MS 512 (MB"1). 

{0 Example 77: 4-amiruH5~(2~(3~(2~hydr0xyethoxy)~4-methoxybenzaitiide)~2~meltiyIpropo*y)~ 
2~methylqumoKnt^3~carbo\y2ic acid 

Prepared as in Example 1 from ethyl. 4-amino-5-(2-(3-(2-hydroxyethoxy)-4-methoxy-

benzamido)-2-methylpropoxy)-2-methylquinoIine-3-earboxylate (Example 77a) as an off-white 

15 solid. MS 484 (MH+). 

Example 77a: ethyl 4-amino-5-(2-(3-(2-hydroxyethoxy)-4-methoxybenzamido)-2-

methyipropoxy)-2-methyiquinoline-3-c-arboxylate 

Prepared as in Example 24a from. 4-amiiio-5-(2-amino-2-methylpropoxy)-2-methylquino-

line-3-carboxylate (Example 24b) and 3-(2-hydroxyethoxy)-4-methoxybenzoic acid as a brown 

20 solid. MS 512 ("MIT"). 

Example 78: 4-aroino-5-(2-(3-(3~hydroxypropoxy)-4~methoxyben2amido)-2-methylpro-
poxy)-2~methyii|uinoline~3-carboxylic acid 
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Prepared as in Example 1 from ethyl 4-ammo-5-(2-(3-(3-hydroxypropoxy)-4-methoxy-

benzamido)-2-methyIpropoxy)-2-methylquinoline-3-carhoxyiate (Example 78a) as an off-white 

solid. MS 498 (MH'). 

Example 78a: ethyl 4-ammo~5-(2-(3-(3-bydroxypropoxy)-4-methoxybenzaniido)-2-
5 methy1propoxy)-2-methylquinoih)e-3-carboxyiaie 

Prepared as in Example 24a from 4-amino~5-(2-amirio-2-vn.ethylpropoxy)-2-methylquino-

line-3-carboxyJate (Example 24b) and 3-(3-bydroxypropoxy)-4-rneihoxybeiizoic acid as a brown 

solid MS 526 (MH4), 

10 Example 79: 4-ammo~5-(2-(4-(3-h>,droxypropoxy)-3-methoxj/benzamido)~2-methyipro-

poxy)-2-raethyk|«inoline-3-carboxylie acid 

Prepared as in Example 1 from ethyl 4-amino-5-(2-(4-(3-hydroxypropoxy)-3-methoxy-

benzamido)-2-methylpropoxy)-2-metbylqumoline-3-carboxylate (Example 79a) as an off-white 

15 solid. MS 498 (MH4). 

Example 79a: ethyl 4-amino-5~(2-(4~(3-hydroxypropoxy)-3-methoxybenzamido)-2-
methyJpropoxy)-2-methyIquino{me-3-carboxylate 

line-3-carboxylate (Example 24b) and 4-(3-hydroxypropoxy)»3-methoxybenzoic acid (Baraidi, 
20 P. G. et al. J. Med. Chem. 1999, 42, 5131.) as a brown solid. MS 526 (MH*). 

Example 80: (5)^-amino~5~(2-(2,3-dihydr0beazo[b][l,4jdioxiiie-6-carboxamido)propo]cy)~ 

2-methykjijim>iimi~3~carboxylic acid 

as in Example 24a from 4-amiiio-5~(2-ammo-2~methyIpropoxy)-2-methyfquino-
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Prepared as in Example 1 from (S')-ethyl 4-aramo-5~(2-(2,3-dihydrobenzo[b][ls4]dioxine-

6-carboxamido)propoxy)-2-mcthylquinoline-3-carboxylate (Example 80a) as an off-white solid, 

MS 438 (MH'"). 

Example 80a: (S)-ethyl 4-amino-5-(2-(2>3-dihydrobenzo[b][i,4]dioxine-6-carboxamido)-
5 propoxy)~2-methylqmnolme-3-carboxylate 

Prepared as in Example 24a from (S')-ethyi 4-aniino~5-(2-aniinopropoxy)-2-methyi-

quinoiine-3-c-arboxylate (Example 26b) and 2>3-dihydrobenzo[b][l,4]dioxine-6-carboxylic acid 

as brown solid. MS 466 (MH+). 

10 Example 81: (1y)-4-ammo-5-(2-(2»3-dihydrobenxo{b][1.,4]dioxine-5-carboxarai<Jo)propoxy)-

2-meihyk|iimo!i«e-3-carboxylic acid 
Me. 

Prepared as in Example 1 from (5)~ethyl 4-amino-5-(2-(2,3-dlhydrobenzo[b][l,4]dioxine-

5-carboxamido)propoxy)-2-methylquinolme-3-carboxylate (Example 81a) as an off-white solid. 

15 MS 438 (MET). 

Example 81a: (S)-ethyl 4-amino-5-(2-(2,3-diliydrobenzo[b][l,4]dioxine-5-carboxamido)-

propoxy)-2-methyIquinoline-3-carboxylate 

Prepared as in Example 24a from (S)-ethyt 4-ammo-5-(2-aminopropoxy)-2-methyl-

qumoline-3-earboxylate (Example 26b) and 23-dihydrobenzo[b][l,4]dioxine-5-carboxylic aeid 

20 as brown solid. MS 466 (MHr). 

Example 82: (5>4~amiiio-S~(2~(4-(2-hydroxyethoxy)-3-mefiiosyl>en2amk;k>)propoxy)-2-

methyIquiaoline-3-carboiyiic acid 
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Prepared as in Example I from (,$)~ethyi. 4-ammo-5-(2-(4-(2-hydroxyethoxy)~3-

methoxybenzamido)propoxy)-2--methyiqiiino1ine-3--carboxylate (Example 82a) as an off-white 

solid, MS 470 (MH4"). 

Example 82a: (S)-ethyl 4-ammo~5-(2-(4-(2-hydroxyethoxy>3~methoxyhenzamido)pro-

5 poxy)-2-methylquinoline-3-earboxy]ate 

Prepared as in Example 24a from (Sj-ethyl 4-amino-5-(2~arainopropoxy)-2-methyl-

quinoIine-3-carboxylate (Example 26b) and 4-(2-hydroxyethoxy)~3-iTiethoxybenzoic acid (Uto, 

Y, et al, Bioorg. Med. Chem, Lett. 2009,19,4151,) as a brown solid. MS 498 (MH*). 

10 Example 83: (5)-4~amino-5-(2-(3~(2-hydroxyet.hoxy)-4-methoxybcnzamido)propoxy)«-2-

methylqninoline-3-carboxylic add 

Prepared as in Example 1 from (S)-ethyl 4-amino~5~(2-(3-(2-hydroxyethoxy)-4-

methoxybenzarmdo)propoxy)-2~methy!qmnolme-3-earboxy]ate (Example 83a) as ari off-white 

15 solid, MS 470 (Mil'1). 

Example 83a: (S)-ethyl 4-amino-5-(2-(3-(2~hydroxyethoxy)-4~methoxybenzarnido)pro~ 

poxy)-2-methylqumolme-3-carboxylate 

Prepared as in Example 24a from (^-eihyl 4~ammo-5-(2-ammQpropoxy)~2~methyi-

quinoline-3-carboxylate (Example 26b) and 3-(2-hydroxyethoxy)-4-metlioxybenzoic acid as a 

20 brown solid. M.S 498 (MH'). 

Example 84: (S)-4-amIiio-5-(2-(3-(3-hydrox5rpropoxy>4-methoxybenzamido)propoxy)-2-
methylqiiinoihie-3-carboxyMc acid 
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Prepared as in Example 1 from (S)~ethyl 4~amino-5-(2-(3~(3-hydroxypropoxy)-4-

methoxybenzamido)propoxy>2-methylquinolme-3-carboxyiate (Example 84a) as an off-white 
solid. MS 484 {MH' ). 

Example 84a: 65>ethyl 4-amino-5-(2-(3-(3-hydroxypropoxy)-4-methoxybeii2aniido)pro-
5 poxy)-2~methyIquinoirae-3-carboxy}.ate 

Prepared as in Example 24a .from (5)-ethyl 4-amino-5~(2~aminopropoxy)-2-rnethyi-

qumoline-3-earboxylate (Example 26b) and 3-(3-hydroxypropoxy)~4-methoxybenzoic acid as a 

brown solid. MS 512 (Mil" ). 

10 Example 85: (5)-4-amino-5-(2~(4-(3-hydroxypropoxy>-3-niethoxyben2aniido)propoxy)-2-
methylq«in«line-3-carboxylic acid 

Prepared, as in Example 1 from (5)-ethyl 4~amino-5-(2-(4-(3-hydroxypropoxy)-3-

methoxybenzamido)propoxy)-2-methylquinoline-3-carboxylate (Example 85a) as an off-white 
15 solid. MS 484 (MH''). 

Example 85a: (5)-ethyl 4-amino-5-(2-(4-(3-hydroxypropoxy)-3-methoxybenzamido)pro-
poxy)-2-methylquinolme-3-carboxylate 

Prepared as in Example 24a from (.S)~efchyl 4-amir»o-5-(2-ammopropoxy)-2~methyl-

quinolme-3-carboxylate (Example 26b) and 4-(3-hydroxypropoxy)-3-rnethoxybenzoic acid 

20 (Baraldi, P, G. et al J Med. Chem. 1999, 42.„ 51.31.) as a brown solid. MS 53.2 (MH'1), 

Example 86: ($)~4~amim>~5-{2-(cydohexaitecarboxamido)propoxy)~2-metfaylqumoline~3~ 

carboxylic acid (SID 47687595) 
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Prepared as in Example I from (J?)-ethyl 4-amino-5-(2-(cyclohexanecarboxaniido)» 

propoxy)-2-methyiquinoline-3-carboxyiate (Example 86a) as a white solid (43%). lH NMR (400 

MHz, DMSO-<fc) 6 1.25-1.10 (m, 5H), 1.34-1.31 (im 2H)„ 1.69-1.62 (m, 511), 2.11-2.05 (m, IH), 

2.69 (s, 3H), 3.93 (t J - 9,2 Hz, 1H), 4.13 (dd, J = 4, 9.6 Hz, IH), 4.14-4.11 (m, 1H), 6.86 (d, J 
5 = 8.0 Hz, IH), 7.28 (d, ,7=8.4 Hz, IH), 7.49 (t, ./= 8.0 Hz, IH), 7.95 (d, J = 8.4 Hz, IH). MS 

Example 86a: (i?)-ethyl 4-amrao-5-{2-(cyclohexanecarboxamido)propoxy)-2-methyl-

quinoline-3-carboxylate 

Prepared as in Example 24a from (/?)-ethy] 4~amino-5-(2-ammopropoxy)-2-methyl~ 

10 quinolme-3-carboxylate (Example 86b) and cyclohexanecarboxylic acid as brown solid (31%). 

MS 414 (MI-f). 

Example 86b: (J?)-ethyl 4-ammo-5-(2-aminopropoxy)-2-methylqi:nnoline~3~earboxy!ate 

Prepared as in Example 2a itom (i?)-benzyl (l-(3-ammo-2-cyanophenoxy)propan-2-yl)-

earbamaEe (Example 86c) and ethyl 3-oxobutanoate as brown solid. MS 304 (MHf). 

15 Example- 86c: (i?)~benzyl (l-(3-arrtino-2-cyanophenoxy)propan-2-yl)carbamale 

Prepared as in Example 24c from (/?)-2-amino-6-(2-aminopropoxy)benzonitriie (Example 

86d) as brown solid (79%). ]H MMR {400 MHz, DMSO-^4) $ 1.12 (d,,/ - 6.4 Hz, 31-1), 3.81 (d, J 

- 8.4 Hz, IH), 3.95-3.92 (m, IH), 4.99 (s, 2H), 5.36 (s, 2EI), 5.96 (s, 20), 6.20 (d,./ = 8.0 Hz, 

IH), 6.31 (d= 8.4 Hz, 1H), 7.13 (t, J - 8.4 Bz, Ills, 7.44-7.38 (m, 5M). MS 326 (MB"'"). 

Prepared as in Example 24d from (ift-2-aminopropan-l-oI and 2-ammo~6-fluoro-

benzonitrile as brown solid (81%). 3H NMR (400 MHz, DMSO-<&) 3 1.01 (d. J - 6.5 Hz, 3H), 

3.08 (m, IH), 3.71 (d, 7-6.1 Hz, 2H), 5.95 (s, 2H), 6.15 (d, J= 8.3 Hz, ill), 6.2 (d,J=8.3Hz, 
1 H)( 7.13 (t J = 8.3 Hz, !II). M.S 192 (MH4-). 

Example 87: (tt)-4-amiB0-5-(2-(isonIcotinamido)pi'opoxy)-2-nicthyJquinoline"3-carboxylic 
acid 

86 (MH4), 

20 Example 86d: (/?)-2-amino-6-(2-aminopropoxy)benzonitri le 

25 
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Prepared as in Example 1 from (/?)-ethyl 4-animo~5-(2-(isoiiieotinamido)propoxy)-2-

methylqumoline-3-carboxylate (Example 87a) as an off-white solid (32%), lH NMR {400 MHz, 

DMSO-aV) S 1 -3 f. (d, J = 6.8 Hz,. 3H)> 2,66 (s, 3H1 4,14 (tf J - 9.2 Hz, 1H), 4.28 (dd, 7 = 3.6, 9.6 

Hz, IH), 4.70- 4.55 (m, IH), 6.92 (d, J = 8.0 Hz, IH), 7.26 (d, J - 8.4 Hz, 11-I), 7.51 (t, J - 8.4 
5 Hz, III), 7.75 (dd,,/ = 1.2, 6.0 Hz, 2H), 8.71 (dd,J= 1,2, 6.0 Hz, 2H), 8.95 (d,J=8.0Hz, IH). 

MS 409 (MH). 

Example 87a; (/?)-e(hyl 4-ammo-5-(2-(isonicotinamido)propoxy)~2~rnethylqumoline-3-

carhoxyiate 

Prepared as in Example 24a from (R)-ahy} 4~amino-5-(2-aminopropoxy)~2-methyI-

10 qumolme-3-carboxviate (Example 86b) and isonicotinie acid as brown solid (41%). MS 409 

(MH"1"). 

Example 88: (;^)~4-am3n«-5-(2-(3-hydroxybe«zamid.o)propoxy)-2-mefhylf|u!inolsiie-3~ 

carboxylic add 

Prepared as in Example 1 from (tf)-ethyi 4-aniino~5~(2-(3-hydroxybenzamido)propoxy> 

2-methylqumoline-3-carboxy1ate (Example 88a) as a white solid (51%). 'H NMR (400 MHz, 

DMSO-<4) 3 1.28 (d, J= 7.2 Hz, 3H), 2.65 (s, 3H), 4.11 (t,/ = 8.8 Hz, IH), 4.22 (dd, J= 4.0, 10 

Hz, IH), 4.65-4.55 (m, IH), 6.88 (d, J « 8.0, 2H), 7.25-7.13 (m, 4H), 7.48 (t, J~ 8.0 Hz, IH), 

20 8.49 (d, J= 8.0, IH), 9.93 (brs, IH). MS 396 (MH*). 

Example 88a: (J?>~ethyl 4-ammo-5-(2-(3-hydroxybenzamido)propoxy)-2~methyIquino-

lme-3-carboxylate 

Prepared as in Example 24a from (.ftVeihyl 4-amino-5-(2-aminopropoxy)-2-methyl-

quinoline-3-carboxylate (Example 86b) and 3 hydroxy benzoic acid as brown solid (36%). MS 

25 424 (MH4"). 

Example 89*. (5)-4-araiiio-5-((l-(cyclobexanecarbony!)pyrrolidm-2-y\)nniethoxy)-2~mcthyl-
quinolinc»3-carboxyIic acid (SI ID 47039333) 



Me 

HO2C 

Prepared as in Example 1 from (S)-ethyl 4-ammo-5-((l~(cyclohexaneearbonyi)pyrrolidin~ 

2-y])methoxy)-2-rneihylquinoline-3-carboxylate (Example 89a) as an off-white solid (31%), 'H 

NMR (400 MHz, DMSO-d6) 3 1.34-LI 1 (m, 511), 1.72-1.51 (m, 5H), 2.08-1.79 (m, 5H), 2.44-

5 2.35 (m IH), 2.52 (s, 3H), 3.55-3.45 (m, 2H), 4.02 (dd, J - 6.8, 9.2 Hz, IH), 4.17 (dd,./ - 4.8, 

10.0 Hz, IH), 4.45-4.38 (m, HI), 6.75 (d, J - 7.2 Hz), 7.1 1 (d, J --- 7.6 Hz, HI), 7.27 (t, J = 8.0 

Hz, IB). MS 412 (MI-r> 

Example 89a: (S)-ethyl 4-amino-5-((l-(cyclohexanecarbonyl}pyrrolidm-2-yl)raethoxy)-2-

methylquinoline-3-carboxylate 

10 Prepared as in Example 24a from (.Sf)-ethy] 4-amino-2-methyl-5-(pyrrolidin-2-ylmethoxy) 

-quinoline-3-carboxylate (Example 89b) and cyclohexanecarboxylic acid as brown solid (4-6%). 

MS 440 (MH4). 

Example 89b: (S)-ethyl 4-ammo-2-methyl-5~(pynx>iidm-2-yiniethoxy)quinoline-3-
carboxylate 

15 Prepared as in Example 2a from (,5')-benzyl 2~((3--amiDo-2-cyanoplieiioxy)methyl)pyri*o-

lidiiie-1 -earboxylate (Example 89c) and ethyl 3-oxobutanoate as brown solid. MS 330 (MB"). 

Prepared as in Example 24c from (JS,}-2-amino~6-(pyrrolidm-2-ylraethoxy)benzonitri]e 

(Example 89d) as brown solid (79%). MS 351 (MB1), 

Prepared as in Example 24d from (5)~pyrrolidra-2-y)rnethanol and 2-arnino~6~.fluoro-

benzonitrile as brown solid (5 j %). MS 21.8 (Mil1). 

Example 90: (i§)^-amMo~5HX1-~isobuLyryIpyrroHdin~2~yl)methGxy)-2~meiiiylqmnQiine-3-

25 carboxvlic acid 

Example 89c: (^-benzyl 2-((3-amrao-2~cyanophenoxy)metbyl)pyrrolidine-i~carboxy]ate 

20 ExaniEle^9d: (,S)-2-amino-6»(pyiTolidm-2-yimethoxy)benzonilTile 

1 14 



H02C' 
NH2 O^N' 

0 

Prepared as in Example I from (S)-ethyl 4-ai"nino-5-((l-isobiityrylpyrroIidm-2-yI)-

methoxy)-2-methylquinoline-3-carboxylate (Example 90a) as an off-white solid (39%). JH NMR 

(400 MHz, DMSO-fife) S 0.99 (dd, J~ 2.0, 6.8 Hz, 6H), 2.05-1.83 (m, 4H), 2.65 (s, 3H), 3.53 (t, J 
5 - 7.2 Hz, 2H), 4.08 (dd, J - 6,8, 10.0 Hz, IH), 4,20 (dd, J - 6.0, 10.0 Hz, 1H). 4.54 (m, IH), 

6.99 (d,7= 8,0 Hz, IH), 7.21 (d,/=8.4Hz, IH), 7.50 (t, J= 8.0 Hz , IH). MS 344 (MH+). 

Example 90a: (.SVeihy! 4-amino-5-((l -isobtuyryipymjlidm-2-yl)-methoxy)~2-methyl-

quinol me- 3 -carbox y late 

Prepared as in Example 24a from („9)-ethyl 4-amino-2-methyl-5-(pyrrolidin-2-ylmethoxy) 

10 -quinoline-3-carboxylate (Example 89b) and isobutyric acid as brown solid (46%). MS 400 

(Mi-f). 

Example 91: (S)~5-((l-acetyIpyrroIidin-2-yl)methoxy)^-amino-2HmcthyIquinoline-3-

Me^ .N 

NH2 
15 Ac 

Prepared as m Example 1 from (S)-ethyl 5~((i~acetylpyrrolidm~2-yl)metlu>xy)-4-ammo-

2-methylquinoline-3-carboxylate (Example 91a) as mi off-white solid (23%). !H NMR (400 

MHz, DMSO-cfe) 6 1.98 (s, 3H), 2.03-1.82 (m, 4H), 2.71 (s, 3H), 3.48.(1, J - 6.0 Hz, 2H), 4.05 

(dd, J - 6.4, 10.0 Hz, IH), 4.22 (dd. J= 6.8, 10.0 Hz, IH), 4.54-4.46 (m, IH)5 6.99 (d, 7=8.0 

20 Hz, UI), 7.34 (d, ,/- 8.0 Hz, IB), 7.54 (t, J™ 10.0 Hz, IH). MS 344 (Mtf). 

Example 91a: (Methyl 5-((l -acetylpyrro]idin-2-yl)methoxy)-4-ammo-2-methylquino-

lme-3-carboxylate 

Prepared as in Example 24a from (5>ethyl 4~amrao-2-methyl-5~(pyrrolidin-2-yimeftoxy) 

-quinolitie-3-carboxyIate (Example 89b) and acetic anhydride as brown solid (31%). MS 372 

25 (MTf). 
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Example 92: (!£)-4-amiBO~5~((l~(cyelohexaneearbonyl)pyrr0lidfB-2~yl)methoxy)~2~mcthy!-

qumGiine-3-carboxyHc acid 

-2-yl)methoxy)-2-methylquinoline-3-carboxylate (Example 92a) as an off-white solid (37%). B 

NMR (400 MHz, DMSO~d6) 3 1.34-1.11 (m, 5H), 1.72-1.51 (m, 5H), 2.08-1.79 (m, 511), 2.44-

2.35 (m iH), 2.52 (s, 3H), 3.55-3.45 (ra, 213), 4.02 (dd, J - 6.8, 9.2 Hz, 11:1), 4.17 (dd, J - 4.8, 

10.0 Hz, IH), 4.45-4.38 (ra, IB), 6.75 (d, J:::: 7.2 Hz), 7.11 (d, J - 7.6 Hz, IB), 121 (t, J = 8.0 

10 Hz, IH). MS 412 (MH4). 

Example 92a: (i?)-ethyl 4-amino-5-((I-(cyclohexaiiecarbonyl)pyrroiidin-2-yl)methoxy)-

2-methyIquinolme-3-carboxylate 

Prepared as in Example 24a from (ft)-ethyl 4-amino-2-methyi-5 -(pyrrolidin-2-

ylmethoxy)-quinoline-3-carboxylate (Example 92b) and cyclohexanecarboxyiic acid as brown 

15 solid (39%). MS 440 (MH"). 

Example 92b: (#)~ethyl 4-aminO"2-niethyl-5-(pyrrolidin-2-ylmethoxy)qumoline--3-

carboxylate 

Prepared as in Example 2a from, (ft)-benzyl 2-((3-ammo-2-cyanophenoxy)methyl)pyrro-

lidime-l -earboxylate (Example 92c) and ethyl 3-ox.obutanoate as brown solid. MS 330 (MH'). 

20 Example 92c: (7?)-benzyl 2-((3-ammo-2-cyanophenoxy)methyl)pyrrolidine~S.~carboxy]aie 

Prepared as in Example 24c from (i?)~2-amino-6-(pyrro!idm-2~yImethoxy)benzonitrile 

(Example 92d) as brown, solid (71%). MS 351 (MH1). 

Example 92d: (/?)-2-ami.no-6-(pyn:olidirs-2-ylmethoxy)benzonilTi].e 

Prepared as in Example 24d from (i?)~pyrrolidm-2-ylmetibanol and 2-ammo-6-fluoro-

25 benzonitrile as brown solid (57%). MS 218 (MH+), 

Example 93: (/?)-4~&mino-5-((l-isobutyrylpyrrolidin-2-y!)methoxy)-2-methylquinoHne-3-

carboxylic acid 

Me N 

Prepared as in Example 1 from (^)-ethyl 4-amino-5-((l-(cyclohexanecarbonyl)pyrrolidin 
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Prepared as in Example 1 from (/?)-ethy! 4-ammo~5-((1 -isobutyrylpyrroli din~2~yl)~ 

methoxy)-2-methylqumoiine-3-carboxylate (Example 93a) as an off-white solid (44%). lH NMR 

(400 MHZ, DMSO~d6) $ 0.99 (dd,,/- 2.0, 6.8 Hz, 611), 2.05-1.83 (m, 411), 2.65 (s, 3H), 3.53 (t, J 
5 — 7.2 Hz, 2H), 4,08 (dd, J - 6.8, 10.0 Hz, 111), 4.20 (dd, J = 6.0, 10.0 Hz, IH), 4.54 (m, IB), 

6.99 <d?./- 8.0 -Hz, IB), 7.21 (d,J- 8.4 Hz, IB), 7.50 (t,J •-* 8.0 Hz , IB). MS 344 (MB'1'). 

Example 93a: (J?)-efbyl 4-amiiio~5-((l-isobutyrylpym>iidin-2-yl)~methoxy)-2~methyl-

quinoline-3-carboxyiate 

Prepared as in Example 24a from ("i?)-etbyl 4-ammo-2-methyl-5-(pyrroiidin-2-

10 ylmethoxy)quinoline-3-carboxylate (Example 92b) and isobiityric acid as brown solid (39%). 

MS 400 (Mir). 

Example 94: (/0-5-((1-acefyIpyrroiidin-2-yl)me£foGxy)~4»amhio-2-niethylc|miiio!me-3-

carboxylic add 

Prepared as m Example 1 from {R)~ethyl 5-((l-acetylpyrroiidin-2-yl)methoxy)-4-ariimo-

2-methylquinoline-3-carboxylate (Example 94a) as an off-white solid (19%). ]H NMR (400 

MHz, DMSO-d6) S 1.98 (s, 3H), 2.034.82 (ra, 4H), 2.71 (s, 3H), 3.48 (t, J- 6.0 Hz, 2B), 4.05 

(dd, J - 6.4, 10.0 Hz. IH), 4.22. (dd,/ - 6.8, 10.0 Hz, IH), 4.54-4.46 (m, IH), 6.99 (d, J ~ 8,0 

20 Hz, 1H), 7.34 (dJ- 8.0 Hz, IH). 7.54 (t,./- lO.OBz, B1). MS 344 (MH4). 

Example 94a: {J?)-ethy! 5-((I-acetylpyrroiidin-2-y[)methoxy)-4-amlno-2-metbylqumo-

Iine-3-carboxylate 

Prepared as in Example 24a from (7?)-ethyi 4-amino-2-mcthyI~5-(pyrroiidhi-2-

ylmethoxy)quinoline-3-carboxylatc (Example 92b) and acetic anhydride as brown solid (28%). 

25 MS 372 (Mir). 
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5 Prepared as in Example I. from (S)~ethyl 4-amino-5-(2-(2-hydroxybenzamido)-3-raethy!-

bulosy)-2-methylqumo)iiie-3-carboxylate (Example 95a) as a while solid (82%). MS 424 (MIT1'). 

Example 95a; (S)-ethyl 4-amino-5-(2-(2-hydroxybenzamido)-3-raelhyibutoxy)-2-methyl-

quinolitie-3-carboxylaie 

Prepared as in Example 24a from (^-ethyl 4-amino-5-(2-amino-3-rneihylbiitoxy)-2-

10 methylquinoline-3-carboxy late (Example 95b) and 2-hydroxybenzoic acid as brown solid (56%). 

MS 452 (MIT"). 

Example 95b: (S)-ethy1 4-ammo-5-(2-amiix>-3~methylhutoxy)~2-methy1qumoline-3~ 

carboxylate 
Prepared as in Example 2a from (S)-benzyl 1 -(3-ammo-2^yanophem>xy)-3-meihylbutan-

15 2-ylcarbamate (Example 95c) and ethyl 3-oxobutanoate as brown solid (79%). MS 332 (MH'). 

Example 95c: (£)-benzyl l-(3-aiiiino-2-cyanophenoxy)-3-methyIbutan-2-ylcarbamate 

Prepared as in Example 24c from (5)-2-amino-6-(2-ammo-3-methylbutoxy)benzonitrile 

(Example 95d) as brown solid (82%). MS 354 (MH+). 

Example 95d: (iS,)-2"amino-6-(2-amino-3-methyibutoxv)benzoriitrile 

20 Prepared as in Example 24d from uS)-2-amino-3-niethylbutan~l -ol and 2-amino~6-fhioro-

benzonitrlle as brown solid (71%). MS 220 (MM'}. 

Example 96: (^-4-amino-5-(2H3-hydroxybenzamido)-3Hrnethylbuto&y)-2-methyiqumoliiie-
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»v 
Prepared as in Example 1 from (£)-ethyl 4-amino~5-(2~(3~hydroxybenzaniido)-3-meibyl-

butQxy)-2-methylqumolme-3-carboxyiate (Example 96a) as a white solid (83%). MS 424 (MH4). 

Example 96a: (S)-eihy! 4-ammo-5-(2-(3~hydrox.ybenzamido)~3~methylhutoxy)~2~methyl~ 

qiii.noline-3-carboxylate 

Prepared as in Example 24a from (S')-ethyl 4-ammo-5-(2-amvno-3~methylbutQxy)-2-

methylquinoline-3-carboxylate (Example 95b) and 3-hydroxybenzoic acid as brown solid (35%). 

MS 452 (MH"). 

Prepared as in Example i from (S)-cthyi 4-amiiio~5-(2-(2-hydroxybenzamido)biitoxy>-2-

methyJquinolme-3-carboxylate (Example 97a) as an off-white soiid (78%). MS 410 (MH4). 

Example 97a: (,SVethyl 4-amino-5-(2-(2-hydroxybenzamido)butoxy)-2-methylquinoline-
3-earboxylate 

Prepared as in Example 24a from (S)-ethyl 4-amino-5-(2~aminobutoxy)-2-methylqiiino-

linc-3-carboxylate (Example 97b) and 2-hydroxybeiizoic acid as brown soiid (46%). MS 438 

Example 97b: (S)~ethyl 4-amino-5-(2~aminobutoxy)-2-imethylquinoliiie-3-carboxylate 

Prepared as in Example 2a from (S)-benzyl I -(3-amino-2-cyanophenoxy)butan-2-

ylcarbamate (Example 97c) and ethyl 3-oxohutanoate as brown solid (75%). MS 318 (MH4). 

Example 97c: 05)-benzyl i-(3-amino-2-cyaiiophenoxy)bman-2-ylcarbamate 

Prepared as in Example 24c from (>$V2-ammo-6-(2-ammobufcoxy)benzommle (Example 

97d) as brown solid (87%). MS 340 (MH+). 

119 



Example 97d: (5)-2-araino-6-(2-aminobutoxy)benzonitrile 

Prepared as in Example 24d from (5)-2-aminobutan-l -ol and 2-ammo-6--fluoro-
benzoiiitrile as brown solid (73%). MS 206 (Ml j1). 

5 Example 98: (S)-4-ammo~5-(2~(4~(2~hydroxyethoxy)-3~metboxybeRzamido)butQxy)-2-
mefhyi€|i?im)ime-3-earboxyiie acid 

Prepared as in Example 1 from (S)~eihyl 4-ammo-5-(2-(4-(2-hydroxyethoxy)-3-metht>xy-

benzamido)butoxy)-2-metliylqumol.iiie-3-carboxylaie (Example 98a) as an off-white solid (83%). 

10 MS 484 (MH'). 

Example 98a: (Si-ethyl 4-amiiio-5-(2-(4~(24iydroxyethoxy)-3-methoxybenzamido)-

bu toxy)-2 -methyl qumoli ne- 3-earboxylate 

Prepared as in Example 24a from (.Si-ethyl 4-amino-5-(2-aiiiinobutoxy)-2-methylqiuno-

line-3-carboxylate (Example 97b) and 4-(2-hydroxyethoxy)-3-methoxybenzoic acid (Uto, Y. et 

15 al. Bioorg. Med. Chem, Lett. 2009, J9t 4151.) as brown solid (38%). MS 512 (MH~f). 

Example 99: (1S)-4-ammo-5-(2-(2,3"dliiydrobenzo[b{[l}4jdioxme-5~€arboxamido)biitoxy)-2--

mcthylquinoline-3-carboxyIic acid 

5-carboxamido)butoxy)-2~inethyiquinolme-3-carboxylate (Example 99a.) as an off-white solid 

(78%). MS 452 (MH1"). 

Example 99a: (Si-ethyl 4-ammo-5~(2-(2,3-dihydrobenzo[b][L4]dioxine-5-carboxarriido)-

butoxy)-2-methy]quinolme-3-carboxylate 

20 Prepared as in Example 1 from (S)-ethyl 4-ammo~5-(2-(2,3"diliydrobenzo[b][i>4]dioxine-
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Prepared as in Example 24a from (S)~ethyi 4-armno-5"(2-ammobiitoxy)-2-methy]quinO" 

line-3-carboxylate (Example 97b) and 2,3-dihydrobenzofb][ 1,4]dioxine-5-carboxylic acid as 

brown solid (40%). MS 480 (MB1). 

5 Example 1.00: (S)-4~amino-5-(2-(4-(3-hydroxypropoxy)-3-meth0xybenzamido)batoxy)-2~ 

methyiquinoiine-3-carboxyHc acid 

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

melhoxybenzamido)bittoxy)-2-methy]qitinoline-3-carboxyIate (Example iOOa) as an off-whiie 

10 solid (79%). MS 498 (MH+). 

Example IOOa: (Si-ethyl. 4-amipo-5-(2-(4-(34iydroxypropoxy)-3-niethoxybenzamido)-

butoxy)--2-methylqumoline-3-carboxylate 

Prepared as in Example 24a from (-S)-et'hyl 4-amino-5-(2-aminobutoxy)-2-methylquino-

line-3-carboxylate (Example 97b) and 4-(3-hydroxypropoxy)-3-metbox.ybenzoic acid (Baraldi, 

15 P. G. et al J. Med Chem. 1999, 42, 5131.) as brown solid (41%). MS 526 (MH*). 

Example 101: (S)-4-afiiijio-5~(2»(3,5-dihydroxybeii2amido)biitoxy)-2"methylqiiinoline-3-

carboxylic add 

-2-methylquinoline-3-carboxylate (Example JOla) as an off-white solid (69%). MS 426 (MH4'). 

Example 101 a: (Si-ethyl 4--amino-5-(2-(3,5--dihydroxybenzamido)butoxy)-2-methyl -

qti mol me- 3 -c arhoxyl ate 

20 

OH 

Prepared as in Exampie 1 from (Si-ethyl 4-ammo-5-(2-(3,5-dihydroxybenzanudo)butoxy) 
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Prepared as in Example 24a from (5)-ethyI 4-amino-5-(2~aminobutoxy)-2-mcthylquino-

linc-3-carboxylate (Example 97b) and 3,5-dihydroxybenzoic acid as brown solid (37%). MS 454 

(MID. 

Example 102: (i¥)-4-amino-S-{2~(2,3-dibydrobenzofb][ l,41diox!ne-6-carboxamido)butoxy)-
2-metSiyiqmno]ine-3-earboxyIic acid 

Prepared as in Example 1 from (5)-ethyl 4-amino-5-(2-(2,3-dihydrobenzo[b][ 1 s4]dioxine-

6-carboxaraido)butoxy)-2-metby!qumolme~3~carboxy1ate (Example 102a) as an off-white solid 
(7 "I %). MS 452 (MB4), 

Example 102a: (,S)~ethyJ 4-ammo-5-(2-(2,3-c1ihydrobenzo[b3[l,4]dioxine-6-carboxamido) 

butoxy)-2-methylquiuoline-3-carboxylate 

Prepared as in Example 24a from (5'j-ethyl 4-amino-5-(2-aminobutoxy)-2-methylquino-

line-3-carboxylate (Example 97b) and 2,3-dihydrobenzo[b][l>4]dioxine-6-carbox.ylie acid as 

brown solid (46%). MS 480 (MH'1). 

Example 103: (5)-4-amino-£~(2~(34iydroxybenzftmido)buimy)~2-mGthylqumolme~3-
carboxylic acid 

Prepared as in. Example 1 from (5)-ethyl 4-ammo-5-(2~(3-hydroxybenzarmdo)butoxy)-2-

methylquinolme-3-carboxylate (Example 103a) as an off-white solid (72%), MS 410 (MH'1). 

Example 103a: (,SVethyl. 4-amino-5-(2~(3~bydroxybenzamtdo)butoxy)-2-methylquino~ 

line-3-carboxylate 

Me N 
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Prepared as in Example 24a from (S)-etkyl 4-araino-5-(2-aminobutoxy)-2-methylqumo-
line-3-carboxyIate (Example 97b) and 3-hydroxybenzoic acid as brown soiid (49%). MS 438 

HO2C 
NH2 O 0 

TKV" 
id as in Example .1 from (S)-ethy] 4-amino-5-(2-(4-(3-hydroxypropoxy)-3-

metboxybenzarr)ido)~3-metbylbutoxy)-2-methylqiiinoline-3-carboxyiate (Example .104a) as an 

10 oft-white solid (69%). MS 512 (MH'), 

Examnie 104a: (5)-ethyl 4-armno-5-(2~(4~(3-hydroxypropoxy)~3-methoxybenzarnido)~3~ 

methy}butoxy)-2-rnethylquinolme-3-carboxylate 

Prepared as in Example 24a from (5>ethyl 4-amirio-5-(2-amino-3-meihylbutoxy)~2-

methylquinoline-3-carboxvlate (Example 95b) and 4-(3-hydroxypropoxy)-3-methoxybenzoic 

15 acid (Barakfi, P. G. et al. J. Med. Chem. 1999, 42,5131.) as brown solid (29%). MS 540 (MH4). 

Example .105: (SM-amino-5-(2^3,5-dihydroxybenzamido)~3-Enethyibutoxy)-2-methyl-
quinoline-3-carhoxyiic acid 

20 Prepared as in Example 1 from (S)-ethyl 4-amino-5-(2-(3,5-dihydroxybenzamido)-3-

methylbvitoxy)-2-metbyiqumoline-3-earboxylate (Example 105a) as a white solid (72%). MS 440 
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Example 105a: (.SVettoyl 4-amino-5-(2-(3>5-dihydroxybciizamido)-3-tncthylbutoxy)-2-
methylquinoline-3-carboxylate 

Prepared as in Example 24a from (5)-ethyl 4-amino-5-(2-ammo-3-mctbylbutoxy)-2-

methy]quinolme«3-carboxylate (Example 95b) and 3,5-dhydroxybenzoic acid as brown solid 
(29%). MS 468 (MH'), 

Example 106: (5)*4-amino~5-(2^2,3-dibydrobenzo[b][l,4]dioxine-5-carboxamid0)~3-
methylb«toxy)~2~methyiquinoline-3"CarboxyIie acid 

Prepared as in Example 1 from (5)-ethyl 4-amino-5-(2-(2,3*dihydfobenzo[b][l,4]dioxxne-

5~carbox^mido)-3-metbylbiitoxy)-2-methyiqiiino[ine-3-carboxylate (Example 106a) as a white 

solid (81%). MS 466 (MH+). 

Exampie 106a: (,S)-et!iy[ 4-ammo-5-(2-(2,3-dihydrobenzo[bj[K4]dioxine-5-carboxamido) 

-3-methylbutoxy>2-rnethylqimiolme~3-carboxylate 

Prepared as in Example 24a from (S)-etbyl 4-ammo-5-(2-amino-3-methylbuioxy)-2-

methylquinoline-3-carboxylate (Example 95b) and 2,3-dihydrobenzo[b][1J4]dioxme-5-
carboxylic acid as brown solid (36%). MS 494 (MH"1). 

Example 107: (>S)-4-ftinino-5-(2-(2,3-dihydrobenzo[b|[l}4]dioxiRe-6-carboxamido)-3-

methylbiit0xy)-2-methylqmiiolme~3-carboxyifc add 
Me. 
Y 1[ ^ 

HO2C'^V^Y 

Prepared as in Example .1 from (5'}-etbyl 4-amino-5-(2-(2,3-d3.hydrobenzo[bj[i.,4]diox?ne-

6-carboxamido)-3-methylbutoxy)-2-raethylquinoIine*3-carboxy]ate (Example 107a) as an off-

white solid (76%). MS 466 (MB'}. 

Me N 



Example J07a: {.Sr)--etby] 4-amino-5"(2~(2,3-dihydrobenzo[b][U4]dioxme-6-carboxaroido) 

-3-methylbutoxy)-2-methylquinoliiie-3-carboxyiatc 

Prepared as in Example 2.4a from (5)-ethyl 4-amino-5-(2-amino-3-methylbutoxy)-2-

methylC|uinolme~3 -earboxylate (Example 95b) and 2,3-dihydrobcnzo[b][l ,4]dioxine-6-
5 carboxylic acid as brown solid (29%). MS 494 (MH'5'). 

Example 108: 4-amino-5-((4~{isomc0tmamido)cyeiohexyi)methoxy)-2-methyiqninoliiie-3-
carboxvlic acid 

10 Prepared as in Example ] from ethyl 4-amino-5-((4-(jsoriicotinamido)cyclohexyl)-

methoxy)-2~methy!quinoline-3-earboxylate (Example 108a) as an off-white solid (43%). JH 

NMR (400 MHz, DMSO-d6) S 1.52 -- 2.01 (m, 811), 2.13 (m, IH), 2.74 (s, 3H), 3.99 (m, IB), 

4.18 (el J - 6.8 Hz, 20), 7.05 (d„ J - 8.0 Hz, 1H), 7.26 (d,./- 8.0 Hz, i fl), 7.66 (t,J - 8.4 Hz, 

IH), 7.71 uL,/- 6.0 Hz, 2H), 8.40 (d, J -6.8 Hz, IH), 8.71 (d,J-6,0 Hz, 20), 12.70 (brs, IH). 

15 MS 435 (MH*). 

Example ] 08a: ethyl 4-amino-5-((4-(isonicotinamido)cyciohexyl)-methoxy)-2-methyl-

quinoiiiie-3-carboxylate 

Prepared as in Example 2a from A'-(4-((3-Amino-2-cyanophenoxy)methyl)cyclohexyl)-

isonicotmamide (Example 108b) and ethyl 3-oxobutanoate as a yellow solid (25%). MS 463 

20 (MH+). 

Example 108b: A'-(4-((3-Amino-2-cvanopheiioxv)methvik'Vclohexvnisomcotinamide 

Prepared as in Example 22b from A?-(4-(Hydroxymethyl)cycIohexyl)isonicotinamide 

(Example 108c) and 2-ammo~6-fluorobenzoiiitrile as a colorless oil (6%). MS 351 (MIT"). 

Example 108c: AV4-fHvdroxvmethyl.)evclohexvl)isonicotinamide 

25 Prepared as in Example 24a from (4-Ammocyclohexyl)methanol and isonicotmic acid as 

a yellow oil (100%). MS 235 (MH1). 

Example 109: 4~amino~5~((2~meth0xycycl0faexyl)oxy)~2~methyIquin0liiie»3-carboxyHe acid 

25 



Prepared as in Example 1 .from ethyl 4-arriino-5-((2-methoxyeyclohexyi)oxy)-2-

metliylqainolixie-3-carboxylate (Example 109a) as a while solid (79%). JH NMR (400 MHz, 

DMSO-<&) S 1.20-1.68 (m, 6H), 2.16 (m, 2H), 2.78 (s, 3H), 3.34 (s, 3H), 3.58 (m, IH), 4.50 (m, 

5 11-1), 7.17 (d, J 8.4 Hz, IH), 7.29 (d, J ::: 8.4 Hz, IH), 7.67 (t, J~ 8.8 Hz, IH), 8.92 (brs, IH), 

12.14 (brs, IH), 12.86 (brs, IH). MS 33.1 (MH"1'). 

.Example 109a: ethyl 4-amino-5-((2~methoxycyc!ohexyl)oxy)-2~metbylquinoline~3-

carboxylate 

Prepared as in Example 2a from 2-Amino-6-(2-methoxycyciohexyloxy)benzonitrile 

10 (Example 109b) and ethyl 3-oxobutanoate as a pale yellow oil (16%). MS 359 (MH'1"). 

Example 109b: 2-Ammo-6~(2-methoxycyciohexyloxy)benzonitriIe 

Prepared as in Example 22b from 2-methoxycyclohexanol and 2 - am i n o ~ 6 ~ fI nor o -

benzonitrile as a yellow oil (34%). MS 247 (MPF). 

5 Example 110: 4-amin.o-5-((l~(3-hydroxybeR2oyl)piperidiR~3-yl)methoxy)-2-methylquiiioUne 

-3-carboxylic acid 
Me. M. 

Ho.c y T n ^ 
HH2 

o 
Prepared as in Example 1 from ethyl 4-amino-5-((l-(3-hydroxybenzoyl)piperidin-3-

yl)methoxy)-2-methylquinoline-3-carboxylate (Example 110a) as a white solid (35%:.). MS 436 

20 (M.H"). 

Example 110a: ethyl 4-amino-5-((l-(3-hydroxybenzoy!)piperidin-3-yl)methoxy)-2-

methylquinoline-3-carboxylate 

Prepared as in Example 24a from ethyi 4~ammo~2-methyl-5-(piperidin-3-ylmethoxy)-

quinoline-3-carboxylate (Example 110b) and 3-hydroxybenzoie acid as a white solid (34%). MS 

25 464 (MH4), 
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Example 110b: ethyl 4-ammo-2-niethyl-5-(piperidin-3-ylmethoxy)qiunolinc-3~ 

earboxylate 

Prepared as in Example 2a from benzyl 3-((3-amiiio-2-cyanophenoxy)methyl)piperidme-

1-earboxylate (Example 110c) and ethyl 3-oxobutanoate as a yellow oil (21%). MS 344 (MH*). 

Example 110c: benzyl 3~((3~amino-2-cyanophenoxy)niethyl)piperidme-1 -earboxylate 

Prepared as in Example 24c from 2~amino-6-(piperidm~3-yimethoxy)henzoTUtriIe 

(Example 1 lOd) as a yellow solid (70%). 

Example 1 IQd: 2~amino-6-(piperidm-3-ylmethox.y)berj.zonitxile 

Prepared as in Example 24d from 3-piperidinemethanol and 2-am?no-6-fl.uoro-benzo-

nitrile as a light yellow solid (27%). MS 232 (MH1"). 

jy. 

llnc-3-carboxyiic ae 

15 Prepared as in Example 1 from ethyl 4-amino-5-((l-(3-hydroxybenzoyl)piperidin-2-

yl)methoxy)-2-methylquinoline-3-carboxylate (Example Ilia) as an off-white solid (35%). JH 

NMR (400 MHz, DMSCW<0 <5 1.25-1.89 (m, 6i:I), 2.74 (s, 3H), 3.44 (m, 2H), 4.27 (m, IH), 4.75 

(m, 21:1), 5.29 (m, 111K 6.64 - 6.73 (ra, 2H), 6.78 (dtJ=- 7.2 Hz, IH), 7.18 (m, 2H), 7.26 (d, 

8.4 Hz, IB), 7.68 (m, IH), 8.87 (brs, IH), 9.73 (brs, IH), 11.96 (brs, iH), 12.70 (brs, 111). MS 

20 436 (MH4). 

Example 11 la: ethyl 4-ammo-5~((l-(3-hydroxybenzoyi)piperidin-2-yi)methoxy)-2~ 

methylquinoline-3-carboxylate 

Prepared as in Example 24a from ethyl 4-amiiio-2-methyl-5-(piperidm-2-yimethoxy)» 

quinoline-3-earboxylate (Exampie 11 lb) and 3-hydroxybenzoic acid as a white solid (28%). MS 

25 464 (MH4). 

Example 11 lb: ethyl 4~ammo~2-methy]-5~(piperidin-2-ylmethoxy)qiiinolme-3-

earboxylate 
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Prepared as in Example 2a from benzyl 2~((3~amino-2~cyanophenoxy)methyl)piperidine-

1-earboxylate (Example Hie) and ethyl 3-oxobutanoate as a eolorless oil (13%). MS 344 

Example 11 lc: benzyl 2-((3-amino-2-cyanophenoxy)methyl)piperidine-1 -earboxylate 

Prepared as in Example 24c from 2-ammo~6-(piperidm-2-yImethoxy)benzonitrile 

(Example 1 i 1 d) as a yellow solid (100%). MS 366 (MH4). 

Example 11 Id: 2-Ammo-6-(piperidin-2-ylm.ethoxy)henzomtrile 

Prepared as in Example 24d from 2-piperidineraethanol and 2-arnino~6~.fliiom-beT.izo-

nitrile as a light yellow solid (64%). MS 232 (MH+). 

Example 112: 4~amino-5^yclopropyl~2~mei1iylquinolme~3~carboxylic acid 

Prepared as in Example i from ethyl 4-ammo~5-cyclopropyl-2~methylqumoiine-3-

earboxylate (Example 112a) as a white solid (85%). lll NMR (400 MHz, MeOH-d<) S 1.03 (m, 

2H), 1.31 (m, 2H), 2.53 (m, IH), 2.81 (s, 3FI), 7.50 (m, IH), 7.58 (m, HI), 7.73 (m, IH). MS 243 

(Mir). 
Example 112a: ethyl. 4~amino-5-eyclopropyl-2-methylqinnolme-3-earboxylate 

Prepared as in Example 2a from 2-amino-6-cyclopropylbenzonitrile (Taehdjian, C. et ah 

PCT hit. Appl. 2008, WO 2008154221) and ethyl 3-oxobutanoate as a pale yellow solid (80%). 

MS 271 (MH"1). 

Example 113: 4-amlno-2-(carboxymetlryl)-5-(2-eyclohexyJethyI)q|iilnoline-3-carboxylk acid 

Prepared as in Example 1 from ethyl 4-amino-5-(2-cyelohexyl.ethyl)-2-(2-ethox.y-2-

oxoethy1)quinoline~3-earboxylate (Example 113a) as an orange solid (69%). 3H NMR (400 

MHz, DMSO-ak) <5 0.89-0.92 (m, 2H)> .1.14-1.29(01,411), 1.44-1.49 (m, 2H), 1.56-1.66 (m, 4H), 

(MH*). 



1.73-1.76 (m, IH), 3.15 (t J - 8.0 Hz, 2H), 3.70 (s, 2H), 7.09-7.11 (m, IH), 7.38-7,42 (m, IH), 

7.46-7.51 (m, 2H). MS 338 (M"H4-H2G). 

Example 113a: ethyl 4-amino-5-(2-cydohexylethyl)-2-(2-ethoxy-2-oxoethyr)q'uinoline~3~ 

earboxylate 

Prepared as in Example 2a from 2~amino-6-(2-cyck>hexylethyl)benzonitrile (Example 

3 3 3b) and diethyl 3-oxopenlanedioate as an orange solid (33%). JH NMR (400 MHz, DMSO-tfc) 

S 0.87-0.96 (ra, 2H), 1.14-1.22 (m, 7H)( 1.27-1.32 (m, 4H), 1.47-1.52 (m, 2H), 1.61-1.68 (ra, 

4H), 1.74-1.77 (ra, 2H), 3.21-3.25 (m, 2E\ 4.03 (s, 2H), 4.09 (q, J - 8.0 Hz, 2H), 4.27 (q, J - 8.0 

Hz, 2H), 7.27 (t, J - 4.0 Hz, 1H), 7.57 (d, J - 8.0 Hz, 2H), 7.63 (brs, 2H). MS 413 (MH4). 

Example 113b: 2~amrao-6-(2-eyek>hexylethyl)benzomtriIe 

Prepared as in Example 21b from 2-aroino-6~(cyc1ohexylethynyl)benzonitrile (Example 

113c) as an orange solid (36%). lE NMR (400 MHz, DMSCMs) 0.90-0.95 (m, 2H), 1.16-1.24 

(m, 4H), 1.41-1.46 (ra, 21-1), 1.60-1.75 (ra, 51-1), 2.58-2.62 (m, 2H), 5.90 (s, 2H), 6.48 (d, J = 8.0 

Hz, IH), 6.61 (d, J 8.0 Hz. IB), 7.18 (t, J -4.0 Hz, IH). MS 229 (MH4"}. 

Example 113c: 2-amirso-6-(cyclohexylethyiryl)benzonitrile 

Prepared as in Example 21c from ethynyic-yclohexane and 2-anvmo-6-bromobenzomtrile 

as a brown oil. (100%). hi NMR (400 MHz, DMSO-4J) <) 1.24-1,77 (m, 10H), 2.70 (m, IH), 6.13 

(s, 2H), 6.64 (d, J - 8.0 Hz, Hi), 6.74 (d, i - 8.0 Hz, IH), 7.22 (t, J = 8.0 Hz, IH). MS 225 

(Mirf). 

Example 114: 4-amhio-5-(3-methoxyphenyI)-2-methyiquinoIine-3-carboxylic acid 
Me. .N 

HO2C 

OMe 

Prepared as in Example I. from ethyl 4-ammo-5-(3-methoxyphenyl)-2-niethylqumolme-

3-earboxylate (Example 114a) as an off-white solid (38%). MS 309 (MH+). 

Example 114a: ethyl 4-amino-5-(3-methoxyphenyl)-2-methylquinolinc-3-carboxylate 

Prepared as in Example 2a from 3~ammo-3'-methoxy-[l , I '-biphenyl]-2~carbonitrile 

(Example .114b) and ethyl 3-oxobutanoate as a pale yellow solid (55%). MS 337 (MH*). 

Example 114b: 3-aramo-3'-methoxy-[ 1.1 '-biphenyl]-2-carbonitrile 



To a stirred solution of 2-amino-6-bromobenzonitriIe (195 mg, 1.0 mmol) and (3-

methoxyphenyl)boronic acid (300 mg, 2 mmol) in dioxane (2 mL) was added aqueous potassium 

carbonate (2.0 mmol, 0.7 mL). The reaction solution was degassed by bubbling N2 for 2 minutes. 

Palladium tetrakistriphenylphosphine (5% mol) was added to the reaction mixture and the 

5 reaction vessel was placed in a microwave reactor and irradiated at 165 °C for 20 minutes. The 

precipitate was removed by filtration and the filtrate concentrated. The residue was purified by 

HPLC (acetonitriie/water; i 0-90% gradient, 25 minutes) to give the title compound as an off-

white solid (180 mg, 80%). MS 225 (MIT). 

10 Example 1.15: 4-amiiio~5-(cyclohexylmethoxy)-2-met:bylq«iiiolme-3-carboxyiic acid 

Prepared as in Example 1 from ethyl 4-aniino-5-(cyck>hexyimethoxy)-2-niethyIquino-

lme-3-carboxylate (Example II 5a) as a white solid (84%). *H NMR (400 MHz, DMSO-40 $ 

1.03-1.29 (m, 5H), 1.63-i.82(m, 5H), 1.94 (m, IH), 2.75 (s, 3H), 4.06 (d, J - 6.4 Hz, 2H), 7.03 

15 (d, J = 8.0 Hz, IH), 7.26 (d, J = 8.4Hz, IH), 7.66 (t, J - 8.4 Hz, IB). MS 315 (MH*). 

Example 115a: ethyl 4-amino-5-(cyclohexylmethoxy)-2-methylqumolme-3-carboxylate 

Prepared as in Example 2a from 2-arnino-6-(cyclohexylmedioxy)beiizoiiitri]e (Example 

115b) and ethyl 3-oxobutanoate as a pale yellow solid (47%). JH NMR. (400 MHz, MeOD) 6 

1,12-1.37 (m, 6H), 1.42 (t, J -4.0 Hz, 3H)» 1.73-2.01 (m, 5H), 2.68 (s, 3H), 4.06 (d, J-4.0 Hz, 

20 2H), 4.42 (q} J = 8.0 Hz, 2H), 6,96 (d, J - 8,0 Hz, IH), 7.32 (d, J = 8.0 Hz, IH), 7.58 (t, J = 8.0 

Hz, 111). MS 343 (MH"). 

Prepared as in Example 22b from cyciohexylmethanol and 2-ami-no-6-fluorobenzonitrile 

as a colorless oil (50%). 3H NMR (400 MHz, CDCI3) S 1.07-1.09 (m, 2H), l.28-1.32(m, 3H), 

25 1.75-1.90 (m, 6FJ), 3.79 (d, J- 6.4 Hz, 2H), 4.37 <s, 2H), 6.20 (d, J - 8.4 Hz, IH), 6.28 (d, J = 

8.4Hz, IH), 7.19 (t, J == 8.4 Hz, IH). MS 231 (MH1). 

Example 116: 4-ammo-5-(cyclohexylmcthoxy)-2-methyiquinolme-3-carb0xyliG acid 

Example 115b: 2-ammo-6-fcvclohex.vlmethoxy)benzonitrile 
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Me 

H02C' 

Prepared as in Example 1 from ethyl 4-amrao*2-methyl-5-phenoxyquiiioline-3-

carboxylate (Example i 16a) as an off-white solid (47%). NMR. (400 MHz. DMStWg) 6 2.11 

(s, 3H), 6.60 (d, J = 4.0 Hz, IH), 7.23 (d, I = 8.0 I-Iz, 2H), 7.30 (t, J - 8.0 Hz, HI), 7.40 (dd, J = 

5 8.0 Hz, JH), 7.49 (t, J - 8.0 Hz, 2H), 7.60 (t, 5 = 8.0 Hz, IH), 8.81 (brs, IH), 12.20 (brs, 1H), 

Prepared as in Example 2a from 2-amino-6-phenoxyhenzonitrile and ethyi 3-

oxobutanoate as a yellow oil (72%). 5H NMR. (400 MHz, DMSO-d6) d 1.32 (t, J - 8.0 Hz, 3H), 

0 2.59 (s, 3H), 4.33 (q, I - 8.0 Hz, 2H), 6.61 (dd, J - 8.0 Hz, IH). 7.16 (d, J ::: 4,0 Hz, 2H), 7.25 (£, 

j - 8.0 Hz, 1H), 7.39-7.52 (rn, 4H), 7.93 (brs, 2H), MS 323 (MH*). 

Example 117: 4-ammo-5-(3-((4-metIiox:ybenzyl)amino)-2,2-dimethyl-3-oxopropoxy)-2-
methylquinoline-3-carboxylic acid 

Prepared as in Example 1 from ethyl 4-ammo-5-(3-((4-rnethoxybenzyl)armiio)~2,2-

dimcthyl-3-oxopropoxy)-2-methylqiiinoime-3-carboxylate (Example 117a) as an off-white solid 

(38%). MS 438 (MH*). 

Example 117a: ethyl 4-aiiiino-5-(3-((4-methoxybenzyl)ammo)-2>2~dimethyl-3-oxopro-

20 poxy)-2-raethylqiunoiine-3-carboxylate 
Prepared as in Exampie 24a from 3-((4-ammo-3-(ethox.ycarbor4yl)-2-methylqui\\olm-5-

yl)oxy)-2,2~dimethylpropanoic acid (Example 47b) and (4-methoxyphenyl)methanamine as a 

yellow solid (100%). MS 466 (MH*). 

12.81 (brs, IH). MS 295 (MH1). 

Example 116a: ethyl 4-amino-2-niethyl-5-phenoxyquinoline-3-carboxylate 

15 O 
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Example 118: 4~amin0-2~niethyi-5-((tetrahydro~2B-p37ran-4-yi)Gxy)qiaiiiolme-3-carboxylic 
acid 

Prepared as in Example 1 from ethyl 4-armno~2~mefhyl-5~((tetrahydro~2H-pyran-4-

5 yl)oxy)qumoHne-3-carboxylate (Example 118a) as an off-white solid (80%). ]H NMR (400 

MHz, DMSO-dy 5 1.81 (m, 2H),2.06(m, 2H), 2.75 (s, 3H), 3.87 (m, 2H),4.91 (m, !H), 7.15 (d, 

j" 8.0 i !z, 1H>, 7.26 (d, 3 - 8.0Hz, 11:1), 7.65 (t, J = 8.0 Hzs 111). MS 303 (MH4). 

Example 118a: ethyi 4-ammo-2-methyl-5-((ietrahydro-2H-pyran-4-yl)oxy)q\iiuolme-3-

carboxylate 

10 Prepared as in Example 2a from 2~araino-6-((tetrahydro-2H-pyran-4-yl)oxy)benzoriitrile 

(Example 118b) and ethyl 3-oxobutanoate as a pale yellow solid (51%). MS 331 (MH4). 

Exampie 118b: 2-ammo-6-((teirahydro-2H-pyran-4-yl)oxy)benzonitrile 

Prepared as in Example 22b from tetrahydro-2H-pyran-4-ol and 2-am.mo-6-fluorobeiizo-

nitrile as a colorless oil (48%). lH NMR (400 MHz, CDCI3) S 1.87 (in, 21-1), 2.00(m, 2B), 3.63 

15 (m, 2H), 4.00 (ra, 2H), 4.42 (s» 2H), 4.58 (m, IH), 6.23 (d, J" = 8.4Hz, IH), 6.30 (d, J=8.4 Hz, 

IB), 7.20 (i J" = 8.4 Hz, IH). MS 219 (MH"'). 

Example 119: 4~amiRO-5^2,2^imethyt-3-oxo-3-((pyridin-4-y)iiiethyi)a!iiii]o)prop0sy)-2-

methylqiiinoiine-3-carboxyIic acid 

Prepared as m Exampie 1 from ethyl 4-amirK>-5-(2,2~dimefhyl-3-oxo-3~((pyridin~4~ 

ylmethyl)araino)propoxy)-2-methyiquinoline-3-carboxylate (Example 119a) as an off-white 

solid (44%). MS 409 (MH'). 

Example 3 i 9a: ethyl 4~amim>-5-(2t2~dimethyl-3-oxo-3^(pyridm-4-y]methy1)ammo)pro-

25 poxy)-2-methylquinolrae-3-carboxylate 
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Prepared as in Example 24a from 3-((4-amino-3-(etiioxycarbonyl)-2-methylqumolin-5-

yl)oxy)-2,2-dimethylpropanoie acid (Exampie 47b) and pyridin-4-ylmethanamine as a brown 

solid (43%). MS 437 (MH"'"). 

5 Example 120: 4-amino-5-(3-hydroxy-2,2-d!methylpr0poxy)-2-methylquiBoliiie-3-carboxy'iic 

Prepared as in Example 1 from ethyl 4-amino-5-(3-hydroxy~2?2~dimethylpropoxy)-2-

methyiquinoline-3-carboxylate (Example 120a) as an off-white solid {33%). JH'NMR (400 MHz, 

10 DMSO-ck) 6 0.98 ($> 6H), 2.75 (s, 3H), 3.37 (s, 2H), 3.97 (s, 2H), 5.12 (brs, IH), 7.01 (d,J = 8.4 

Hz, IH), 7.25 (d, J = 7.6 Hz, IH), 7.66 (t, J - 8.0 Hz, IH), 9.27 (brs, IH). 12.23 (brs, IH), 12,73 

(brs, IH). M.S 305 (MH"). 

Example 120a; ethyl 4~amino~5~(3-hydroxy-2,2~dimethylpropoxy)-2~methylquinoline-3-

carboxylate 

15 Prepared as in Example 2a from 3-(3-amino~2-cyanophenoxy)-2?2-dimethylpropyl 

acetate (Tachdjian, C. et al. PCT Int. Appl. 2008. WO 2008154221) and. ethyl 3-oxobutanoate as 

a pale yellow solid (26%), MS 333 (MET). 

Example 121: 4-ammo-5~((l~isobutyryipiperidmr4-yl)metb.oxy)-2-methylquinolLne-3-

20 carboxylic acid 

Prepared as in Example 1 from ethyi 4-amino-5-(( 1 -isohutyrylpiperidin~4-yl)metboxy)-2-

methylquinoline-3-carboxylate (Example 121a) as a white solid (38%). *H NMR (400 MHz, 

DMSO-fifc) 8 0.99 (m, 6H), 1.13-1.23 (m, 2H), 1.78-1.89 (ra, 2H); 2.26 (brs, IB), 2..51 (m, IH), 

25 2.78 (brs, 3B), 2.88 (ra, 1H), 3.06 (t J - 12,0 Hz, IH), 4.02 (d, J" - 12.0 Hz, IH), 4.41 (m, 2H), 

4.44 (d, J - 12,0 Hz, IH), 7,07 (brs, IH), 7.28 (d, J - 8.0 Hz, IH), 7.70 (brs, IH), 8.76 (brs, IB), 
12.37 (brs, IH), 12.67 (brs, IB). MS 386 (iVll! ). 

acid 

133 



Example 121 a: ethyl 4-amino-5-((I4sobutyrylpiperidin-4-yl)methoxy)~2-met.hylqiiino~ 

line-3-carboxylatc 

Prepared as in Example 2a from 2-amino-6-(( 1 -(4-methoxybenzyl)piperidm~4-

yl)methoxy)benzonitrile (Example 121b) and ethyl 3-oxobutanoate as a yellow oil (36%). JH 

5 NMR (400 MHz, DMSO-efe) $ 0.97 (m, 6H), 1.32 (t, J - 8.0 Hz, 3H), 1.79-1.88 (m, 3T:I), 2,15-

2.18 (m, 2H), 2.55 (s, 3H), 2,86 (mf IH), 3.04 (m, IH), 4.00 (m, 2H), 4.07 (d, J = 4.0 Hz, 2H)» 

4,32 (q, J - 8.0 Hz, 2B), 4.46 (m, IH), 6,91 (d> J - 8.0 Hz, IH), 7.24 (d, J - 8.0 Hz, IH), 7.51 (t, 

J = 8.0 Hz, 1H), 8.07 (brs, 2H). MS 414 (MH4), 

Example [21b: 2-ammo-6-((l-(4-methox.ybenzy])piperidm-4-yl)methoxy)benzonitrile 

10 Prepared as in Example 22b frora l-(4-(hydroxymethyl)piperidm-!-yl)-2-melhylpropan-

1-one (Example 121c) and 2-ammo-6-ftuorobenzonitrile as a pale yellow solid (21%). 3H NMR 

(400 MHz, DMSO-cfc) $ 0.99 (m, 6H), 1.13-1.24 (m, 2H), 1.74-1.81 (m, 2H), 1.99 (m, IH), 2.55 

(m, IH), 2.84 (m, IH), 3.01 (m, IH), 3,88 (m, 21!), 4.02 (m, IH), 4.46 (ra, IH), 5.99 (s, 211), 

6.22 (d, J = 8.0 Hz, IH), 6.34 (d, J - 8.0 Hz, IH), 7.17 (t, J - 8.0 Hz, IH). MS 302 (MH*). 

15 Example 121c: 1 -(4-(hydroxymethyl)piperidm-l-yl)-2-methylpropan~ 1 -one 

Prepared as in Example 24a from isobiityric acid and piperidin-4-ylmethanol as a 

colorless oil (36%), MS 186 (MHh). 

Example 122: 4-amitto~5-(((lR,2S£R)-2-isopropyI-5-methylcyciohexy!)oxy)-2HmetIiylq«iiFio-

20 line-3-carboxyiic acid 

Prepared as in Example 1 from ethyi 4-amino-5-(((lR?2S,5R)~2-isopropyl~5-methyl-

cyciohexyl)oxy)-2-methylq«inoline~3-carboxylate (Example 122a) as a white solid (64%). JH 

"NMR (400 MHz, DMSO-efc) (5 0.70 (d, J - 6.8 Hz, 3H), 0.89 (t, J - 7.6 Hz, 6H), 0.9-1.0 (m, 2H), 

25 1.04 (m, 2H), 1.50-1.82 (m, 5H), 1.95-2.05 (m, IB), 2.05-2,20 (m, IH), 2.72 (s, 311), 4.52 (t-d, J 

= 10.4, 4.4 Hz, IH.), 7.13 (d, J = 8.0 Hz,-1H), 7.21 (d:, 5 = 8.0 Hz, IH), 7.61 (t, J = 8.0 Hz, 1H), 

8.68 (brs, JH), 11.72 (brs, IH), 12.73 (brs, IH). MS 3'57(MH'!). 
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Example 122a: ethyl 4~ammo-5~(((iR,2S,5R)~2-isopropyi~5~metbykyciohexyl)oxy)-2-

methyl quinol ine-3 - earboxylate 

Prepared as in Example 2a from 2-ammo-6~(((ni,2S.5R)-2-isopropyl-5~methylcyclo--

hexyl)oxy)benzonitrilc (Example 122b) and ethyl 3-oxobutanoate as a pale yellow solid (43%). 

5 MS 385 (MIT). 

Example 122b: 2-araino-6-(((lR,2S,5R)~2-isopropy]-5~methylcydohexyl)oxy)benzo-

nitrile 

Prepared as in Example 22b from (iR.2S.5R)-2-isopropyl-5-methylcydohexanol and 2-

arnino-6-fiuorobenzonitrile as a white solid (51%). MS 273 (MET). 

Example 123: 4-amino-5-(2~(3~(2-hydroxyethoxy)-5-meihoxybeii2amldo)~2-metbylpro-
poxy)-2~meihyUii!ilwo)me-3-carhoxylk acid hydrochloride 

15 methy1propoxy)-2-methylqumoline~3~earboxylic aeid (Example 38, 263 mg, 0.544 mmol) in 

EtOH (2 mL) was added HQ in EtOH (1.25 N, 479 uL, 1 ,1 equivj. The mixture was stirred at 
room temperature until it. became a clear solution (0.5 h). The solution was concentrated under 

reduced pressure to give the title compound as a white solid, which was further purified by re-

crystallization from EtOH/H^O and dried under vacuum overnight (248 mg, 87%). !H NMR (400 

20 MHz, DMSO-4) S 1.51 (s, 6H), 2.80 (s, 3H), 3.68 (t, J" ••= 5.2 1-lz, 2H), 3.74 (s, 3H), 3,97 (t J -

5.2 Hz, 1H), 4.53 (s, 2H), 6.59 (s, IH), 6.92 (s, III), 6.94 (s, JH)» 7.27 (d? J - 8.0 Hz, IH), 7.57 

(d, J - 8.4 Hz, IH), 7.86 (t, J - 8.4 Hz, IH), 8.03 (s, IH), 9.40 (s, IH), 9.98 (s, IH). 484 (MH4-

I-FCl). 

25 Example 124: 4~aimno~5~(cyclopentyimelboxy)-2-methyIqumoline-3~carbQxylic acid 

hydrochloride 

10 

OMe 

To a stirred suspension of 4-amino-5-(2-(3-(2-hydroxyethoxy)~5-methoxybenzamido)~2-
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Me 

HO2C 

HC! 

Prepared as in Example 12.3 from. 4-amin0~5-(eyc]opentyJmeihoxy)»2~methylqumoiine-3-
carboxylic acid (Example 18) as a white solid (100%). NMR. (400 MHz, DMSO-cfc) $ 1.29-

3.37 (m,2H), I.5M.66 Cm, 4H), 1.82-1.90 (m, 2H), 2.43-2.51 (m, IH), 2.81 (s, 3H), 4.18 (d, J" = 

5 7.2 Hz, 2H), 7.24 (d, i" *= 8.4 Hz, iH), 7.60 (d, J" - 8.4 Hz, 1H), 7.84 (t, J" = 8.4 Hz, iH), 9.25 (brs, 

IH), 9.86 (brs, IH). MS 301 (MHf-HCl). 

Exampie 125: 4~amiiio~5-((l«(4"-methoxybenzyl)piperidm-4~yI)methoxy)-2-methylq«inoliiie-

3-carboxylie acid 

Prepared as in Example 1 from ethyl 4-amino-5-((I~(4-methoxybenzyl)piperidm-4'-

yl)methoxy)-2-methyiqumoiine-3-carboxylate (Example 125a) as a white soiid (23%). 'II NMR 

(400 MHz, DlvlSO-4} S 1.67 (brs, 2H), 2.09 (ra, 2H), 2.31 (brs, IH), 2.92 (brs, 2H), 3.48 (brs, 

211), 3.82 (s, 31-3), 4.15 (brs, 2H), 4.25 (d, J" - 8.0 Hz, 2H)( 7.02 (d, J = 8.0 Hz, 2H), 7.14 (d, J -

15 8.0 Hz. IH), 7.30 (d, J' = 8.0 Hz, IH), 7.42 (d, J = 8.0 Hz, 2H), 7.76 (t, I = 8.0 Hz, IH). MS 436 

(MHO-
Example 125a; ethyl 4-amino-5-((l-(4-iriethoxybenz>'l)piperidin-4-yl)methoxy)-2" 

methylquinoline-3-carboxylate 

Prepared as in Exampie 2a from 2-arnino-6~((l-(4-methoxybenzyl)piperidin-4-

20 yl)methoxy)benzonitrile (Example 125b) and ethyl 3-oxobutanoate as an off-white solid (30%), 
!H NMR (400 MHz, DMSO-aV) $ 1.29-1.33 (in, 5H), 1.74 (m, 2H), ] .92 (m, 3H), 2.54 (s, 3H), 
2.83 (m, 2H), 3.38 (s, 2H), 3.71 (s, 3H), 4.04 (d, J - 8.0 Hz, 2H), 4.31 (q, J - 8,0 Hz, 2H), 6.86 

(d, J - 8.0 Hz, 2H), 6.90 (d, J - 8.0 Hz, IH), 7.19 (d, J - 8.0 Hz, 2H), 7.23 (d, J = 8.0 Hz, IH), 
7.50 (t, J == 8.0 Hz, IH), 8.04 (brs, 2H). MS 464 (MH4). 

25 Example 1.25b: 2-amino-6~((l -(4-metbox.ybenzyl)piperidiT.i-4-y])melhoxy)berizoniirile 
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Prepared as in Example 22b from (l-(4-mGthoxybenzyi)piperidin-4-yl)methanol 

(Exampie 125c) and 2-ammo-6-fluorobenzonitrile as an orange solid (19%), MS 352 (MHO-

Example 125c: (1 ~(4-methoxybenzyl)piperidin-4-yl)methanol 

To a solution of 4-piperidinemethanol (2.28 g, 19.78 mmol) and 4-methoxybenzaldehyde 

(2.30 mL, 19,77 mmol) in THF/DCE (1:1 by volume, i 00 mL) was added acetic acid (1 mL), 

followed by NaBH(OAc)i (16.76 g, 79.08 mmol) in small portions. The reaction mixture was 

stirred at room temperature overnight under N>. The reaction was diluted with DCM and 

basified to pH = 10 with 2 N NaOH solution. The organic layer was separated, dried over 

NaaSO-i, filtered and evaporated under reduced pressure. The residue was purified by 

chromatography on silica gel (Eluent: 60% EtOAc in hexanes) to give the title compound as a 

pale yellow oil (2.13 g, 46%). *H NMR (400 MHz, DMSO-d6) S 1.04-1.13 (m, 2H), 1.28-1.32 

(m, IH), 1.58-1.61 (m, 211), 1.79-1.86 (ra, 2H), 2.75-2.77 (m, 2H), 3.22 (t, J - 8.0 Hz, 2H), 3.34 

(s, 2H), 3.72 (s, 31:1), 4.38 (t, J - 4.0 Hz, Hi), 6.85 (d, J - 8.0 Hz, 2H), 7.16 (d, J - 8.0 Hz, 2H). 

MS 236 

Example 126: 4-ammo-5-((4-(isopropylcarbamoyl)cyclohexyl)iwethoxy)-2-metliylquinolmc-

3~carboxylic acid 

Prepared as in Example 1 from ethyl 4-amino-5-((4-(isopropylcarbamoyl)cyck)hexyl)-

methoxy)-2-methyiquino!me-3-carboxylate (Example 126a) as a yellow solid (76%). 3H NMR 

(400 MHz, DMSO-c/<s) 8 1.00 (d, J= 6.8 Hz, 6H), 1.15 - 2.32 (m, 10H), 2.75 (s, 3H), 3.82 (o, J 

= 7.6 Hz, IH), 4.16 (d, J -6.8 Hz, 2H), 7.07 (br d, J - 7.2 Hz, IH), 7.25 (d, J = 8.0 Hz, IH), 

7.49 (d, J ~ 7.6 Hz, IH), 7.67 (br t, iH), 8.77 (s, IB), 12.23 (s, IH), 12.66" (s, IM). MS 400 

Example 126a: ethyl 4-amino-5-((4~(isopropylearbaraoyl)cyck>hexyi)rnethoxy)~2~ 

methykjumoline-3-carboxylate 

Prepared as in Example 2a from 4-((3-armno-2-cyanophenoxy)methyl)-N~isopropyl~ 

cyclohexanecarboxamide (Example 126b) and ethyl 3-oxobutanoate as a pale yellow solid 
(37%). lH NMR (400 MHz, DMSO-40 S 1.01 (d, J = 6.4 Hz, 6H), 132 (t, J - 7.2 Hz, 3H), 
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1.38-1.8! (m, 8H), 1.88 (111 IH), 2.25 (m, IH), 2.55 (s, 3H), 3.82 (bro, J= 7.6 Hz, IH), 4.10 (d, 

J - 6.4 Hz, 2H), 4.31 (q, J - 7.6 Hz, 2H), 6.93 (d, J= 7.6 Hz, IH), 7.22 (d,/== 8.8 Hz, IH), 7.50 

(m, 2H), 8.09 (s, 2H). MS 428 (MH4). 

Example 126b: 4-((3-amino-2-cyaiiopheiioxy)iiie1:hyl)~N-isopropylcyclohexanccarbox-

5 amide 

Prepared as in Example 21b from 4-((2-cyano-3-nit.rophenoxy)methyl)-.iV-isoprop]ycyclo-

hesanecarboxamide (Example 126c) as a yellow solid (8! %), 'H NMR (400 MHz, DMSO-;:/f>) (5 

0.99 (d, J = 5.6 Hz, 6H), 1.22 - 1.99 (m, 9H), 2.17 (m, IH), 3.80 (m, IH), 3.88 (d, .7=7.2 Hz, 

2H), 5.94 (brs, 2H), 6.18 (t, /= 8.0 Hz, IH), 6.23 (dtJ= 8.0 Hz, IH), 6.31 (d,J- 8.8 Hz, IH), 

10 7.44 (s, IH). MS 316 (H1). 

Example 126c: 4-((2-cyano-3-mtrophenoxy)melhy]~N-isopropylcyclohexancarboxamide 

To a solution of 4-(hydroxymethyl)-N4sopropylcyeIohexanecarboxamide (Example 

126d, 480 mg, 2.41 mmol) in dry THF (10 mL) was added NaH (60% in mineral oil, 116 mg, 

4.82 mmol) in small portions at 0 °C under N>. The reaction mixture was stirred at 0 °C under 

15 N2 for 2 h. To this solution was added 2,6-dinitrobenzonitrile (465 mg, 2.41 mmol), and the 

reaction mixture was stirred at 0 °C - RT for another 2 h, and then at 60 °C overnight under N2 

and cooled down to room temperature. The reaction was quenched with brine, and extracted with 

EtOAc (3X). The combined organic layers were washed with brine,, dried over Na^SO,*, filtered, 

and evaporated under reduced pressure. The residue was purified by chromatography on silica 

20 gel (eluent: 50% EtOAc in hexanes) to give the title compound as yellow solid (594 mg, 71%), 
!H NMR (400 MHz, DMSO-«fc) <5 LOO (d, J = 7.6 Hz, 6H), 1,22-2.08 (m, 9H), 2.19 (m, IH), 

3.79 (m, IH), 4,15 (d, J = 7.6 Hz, 2H), 7.45 (brs, iH), 7.78 (d, J~ 12 Hz, IH), 7.88 (m, 2H). 

MS 346 (H"). 

Example 126d: 4-(hydroxyrnethyI)-N-isopropylcyclohexanecarboxamide 

25 Prepared as in Example 24a from 4-(hydroxymethyl)eyelohexanecarboxylie acid and 

propan-2-amme as a colorless oil (57%). !H NMR (400 MHz, DMSO~c4) 6 1.00 (d, 7=7.6 Hz, 

6H), 1.22-2.08 (m, 9H), 2.12 (m, IH), 3.28 (t, 7.6 Hz, 2H), 3.79 (m,lH), 4.34 (s, 1H),7,43 (s, 

IH). MS 200 (MH+), 

30 Example 127: 4-araino~5-(cycIohexyloxy)~2-i«ethyUi«molme-3-carboxyIic acid 

hydrochloride 
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'2' 
NH2 O 
HCI 

To a suspension of 4-ammo~5-(eyclohexyloxy)-2~methylqurnoime-3-carboxylic acid 

(Example 36, 1.0 g, 3.33 mmol) in efchanol (10 mL) was added 1.25 M solution of BC1 in ethanol 

(2.93 mL, 3.66 mmol). The dear sohition was stirred for 30 minutes and evaporated io dryness to 

5 provide 4-ammo-5-(cyelohexy{oxy)-2~methylqumolme-3-earboxylic acid hydrochloride (1.12 g> 

100%) as a white solid. !B NMR (400 MHz, DMSO-flfc) <5 1.30 (m, IB), 1.39-1.47 (m, 2FS), 1,53-

1.72 (m, 5H), 2.01-2.05 (m, 2B\ 2.82 (s, 3B), 4.78-4.82 (m, IH), 7.29-7.31 (d, J - 8.0 Hz, 1H), 

7.61-7.63 (d, J - 8.0 Hz, IH), 7.82 (t, J = 8.4 Hz, IH), 9.30 (bs, IH), 9.93 (bs, IH). MS 301 

(MH'-HCl). 

To a solution of 4-amino-5-(eyclohexyloxy)~2-methylqmnolme-3-carboxy]ic acid 

(Example 36, 1.0 g, 3.33 mmol) in ethanol (20 mL) was added a solution of NaHCOj (294 mg, 
15 3.50 mrnol) in water (15 mL). The mixture was stirred and warmed up to 60 °C until the 

solution become dear then evaporated to dryness to provide sodium 4-amino-5-(cyclohexyloxy)-

2-methylquinolme-3-carboxylate (1.07 g„ 100%) as a white solid. lM NMR (400 MHz, 

DMSCWtf) 3 1.25-1.45 (m, 3H), 1.50-1.70 (m, 5H), 1.53-1.72 (m, 511), 1.98-2.00 (m, 2H), 2.64 

(s, 31-1), 4.59-4.63 (m, IH), 6.87-6.89 (d, j - 7.6 Hz, IB), 7.20-7.22 (d, i" - 8.0 Hz, IH), 7.42 (t, J 
20 = 8.0 Hz, IH). MS 301 (MB4+H-Na). 

Exampie 129: (±)-4-amiiio-5-((2-(5-(isopropylcarbamoyl)-2-methoxypheno^,)cyc]ohexyl)-
oxy)-2-methyiquinoi]iie~3-carboxyiic acid 

10 

Example 128: sodium 4-amino-5-(cyciohexylGxy)-2~methylqiHnoline-3-carboxylatc 
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Prepared as in Exampie 1 from (±)~ethyl 4-amino-5-((2-(5-(isopropylcarbamoyl)-2-

methoxypheTioxy)cyclohexyl)oxy)-2-m.elhylquino[iTie-3-carboxy]ate (Example 129a) as a white 

soiid (34%). }H NMR (400 MHz, DMSCMs) <5 1.35 (d,J = 8.0 Hz, 6H), 1.35-1.51 (m, 3H), 1.63-

5 1.73 (in, 3H), 2.09 (d, J - 12.0 Hz, 111), 2.24 (d, J - 12.0 Hz, IH), 2.72 (s, 3H), 3.56 (s, 3H), 

3.99-4.07 (m, 1H), 4.71-4.78 (m, 2H), 6.85 (d, J = 8.0 Hz, IH), 7.24 (d, J = 32.0 Hz, 2H), 7.42 

(dd, J' - 8.0 Hz, IH), 7.46 (d, J = 8.0 Hz, IH), 7.66 (t, I - 8.0 Hz, IH), 8.03 (d, J = 8.0 Hz, IH), 

8.64 (brs, IH), 12.00 (hrs, IH), 12.61 (brs, IH). MS 508 (MH+). 

Example 129a: (±)-ethyl 4-amino-5-((2-(5-(isopropylcarbaraoyi)-2-inethoxyphenoxy)-

10 cyciohexyl)oxy)-2-methylq«inoline-3 -earboxylate 

Prepared as in Example 2a from (±)-3-((2-(3-amino-2-cyanophenoxy)cyciohexyl)oxy)-N-

isopropyl-4-methoxybenzamide (Example 129b) and ethyl 3-oxobutanoate as a yellow soiid 

(78%). MS 536 (MH+). 

Example 129b: (±)~3~((2~(3~ammo-2-cyanophenoxy)cyclohexyl)oxy)-N-isopropyl-4-

15 methoxybenzarnide 

Prepared as in Example 2ib from (±)-3-((2-(2-eyano-3-nitrophenoxy)cyclohexyl)oxy)-N-

isopropyJ-4-methoxybenzamide (Example 129c) as a brown oil (29%). lH NMR (400 MHz, 

-d6) S 1.13-1.19 (m, 6H), 1.42-1.66 (m, 6H), 2.02-2.07 (m, 2H), 3.74 (s, 3H), 4,08 (m, 

, 4.47 (m, IH), 4.57 (m, IH), 5,93 (brs, 211), 6.32 (d, J - 8.0 Hz, IH), 6.38 (4 J = 8.0 Hz, 

20 iH), 7.00 (d, J = 8.0 Hz, IH), 7.17 (t, J - 8.0 Hz, IH), 7.48-7.50 (m, 2H), 7.98 (d, J - 8.0 Hz, 

IH). MS 424 (MH"). 

Example 129c: (±)~3-((2-(2~cyano-3-nitrophenoxy)oyclobexyl)oxy)-N~isopropy]-4-

methoxyhenzamide 

Prepared as in Example 126c from (±)-3-((2-liydroxycyclohexyl)oxy)-N-isopropy!-4~ 

25 methoxybenzarnide (Example 129d) and 2,6-dHiitrobenzomfcrile as a brown solid (100%). MS 

454 (MH4). 

Example 129d: (±)-3-((2-hydroxycyciohexyl)oxy)-N-isopropyi-4-metboxybenzarnide 
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Prepared as in Exampie 24a from (±)-3-({2-hydroxycyclohexyl)oxy)-4-methoxybenzoie 

acid (Example 129e) and propan-2-amine as a while soiid (80%), !H "NMR (400 MHz, DMSO 

d6) 3 1.14 (d, 3- 8.0 Hz, 6H), 1.25-1.30 (mt 4H), 1.61 (m, 2H), 1.85 (m, 2H), 3.56 (m, IH), 3.79 

fs, 3H), 4.03-4.12 (m, 2H), 4,81 (d, 3 - 4.0 Hz, IH), 6.98 (d, J = 8.0 Hz, IH), 7.45-7.49 (m, 211), 
5 8.01 (d, J - 8,0 Hz, IH). MS 308 (MH"1"). 

Example 129e: (=b)-3-((2-hydroxycyclohexyl)oxy)-4~methoxybenxoic acid 

Prepared as in Example I from (±)~efhyl 3-((2-hydroxycyclohexyl)oxy)-4-methoxy-

benzoate (Example 129f) as a white solid (100%), ]H "NMR (400 MHz, DMSCMs) S i.23-1.25 

(m, 4H), 1.59 (brs, 2H), 1.88 (m, 2H), 3,53 (m, Hi), 3.72 (s, 3H), 3.92 (m, IH), 4.73 (d, 3 - 4.0 

10 Hz, IH), 6,82 (d, J - 8,0 Hz, I H), 7.39 (dd, 3 = 4.0 Hz, IH), 7.48 (d, J - 4.0 Hz, 1H). 

Example i29f: (db)~ethy1 3-((2-hydroxycyclohexyl)oxy)~4-methoxy-benzoate 

To a solution of methyl 3~hydroxy-4-rnethoxybenzoate (210 mg, 1.15 mmol) and 

cyclohexane oxide (466 uL, 4.61 mmol) in ethanol (11 mL) was added K2CO3 (637 mg, 4.61 

mrnol) at room temperature. The reaction mixture was then refiuxed overnight then cooled down 

15 to room temperature, and evapotreted under reduced pressure until a small amount of ethanol 

remained. The solution was diluted with DCM and successively washed with IN ITCI and brine, 

dried over Na2SC>4 filtered and evaporated under reduced pressure. The residue was purified by 

chromatography on silica gel (Eluent: 0-20% EtOAc/Hexanes) to afford (±)~ethyl 3-((2-

hydroxyeyclohexyl)oxy)-4-methoxy-benzoate as a colorless oil (307 mg, 91%). !1:1 NMR (400 

20 MHz, DMSO-efe) $ 1.16-1.34 (m, 70), 1.61 (m, 2H), 1.84-1.94 (m, 2H)f 3.55 (m, IH"), 3.83 (s, 

31-1), 4.03 (m, lH), 4.28 (q, J - 8.0 Hz, 2H), 4.85 (d, 3 - 4.0 Hz, IH), 7.05 (d, j - 12.0 Hz, IH), 

7.55-7.58 fm,2H). 

Exampie 130: 4-amino-5-(cycIohexyloxy)-2-(hydroxyinet:hyl)qumoline-3-carboxylic acid 

Prepared as in Example 1 from 9-amino-8-fcyclohexyloxy)furo[3,4-b]quino]in-i(3H)-one 

(Example 130a) as a tan powder (44%). ]H NMR (400 MHz, DMSO-4*) $ 1.27-1.46 (m, 21-1). 

25 
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1.53-1.71 (m, 6H), 2.00-2.04 (m, 2H)# 4.70 (m, IH), 4.87 (s, 2H), 7.10 (d, J = 8.0 Hz, IH), 7.58 

(d, J = 8.0 Hz, IH), 7.64 (t, J - 8.0 Hz, IB), 8.74 (brs, iH), 11.90 (brs, Hi). MS 317 (MH*). 

Example 130a.: 9-ammo-8-(cyclohexyloxy)furo[3>4-b]qumolm-l(3H)-one 

Prepared as in Example 2a from 2-ammo-6-(cyc!ohexyloxy)benzomtrile ("Example 36b) 

5 and ethyl 4-chloro-3-oxobutanoate as an orange solid (29%). 3H NMR (400 MHz, DMSO-tifa) 3 
1.30-1.72 (ra, 8H), 2.04-2.08 (m, 2U), 4,70 (m, IH), 5.26 (s, 2H), 7.09 (d, J = 8.0 Hz, 1H), 7.36 

(d, J - 8.0 Hz, IH), 7.64 (m, 2H), 8.14 (brs, IH). MS 299 (MH+), 

Example 131: 1~amino-3-methyi-6bJ,8,9J0v10a~hexaliydroberi/.ofuro[2,3-f]qtiinoHne'~2-

10 carboxylic acid 

Prepared as in Exampie 1 from ethyl l-ammo-3-methy]-6b,7,8,9,10,10a-hexahydro-

henzofuro[2,3-f|qiimoline-2-carhoxyiate (Example 131a) as an off-white solid (28%). !H NMR 

(400 MHz, DMSO-£/6) 6 1.35-1.48 (m, 4H), 1.87-1.97 (m, 4H), 2.76 (s, 3H)t 3.38 (m IH), 5.03 

15 (ra IH), 7.20 id. J - 8 Hz, IH), 7.61 (d, J - 8 Hz, IH). MS 299 (MH*). 

Example 131a: ethyl 1 -amino-3-methyl-6b,7,8,9,10,]0a-hexahydrobenzofuro['2,3-

fjquinoiine-2-carboxylate 

Prepared as in Example 2a from 2-amino-6-(c.yciohex-2-en-1 ~yloxy)benzonitriIe 

(Example 131b) and ethyl 3-oxobutanoate as a pale yellow soiid (11 %). MS 327 (MH+). 

20 Exampie 131b: 2-amino-6-(cyciohex-2-en-l -yloxy)benzonitrile 

Prepared as in Example 22b from cyclohex-2-enol and 2-amioo-6-fluorobenzonitri]e as a 

colorless oil (78%). 'H NMR (400 MHz, CDCI.3) 3 1.64 (m, IH), 1.96 (m, 4H), 2.15 (m, 1H), 

4.39 (s, 2H), 4.82 fin, IH), 5.87 "(m, IH), 5.98 (m, IH), 6.30 (d, 2H), 7.20 (t IH). • MS 215 

(MH"). 

25 

Example 132: 4-amino-3~earbGxy-5~(cyciohexyloxy)-2-methyiqiiinulliie 1-oxide 



o 

Prepared as in Example 1 from 4-(N-acetylacetamido)-5«(cyclohexyloxy)-3-(ethoxy-

carbonyl)-2-methylquiiioline 1-oxide (Example 132a) as a white solid (38%). 'H NMR. (400 

MHz, DMS0-el6).S 1.31-1.68 (m, 8H)> 1.98-2.04 (m, 2H), 2.69 (s,3H), 4.71 (m, IH), 7.20 (d, J = 

5 8.0 Hz, IH), 7.67 (t, J - 8.0 Hz, IH), 7.87 (d, J - 8.0 Hz, iH"), 8.75 (brs, 2H). MS 317 (MH*). 

Example 132a: 4-(N~acetylacetamido)-5-(eyclohexyioxy)-3-(ethoxycarhonyi)-2-methyl-

quinoline i-oxide 

To a solution of ethyl 4-(A?-acetylacetamido)-5-(cyclohexyjoxy)-2-methy]quinoline-3-

carboxylate (Example 132b, 100 mg, 0.24 mmol) in DCE (5 mL) was added mC'PBA (163 mg, 

10 0.73 rnmol). The reaction mixture was stirred at room temperature overnight under N->. The 

solvent was removed under reduce pressure, and the residue was purified by chromatography on 

silica gel eluting with 0-100% EtOAc/Hexanes gradient to give the title compound as an orange 

oil (100 rng, 97%). MS 429 (MH4). 

Example 132b: ethyi 4-(Ar-aceLyiacetamido)-5-(cyclohexyloxy)-2-methylquiiioHne-3-

15 earboxylate 

To a solution of ethyl 4~amino~5~(eydohexyloxy)~2~mefhylqumolme~3~carboxy]at:e 
(Example 36a, 700 mg, 2.13 inmol) and EtsN (891 uL, 6.39 mmol) in DCM' (20 mL) was added 

acetyl chloride (455 uL, 6.39 mmol) at 0 °C> and the reaction mixture was stirred at 0 °C RT 

overnight The reaction was diluted with DCM and washed successively with .10% citric acid, 

20 saturated NaOCOs, ILO, and brine, dried over Na^SO^ filtered and evaporated under 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 mg, 11%). MS 413 
(Mif). 

25 "Example 133: 4-ammo-5-((2»3-dlhydroxycyclohexyl)oxy)-2-««ethylqwiiioline-3-^arboxyIic 
acid 
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yl)oxy)cye1ohexane~1,2-diyl diacetate (Example 133a) as a white solid (74%). !H NMR (400 

MHz, DMSCMJ) <$ 1.42-1.50 (m, 3H), 1.66-1.70 (m, 2U\ 2.12-2.15 (m, IH), 2.74 (s, 3H), 3.71-

5 3.73 (m, IH), 3.90 (s, IH), 4.60-4.62 (m, IH), 4.71 (hrs, IH), 5.18 (hrs, iH), 7,06 (d, J = 8 llz, 

IH), 7.24 (d, J - 8 Hz, IH), 7.60 (t, J = 8.4 Hz, IH). MS 333 (MH1). 

Example 133a: 3~((4-amim>3-(ethoxyearboriyl)-2-msthylquiiiolm-5-yl)oxy)eyeiohexane-

1,2-diyl diacetate 

Prepared as in Example 2a from 3-(3-arnino-2-c-yanopherjoxy)cyclohexane-l ,2-diyl 

10 diacetate (Example 133b) and ethyl 3-oxobutanoate as a pale yellow solid (32%). MS 445 

Example 133b: 3-(3-ammo-2-eyanophenoxy)cyclohexane~.f ,2-diyl diacetate 

Prepared as in Example 21b from 3-(2-cyano-3-nitrophenoxy)cyclohexane-l,2-diyl 

diacetate (Example 133c) as a white solid (84%). MS 333 (MH"1"). 

15 Example 133c: 3-(2-eyano-3-nitrophenoxy)cyclohexanc-l ,2-diyl diacetate 

Prepared as in Example 132b from 2-((2,3-dihydroxycyciohexyl)oxy)-6-nitrobenzonitrile 

(Example 133d) and acetyl chloride as a white solid (19%). MS 363 (MHf). 

Example 133d: 2-((2,3-dihydroxycyclohexyDoxy)-6-nitrobenzonitrile 

To a solution of 2~(cyciohex-2~en-I.-yloxy)-6-nitrobcnzonitrile (Example 133e, 5.3 g> 

20 21.7 mmol) in THF./H2O (1:1 by volume, 110 mL) was added. Os(>4 (i 10.3 mg, 0.434 mmol) at 

room temperature. After it was stirred for 30 minutes, NaClO? (2.71 g, 26.04 mmol) was added 

in small, portions over a period of 1 h, and the reaction mixture was stirred at room temperature 

for 48 h. The reaction was carefully quenched with aqueous sodium bisulfite solution, and 

extracted with EtOAc (3X). The combined organic layers were washed with brine, dried over 

25 MgS04, filtered, and evaporated. The residue was purified by chromatography on silica gel 

eluting with 80-100% EtOAc in hexanes to give the title compound as a brown solid (3.88 g, 

64%). MS 279 (MH*), 

Example 133e; 2-(cyclohex-2-en~l -yloxy)-6-nitrobenzoniirile 
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Prepared as in Example 126c from cyclohex-2-enol and 2,6-dinitrobenzonitrile as a 
brown soiid (90%), MS 2.45 (MH1). 

Biological Tests 

hTI R2/R3-HEK293 Gal 5 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, hT!R2/R3-

HEK.293 Gal5 were loaded with the calcium indicator F1uo3AM (4 mM) (Invitrogen, Carlsbad, 

10 CA) in D-PBS (Invitxogen, Carlsbad, CA) using a Multidrop. Cells were incubated for 1 hour at 

room temperature and excess dye was washed out with D-PBS using an EMRLA cell washer 

(Molecular Devices, Sunnyvale, CA), leaving a residual volume of 25 ml/well. Sweeteners and 

test compounds were prepared at 4X final concentration and mixed 1:1 in a 384-wetl Greiner 

plate (bringing the sweeteners and test compounds concentrations down to 2X final 

15 concentration). After-30 minutes of rest time at room temperature, Fluo3AM-loaded cell plates, 

and the sweetener/compound plate mixture were loaded into a Fluorometric Imaging Plate 

Reader (FLIPR) (Molecular Devices, Sunnyvale, CA). Imaging was performed using a 480 nm 

excitation and a 535 emission and was initiated with the acquisition of the baseline fluorescence 

for a period of 7 seconds. Then, the ceils were stimulated on line with addition of 25 ml 

20 stimuli/well. Subsequent images were acquired every other second for a period of 2 minutes. 

Raw fluorescence counts were then normalized in each well (using custom made data import 

software) by calculating delta F/f values (maximum fluorescent count obtained after stimulation •• 

minimal fluorescent count obtained before stimulation/minimal fluorescent count obtained 

before stimulation). ECJQS were determined using a non-linear regression algorithm (GraphPad 

25 PRISM, San Diego, CA), where the Hill slope, bottom asymptotes and top asymptotes were 

allow to vary. Enhancement properties of test compounds were quantified by determining the 

magnitude of the leftward shift in the sweeteners EC50 values (or an ECV, ratio): the value of the 

EC50 measured in the absence of the enhancer divided, by the value of the EC^o measured in the 

presence of the enhancer). The present compounds have been tested and shown sweet taste 

30 enhancing activities for sucrose as shown in Table A , Table B and C below. Specifically, the 

EC50 ratio of the test compounds for sucrose enhancement are all greater than about 2 at about 
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50 uM. The compounds listed in Table A , Table B and C below are Examples described above. 

For example, Compound Q in Table A is Example 7. 

Table A, 

J 7.5 

G 37.5 

E • 15.5 
S 1,8 

-• u . 1.6 

K 8,9 
Q-. 3.4 
1 9,7 
M S.1 
0 5 
I 

L 6,7 
F 13.8 
M 5,7 
H 9.9 
D 21.5 
P 4.2 
A 43,8 {3 pM) 

B 37.9 
R 2.5 

G 10.7 

5 

Table B. 

Compound Compound 

V 21,5 £2 9.7 
Al 10,2 ¥3 15.8 
01 25.2 m 3.7 
m 80.4 W2 21.1 . 
n 45,9 m 15.9 
81 22,8 13 17.3 
W 73,8 B3 9.9 
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Compound Li". 5. HI Com paund ECscRatio (50 pM) 

B 317.1 VI 21.6 
iG 29.B SI 4.7 
C4 14.6 J1 13.7 
R1 55.8 B2 7,7 
D4 • 23.5 P2 24.7 
Q1 45,2 C3 17.6 
X 32.5 F4 23.7 
CI 48.4 D3 173.0 
E4 178,7 G4 49.2 
R3 16.7 iWB 13.1 
J3 28.8 V2 20.4 
G3 40.8 V3 51.0 
B4 111.7 S2 6.7 
Y2 23.3 W1 4.5 
M2 13.4 K1 6.7 
01 19.7 F2 3.8 
y 21.7 X3 3.6 
z 8.4 m 3.4 
m 25.7 W3 5.7 

Q2 4.4 
Q3 17.1 11 6.4 
11 12.9 H2 3.2 
EI 21,1 U2 93,8 
SI 49,0 12 . 6,0 
L2 31.7 23 33.6 
F3 5.2 XI 83.1 
A3 SB.3 Ml 37,0 
22 34.8 m 56,7 
FX 27.0 Y3 24,5 
K2 83,1 A4 88.8 
D2 21.2 PS 9.9 
13 23,9 R2 22.0 
X2 55,5 zi 50.0 
il 13.7 A2 21.9 
SI 3.9 Y1 108.9 
UI 8.1 12 8.2 
a 19,1 03 5.9 
02 11.3 S2 3.8 



Table C. 

Compound Sucrose ECS0Ratio 
(SO pM} 

L4 27.8 
C5 23.E 
M4 2.9 
14 0.9 
B5 72,7 
W4 6.0 
K4 13,7 
m 3.4 
X4 4.9 
04 23,0 
J4 9.2 
V4 27.9 
Y4 103.2 
P4 37.5 

R4 9.3 
H4 3.1 
S4 5.6 
04 17.4 
14 23.7 

The present compounds have been tested and shown sweet taste enhancing activities for 

sucralose as shown in Table D below. Specifically, ihe EC5G ratio of the test compounds for 

5 sucralose enhancement are all greater than about 2 at about .1 0 (u.M. 

Table D. 

Compound 
Sucralose j 
ECs^Ratioj 

<1014^1} j 
Compound 

Sucralose 
EC5»Ratio 

(10 MM) 
ECS0Raiio 
(10 pM) 

C 2.0 Ti 3,8 fvm 4.3 
D 4,0 EI 4.2 V2 3.1 
A 17,0 SI 5.2 V3 5.9 
B .2.5 12 4.1 KI 2.0 
G 2.2 F3 14 F2 2.2 
V 6.7 J^l A3 10.9 W3 2.1 
Al 3.4 22 10.8 02 5.0 
OX 2.8 ! • F1 4.3 Z3 3.1 
H3 12.5 ;[v K2 7.6 XI 7.7 
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Compound 
Sucralose i 

{WpM) ! 
Compound 

Sucralose 
£C5lJRatio . • 

Sucralose 
r.C K » 
i: ,.V 

PI 12,8 ! 02 2 3 Ml 3.1 
B1 4.2 T3 3.4 m 4.4 
W 9.9 X2 9.3 Y3 2.9 
B 12.3 J2 3.6 A4 6.0 
K3 8 A UI 2.0 P3 2.2 
C4 6.0 C2 3.7 R2 3.4 
R1 16.5 02 2.8 ZX 3.6 
D4 1.4 £2 4.0 A2 2.2 
Q1 13.4 E3 3.4 Y1 19.1 
X 53 it HI 1.6 12 2,4 
CI 18.1 [U;/ W2 5.7 L4 3.4 
£4 10.7 fk U3 4.5 U 6.8 
R3 5.1 |£ 13 7,2 B5 8.8 
J3 5.9 j:;:-: B3 2.9 K4 3.4 
G3 23.8 VI 8.1 D4 7.6 
B4 8.0 SI 6.1 J4 2.2 
Y2 2,8 t?f\ J1 4.3 V4 8.0 
M2 5=4 W- 82 3.6 Y4 10.3 
PI 8.3 W- P2 3.4 114 8.3 
Y 4.8 €3 3.2 P4 114 
m 7.2 F4 4.1 S4 1.9 
SB 6.E if D3 11.0 04 2.5 
03 4.0 G4 7.5 14 3.2 

EXPERIMENT 2: Sweet Flavor and Sweet Flavor Enhancement Measurement Using 

Human Panelists Conducting a Scaling Test 

Test samples containing experimental compounds were compared to a dose-response 

5 curve for perceived sweetness intensity of sweeteners (sucralose, sucrose, fructose and other 

sweeteners) concentrations to determine equivalent sweetness intensity, 

A group of eight or more panelists tasted solutions including sweeteners at various 

concentrations, as well as the experimental compound both with and without added sweetener. 

Panelists then rated sweetness intensity of all samples on a structured horizontal line scale, 

10 anchored from 0 to 15, where 0 equals no sweetness and 15 equals equivalent sweetness to a 

15% sucrose sample. Scores for sweetness intensity were averaged across panelists. Then using 

149 



the average scores and/or equation 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 taste and were trained to 

use the 0 to ) 5 point line scale. Subjects refrained from eating or drinking (except water) for at 

5 least i hour prior io the test. Subjects ate a cracker and rinsed with water several times to clean 

the mouth. 

Sweetener solutions are provided at a wide range of concentrations such as 100 ppm, 200 

ppm, 300 ppm, 400 ppm. and 500 ppm for sucralose, or between 0% and 12% for sucrose or 

fructose, in order to create a dose-response curve. Samples containing experimental compound 

10 were prepared both alone and in a 100 ppm sucralose sohition or a 6% sucrose or fructose 

solution. All samples were made up in low sodium buffer pH 7.1, In order to aid dispersion, 

solutions can be made up in 0.1% ethanoi. 

The solutions were dispensed in 20 ml volumes into I oz.-sample cups and served to the 

subjects at room temperature. Al! samples were presented m randomized counterbalanced order 

15 to reduce response bias. Further, two sessions of testing may be used to check panel precision. 

Subjects tasted each sample individually and rate sweetness intensity on the line scale 

prior to tasting the next sample. All samples were expectorated. Subjects may retaste the 

samples 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 

20 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; i.e., increasing the concentration of sucralose should correspond to 

increased average scores for sweetness. A 2-way ANOVA (factors being samples and panelists) 

25 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 determi ne 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 

30 of the examples described above. Table 1 indicates that 45 j.iM Compound 3 in 6% sucrose has 
sweetness equivalent to about 9-10% sucrose. 
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Table 1. Average Sweetness, u = 28 (14 Panelists x 2 rep). Tukey's Value - 0.986 (a = 0.05). 

A\cri\«e Mi *.s * s Tukc> (5%) 

6% Sucrose h.6 1J 0.2 a 

!% Sucrose/ 8.2 i W.'M 
m, |4: 

6%;Sucrose+-45u|Vi Compound 3' ; 9.4 1.3 e 

Sucrose.' lKl trf 0,3 
:j 10.9 • rs 0.3 df.;V. 

The results of human taste tests with Compound C are found below. Compound C is one of the 

5 examples described above. Table 11 indicates that 25 |iM Compound € in 6% sucrose has 

sweetness equivalent to about 9-10% sucrose. 

Table 11. Average Sweetness, n - 24 (12 Panelists x 2 rep). Tsikey's Value — 0.912 (a — 
0.05). 

i iV.iiiic* (.1 \»n,:'! SI) \ i 

6% Sucrose 6.5 ij 8,2 

8%'Suer$se'' /- 0,7 0.1 h 

l%?Sw:£ro#^/./ 1,8 114 . 

6*o Sucrose+-25ulVf Compound C::1. 9,1 : 1.0 0*2- .• \ S>e 

10% $«erose.vi:''.":S|i li §14,/; 
10 

The results of human taste tests with Compound Ol are found below. Compound Ol is one of 

the examples described above. Table 1 2 indicates that 25 fiM Compound Ol in 6% sucrose has 

sweetness equivalent to about 10% sucrose. 

15 Table 12. Average Sweetness, n-26 (13 Panelists x 2 rep). Tukey's Valise - 0.733 (a ~ 

0.05). 
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Average i • SiEr Tukfj (5%) 

6%S«ero$e 6.3 [0,7 0.1 

f,2 hi" 0>2 b ^ 

9% Sucrose 8.6 |U ill he 

9.2 LO m M 
6% St8erose> 25«M Compound Ol 9,1: -v M;: 

The results of human taste tests with Compound W are found below. Compound W is one of the 

examples described above. Table 13 indicates that 25 yiM Compound W in 6% sucrose has 

sweetness equivalent to about 10% sucrose. 

Table 1_3. Average Sweetness, n - 28 (14 Panelists x 2 rep), Tukey's Value « 0.619 (a -

0.05). 

SD ' ; • mmmmm 
6%'Sucrose: • • 6:2./- 03: a 

8% Sucrose Sil: 1,0 0.2 b 

8:.5 • • ' 9f9- |>2"; . &'••• 
6% Sucrose:+ 25uM Compound W 94"/ 0.9 fl>2 : • P •• 

li 0.2 

The results of human taste tests with Compound 13 are found below. Compound 13 is one of th< 

10 examples described above. Table 1 4 indicates that 21 pM Compound D in 6% sucrose has 

sweetness equivalent to about 10% sucrose. 

Table 14. Average Sweetness, n = 28 (14 Panelists x 2 rep). Tu key's Value = 0.785 (a -

0.05). 

Awragi St Sr.r luke> (5",.} 

||j S?jcs':6se;:. | 6J ;vi 0.4 I'-::!-: 

||| ©I-lit® llll-'. 
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W:il.y WW 0.2 C':: 

till §9; i 0.2: cd:|: 

6% Sucrose + 21 uM Compound 13 9.6 ft' , ;• • 

The results of human taste tests with Compound CI are found below. Compound €1 is one of 

the examples described above. Table 1_5 indicates that 13 p.M Compound CI in 6% sucrose has 

sweetness equivalent to about 10% sucrose and that 33 u.M Compound CI in 6% sucrose has 

sweetness equivalent to about 12% sucrose. Table 1 6 indicates that 33 pM Compound CI in 50 

ppm sucralose has sweetness equivalent to about between 100 ppm sucralose and 200ppm 
sucralose. 

Table 1_5. Average Sweetness, n « 26 (13 Panelists x 2 rep). Tukey's Value = 1.311 (a ~ 
0.05). 

I f:i Average > • ;il»- * 15"... 

6% Sucrose. 0.7 

8%'SiJcskse 7;9. • • 1.7 1 : . •• " 
10% Sucrose is.-:'- O: • ' !C:- '• 

6% Sucrose + 13 wM Compound CI 1.7 03 •: : ,::C : 

12% Sucrose N- .igll" lAlii: M •! • 
6% Sucrose +(33 -uM'ColftpoiMtd • m'.r; Qv3. ; ; . -iS--.:-. 

Table 1_6. Average Sweetness, n = 30 (15 Panelists x 2 rep), Tukey's Value = 0.911 (a« 
0.05). 

Treatment •V* vrage •A: S{ Kr \ i-i.i • . 

50 ppui sucralose 3.9. I.?,'. ;• .I'M* 

1 Oft: ppm sueraMsk 5-9 ¥ fti ^ 8|:,| b r 
50 ppm sucralose + 33 uM-Compound Cl. 7-5 ••:/ 2v4' ; 

ill! 
0,4 ••€ .. 

mm 
2v4' ; 

ill! Ifll-; 



The results of human taste tests with Compound B4 arc found below. Compound B4 is one of 

the examples described above. Table i 7 indicates that 36.5 LIM Compound B4 in 6% sucrose 

5 has sweetness equivalent to about 10- .12% sucrose. Table f __8 indicates that 36.5 jxM Compound 

B4 in 50 ppm sucralose has sweetness equivalent to about 100 ppm . 

Table 1J7. Average Sweetness, n = 27 (14 Panelists x 1 rep & 13 Panelists x 1 rep ). Tnkey's 

10 Value = 1.138 (a-0.05). 

Treatment Average - = « t : 

6% Ssscrose., 13 0.2/,; 

Slli:.B«crose"; B,4 ?.r5 03:-=; 'CI" 
|0% mr$ i !-?• • • 0 2 &i-i: ^ 

6%.Sucrose'+.36,4 uM Compound B4. •• tiks:: ••••. Ji4; 0 3 :• C-':v: 

12% Swerose fill! 111 

Table 1_8. Average Sweetness, n - 26 (13 Panelists x 2 rep). Ttikey's Value = 0.985 (a =* 

0.05). 

Treatment A* erage • ;f ht br i i:'1 •-

50 ppm sucralose 3-9 0-6 0,1 a' 

100 ppm sucralose Sift M 0.2 h 

SO ppm sucralose * 363-uM • Compound •; 
2,0; •/ &••:••• 

200 ppm sucralose WlBgliM IS o !!i e 

300 pp»i sucralose llllflll 1.8 111! llllilllil 
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EXFERiMENl' 3: Sweet Flavor and Sweet Flavor Enhaiicemeffit Measurement Using 

Human Panelists Conducting a Paired Comparison Test 

Test samples containing experimental compounds are presented in pairs to the panelist 

and they are asked to determine which of the sample is sweeter. A group of 10-16 or more 

5 panelists participated in each test. Subjects refrained from eating or drinking (except water) for 

as: least 1 hour prior to the test. Subjects rinsed with water several times to clean the mouth. 

All samples are prepared with ethanoi to ensure dispersion of the compound in solution. 

This includes samples without compound; all solutions are balanced for 0.1 % ethanoi. 

Samples are also prepared with low sodium buffer (p[l 7.1) in place of water. Buffer 

10 contains 0.952 g ofKCl, 5,444 g ofNa2HP04, and 0.952 g ofKIfePO* in 40 I. ofDIUF water. 

Sample volumes are usually 20 ml. 

In one paired comparison test, the panelist is presented with two different samples and 

asked to identify the sample which is sweeter. The samples within a paired comparison test are-

presented in a randomized, counterbalanced order. Panelists have up to a 1 minute delay 

15 between taste tests to clear the mouth of any tastes. 

Binomial probability tables are used to determine the probability of the correct number of 

responses occurring for each test at alpha~0.05 

The results of human taste tests with Compound J are found below. Table 2 indicates 

that panelists perceived 6% sucrose + 45 uM Compound J as being not significantly different in 

20 sweetness than a solution of 10% sucrose (p>0.05). Table 3 indicates that 45 fiM Compound J 

alone has little or no sweetness on its own. 

Table 2. Sample selected as sweeter by panelists, n-42 (14 panelists x 3 rep). 

WJ : 
6% Ssscrose + ;4SiiM: Compoimcl 2* ' ;'4|C*W 

25 
Table 3. Sample selected as sweeter by panelists, n - 48 (16 panelists x 3 rep). 
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;;J%.Sucrose .r.£ 

f SB 4- 45wM ( J;: |t\'! 

j.| 1111' i $mii 
LSB +• -JSHM C»jnj MHinc! J ( 

•M
A'

. 
M

M
 

;§
§!

 

The results of human taste tests with Compound A are found below. Table 2 1 indicates 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 3_J indicates that 25 pM Compound 

A alone has little or no sweetness on its own. 

Table 2JL Sample selected as sweeter by panelists, n=16 (16 panelists x 3 rep). 

Samples ;^|||||| 

'.'1:0%.sucrose • W-. 

; 6% sucrose 2SisM Composspd A: ;• 

ToM ,\!v •m ••• 
10% suciose (prv^liic) > <>,312 ! 

Table 3_1. Sample selected as sweeter by panelists, n=15 (15 panelists x 3 rep). 

;:1 %;s«cri?se . 44 

:'-LSB + 25iiMrC^i>G«#TA :i!=' 
•ToSal 45 ;j 

1 " 1MW. 

The results of hitman taste tests with Compound €1 are found below. Table 2J2 indicates that 

panelists perceived 6% sucrose + 33 nM Compound CI as being not significantly different in 

sweetness than a solution of 12% sucrose (p>0.05). Table 3 _2 indicates that 33 \iM Compound 

CI alone has little or no sweetness on its own. 



Table 2, 2. Sample selected as sweeter by panelists, n =30(15 panelists x 2 reps). 

Total 

ftM' • 
Pi|!: 

Table 3_2. Sample selected as sweeter by panelists, n - 22 (11 panelists x 2 reps). 

Tola! 

1%. Sucrose. 38 

' 4:• 
/22T.: 

3% Sucrose seiecUd (p ;04MJ4:; i\;; 

The results of human taste tests with Compound 13 are found below. Table 2 3 indicates that 

panelists perceived 6% sucrose + 25 uM Compound 13 as being not significantly different in 

sweetness than a solution of 12% sucrose (p>0.05). Table 3 3 indicates that 25 pM Compound 

13 alone has little or no sweetness on its own. 

10 

Table 2 3. Sample selected as sweeter by panelists, n -42 (14 panelists x 3 reps). 

Samples i 

12% Spcrosc J8. 

6%:§uuO!st + 25 uM;:C««ipoii8sd I3: . •. ' 24'1. 

Total . W- r-
|P%: SM^OSi:(p-^|llpi) ' :|M 

Table 3_3. Sample selected as sweeter by panelists, n - 42 (14 panelists x 3 reps). 
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1% Swcrfise 

. 'PI;/•: 6 |i;: 
global ; 42 

M% Sucrose- selected (plfaJilel: \-

The results of human taste tests with Compound B4 are found below. Table 2 4 indicates that 

panelists perceived 6% sucrose H- 36.5 uM Compoimd 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 jjM 

Compound B4 alone has little or no sweetness on its own. 

Table 2_4. Sample selected as sweeter by panelists, a -26 (13 panelists x 2 reps). 

Tola! 

.10. ,, . 

'6% Sucrose * '3&5.;• 

Total;' 

[(p-^lsiey 
-V. 

10 Table 3_4. Sample selected as sweeter by panelists, n = 45 (15 panelists x 3 reps). 

Samples Total 

t%.':S'ucrose 44 

i 

M-'-A 
i 

M-'-A 
0.001 

All publications and patent, applications 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 no unnecessary limitations should he understood therefrom as modifications will be obvious 

to those skilled in the art. It 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 

5 implicitly referenced is prior art. 

Embodiments of this invention are described herein, including the best mode known to 

the inventors for carrying out the invention. Variations of those preferred embodiments may 

become apparent to those of ordinary skill in the art upon reading the foregoing description. The 

inventors expect skilled artisans to employ such variations as appropriate, and the inventors 

10 intend for the invention to be practiced otherwise than as specifically described herein. 

Accordingly, this invention includes all modifications and equivalents of the subject matter 

recited in the claims appended hereto as permitted by applicable law. Moreover, any 

combination of the above-described elements in all possible variations thereof is encompassed by 

the invention unless otherwise indicated herein or otherwise clearly contradicted by context. 

15 

159 



We claim: 

A compound having structural Formula (1) or (F): 

O 

EL 

A (I) or A d'). 
or a tautomer, salt, and/or solvate, wherein: 

A is -ORJ, -NRlC(0)R2, -NHOR1, -NR'RI -NR,C02R2S -NRlC(0)NR2R3, 

-NRiC(S)NR.:'R"\')r -KRIC(==NfI)NR2R3; 

B is hydrogen, alkyl, substituted alkyl, aryl, substituted aryl, arylalkyl, substituted 

arylalkyl, acyl, substituted acyl, heteroalkyl, substituted heteroalkyl, 'heteroaiyl, substituted 

heteroaryi, heteroarylalkyl, substituted heteroarylalkyl, -CN, -OR4, -S(G)aR4, -NR^R5, 

~C(0)NR4R-\ -CChR4, -NR4C02R5, -NR4C(0)NR5R6, -NR4C(S)NR5R6, -NR4C(=NH)NR5R6, 

-S02NR4R5, -NR4S02R5> -NR4S02NR5R\ -B(OR4)(OR5), -P(0)(0R4)(0RS), or -P(0)(R4)(0R5); 

C is ~0R7,-S(0)bR7» S03R7, -C(0)NR7RS, -CG2R7, -NR7CG2R8, -NR7C(0)NR8R9, 

-NR7C(=NH)NR8R9, -S02NR7RS} -NR7S02R8, -NR7S02NR8R9t -B(OR7)(OR8), 

-P(0)(0R7)(0R8), -P(0)(R7){0RS), or heteroaryi; 

D is an aryl, substituted aryl, heteroaiyl, substituted heteroaryi, cycloalkyl substituted 

cycloalkyl, cycloheteroaikyl or substituted cycioheteroalkyl ring wherein the ring is optionally 

fused to another aryl, substituted aryl, heteroaryi, substituted heteroaryi, cycloalkyl, substituted 

cycloalkyl, cycloheteroaikyl, or substituted cycioheteroalkyl ring; 

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

R\ R\ RJ, R4, R\ R6, R7, R8, and R9 are independently hydrogen, alkyl, substituted alkyl, 

aryl, substituted aryl, arylalkyl substituted arylalkyl, acyl, substituted acyl, heteroalkyl, 

substituted heteroalkyl, heteroaiyl. substituted heteroaryi, heteroarylalkyl or substituted 

heteroarylalkyl; or alternatively, R1 and R~, R2 and R3, R4 and R5, R5 and R°, R7 and Rs, or R8 

and R9, together with the atoms to which they are bonded, form a cycloheteroaikyl or substituted 

cycioheteroalkyl ring. 
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2. The compound of claim 1, wherein the Formula (I) is subject to the following provisos: 

(a) when D is substituted phenyl; B is hydrogen; C is -COiR'; R' is hydrogen or alkyl; A 

is -"NR!R"'; and one of R1 and R' is hydrogen; then the other of R1 and R"' is not substituted 

arylalkyl; and 
(b) when D is phenyl or substituted phenyl; C is ~C02R'; R; is alkyl; A is -NR'R"; and R1 

and R" are both hydrogen; then B is not -CChR'1; wherein R4 is alkyl, 

3. The compound of claim 1 > wherein the Formula (I) does not include the following 

compounds: 
8-Bromo-4-(4-methoxybenzyl)ammo-5-methoxyq'uinoline-3-carboxy1ic acid ethyl ester; 

4-(4-Methoxybenzyl)ammo-5-i.tiethoxyquinoline-3-carboxylic acid ethyl ester; 

4-(4-Methoxybenzyl)amino~5-rnethoxyquinoline-3-carboxylic acid; 

4-(4~Methoxyben2yl)amino-8-methoxyquinoline-3~carboxylic acid ethyl ester; 
4-(4-Methoxybenzyl)amino-8-methoxyqumolme-3-carboxylic acid; 

4-Amino-3-ethoxycarbonyl~2~ethoxycarbonyImethylqumoline; and 

4-Amino-3-ethoxycarbony]-2-ethoxycarbonylrnethyl-5-rnethoxyqumoline. 

4. The compound of claim 1, wherein R1 and R2 are independently hydrogen, alkyl, 

substituted alkyl, aryl substituted aryl. arylalkyl, acyl, substituted acyl, heteroalkyl, substituted 

heteroalkyl, heteroaryi, substituted heteroaryi, heteroarylalkyi or substituted heteroarylalkyl; or 

alternatively, R5 and R\ R" and R\ R4 and R'\ R/1 and R6, R7 and R8, or Rs and R9, together with 

the atoms to which they are bonded, form a cycioheteroalkyl or substituted cycioheteroalkyl ring, 

5. The compound of claim 1 or 4, wherein 

when B is substituted alkyl, then the substituent on the alkyl is not -C(0)QRb; where Rb 

is alkyl. 

6. The compound of claim 1 or 4, wherein 

when B is substituted alkyl, then the substituent on the alkyl is selected from the group 
consisting of-R3, halo, ~€T, =0, -QRb, -SRfa, -S\ =S} -"NRCRC5 -NRb, =N-ORb, trihalomethyi, 

-CF3, -CN, -OCN, -SCN, -NO, -N02, «N2, -N3, -S(0)2Rb, -S(0)2NRb, ~S(0)20\ -S(0)20Rb, 
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-0S(0)2Rb, -0S<0)20\ -QS(0)20R\ -P(0)(0i2, -PCOCOR^CO"), -P(0)(0Rb)(0Rb), -C(0)Rb, 

-C(S)Rb, -C(NRb)Rb, -C(0)0", ^(S)ORb, -C(0)NRcRc, -C(NRb)NRcRc, ^>C(0)Rb, -OC(S)Rb, 

-0C(0)0\ -0C(0)0Rb, -OC(S)OR", -NRbC(0)Rb, -NRbC(S)Rb, -NRbC(0)0\ ~NRbC(0)0Rb, 

-NRbC(S)ORb, -NRbC(0)NRcRc, -NRbC(NRb)Rb and -NRbC(NRb)'NRcK", where R" is selected 

from the group consisting of alkyl, cycloalkyl, heteroalkyl, cycioheteroalkyl, aryl, arylalkyl 

heteroaryi and heteroarylalkyl; each Rb is independently hydrogen or Ra; and each Rc is 

independently Rb or alternatively, the two Rcs may be taken together with the nitrogen atom to 

which they are bonded form a 4-, 5-, 6- or 7-membered cycioheteroalkyl which may optionally 

include from 1 to 4 of the same or different additional heteroatoms selected from the group 

consisting of 0,N and S, 

7. The compound of any one of claims 1 to 6 having a structural Formula (I I) or (TP), 
O 

•z 
A (if) or A (IT), 

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

Y forms a single bond with either W or Z and a double bond with the other of W or Z; 

W is -C(R10)-, -S-, -N-, -N(RnK or -0-; 

Y is -C(R12)- or -N-; 

Z is -C(R13)-, -S-, -N-, -N(RI4)-f or -0-; 

R.'° is hydrogen, alkyl, substituted alkyl, aryl, substituted aryl arylalkyl, substituted 

arylalkyl, acyl, substituted acyl heteroalkyl, substituted heteroalkyl, heteroaryi substituted 

heteroaiyl, heteroaiylalkyl, substituted heteroarylalkyl, halo, -CN, -OR15, -S(0)cRJ\ -NR55Rl6» 

-C(0)NR,5R16, -C02R15, -S02NR,5R16, -NR15302RK\ ~P(0)(0R15){0R16) or -P(0)(Ri5)(0R16); 
I ^ R " is hydrogen, alkyl, substituted alkyl, aryl, substituted aryl arylalkyl, substituted 

arylalkyl, acyl substituted acyl heteroalkyl, substituted heteroalkyl, heteroaryi, substituted 

heteroaryi, heteroarylalkyl, substituted heteroarylalkyl, halo, -CN, -OR17, -S(0)dR!-0C(0)R1 

17R18, -C(0)NRI7R18, -CO2R17, -S02NRi7Ri8> -NR17S02R18S -P(0)(0Rl7)(0R18) or 
17)(OR18); 



1 ̂  R " is hydrogen, alkyl, substituted alkyl, aryl, substituted aryl. arylalkyl, substituted 

arylalkyl, acyl substituted acyl, heteroalkyl, substituted heteroalkyl, heteroaryi substituted 

-0C(G)RI95 -NRJ9R20, -C(0)NR19R20, ~C(0)R19, -C02R19, -S02NR19R2°, -NR,9S02R20, 
-P(0)(0R19)(0R20) or -P(0)(R19)(OR2°); or alternatively Ri0 and R3\ or R32 and R13, together 

with the atoms to which they are attached, form a cycloalkyl, substituted cycloalkyl, 

cycioheteroalkyl or substituted cycioheteroalkyl ring; 

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

R'1 and Ri4 are independently hydrogen, alkyl, substituted alkyl, aryl substituted aryl, 

arylalkyl, substituted arylalkyl, acyl, substituted acyl, heteroalkyl, substituted heteroalkyl 

heteroaiyl, substituted heteroaryi, heteroarylalkyl or substituted heteroarylalkyl; and 

R15, Rlb, R17, R!\ Rly, and R20 are independently hydrogen, alkyl, substituted alkyl aryl, 

substituted aryl arylalkyl substituted arylalkyl, acyl, substituted acyl, heteroalkyl, substituted 

heteroalkyl, heteroaryi, substituted heteroaryi, heteroarylalkyl or substituted heteroarylalkyl; or 

alternatively R35 and Rlb, R37 and R1S, or R19 and R20, together with the atoms to which they are 

attached, form a cycioheteroalkyl or substituted cycioheteroalkyl ring; and 

with the fol lowing provisos: 

(a) when W is -0- or -S- or -NR11-, then Z is -C(R°> or -N-; 

(b) when Z is -O- or -S- or -NR,4-» then W is -C(R50)- or -N-; and 

(c) when W is -C(Ri!')- or -N-, then Z cannot be -C(R|3)- or -N-. 

8. The compound of claim 7 having a structural Formula (Ila) or (Ila'), 
O 

A (Ila) or A (Ha'), 

or a tautomer, salt, and/or solvate, wherein, 

W is -C(R10)-, or -N-; 

Y is -C(R12)- or -N-; and 

Z is ~S~, -N(R14)-, or -G-. 
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The compound of claim 7 having a structural Formula (lib) or (IIb'% 
O 

C 
A m r> 1 or 

or a tautomer, salt, and/or solvate, wherein, 

Wis -S-, -N(RIJ)-, or-O; 

Y is -C(R12)- or -N-; and 

Z is -C(Ri3)-» or -N-. 

•W 

A 

Y 

0. The compound of claim 1 having a structural Formula (111) or (TIF), 
O 

B. M YY1^! 
A am or A 

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

H is -C(R21)- or -N-; 

I is -C(R22) or -N-; 

J is -C(R.23)- or -N-; 

K is -C(R24)- or -N-; 

Rzl is hydrogen, alkyl, substituted alkyl, halo, -CN, -OR25; 

R~~ is hydrogen, alkyl, substituted alkyl, halo, -CN, -OR'"; 
R23 is hydrogen, alkyl, substituted alkyl, aryl, substituted aryl, arylalkyl, substituted 

arylalkyl, acyl, substituted acyl, halo, heteroalkyl, substituted heteroalkyl, heteroaryi, substituted 

heteroaryi, heteroarylalkyl, substituted heteroarylalkyl ,-CN, -OR"'9, -S(0)fR/95 -0/"v'""rt29 

\rn29r>rt/nYXTn2»n30 T>29 crw XTr>29r>30 xm29crt r>30 1,29-, 'R , -C02R , -S02NR R , -NR S02R , -B(QRzy)(OR-
-P(0)(0R29)(0R.3°) or -P(0)(R29)(0R3°); 

R24 is hydrogen, alkyl, substituted alkyl, aryl, substituted aryl, arylalkyl, substituted 

arylalkyl, acyl, substituted acyl, halo, heteroalkyl, substituted heteroalkyl, heteroaryi, substituted 

heteroaryi, heteroarylalkyl, substituted heteroarylalkyi, -CN, -ORjl, -S(0)gR"'\ ~0C(0)R3', 
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31R32, -C(0)NR3tR32, -C(0)R'\ -C02RJ\ -SOiNR^R", -NRJ,S02R" -BtORJi)(OR"), 

-P(0)(0R31 )(OR"^) or -P(0)(R31)(0Ri2); or alternatively R*" and R24, taken together with the 

atoms to which they are attached, form a cycloalkyl, substituted cycloalkyl, cycloheteroaikyl, or 

substituted cycloheteroaikyl. ring; 

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

R2", R"6, R2?, R28, R29, R3V), RJI, and Rj2 are independently hydrogen, alkyl, substituted 

alkyl, aryl, substituted aryl, arylalkyl, substituted arylalkyl, acyl, substituted acyl, heteroalkyl, 

substituted heteroalkyl, heteroaryi, substituted heteroaryi, heteroarylalkyl, or substituted 

heteroarylalkyl; or alternatively R25 and R26, R2/ and R28, R29 and R30, or R31 and R:'2, together 

with the atoms to which they are attached, form a cycloheteroaikyl or substituted 

cycloheteroaikyl ring; 

with ihe proviso that at most, two of ( I, I, J and K are -N-. 

11. The compound of claim 10, wherein one or two of H 51, J and K are -N-. 

12. The compound of claim 10 having a structural Formula (Ilia) or (Ola'), 

R21 

o22 

C' 
' '>24 A R (ilia) or 

or a tautomer, salt, and/or solvate thereof. 

13. The compound of claim 12, wherein two or three of R'"J. R22, R23, and R/4 are hydrogen 

14. The compound of claim 12, wherein 

R2i is hydrogen; 

R*" is hydrogen., alkyl, substituted alkyl,, halo, -CN, or -OR27; 

R23 is hydrogen, alkyl, substituted alkyl, -CN, -OR29, -S(0)pR^9, ~OC(0)Rz9, -NR29R30, 
29-n30 _CO,R^ _SO2NR^R;,U, or -NR"yS02R."1u; 

R.^ is hydrogen, alkyl, substituted alkyl, -CN, -OR'1, -S(0)gR31, -0C(0)R"'1, -NRJ!R32 
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~C(0)NR3IR32, -C(0)R31, -CO2R3\ -S02NR3lR32, or -NR31S02R32; or alternatively R23 and R24, 

taken together with the atoms to which they are attached, form a cycloalkyl, substituted 

cycloalkyl, cycioheteroalkyl, or substituted cycioheteroalkyl ring; and 

R2;, RZ9, RJ0, R3i, and R32 are independently hydrogen,, alkyl, substituted alkyl aryl, 

substituted aryl arylalkyl substituted arylalkyl acyl, substituted acyl heteroalkyl substituted 

heteroalkyl heteroaiyl substituted heteroaryi heteroarylalkyl. or substituted heteroarylalkyl; or 

alternatively Rz5 and Rz? and Rza, R29 arid R30, or R31 and R3", together with the atoms to 

which they are attached, form a cycioheteroalkyl or substituted cycioheteroalkyl. ring. 

,15. The compound of claim 14, wherein R*1, Rzz, R2'5, and R24 are all hydrogen. 

16. The compound of claim 14, wherein Ri4 and are all hydrogen. 

17. The compound of claim 16, wherein R~" and R , taken together with the atom to which 

they are attached, form a cycloalkyl, substituted cycloalkyl, cycloheteroaikyl or substituted 

cy eloheteroa Iky I ri ng. 

'X n4 18. The compound of claim 17, wherein R"" and R~ , taken together with the atom to which 

they are attached, form a substituted cycioheteroalkyl ring containing one or more substituents 

selected from the group consisting of-R8, halo, -0\ =0, -0Rb. -SRb, -S", ~S, -NRCRC, =NRb, 

~N-ORb, trihaiomethyl, -CF3s -CN, -OCN, -SON, -NO, -N02J =N2, -N3, -S(0)2Rb, -S(0)2NRb, 

-S(0')20*, ~S(0)20Rb, -0S(0)2Rh, -0S(0)20", -0S(0)20Rb, -P(0)(0")?.> -PCOXOR^XOl, 
-P(0)(0Rb)(0Rb)> -C(0)Rb, -C(0)0Rb, -C(S)Rb, -CmRb)Rb: -C<0)O\ -C(S)ORb, -C(0)NRcRc, 

~C(NRb)NRcRc, -0C(0)Rb, -OC(S)Rb, -0C(0)C)\ -0C(0)0Rb, -OC(S)ORh, -NRbC(0)Rl>, 

-NRbC(S)Rb» -NRbC(0)0\ -NRbC(0)ORb, -NRbC(S)ORb, -NRbC(0)NRcRe, -NRbC(NRb)Rb and 

-NRhCfNR^NR^, where R;1 is selected from the group consisting of alkyl cycloalkyl 

heteroalkyl cycloheteroaikyl aryl arylalkyl, heteroaiyl and heteroarylalkyl; each Rh is 

independently hydrogen or R8; and each Rc is independently Rb or alternatively, the two R°s may 

be taken together with the nitrogen atom to which they are bonded form a 4-, 5-, 6- or 

7-membered cycioheteroalkyl 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; or alternatively, two of 



the substituents on the cycioheteroalkyl ring, together with the atoms to which they are bonded, 

form a cycloalkyl, substituted cycloalkyl, cycioheteroalkyl, or substituted cycioheteroalkyl ring. 

19. The compound, of any one of claims 1 to 18, wherein 

A is -GR\ -NRlC(0)R2, -NHOR1, -NR^2, -NRlC02R2, -NR1C(0)NR2R3, 

-NRiCSNR2R3, or -NRJC(=Nfl)NR2R3. 

20. The compound of any one of claims ! to 19, wherein 

C is -S(0)bR?, S03R7,-C(0)NR7Rs, -C02R7, -NR7C02RS, .NRTC(0)NR'R', 
-NR1C(S)NR8R9> -NR7C(=NH)NRSR9, -S02NR7RS, -NR'SOZR". -NR7SO2NRSR9, 

-B(OR7)(ORS), ~P(0)(0R7)(GRS), or -P(0)(R7)(0Rs). 

21. The compound of any one of claims 1 to 20, wherein 

B is hydrogen, alkyl, substituted alkyl, aryl, substituted aryi, arylalkyl, substituted 

arylalkyl, acyl, substituted acyl, heteroalkyl, substituted heteroalkyl heteroaryi, substituted 

heteroaryi, heteroarylalkyl, or substituted heteroarylalkyl. 

22. The compound of claim .12 having a structural Formula (Illb) or (Illb5), 
0 

^L1__L2__R33 (Inb) or A 0^L1__L2_R33 

or a tautomer, salt, and/or solvate thereof; wherein 

L3 is alkylene or substituted aikylene; 

1/ is -NR34-, -0-, -S-, -NR34-C(0)-, -C(0)-NR34-, -O-C(O)-, -C(OK)-, -NR34-Q0)-0-, 

-0-C(0)-NR34-,-NR34-C(0)-NR35-, -0-C(0)-0-,-heterocyc1ylene-C(0)-, or -(substituted 

heterocyclylene)-C(O)-; 

R"'" is alkyl, substituted alkvl, carbocyclyl, substituted carbocyclyl; aryl, substituted aryl, 

arylalkyl, substituted arylalkyl, beterocyciyL substituted heterocyclyl, heteroalkyl, substituted 

heteroalkyl, heteroaiyl, substituted heteroaiyl, heteroarylalkyl, or substituted heteroarylalkyl; and 
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R34 and R" are independently rogen, alkyl, substituted alkyl, carbocyclyl, substituted 

carbocyclyl; aryl, substituted aryl, arylalkyl, substituted arylalkyl, heterocyclyl, substituted, 

heterocyclyl heteroalkyl. substituted heteroalkyl, heteroaryi, substituted heteroaryi, 

heteroarylalkyl, or substituted heteroarylalkyi. 

23. The compound of claim 12 having a structural Formula (IIlc), (IIlc1). (Hid), or (IITd'), 
O 

r [f^l 

A Os. 
R33 (IIlc) or 

A O-
"R33 

(Hid) or 

or a tautomer. salt, and/or solvate thereof; wherein 

R'" is alkyl, substituted alkyl, carbocyclyl, substituted carbocyclyl; aryl, substituted aryl, 

arylalkyl, substituted arylalkyl, beterocyciyL substituted heterocyclyl., heteroalkyl, substituted 

heteroalkyl, heteroaiyl, substituted heteroaryi, heteroarylalkyl, or substituted heteroarylalkyl. 

24. The compound of claim 23, wherein 

R33 is alkyl, substituted alkyl, carbocyclyl, substituted carbocyclyl; heterocyoiyl, 

substituted heterocyclyl, heteroalkyl, or substituted heteroalkyl 

25. The compound of claim 22 or 23, wherein 

A is -OR1, -NR1 C(0)R2t -NHOR1, -NR'R2, -NR^C^R2, -NR,[C(0)NR2R3, 

-NRtSNR2R\ or -NRiCKNH)NR2R:i, 

26. The compound of any one of claims 22, 23, and 25, wherein 

C is -S(0)bR7, S03RVC(0)NR7RS, -C02R7, -NR7C02R8, -NR7C(0)KR8R9, 

-NR7C(S)NR8R9, -NR7C(=NH)NR8R9S -SO2NR7R8, -NR7SO2R8, ~NR7SO2NR8R9, 

168 



-B(OR7)(OR8), -P(0)(0R7X0RS), or -P(0)(R')(0Ra). 

27. The compound of any one of claims 22, 23, 25, and 26, wherein 

B is hydrogen, alkyl, substituted alkyl aryl substituted aryl, arylalkyl, substituted 

arylalkyl, acyl, substituted acyl, heteroalkyl, substituted heteroalkyl heteroaryi, substituted 

heteroaryi, heteroarylalkyl, or substituted heteroarylalkyl, 

28. The compound of claim 22, wherein 

A is -OR1, -NHOR1, or -NR'R2; 

B is hydrogen, alkyl, substituted alkyl, aryl or substituted aryl; 

C is ~SG3R >C(0)NR7RS, -C02R7, -S02NR7RS, -B(OR7)(ORS), -P(0)(0R7)(0R8), or 

-P(0)(R7)(0RE); 

L1 is alkylene or substituted alkylene; 

L2 is -1MR34-, -O-, ~NR34-C(0)-, -C(0)-NR3"-, -O-C(O)-, -C(0)-0-, - hetercyclylene-

C(O)-, or -(substituted hetercyclylene)-C(O)-; 

R33 is alkvi, substituted alley!, carbocyclyl substituted carbocyclyl; aryl, substituted aryl, 

arylalkyl, substituted arylalkyl, heterocyclyl, substituted heterocyclyl, heteroalkyl substituted 

heteroalkyl, heteroaryi, substituted heteroaryi, heteroarylalkyl, or substituted heteroarylalkyl; and 

II'4 and R'" are independently hydrogen., alkyl, or substituted alkyl 

29. The compound of claim 23, wherein 

A is -OR1, -NHOR1, or -NR'R2; 

B is hydrogen, alkyl, substituted alkyl aryl, or substituted aryl; 

C is-S03RVC(0)NR7RS, -C02R7, -S02NR7RS, -B(OR7)(OR\ -P(0)(0R?)(0RS)» or 

-P(0)(R7)(0R8); 

R33 is alkyl, substituted alkyl, carbocyclyl substituted carbocyclyl; heterocyclyl 

substituted heterocyclyl heteroalkyl, or substituted heteroalkyl. 

30. The compound of claim 1, which is selected from the group consisting of 
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Me 

O 

Me 
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31. An ingestible composition comprising 

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 ingestible composition of claim 32, wherein the s weetener is selected from the group 

consisting of sucrose, fructose, glucose, galactose, mannose, lactose, tagatose, maltose, com 

syrup (including high fructose corm syrup), D-tryptophan, glycine, eiythritol, isomalt, Iactito!, 

mannitoi, sorbitol, xylitol, maltodextrm, mahitol isomalt, hydrogenated glucose symp (HGS), 

hydrogenated starch hydrolyzate (1-JSH), stevioside., rebaudioside A, other sweet Stev/tf-based 

glycosides, carrelaine, other guanidine-based sweeteners, saccharin, acesulfame-K, cyciamate, 

sucralose, aiitame, mogroside, neotame, aspartame, other aspartame derivatives, and 

combinations thereof. 

34. The ingestible composition of claim 31, which has an increased sweet taste as compared 

to the ingestible composition not containing the compound of claim 1, as judged by a majority of 

a panel of at least eight human taste testers. 



35. The ingestible composition of claim 31, which is in form of a food or beverage product, a 

pharmaceutical composition, a nutritional product, a dietary supplement, over-the-counter 

medication, or oral care product. 

36. The ingestible composition of claim 35, wherein the food or beverage product is for 

human or animal consumption. 

37. The ingestible composition of claim 31, wherein die 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 Ice 

Cream category; the Meal Replacement category; the Pasta and Noodle category; the Sauces, 

Dressings. Condiments category; the Baby Food category; the Spreads category; sweet coatings, 

frostmgs, 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 

pharmaceutical composition, a nutritional product, a dietary 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; 

ii) a carrier; and 

iii) 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 comprises one or more sweeteners. 

45. The flavoring concentrate formulation of any one of claims 42 to 44, wherein the at least 

one adjuvant, comprises one or more ingredients selected from the group consisting of a 

emulsifier, a stabilizer, an antimicrobial preservative, an antioxidant, vitamins, minerals, fats, 

starches, protein concentrates and isolates, salts, a freezing point depressant, nucleating agent, 

and combinations thereof. 

46. The flavoring concentrate formulation of any one of claims 42 to 45, which is in a form 

selected from the group consisting of liquid, solid, semi-solid, foamy materia!, paste, gel, cream, 

lotion, and combinations thereof. 

47. The flavoring concentrate formulation of any one of claims 42- to 46, wherein the 

compound of claim i 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); 

(IV), 

comprising reacting a compound of Formula (TVa): 
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R23 (IV a) 

with a compound of Formula {IVh): 
O 0 

B'^x^OR7b (IVb) 

in the presence of a Lewis acid in an anhydrous and non-polar solvent; 

wherein 

B is hydrogen, alkyl, substituted alky!, aryl, substituted aryl, arylalkyl, substituted 

arylalkyf, acyi, substituted acyi, heteroaik)4, substituted heteroalkyl heteroaryl, substituted 

heteroaryl, heteroarylalkyl, substituted heteroarylalkyl; 

R1, R", and R' are independently hydrogen, alkyl, substituted a Iky I, aryl, substituted aryl, 

aiylalkyl, substituted aiylalkyl, heteroalkyl, substituted heteroalkyl heteroaryl, substituted 

heteroaryl, heteroarylalkyl or substituted heteroarylalkyl; or alternatively. Rl and R.\ together 

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

ring; 

R/b is alkyl, substituted alkyl, aryl, substituted aryl, aiylalkyl, substituted arylalkyl, 

heteroalkyl, substituted heteroalkyl, heteroaryl, substituted heteroaryl, heteroarylalkyl or 

substituted heteroarylalkyl; 

R21 is hydrogen, alkyl, substituted alkyl, halo, ~CN, -OR25; 

is hydrogen, alkyl, substituted alkyl, halo, -CN, -OR'"''; 

R23 is hydrogen, alkyl, substituted alkyl, aryl, substituted aryl, arylalkyl, substituted 

arylalkyl, acyi substituted acyi, halo, heteroalkyl, substituted heteroalkyl, heteroaryl, substituted 

heteroaiy!, heteroarylalkyl, substituted heteroarylalkyl, -OR29, ~S(0)fRz9, -0C(0)R29, -NR29R30} 

-C(0)NR.29R30, -C02R29, -S02NR29R30, -NR29S02R3°, -B(OR29)(OR3'\ -P(0)(0R29)(0R3°) or 

-P(0)(R29)(0R30); 

R2'1 is hydrogen, alkyl, substituted alkyl, aryl, substituted aryl, aiylalkyl, substituted 

arylalkyl, aeyl, substituted acyi, halo, heteroalkyl, substituted heteroalkyl, heteroaryl, substituted 

heteroaryl, heteroarylalkyl, substituted heteroarylalkyl, -ORji, -S(0)gR31, ~0C(0)R3\ -NR31R32, 

-C(0)NR31R32, -C(0)R31, -C02R31, -S02NR31R32, -NR35S02R32, -B('OR31)(OR32), 
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-P(0)(0R3,)(0R") or ~P(0)(Ri!)(0R'/'); or alternatively R23 and R"\ taken together with the 

atom to which they are attached, form a cycloalkyl, substituted cycloalkyl, cycloheteroalkyl, or 

substituted cycloheteroalkyl ring; 

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

R2\ R2U, R^, RZS, R^9, R30, R31, and R32 are independently hydrogen, alkyl substituted 

alkyl. aryl, substituted aryl arylalkyl substituted arylalkyl, acyi, substituted acyi, heteroalkyl 

substituted heteroalkyl, heteroaryl, substituted heteroaryl, heteroarylalkyl or substituted 

heteroarylalkyl; or alternatively R25 and R26, R27 and R28, R29 and Rj0, or R3! and R"2, together 

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

cycloheteroalkyl ring. 

49. The method of claim 48, wherein the Lewis acid is a metal halide. 

50. The method of claim 48 or 49, wherein the reaction of the compound of Formula (IVa) 

and the compound of Formula (IVb) is conducted at least in part at a temperature of about 60°C 

or higher. 

51. The method ot any one of claims 48 to 50, wherein R , R", and R are hydrogen. 

52. The method of any one of claims 48 to 51, wherein B is alky] or substituted alkyl 

53. The method of any one of claims 48 to 52, wherein R2H is -OR31, and R3' is alkyl, 

substituted alkyl carbocyclyl substituted carbocyclyl; aryl, substituted aryl, aiylalkyl 

substituted aiylalkyl heterocyclyl, substituted heterocyclyl, 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 (IVc); 
B N 

HO 

O NH2 ON 
R31 (IVc), 

S 82 



wherein 

B is alkyl or sufastiuted alky!.; and 

R-u is a Ikyi, substituted alkyl, carbocyclyl, and substituted carbocyclyl. 
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