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BICYCLIC AND TRICYCLIC COMPOUNDS AS KAT II INHIBITORS 

FiELD OF THE INVENTION 

The present invention relates to the treatment of cognitive deficits associated 

with schizophrenia and other neurodegenerative and/or neurological disorders in 

mammals, including humans. More particularly, this invention relates to bicyciic and 

tricyclic inhibitors of the KAT II enzyme, useful for the treatment of such disorders. 

KAT (kynurenine aminotransferase) II is a primary enzyme in the brain for 

catalyzing the transamination of kynurenine to KYNA (kynurenic acid). J. 

Neurochem., 57, 533-540,1991. KYNA is an effective excitatory amino acid (EAA) 

receptor antagonist with affinity for the glycine modulatory site of the N-methyl-D-

aspartate {NMDA) receptor complex (M. Kessler etal., J, Neurochem., vol, 52, pp. 

1319-1328, 1989). As a naturaily occurring brain metabolite, KYNA probably serves 

as a negative endogenous modulator of cerebral giutamatergic function (R. Schwartz 

et at., Ann, MY. Acad, ScL, vo!. 648, pp. 140-153, 1992), 

EAA receptors and in particular NMDA receptors are known to play a central 

role in the function of the mammalian brain (j. C. Watkins and G. L. Collingridge, 

Eds., The NMD.A Receptor, Oxford University Press, Oxford, 1989, p. 242). For 

example, NMDA receptor activation is essential for cognitive processes, such as, for 

example, learning and memory {Watkins and Collingndge, supra, pp. 137-151), 

Therefore, reducing KYNA synthesis by inhibition of its synthetic enzyme may 

enhance EAA signaling and improve cognitive processes, especially in disease 

states where NMDA hypofunction is anticipated. Thus, there is a need for 

compounds which act as KAT II inhibitors to reduce KYNA synthesis within the brain 

to improve cognitive dysfunction in human disease states. 

BACKGROUND OF THE iNVENTiON 

SUMMARY OF THE iNVENTiON 

The present invention is directed to compounds of Formula X: 

OR5 

X 

wherein: 

A, X, Y, and Z are defined as follows: 
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(i) A is N or CR1, X is N or CR\ Y is N or OR3, and Z is N or CR4, provided 

that no more than two of A, X, Y, and Z are N; 

(ii) A and X together form a 5- or 6-membered aromatic, N-containing 

heteroaromatic, or O-containing heterocycloaiky! ring fused to the ring 

containing: A and X, Y is N or CR3, and Z is N or CR". wherein the 5- or 

6-membered aromatic, N-containing heteroaromatic, or O-containing 

heterocycloafkyf ring is substituted by R1 and R2; 

(iii) X and Y together form a 5- or e-rnenfibered aromatic., N-containing 

heteroaromatic, or O-containing heterocycloaiky! ring fused to the ring 

containing X and Y, A is N or CR1, and Z is W or CR4, wherein the 5- or 

6-membered aromatic, N-containing heteroaromatic, or O-containing 

heterocycloaiky! ring is substituted by R2 and R3; or 

(iv) Y and Z together form a 5- or 8-membered aromatic, N-containing 

heteroaromatic, or O-containing heterocycloafkyf ring fused to the ring 

containing Y and Z, A is N or CR1, and X is N or CR2, wherein the 5- or 

6-membered aromatic, N-containing heteroaromatic, or O-containing 

heterocycloaiky! ring is substituted by R3 and R4; 

R1 is H, halo, aikyi, alkoxy. or cyclopropyl; 

R\ R3, and R4 are independently H, halo, aikyi, aryi, aralkyl, heteroaryl. 

alkoxy, cycioalkyloxy, alkoxyaryi, aryloxy, araikyioxy, heterocycioalkyloxy, 

heteroaryioxy, cycloaikyi, aikyiaryioxy, aikyiheterocydoaikyi, alkylheteroaryloxy, 

heterocycloaiky!, CN, CH2NR7RS, NR?R8, C(«0)NR7R8, SOzNRW, S02R7a« 

NR7S02R?a, and NR''C(=0)R7a, wherein each said aikyi, aryl, aralkyl, heteroaryi, 

alkoxy, cycioalkyloxy, alkoxyaryi, aryloxy, araikyioxy, heterocycioalkyloxy, 

heteroaryloxy, cycloaikyi, aikyiaryioxy, aikyiheterocydoaikyi, alkyl heteroaryloxy, 

heterocycloaiky! may be substituted with one or more substituents selected from 

hydroxy, amino, halo, aikyi, haioaikyi, CN. aikoxy, haloafkoxy, aikyiamino, and 

aminoaikyi; 

R5 is H, C{=0)R9, C(-0)0R9, CC-0)N^JaR9b> or (CH2)R10; 

RSs and RSb are independently H, rrtethyf, haiomethyl, fluoro. or methoxy; 

each R7 and R8 is independently H, alkyl, haioaikyi, aryi, or heteroaryl; 

each R7a is independently aikyi, haioaikyi, aryl, or heteroaryl; 
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R9 is alkyl, aryl, heteroaryi, or cycloaikyi wherein each saici aikyi aryl, 
heteroaryl, and cycloaikyi may be substituted with one or more substituents selected 
from hydroxy, amino, haio, alkoxy, and aminoalkyl; 

each R9a and RSb is independently H, aikyi, aryl, heteroaryi, or cycloaikyi, 
wherein each said aikyi, aryl, heteroaryi, and cycloaikyi may be substituted with one 
or more substituents selected from hydroxy, amino, halo, alkoxy, and aminoalkyl, or, 
when R5 is C(=0)NR&ftR9t\ R9a and R*\ together with the nitrogen atom to which they 
are attached, form a 5- or 6-membered N-containing heterocyclic ring; 

R11 is H, aikyi, aryi heteroaryl, or cycloaikyi, wherein each said alkyl, aryl, 
heteroaryi and cycloaikyi may be substituted with one or more substituents selected 
from hydroxy, amino, haio, alkoxy, and aminoalkyl; 

and pharmaceutical^ acceptable salts thereof; 
provided that the compound of Formula X is not (3S)-3-amino-7-bromo-t-

hydraxy-3,4-dihydroquinolin-2(1H)~one; {3R}-3-amino-7-bromo-1-hydroxy-3,4-
dihycSroquinoiin-2(1W)-one; rac-3-amino-7-bromo-1-hydroxy-3,4-dthydroquinolin-
2{1H)-one; rae-3-amino~8~chloro-1-hydraxy-3,4-dihydroquinoiin-2(1H)~one; rae-3-
amino~7~chioro-1-hydroxy-3,4-dihydroquinolin-2(tH)~one; rac-3-amino-7-f?uoro-1-
hydroxy-3,4-dihydroquinolin-2(l H)-one; rac-3-amino-6-chloro-1 -hydroxy-3.,4-
dihydroquinolin-2(1H)-one; rac-3-amino-5~chloro-1-hydroxy-3,4-dihydroquinolin-
2{ 1 H)-one; rac-3-amfno-6-bromo-1-hydroxy-3,4-dihydroquinolin-2(1H)-one; rao-3-
am ino-6-fluoro-1 -hydroxy-3,4-d ihyd roquinol in-2( 1 H)-one; rac-Z-a mi no-1 -hydroxy-4-
methyl~3,4~dihydroquino!in-2{ 1 W)-one; (3S)-3-amino-1 -hydroxy-3,4-dihydroquinolin-
2(1H)-one; or (3R)-3-amino-1-hydroxy-3,4-dihydroquinoiin~2{1H}-one. 

This invention also includes pharmaceutical^ acceptable salts, hydrates, 
solvates, isomers, crystalline and non-crystalline forms, isomorphs. polymorphs, and 
metabolites of compounds of Formula X. This invention also includes all tautomers 
and stereochemical isomers of these compounds. 

This invention also is directed, in part, to a method for treating a KAT II 
mediated disorder in a mammal. Such disorders include cognitive deficits associated 
with schizophrenia and other neurodegenerative and/or neurological disorders. The 

O 
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method comprises administering a compound of Formula X or a pharmaceutically 

acceptable salt thereof, to the mammal in art amount that is therapeutically effective 

to treat the condition. 

FIG 1 describes in vivo plasma exposure of Example 71 in dogs foiiowing 
dosing of Example 71 (IV or PO) or Example 72 (PQ). The line indicated by "~*~K 

represents plasma exposure of Example 71 following intraveneous administration of 

Example 71 at 0,5 mg/kg. The Sine indicated byrepresents plasma exposure of 

Example 71 following administration of Example 71 by oral gavage at 2 mg/kg. The 

line indicated by represents plasma exposure of Example 71 following 

administration of Example 72 by oral gavage at a dose equivalent to 1 mg/kg of 

Example 71. 

FS8. 2 describes in vivo plasma exposure of Example 71 in monkeys 

following oral dosing of Example 71 at 3 mg/kg or Example 72 at a dose equivalent to 

3 mg/kg Example 71. The line indicated by represents plasma exposure of 

Example 71 following oral administration of Example 72 to subject 1. The line 

indicated by "-"-"represents plasma exposure of Example 71 following oral 

administration of Example 72 to subject 2. The line indicated by represents 

plasma exposure of Example 71 following oral administration of Example 71 to 

subject 3, The line indicated by -"represents plasma exposure of Example 71 

following oral administration of Example 71 to subject 4. 

One embodiment of the present invention is a compound of Formula X as 

described above. 

Another embodiment of the present invention is a compound of Formula XA 

or Formula XB: 

wherein A, X, Y, I, R6,. Rfe\ and Ff0 are as defined herein for Formula X. 

Another embodiment of the present invention is a compound of Formula XI or 

Formula XIA that is a compound of Formula X or Formula XA, respectively, wherein: 

BRIEF DESCRIPTION OF THE DRAWINGS 

DETAILED DESCRIPTION OF THE INVENTION 

OR5 OR5 

XB 
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A, X, Y, arsd 2 are defined as foiiows: 

(i) A is N or CR1, X is N or CR2, Y is N or CR3, and Z is N or CR4, provided 

that no more than two of A, X, Y, and Z are N, 

(ii) A and X together form a 5- or 6-membered aromatic or N-containtng 

heteroaromatic ring fused to the ring containing A and X, Y is N or CR3, 

and Z is N or CR", wherein the 5- or 6-membered aromatic or N-

containmg heteroaromatic ring is substituted by R1 and R2; or 

(iii) Y and Z together form a 5- or 6-membered aromatic, N-containing 

heteroaromatic, or O-containing heterocycloaiky! ring fused to the ring 

containing Y and Z, A is N or CR1, and X is W or CR2, wherein the 5- or 

6-membered aromatic or N-containing heteroaromatic ring is substituted 

by R3 and R": 

R\ R\ R3, and R4 are independently H, haio, aikyi, aryi, aralkyl, heteroaryl, 

alkoxy, aryloxy, araikyioxy, heterocycioalkyloxy, heteroaryloxy, cycloaikyi, 

aikyiheterocydoaikyi, heterocycloaiky I, CH2MR7RS, and SG2R7a, wherein each said 

aryi, aralkyl, heteroaryl, aikoxy, aryloxy, araikyioxy, heterocycioalkyloxy, 

heteroaryloxy, cycloaikyi, aikyiheterocydoaikyi, and heterocycloaiky!, may be 

substituted with one or more substituents selected from haio, alkyl, haioaikyi, CN, 

alkoxy, haioalkoxy, and aikyiamino; 

R5 is H: 

R6a and R6b are independently H or methyl; 

each R7 and R8 is independently alkyl or aryi; 

each R7a is independently aikyi, haioaikyi, aryl, or heteroaryi; and 

pharmaceutical^ acceptable salts. 

Another embodiment of the present invention is a compound of Formula X! or 

Formula X1A, wherein A, X, Y, Z, R69, R6t!, R7, R7®, and R8 have any definition 

described herein and R! is H, haio, alkyl, aikoxy, or cyclopropyl, or R' is H, halo, or 

alkoxy. 

Another embodiment of the present invention is a compound of Formula XI or 

Formuia XiA wherein R1 is H, haio, C« alkyl, C1..3 aikoxy, or cyclopropyl 

Another embodiment of the present invention is a compound of Formula Xi or 

formuia XiA wherein R1 is H, haio, C, 3 alkyl, alkoxy, or cyclopropyl; R4 is H, 

halo, C1.6 aikyi, Ct,s alkoxy, C3.g cycloaikyi, 4-6-membered heterocycloalkyl, CN, 

NR7R8, C{-0)NR7R8, SG2NR7RS, NR7S02R8, and NR7C(0)R7*, wherein each said 
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aikyi alkoxy, aryioxy, heterocycioalkyloxy, heteroaryloxy, cycloaikyi, and 

heterocycloaiky! may be substituted with one or more substituents selected from 

hydroxy, amino, halo, aikoxy, and aminoalkyl; each R7 and R9 is independently H, 

aikyi, or haioaikyi; and each R?i! is alkyl or haioaikyi. 

Another embodiment of the present invention is a compound of Formula Xi or 

Formula XIA wherein R1 is H, halo, C1-3 alkyl, Ct~3 aikoxy, or cydopropyi; R" is H, 

halo, C< 6 alkyl, C;.,3 alkoxy, C-j.% cycloaikyi, 4-6-membered heterocycloalkyl, CN. 

C(-0)NR/Rs, or S02NR?R8, wherein each said aikyi, alkoxy., aryioxy, heteroaryloxy, 

cycloaikyi, and heterocycloalkyl may be substituted with one or more substituents 

selected from hydroxy, amino, halo, aikoxy, and aminoalkyl; and each R' and R8 is 

independently H, alkyl, or haioaikyi. 

Another embodiment of the present invention is a compound of Formula Xii or 

Formula XIIA that is a compound of Formula X or Formula XA, respectively: 

wherein R1 is H, halo, C1.3 alkyl, C?..3 alkoxy, or cyclopropyl; R2, R3, R4 , and R5 are as 

defined above for Formula X; and one of R6a and HSb is H and the other is H, methyl, 

fluoromethyl, fiuoro, or methoxy. 

Another embodiment of the present invention is a compound of Formula Xii or 

Formuia Xii A wherein K.\ R* R?, and R4 are independently H, F, CI, Br, CH3, or CF3; 

and one of R6a and R6b is H and the other is H or CH>. 

Another embodiment of the present invention is a compound of Formula Xii or 

Formuia Xii A wherein R1 is H; R2 is H, CI, or CH3; R3 is H or CH3; and R4 is H, F, 

CH3, or CF3. 

Another embodiment of the present invention is a compound of Formula Xii* 

or Formula XilA' that is a compound of Formula Xii or Formula XI!A, respectively, 

wherein R1 is H; R2 is H, arylalkyl that is benzyl, aryloxy that is phenoxy, or 

heteroaryloxy, wherein said aryl or heteroaryi may be substituted with one or more 

substituents selected from hydroxy, amino, haio, alkyl, haioaikyi, CN, alkoxy, 

haloaikoxy, alkylamino, and aminoalkyl; R3 is H or aikoxy, wherein said alkoxy may 

be substituted with one or more halo: and R4 is H, 

R4 OR5 R4 OR5 
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Another embodiment of the present invention is a compound of Formula XIP 

or Formula XUA wherein R2 is H or benzyl. 

Another embodiment of the present invention is a compound of Formula XIIs 

or Formuia XII A' wherein R3' is H. 

Another embodiment of the present invention is a compound of Formula Xii I 

or Formula XIHA that is a compound of Formula X or Formula XA, respectively: 

wherein R2, R3, FT, and R5 are as defined herein for Formula X or Formula XA; and 

one of R6a and R6fc is H and the other is H; methyl, fluoromethyi, fluoro, or methoxy. 

Another embodiment of the present invention is a compound of Formula XI! 1 

or Formula XlliA wherein R2, RJ, and R4 are independently H, F, CI, Br, CH3, or CF3; 

and one of R6" and R6t' is H and the other is H or CH3. 

Another embodiment of the present invention is a compound of Formula Xii! 

or Formula XlliA wherein R2, R:\ R\ R6a, and RSh are H. 

Another embodiment of the present invention is a compound selected from 

Examples 1-71, 74-120, and 124-171; and pharmaceutical acceptable salts thereof. 

Another embodiment of the present invention is a compound selected from 

the compounds shown in Table X, below, and pharmaceutical^ acceptable salts 

thereof. 

Another embodiment of the present invention is a method for the treatment or 

prevention in a mammal of a condition selected from the group consisting of acute 

neurological and psychiatric disorders; stroke; cerebral ischemia; spina! cord trauma; 

cognitive impairment, including mild cognitive impairment; head trauma; perinatal 

hypoxia; cardiac arrest; hypoglycemic neuronal damage; dementia; Alzheimer's 

disease; Huntington's Chorea; amyotrophic lateral sclerosis; ocular damage; 

retinopathy; cognitive disorders; idiopathic and drug-induced Parkinson's disease; 

muscular spasms and disorders associated with muscular spasticity inducting 

tremors; epilepsy; convulsions; migraine; urinary incontinence; substance tolerance; 

substance withdrawal; psychosis; schizophrenia; negative symptoms associated with 

schizophrenia: autism, including autism spectrum disorders; bipolar disorder; 

K4 OR5 R4 ORs 
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depression, including but not limited to Major Depressive Disorder and treatment-

resistant depression; cognitive impairment associated with depression; cognitive 

impairment associated with cancer therapy; anxiety; mood disorders; inflammatory 

disorders; sepsis; cirrhosis; cancer and/or tumors associated with immune response 

escape; trigeminal neuralgia; hearing: toss; tinnitus; macular degeneration of the eye; 

emesis; brain edema; pain; tardive dyskinesia; sleep disorders; attention 

deficit/hyperactivity disorder; attention deficit disorder; disorders that comprise as a 

symptom a deficiency in attention and/or cognition; and conduct disorder; comprising 

administering a compound selected from {3S)-3-amino-7-bromo-1-hydroxy-3,4-

dihydroquinoiin-2( 1 H)~one, {3ft}-3-arnino~7~bromo-i -hydroxy-3,4-dthydroqutnoitn-

2{ 1 H)-one, rac-3~arnino-7-bromo-1-hydroxy-3>4-dihydroquinolin~2{1H}-one> rac~3~ 

am!no-8-chloro-1-hydroxy-3,4-dihydroquinolin-2(1H)-one, rac-3-amino-7-chioro-1 -

hydroxy-3,4-dihydroquinolin-2(1 H)-one, rac-3-amino-7-fluoro-1 -hydroxy-3,4-

dihydroquinoiin-2(1H)~one, rac-3-amino-6-chioro~1~hydroxy~3,4-dihydroquino!in-

2{1W)~one, rac-3-amino-5-chloro-1-ihydroxy-3i4-dihydroquinoiin-2(1W}-onei rac-3-

amino-6-bromo-1 -hydroxy-3,4-dihydroquino!in-2(1 H)-one, rac-3-amino-8-fiuoro-1 -

hydroxy-3,4-dihydroquinoiin-2(1H}-one, rac-3-amino-1-hydroxy-4-methyl-3,4-

dihydroquinolin-2(1 H)-one, (3S)-3-amtno-1 -hydroxy-3,4-dihydroquinoiin~2(1H)-onel or 

(3/?)~3~amino-1-hydroxy-3,4-dihydroquinoIin~2(1H)~one, or a compound of Formuia X. 

Another embodiment of the present invention is a method for the treatment or 

prevention in a mammal of a condition selected from the group consisting of 

dementia; cognitive deficit symptoms of Alzheimer's disease; attention deficit 

symptoms of Alzheimer's disease; muSti-infaref dementia, alcoholic dementia or other 

drug-related dementia, dementia associated with intracranial tumors or cerebral 

trauma, dementia associated with Huntington's disease or Parkinson's disease, or 

AiDS-related dementia; delirium; amnestic disorder; post-traumatic stress disorder; 

mental retardation; a learning disorder (e.g., reading disorder, mathematics disorder, 

or a disorder of written expression); attention-deficit/hyperactivity disorder; age-

related cognitive decline; cognitive deficits associated with psychoses; or cognitive 

deficits associated with schizophrenia, comprising administering a compound 

selected from (3S)-3-amino-7~bromo~1~hydroxy~3,4~dihydroquinoiin-2(1H)-one, (3R)-

3-amino-7-bromo-1 -hydroxy-3,4-dihydroqutnoltn-2(1 Hj-one, rac-3-amino-7-bromo-1 -

hydroxy-3,4-dihydroquinolin-2{1 Hj-om, rac-3-amino-8-chloro-1 -hydroxy-3,4-

dihydroquinoiin-2(1H)-one, rac-3-amino-7-chioro-1-hydroxy-3,4-dihydroquinoiin-
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2{1H)-one, rac-3-amino-7-fluoro-1-hydroxy-3,4-dihydroquinoiin-2(1H)-one, rac-3-

amino-6-chloro-1-hydroxy-3!4~dihydroquinolin-2{1H)-one, rac-3-arrtino-5-cNoro-1-

hydroxy-3,4~dihydroquinoliri-2{1 H)-one, rac-3-amino-6-bromo-1 -hydroxy-3,4-

dihydroquinol in-2(1 H)-one, rac-3-amino-6-fluoro-1 4iydroxy-3,4-dthydroejutnolin-

2(1H)-one, rac~3-amino-1-hydroxy-4~melhy!-3,4-dihydroqutnoitn-2(1H)-one> (3S)-3-

amino-t~hydroxy~3,4~dihydroquinoiin-2{1H)-one, or (3/?)~3~amino-1-hydroxy-3,4-

dihydroquinoiin«2(1H)~one> or a compound of Formula X. 

Another embodiment of the present invention is a method for the treatment or 

prevention in a mammal of a condition selected from the group consisting of acute 

neurological and psychiatric disorders; stroke; cerebral ischemia; spina! cord trauma; 

cognitive impairment, including mild cognitive impairment; head trauma; perinatal 

hypoxia; cardiac arrest; hypoglycemic neuronal damage; dementia; Alzheimer's 

disease; Huntington's Chorea; amyotrophic lateral sclerosis; ocular damage; 

retinopathy; cognitive disorders; idiopathic and drug-induced Parkinson's disease; 

muscular spasms and disorders associated with muscular spasticity including 

tremors; epilepsy; convulsions; migraine; urinary incontinence; substance tolerance; 

substance withdrawal; psychosis; schizophrenia; negative symptoms associated with 

schizophrenia; autism, including autism spectrum disorders; bipolar disorder; 

depression, including but not limited to Major Depressive Disorder and treatment-

resistant depression; cognitive impairment associated with depression; cognitive 

impairment associated with cancer therapy; anxiety; mood disorders; inflammatory 

disorders; sepsis; cirrhosis; cancer and/or tumors associated with immune response 

escape; trigeminal neuralgia; hearing toss; tinnitus; macular degeneration of the eye; 

emesis; brain edema; pain; tardive dyskinesia; sleep disorders; attention 

deficit/hyperactivity disorder; attention deficit disorder; disorders that comprise as a 

symptom a deficiency in attention and/or cognition; and conduct disorder; comprising 

administering a compound of Formula X. 

Another embodiment of the present invention is a method for the treatment or 

prevention in a mammal of a condition selected from the group consisting of 

dementia; cognitive deficit symptoms of Alzheimer's disease; attention deficit 

symptoms of Alzheimer's disease; muiti-infarct dementia, alcoholic dementia or other 

drug-related dementia, dementia associated with intracranial tumors or cerebral 

trauma, dementia associated with Huntington's disease or Parkinson's disease, or 

AiDS-related dementia; delirium; amnestic disorder; post-traumatic stress disorder; 
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mental retardation; a learning disorder (e.g., reading disorder, mathematics disorder, 

or a disorder of written expression); attention-deficit/hyperactivity disorder; age-

related cognitive decfine; cognitive deficits associated with psychoses; or cognitive 

deficits associated with schizophrenia, comprising administering a compound of 

Formuia X. 

Another embodiment of the present invention is a compound of Formula XIV 

or Formuia XIVA that is a compound of Formula X or Formuia XA. respectively: 

wherein R1 is H, halo, C-u.3 aikyi, Ct s alkoxy, or cyclopropyl; one of R6a and RSe is H 

and the other is H, methyl, fiuoromethyl, fluoro. or methoxy; and R3. R~, and Rs are 

as defined above for Formuia X or Formula XA, 

Another embodiment of the present invention is a compound of Formula XV 

or Formuia XVA that is a compound of Formula X or Formuia XA, respectively : 

wherein R1 is H, halo, C1..3 alkyl, C1.3 alkoxy, or cyclopropyl; one of R8® and R5b is H 

and the other is H, methyl, fiuoromethyl, fluoro, or methoxy; and R2, R4, and Rs are 

as defined above for Formuia X or Formuia XA. 

Another embodiment of the present invention is a compound of Formula XV 

or Formula XVA wherein K1 is H, halo, CM aikyi, C1.3 alkoxy, or cyclopropyl; one of 

R6a and Rr,t> is H and the other is H, methyl, fluoromethyf, fluoro, or methoxy; and K2, 

R4, and Rs are as defined above for Formula X or Formula XA. 

Another embodiment of the present invention is a compound of Formula XV 

or Formuia XVA, wherein R1 and R4 are H; R2 is arylalkyl that is benzyl., aryloxy that 

is phenoxy, or heteroaryloxy, wherein said aryl or heteroaryi may be substituted with 

one or more substituents selected from hydroxy, amino, haio, alkyl, haioaikyi, CN, 

alkoxy, haioatkoxy, alkylamino, and aminoalkyl. 

RA OR5 R4 OR5 

R4 OR5 R4 OR5 
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Another embodiment of the present invention is a compound of Formula XVI 

or Formula XVIA that is a compound of Formula X or Formula XA, respectively: 

OR5 
i 

JL Rl .N. JN. s,Q 

R2 Y X NH2 R2" T' X' "NH2 
A 06a p6b * „ nSa p6b 

R1R R X.V1 or R'R R XVIA 

wherein R1 is H, halo, Ci,3 aikyi, C1-3 alkoxy, or cyclopropyl; one of R6a and RSb is H 

and the other is H, methyl, ffuoromethyl, fluoro, or methoxy; and wherein R2, R3, and 

R6 are as defined above for Formuia X or Formula XA, 

Another embodiment of the present invention is a compound of Formula XVI 

or Formula XVIA wherein R! is H, haio, C1.3 alkyl, C1.5 aikoxy, or cyclopropyl; one of 

Rbfi and Rbb is H and the other is H, methyl, fluoromethyf, fiuoro, or methoxy; and 

wherein R2. R\ and Rs are as defined above for Formula X or Formula XA. 

Another embodiment of the present invention is a compound of Formula XVI 

or Formuia XVIA wherein Ra is arylalky! that is benzyl or aryloxy, wherein said aryl 

may be substituted with one or more substituents selected from hydroxy, amino, 

halo, aikyi, haioaikyi, CN, aikoxy, haloalkoxy, alkylamino, and aminoalkyl; and R3 is H 

or alkyl. 

Another embodiment of the present invention is a compound of Formula XVI 

or Formula XVIA wherein R2 is arylalky! that is benzyl or aryloxy that is phenoxy, 

wherein said aryi may be substituted with one or more substituents selected from 

hydroxy, amino, halo, aikyi, haioaikyi, CN, aikoxy, haloalkoxy. alkylamino, and 

aminoaikyi; and R3 is H or methyl. 

Another embodiment of the present invention is a compound of Formula XVI! 

or Formuia XVI(A that is a compound of Formuia X or Formula XA, respectively: 

R4 OR5 R4 OR5 

R"\ Js .O R'l .O 

N., N v „ 
N >( NH, N X 

R63 R& " XVH or *6a ^6b ~ XVtIA 

wherein one of R6a and R6fc is H and the other is H, methyl, fluoromethyi, fluoro, or 

methoxy; and R3, R4, and Rs are as defined above for Formuia X or Formuia XA. 

Another embodiment of the present invention is a compound of Formula XVI li 

or Formula XVI HA that is a compound of Formula X or Formula XA, respectively: 
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H X NH2 
Rea XVill or *5a R6b XViilA 

wherein one of Rc"* and Rtafc is H and the other is H, methyl, fluoromethyi, fluoro, or 

methoxy; and R2, R4, and are as defined above for formuia X or Formula XA, 

Another embodiment of the present invention is a compound of Formula XiX 

or Formuia XIXA that is a compound of Formula X or Formuia XA, respectiveiy: 

R; 

R-

OR5 

V^Y0 

P&a p^tib 

R-

R 

OR5 

N:!!><^NH2 
R68 R6b XIXA XIX or 

wherein one of Rc"* and Rtab is H and the other is H, methyl, fluoromethyL fluoro, or 

methoxy; and R2, R3, and Rs are as defined above for Formuia X or Formuia XA, 

Another embodiment of the present invention is a compound of Formula XX 

or Formuia XXA that is a compound of Formula X or Formuia XA, respectiveiy: 

Vx1-
,1 R6a RSb ,•! RRa R6E> 

XXA R " XX or 

wherein R' is H, Ci„3 alkyl C1.3 aikoxy, or cyclopropyl; one of R8® and RSb is H and the 

other is H, methyl, fluoromethyi, fluoro, or methoxy; and R4 and R6 are as defined 

above for Formuia X or Formula XA. 

Another embodiment of the present invention is a compound of Formula XXI 

or Formula XXiAthat is a compound of Formula X or XA, respectively: 

OR5 OR5 
i i 

XXI or XXIA 
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wherein R1 is H, Ci„3 alkyl, Ci.3 aikoxy, or cyclopropyl; one of R6* and RSb is H and the 

other is H, methyl, fluoromethyi, fluoro, or methoxy; and R3 and R6 are as defined 

above for Formula X or Formula XA, 

Another embodiment of the present invention is a compound of Formula XXII 

or Formuia XXilA that is a compound of Formuia X or Formula XA, respectively: 

N-* 
J 

RZ ^ " x ~NH2 x "X' "INH~ 
p6a p6b ' , tafia p6b 

R:H K XXII or RSK K XXIIA 

wherein R! is H, halo, Ci.3 alkyl, C5..3 alkoxy, or cyclopropyl; one of R83 and R6b is H 

and the other is H, methyl, fluoromethyi, fluoro, or methoxy; and R2 and R5 are as 

defined above for Formula X or formula XA. 

Another embodiment of the present invention is a compound of Formula XXI! 1 

or Formula XXillA that is a compound of Formuia X or XA, respectively; 

OR5 OR5 

XXIII or ' R63 rx XXIIIA 
wherein the ring substituent A is a 5- or 6-membered aromatic, N-containing 

heteroaromatic, or O-containing heterocycioalkyl ring substituent substituted by R1 

and R2; R1 is H, haio. CM aikyi, C1-3 alkoxy, or cyclopropyl; and Ra, Y, Z, Rs, Rs'\ and 

Re" are as defined above for Formula X or Formula XA. 

Another embodiment of the present invention is a compound of Formula XXI! i 

or Formula XXIilA wherein the ring substituent A is selected from the group of 

substituents shown in Tabie A, below; wherein A is substituted by R1 and Ra: and 

wherein R1 and R3 are as defined for Formuia XXiii or Formula XXillA, respectively. 

Table A 
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I 

N" 

vVW 

--N W-J 

Ns 
C J V* 

w 

fV ^ ,--N 

,1 v N" *V\ 
II 
Ns/ 

N 
I 

A: 
,N 

if^ 
%• 

JWS.' 

v-N 
Another embodiment of the present invention is a compound of Formula .XXIV 

or Formula XX!VA that is a compound of Formula X or Formula XA, respectively: 

OR6 

at ZY'N"Y° 
' A" "NH2 

XXIV or RS8 R6b XX1VA 
wherein the ring substituent X is a 5- or 6-membered aromatic, N-containing 
heteroaromatic, or O-containing heterocycloalkyl ring substituent substituted by R2 

and R3; R1 (i.e., when A is CR1) is H, halo, C; 3 aikyi, C1..3 alkoxy, or cyclopropyl; and 
R2. R3, A, Z, R3, R&\ and R61' are as defined above for Formula X or Formula XA., 

Another embodiment of the present invention is a compound of Formula XXIV 
or Formuia XXiVA wherein the ring substituent X is selected from the group of 
substituents shown in Tabie A, above; wherein the ring substituent X is substituted by 
R2 and R3; and wherein R2 and R3 are as defined for Formula XXIV. 

Another embodiment of the present invention is a compound of Formula XXV 
or Formuia XXVA that is a compound of Formula X or Formuia XA, respectiveiy; 

x. X, 
NH2 

R63 R6b XXV or RSa R6b XXVA 
wherein the ring substituent Y is a 5~ or 6-membered aromatic, N-containing 
heteroaromatic, or O-containing heterocycloalkyl ring substituent substituted by R3 

and R4; R1 (i.e., when A is CR1) is H, halo, Ci 3 alkyl, C<alkoxy, or cyclopropyl; and 
R3, R4, A, X, RS, R6a, and R6b are as defined above for Formuia X or Formuia XA. 
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Another embodiment of the present invention is a compound of Formula XXV 

or Formula XXVA wherein the ring substituent Y is selected from the group of 

substituents shown in Tabie A, above; wherein said ring substituent Y is substituted 

by R3' and R4; and wherein R3 and R4 are as defined for formula XXV. 

Compounds of Formula X or compounds related thereto when R; is H can 

form a Schiff base with pyridoxaf~5~phosphate (also called PLP and/or vitamin B6) in 

the KAT I! enzyme, to inhibit formation of kynurenic acid. Literature reports of other 

PLP-dependent enzymes (R. B. Silverman et ai, J. Am. Chem. Sac, 1998, 120, 2258) 

also demonstrate that an initially formed inhibitor-PlP Schtff base can undergo base-

induced tautomerization to an isomeric ketimine, which can further isomerize to an 

aromatized inhibitor-PLP adduct. Another embodiment of the present invention is a 

Schiff base, or the product of base-promoted isomerization thereof, formed between 

a compound of Formuia X, as defined herein, and pyridoxai-5-phosphate. 

Another embodiment of the present invention is a Schiff base, or the product 

of base-promoted isomerization thereof, formed between a compound of formuia X, 

as defined herein, and pyridoxal-5-phosphate, wherein said Schiff base is formed in 

vivo. 

Prodrugs that have little or no pharmacological activity themselves can, when 

administered into or onto the body, be converted into compounds of Formuia X 

having the desired activity. 

Another embodiment of the present invention is a compound of Formula X or 

Formuia XA wherein R' is H, halo, C5 3 aikyi, Ci,3 alkoxy, or cyclopropyl; R5 is 

C{«0)R9, C{=0)0R®, C(=0)NRSaR®-\ or (CH2)R10; and R11 is methyl. 

Another embodiment of the present invention is a compound of formula X or 

formuia XA wherein R5 is C{=0)NK9aR9b, 

Another embodiment of the present invention is a compound of Formula X or 

AO O • v O j ^ 
—M | —N ) "v^—N O 

formula XA wherein Rs is \ , N--"!< , or - ,N~—•/ . 

Another embodiment of the present invention is a compound selected from 

Examples 72, 73, and 121-123; and pharmaceutical acceptable salts thereof. 

Another embodiment of the present invention is (3S)-3-amino-1-

[{dimethy!carbamoyi)oxyij-3,4-dihydroc|uinoiin-2(1H)~one (see Example 73), and 

pharmaceutical ly acceptable sails thereof. 
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Another embodiment of the present invention is a compound selected from 

the compounds shown in Table Y, below, and pharmaceutical acceptable salts 

thereof. 

Another embodiment of the present invention is a compound selected from 

the compounds shown in Table Z, below, and pharmaceutical acceptable salts 

thereof. 

Another embodiment of the present invention is a compound of Formula XIB, 

Formula XIIB, Formula XIIIB, Formula XIVB, Formula XVB, Formula XV1B, Formula 

XVIIB, Formula XVIIIB, Formula XXIB, Formula XXIIB.. Formula XXHIB.. Formula 

XX1VB, or Formula XXVB, that is a compound of Formuia XIA, Formuia XI iA, 

Formuia Xii 1A. Formula XiVA, Formuia XVA, Formuia XVIA, Formula XVilA, Formula 

XViiSA, Formula XXIA, Formula XXtIA, Formuia XXIIIA, Formuia XXIVA, or Formula 

XXVA, respectively, wherein the right side of the molecule has the foiiowing 

stereochemistry: 

Unless otherwise specified, for the sake of brevity, any reference herein to 

compounds of Formula X shall include reference to any compounds of the invention, 

including any compounds of Formulas X, XA, XI, XiA, Xii, XHA, XIII, XlilA, XiV, XIVA, 

XV, XVA, XVI, XVIA, XVII, XVIIA, XVIli, XVHIA. XXI, XXIA, XXIi, XXIIA, XXIH, XXillA, 

XXIV, XXIVA, XXV, or XXVA, without specific reference to each Formuia. 

Unless otherwise specified, any variable not mentioned in Formulas X, XA, 

XI, XIA, Xii, XHA, Xir, XHA\ Xfli, XIIIA, XIV, XIVA, XV, XVA, XVI, XVIA, XVII, XVilA, 

XVIII, XVIISA, XIX, XIXA, XX, XXA, XXI, XXIA, XX!I, XXI1A, XXIII, XXIIIA, XXIV, 

XXIVA, XXV, or XXVA will have the definition as provided in Formula X. Furthermore, 

unless otherwise specified, reference to a compound of any Formula disclosed 

herein shall also include pharmaceutical^ accepiabie salts thereof. 

Abbreviations and Definitions 

The term "alkyl" refers to a linear or branched-chain saturated hydrocarbyi 

substituent (i.e., a substituent obtained from a hydrocarbon by removal of a 

hydrogen) containing from one to twenty carbon atoms; in one embodiment from one 

OR~ 
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to twelve carton atoms: in another embodiment, from one to ten carbon atoms; in 

another embodiment, from one to six carbon atoms; and in another embodiment, 

from one to four carbon atoms. Examples of such substituents include methyl, ethyl, 

propyl {including o-propyl and isopropyl), butyl {including n-butyt, isobutyl, sec-butyl 

and terf-butyl), pentyL isoamyl, hexyi and the like. 

"Alkeny!" refers to an aliphatic hydrocarbon having at least one carbon-carbon 

double bond, including straight chain:, branched chain or cyclic groups having at least 

one carbon-carbon double bond, in one embodiment, the alkersyi group has 2 to 20 

carbon atoms (whenever a numerical range; e.g., "2-20", is stated herein, it means 

that the group, in this case the alkenyl group, may contain 2 carbon atoms, 3 carbon 

atoms, etc. up to and including 20 carbon atoms). In another embodiment, it is a 

medium size alkenyl having 2 to 10 carbon atoms. For example, as used herein, the 

term "(CrCs}alkenyi" means straight or branched chain unsaturated radicals of 2 to 0 

carbon atoms, including, but not limited to ethenyl, 1-propenyi, 2-propenyi (allyl), iso-

propenyi, 2-methyl-1-propenyl, 1-butenyl, 2-butenyl, and the like: optionally 

substituted by 1 to 5 suitable substituents as defined above such as fluoro, chioro, 

trifluoromethyl, {Ci-C6)alkoxy, (Ce-Cio)aryloxy, trifluoromethoxy, difluoromethoxy or 

(CrCe)alkyl. When the compounds of the invention contain a (Cz-Csjaikenyl group, 

the compound may exist as the pure E (entgegen) form, the pure Z (zusammen) 

form, or any mixture thereof, 

'"Alkynyl" refers to an aliphatic hydrocarbon having at least one carbon-carbon 

triple bond, including straight chain, branched chain or cyclic groups having at least 

one carbon-carbon triple bond. In one embodiment, the alkynyl group has 2 to 20 

carbon atoms (whenever a numerical range; e.g., "2-20", is stated herein, it means 

that the group, in this case the alkynyl group, may contain 2 carbon atoms, 3 carbon 

atoms, etc. up to and including 20 carbon atoms), in another embodiment, it is a 

medium size alkynyl having 2 to 10 carbon atoms. In another embodiment, it is a 

lower alkynyl having 2 to 8 carbon atoms. For example, as used herein, the term 

"(C-2-Ce)alkynyr* is used herein to mean straight or branched hydrocarbon chain 

alkynyl radical as defined above having 2 to 6 carbon atoms and one triple bond. 

The term "cycloaikyi" refers to a carbocyclic substituent obtained by removing 

a hydrogen from a saturated carbocyclic molecule and having three to fourteen 

carbon atoms. In one embodiment, a cycloaikyi substituent has three to ten carbon 
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atoms. Examples of cycloaikyi include cyclopropyl, cyclobutyi, cyciopenty! and 

oyclohexyl. 

The term "cycloaikyi" also includes substituents that are fused to a C6-C10 

aromatic ring or to a 5-10-membered heteroaromatic ring, wherein a group having 

such a fused cycloaikyi group as a substituent is bound to a carbon atom of the 

cycloaikyi group. When such a fused cycloaikyi group is substituted with one or more 

substituents, the one or more substituents, unless otherwise specified, are each 

bound to a carbon atom of the cycloaikyi group. The fused C5-C10 aromatic ring or 5-

10-membered heteroaromatic ring may be optionally substituted with halogen, CrCe 

aikyi, C3-C10 cycloaikyi, or =0. A cycloaikyi may be a single ring, which typically 

contains from 3 to 8 ring atoms. Examples include cyclopropyl, cyclobutyi, 

cyclopentyl, and cyciohexyl. Alternatively, 2 or 3 rings may be fused together, such 

as bicyclodecanyl and decalinyl. 

The term "aryi" refers to an aromatic substituent containing one ring or two or 

three fused rings. The aryl substituent may have six to eighteen carbon atoms. As an 

example, the aryl substituent may have six to fourteen carbon atoms. The term "aryl" 

may refer to substituents such as phenyl, naphthyl and anthracenyi. The term "aryl" 

also includes substituents such as phenyl, naphthyl and anthracenyi that are fused to 

a CrCto carbocyclic ring, such as a Csr or a Ce-carbocyclic ring, or to a 4-10-

membered heterocyclic ring, wherein a group having such a fused aryl group as a 

substituent is bound to an aromatic carbon of the aryl group. When such a fused aryl 

group is substituted with one or more substituents, the one or more substituents, 

unless otherwise specified, are each bound to an aromatic carbon of the fused aryl 

group. The fused C4-C<0 carbocyclic or 4-10-membered heterocyclic ring may be 

optionally substituted with halogen, C;-C« alkyl, CrC« cycloaikyi, or -O. Examples of 

aryi groups include accordingly phenyl, naphthatenyi, tetrahydronaphtbaienyl (aiso 

known as "tetralinyl"), indenyl, isoindenyt, indanyl, anthracenyi, phenanthrenyl, and 

benzonaphthenyl {aiso known as "phenalenyl"). 

The term "aralkyl" or "arylaikyi" refers to an alkyl substituent, as defined 

herein, substituted by an aryi substituent, as defined herein. Aralkyl substituents may 

have from seven to 24 carbon atoms. Examples of aralkyl groups include benzyl (i.e., 

phenyl methyl), phenylethyl, indenylmethyi. and naththaienylethyl. 

In some instances, the number of carbon atoms in a hytJrocarby! substituent 

(i.e., aikyi, alkenyl, cycloaikyi, eycloalkenyt, aryl, etc,} is indicated by the prefix "Cx-Cy" 
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or "Cx-y,!' wherein x is the minimum and y is the maximum number of carbon atoms in 

the substituent. Thus, for example, "Ci-C6 alkyl and "Ci.g aikyi" both refer to an aikyi 

substituent containing from 1 to 6 carbon atoms, iifustrating further, C3-Cg cycloaikyi 

and Cj.6 cycloaikyi refer to saturated cycloaikyi containing from 3 to 6 carbon ring 

atoms. 

in some instances, the number of atoms in a cyclic substituent containing one 

or more heteroatoms (i.e., heteroaryi or heterocycloaiky!) is indicated by the prefix "X-

Y-membered", wherein x is the minimum and y is the maximum number of atoms 

forming the cyclic moiety of the substituent. Thus, for example, 5-8-membered 

heterocycloaiky! refers to a hetenocydoalkyi containing from 5 to 8 atoms, including 

one or more heteroatoms, in the cyclic moiety of the heterocycloalkyl. 

The term "hydroxy" or "hydroxy!" refers to -OH, When used in combination 

with another term{s), the prefix "hydroxy" indicates that the substituent to which the 

prefix is attached is substituted with one or more hydroxy substituents. Compounds 

bearing a carbon to which one or more hydroxy substituents are attached tnciude, for 

example, alcohols, enols and phenol. 

The term "hydroxyalkyr refers to an aikyi that is substituted with at least one 

hydroxy substituent. Examples of hydroxyalkyl include hydroxy methyl, hydroxyelhyi, 

hydroxypropyl and hydroxy butyl. 

The term "cyano" (also referred to as "nitriie") means CN. 

The term "carbony!" means C(O) or C~Q. 

The term "amino" refers to NH2. 

The term "alkylamino" refers to an amino group, wherein at least one alkyl 

chain is bonded to the amino nitrogen in place of a hydrogen atom. Examples of 

alkylamino substituents include monoatkytamino such as methylamino (exemplified 

by the formula NH{GH3)), and dialkylamino such as dimethyfamino (exemplified by 

the formula ~N(CH3)2). 

The term "halogen" refers to fluorine (which may be depicted as f), chlorine 

(which may be depicted as Ci), bromine {which may be depicted as Br), or iodine 

{which may be depicted as !). In one embodiment, the haiogen is chlorine. In another 

embodiment, the halogen is fluorine. In another embodiment, the halogen is bromine. 

The prefix "halo" indicates that the substituent to which the prefix is attached 

is substituted with one or more independently selected halogen substituents. For 

example, haioaikyi refers to an aikyi that is substituted with at least one halogen 
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substituent. Where more than one hydrogen is replaced with halogens, the halogens 

may be identical or different. Examples of haloalkyls include chloromethyl, 

dichioromethyi, difluoroehioromethyl, dichiorofluoromethyi, trichloromethyi, 1-

bromoethyi, fluoromethyi, difiuoromethyl, trifluoromefhyt, 2,2,2-trifluoroethyt, 

difluoroethyL pentafluoroethyL difluoropropyl, dichloropropyi, and heptafluoropropyl. 

Illustrating further, "haloalkoxy5' refers to an alkoxy that is substituted with at least one 

halogen substituent Examples of haloaikoxy substituents include chloromethoxy, 1-

bromoethoxy, fluoromethoxy, difiuoromethoxy, trifluoromethoxy (also known as 

"perfiuoromethyloxy"), and 2,2.2-trifluoroethoxy. It should be recognized that if a 

substituent is substituted by more than one halogen substituent, those halogen 

substituents may be identical or different (unless otherwise stated). 

The term " oxo" refers to ~0. 

The term "alkoxy" refers to an alkyl linked to an oxygen, which may also be 

represented as -OR, wherein the R represents the alkyl group. Examples of alkoxy 

include methoxy, ethoxy, propoxy and butoxy. 

The term "cycioalkyloxy" refers to a cyoioaikyi linked to an oxygen, which may 

also be represented as -OR, wherein the R represents the cycloaikyi group. 

Examples of cydoalkyloxy include cydopropyloxy, cyciobutyloxy, and cydopentyfoxy. 

The term "heterocycloaiky!" refers to a substituent obtained by removing a 

hydrogen from a saturated or partially saturated ring structure containing a total of 4 

to 14 ring atoms. At least one of the ring atoms is a heteroatom usually selected from 

oxygen, nitrogen, or sulfur. A heterocycloaiky! alternatively may comprise 2 or 3 rings 

fused together, wherein at least one such ring contains a heteroatom as a ring atom 

{i.e., nitrogen, oxygen, or sulfur). In a group that has a heterocycioaikyi substituent, 

the ring atom of the heterocycioaikyi substituent that is bound to the group may be 

the at least one heteroatom, or if may be a ring carbon atom, where the ring carbon 

atom may be in the same ring as the at least one heteroatom or where the ring 

carbon atom may be in a different ring from the at least one heteroatom, Similariy, if 

the heterocycloalkyl substituent is in turn substituted with a group or substituent, the 

group or substituent may be bound to the at least one heteroatom, or it may be 

bound to a ring carbon atom, where the ring carbon atom may be in the same ring as 

the at least one heteroatom or where the ring carbon atom may be in a different ring 

from the at ieast one heteroatom. 
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The term "heterocycioaikyi" also includes substituents that are fused to a Cr 

CID aromatic ring or to a 5-10-membered heteroaromatic ring, wherein a group 

having such a fused heterocycioaikyi group as a substituent is bound to a heteroatom 

of the heterocyciocaikyi group or to a carbon atom of the heterocycloalkyl group. 

When such a fused heterocycloalkyl group is substituted with one or more 

substituents, the one or more substituents, unless otherwise specified, are each 

bound to a heteroatom of the heterocyciocaikyi group or to a carbon atom of the 

heterocycioaikyi group. The fused C«~Cm aromatic ring or 5-10-membered 

heteroaromatic ring may be optionally substituted with halogen, C-rCe aikyi, CrC«> 

cycloaikyi, Ci-C6 aikoxy, or =0. 

The term "heterocycioalkyloxy" refers to a heterocycioaikyi linked to an 

oxygen, which may also be represented as -OR, wherein the R represents the 

heterocycloafkyf group. Exampies of heterocycioalkyloxy include oxetanyloxy (such 

as o.xefan-3-yioxy), tetrahydrofuranyloxy (such as tetrahydrofuran-3-yfoxy), and 

tetrahydropyranyioxy (such as tetrahydro-2H-pyran-4-yloxy or tetrahydro-2H~pyran-3-

yloxy). 

The term "heteroaryl" refers to an aromatic ring structure containing from 5 to 

14 ring atoms in which at ieast one of the ring atoms is a heteroatom (i.e., oxygen, 

nitrogen, or sulfur), with the remaining ring atoms being independently seieetad from 

the group consisting of carbon, oxygen, nitrogen, and sulfur. A heteroaryl may be a 

single ring or 2 or 3 fused rings. Examples of heteroaryi substituents include 6-

membered ring substituents such as pyridyl, pyrazyi, pyrimidinyf, and pyridazinyl; 5-

membered ring substituents such as triazolyi. imidazoiyl, furanyi, thiophenyi, 

pyrazoiyl, oxazolyi, isoxazolyi, thiazoiyl, 1,2,3-, 1,2,4-, 1,2,5-, or 1,3,4-oxadiazolyi and 

isothiazoiyi; 6-/5-membered fused ring substituents such as benzothiofuranyl, 

isobenzothiofuranyf, benzisoxazolyi, benzoxazolyl and purinyl; and 6-/6-membered 

fused rings such as quinoiinyi, isoquinolinyl, cinnolinyl, quinazoiinyi, and 1,4-

benzoxazinyl. fn a group that has a heteroaryl substituent, the ring atom of the 

heteroaryi substituent that is bound to the group may be the at ieast one heteroatom, 

or it may be a ring carbon atom, where the ring carbon atom may be in the same ring 

as the at least one heteroatom or where the ring carbon atom may be in a different 

ring from the at least one heteroatom. Similarly, if the heteroaryl substituent is in turn 

substituted with a group or substituent, the group or substituent may be bound to the 

at least one heteroatom, or it may be bound to a ring carbon atom, where the ring 
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carbon atom may be in the same ring as the at ieast one heteroatom or where the 

ring carbon atom may be in a different ring from the at ieast one heteroatom. The 

term "heteroaryi" also includes pyridyl N-oxides and groups containing a pyridine N-

oxide ring. 

Examples of single ring heteroaryis include furanyl, thiophenyi (aiso known as 

"thiofurany! '}, pyrrolyS. imidazolyl, pyrazolyl triazolyi, tetrazoiyl, oxazolyi, isoxazolyi, 

thiazoiyl, isothlazoiyl, thiadiazolyi, oxadiazolyi [including 1,2,4-oxadiazolyl (also 

known as "azoximyT), 1,2,5-oxadiazolyi (also known as "furazanyl'), or 1,3,4-

oxadiazolyl], oxatriazoly! (including 1,2,3,4-oxatriazolyI or 1,2,3,5-oxatriazoiyl), 

pyridinyi (aiso known as "azinyi"), diaztnyi [including pyridazinyi (aiso known as "1,2-

diazinyl"), pyrimidinyl (also known as "1,3-diaztnyP or "pyrimidyl"), or pyrazinyi (also 

known as "1,4-diazinyl")], and triazinyl [including s-triazinyl (aiso known as "1,3,5-

triazinyi"), as-triazinyi (aiso known 1,2,4-triazinyl), and v-triazinyi (aiso known as 

"1,2!3~triazinyi',)3. 

Examples of 2-fused-ring heteroaryis include indoiizinyi, pyrindinyi, purtnyi, 

naphthyridinyl, pyridopyridinyl (including pyrido[3(4-£>3-pyridinyl, pyrido[3(2-£>3pyridinyl, 

or pyrido[4,3-£>3pyridinyi), and pteridinyl, indoiyl, isoindoiyl, isoindazolyl, phthafazinyl, 

quinoxalinyi, quinazoiinyi, benzoxazolyl. indoxazinyl, anthranilyl. benzoxadiazoiyl, 

benzofurany!, isobenzofuranyi, benzothienyi, isobenzothienyl, benzothiazoiyl, 

benzothiadiazolyl, benzimidazoiyl, benzotriazoiyl, benzoxazinyi, and benzisoxazinyl 

Examples of 3-fused-ring heteroaryis or heterocycloalkyls include 5,6-dihydro-

4H-imidazoj4,5,1-$quinoline, 4,5-dihydroimidazo[4,5,1-to|ndoie, 4,5,6,7-

tetrahydroimidazoj[4,5,1-//c3j[13benzazepinel and dibenzofuranyl. 

Other examples of fused ring heteroaryis include benzo-fused heteroaryis 

such as indolyi, isoindolyi (also known as Isobenzazolyi" or "pseudQisoindoiyl"), 

benzazinyi [including: quinoiinyi (aiso known as "1-benzazinyi") or isoquinoiiny! (also 

known as "2~benzazinyr)|, phthafazinyl, quinoxalinyi, quinazoiinyi, benzodiazinyi 

[including cinnofinyi (also known as "1,2-benzodtazinyi") or quinazoiinyi (aiso known 

as "1,3-benzodiazinyr')], benzoxazolyl, indoxazinyl (aiso known as "benzisoxazolyi"), 

benzoxadiazolyf, benzofurany! (aiso known as "coumaronyl"), isobenzofurany!, 

benzothienyi (also known as "benzofhiophenyl," "thionaphthenyl," or 

"benzothiofuranyl"), isobenzothienyl {also known as "isobenzothiopheny!," 

isothianaphthenyi," or "isobenzothiofuranyi"), benzothiazoiyl, benzothiadiazolyi, 
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benzimidazolyi, benzotriazoiyl, benzoxazinyi, benzisoxazinyl (including 1,2-

benzisoxazinyi or 1 ,4-benzisoxazinyl}, carbazoiyi, and acridirtyL 

The term "heteroaryl" also includes substituents such as pyridyl and quinoiinyi 

that are fused to a C4-Cw carbocyciic ring, such as a C5 or a C6 carbocyclic ring, or to 

a 4-10-membered heterocyclic ring, wherein a group having such a fused aryl group 

as a substituent is bound to an aromatic carbon of the heteroaryi group or to a 

heteroatom of the heteroaryi group. When such a fused heteroaryl group is 

substituted with one or more substituents, the one or more substituents, uniess 

otherwise specified, are each bound to an aromatic carbon of the heteroaryl group or 

to a heteroatom of (he heteroaryl group. The fused C4-Cto carbocyclic or 4-10-

membered heterocyclic ring may be optionally substituted with halogen, C<-Ce alkyl, 

C3-C1Q cycloaikyi, or =0. 

Additional examples of heteroaryis and heterocycloaikyls include; 3-1H-

benzimidazol-2-one, (l-substiluted^-oxo-benzimidazoi-S-yi, 2-tetrahydrofuranyi, 3-

tetrahydrofuranyi, 2-tetrahydropyranyi, 3 tetrahydropyranyl, 4-tetrahydropyranyi, 

[1,3]-dioxaianyi, [1 r3]-dithioiany!f [1,3]-dioxanyi, 2-tetrahydrothiophenyi, 3-

tetrahydrothiophenyl, 2-morpholinyi, 3-morpholinyl, 4-morphoiinyl, 2-thiomorphoiinyl, 

3~thiomorphoiiriyl, 4-thiomorphoiinyL 1-pyrroiidinyi, 2-pyrrolidinyi, 3-pyrroitdinyi, 1-

piperazinyl, 2-piperazinyi, 1-piperidinyi, 2-piperidinyl, 3-piperidinyi, 4-piperidinyi, 4-

thiazolidiriyl, 2H-irnidazof-2-one, 1-phthaiimidinyl, benzoxanyi, benzo[1,3]dioxine, 

benzo[1,4]dioxinef benzopyrroiidinyl, benzopiperidinyl, benzoxoianyi, benzothiolanyl, 

4,5,6,7-tetrahydropyrazoi[1,5-a3pyridine, benzothianyl, pyrrolidinyl, dihydrofuranyl, 

tetrahydrothienyl, dihydropyranyi, tetrahydrothiopyranyl, pipendino, morpholino, 

thiomorpholino, thioxanyi, piperazinyi, azetidinyi, oxetanyi, thietanyi, homopiperidinyl, 

oxepanyl, thiepanyi, oxazepirsyi, diazeptnyi, thiazepinyi, 1,2,3.6-tetrahydropyridinyl, 2-

pyrroiinyl, 3-pyrroiinyl, indolinyi, 2W-pyranyl, 4W-pyrany!, dioxanyl, 1,3-dioxoianyi, 

pyrazoitnyi, dtthtanyi, dithiolanyl, dihydropyranyi, dihydrothienyl, dihydrofuranyl, 

pyrazoiidiriyi, imidazoiinyi, imidazolidinyi, 3-azabicyclo[3.1.0]hexanyi, 3-

azabicycio[4.1 OJheptanyl, 3H~indolyi, quinoiizinyl, pyridinyi, inrtidazolyi, pyrimidinyl, 

pyrazoiyl, triazoiyi, pyrazinyi, tetrazoiyl, furyl. thienyl, isoxazoiyl, thiazolyi. oxazoiyl, 

isothiazofyi, pyrroiyl, quinoiinyi, tsoquinoiinyl, indolyl, benzimidazolyi, benzofurany!, 

cinnolinyi, indazolyi, indoiizinyl, phthalazinyl, pyridazinyl, triazinyl, isoindoiyi, 

pteridinyl, purinyi, oxadiazolyi, thiadiazolyi furazanyl, benzofurazanyi, 

benzothiophenyl, benzothiazoiyl, benzoxazolyi, quinazoiinyi, quinoxaliny!, 
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naphthyridinyl, and furopyridinyi. The foregoing groups, as derived from the groups 

fisted above, may be C-attached or N-attached where such is possible. For instance, 

a group derived from pyrrole may be pyrroi-1-yl (N-attached) or pyrrol-3-yl (C-

attached). Further, a group derived from imidazole may be tmtdazol-1 -yi (N-attached) 

or imidazot~2~y! (C-attached). 

if a substituent is described as being "substituted," a non-hydrogen 

substituent is in the place of a hydrogen attached to a carbon, oxygen, suifur or 

nitrogen of the substituent Thus, for example, a substituted aikyi substituent is an 

alkyl substituent wherein at least one non-hydrogen substituent is in the place of a 

hydrogen substituent on the alkyl substituent. To illustrate, monofluoroalkyl is alkyl 

substituted with a fluoro substituent, and difluoroalkyi is alkyl substituted with two 

fluoro substituents. it should be recognized that if there is more than one substitution 

on a substituent each non-hydrogen substituent may be identical or different (unless 

otherwise stated). 
if a substituent is described as being "optionally substituted," the substituent 

may be either substituted or not substituted, if a carbon of a substituent is described 

as being optionally substituted with one or more of a list of substituents, one or more 

of the hydrogens on the carbon (to the extent there are any) may separately and/or 

together be replaced with an independently selected optional substituent, if a 

nitrogen of a substituent is described as being optionally substituted with one or more 

of a list of substituents, one or more of the hydrogens on the nitrogen (to the extent 

there are any) may each be replaced with an independently selected optional 

substituent One exemplary substituent may be depicted as ~NR'!R!!, wherein R' and 

R" together with the nitrogen atom to which they are attached, may form a 

heterocyclic ring. The heterocyclic ring formed from R' and R" together with the 

nitrogen atom to which they are attached may be partially or fully saturated. In one 

embodiment, the heterocyclic ring consists of 4 to 7 atoms, in another embodiment, 

the heterocyclic ring is selected from the group consisting of pyrrolyl, imidazolyi, 

pyrazolyl, triazoiyi, tetrazolyi, isoxazolyi, and thiazoiyl 

If a group of substituents are collectively described as being optionaiiy 

substituted by one or more of a list of substituents, the group may include: (1) 

unsubstitutable substituents, (2) substitutabie substituents that are not substituted by 

the optional substituents, and/or (3) substitutabie substituents that are substituted by 

one or more of the optional substituents. 
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If a substituent is described as being optionally substituted with up to a 

particular number of non-hydrogen substituents, that substituent may be either (1) 

not substituted; or (2) substituted by up to that particular number of non-hydrogen 

substituents or by up to the maximum number of substitutable positions on the 

substituent, whichever is less. Thus, for example, If a substituent is described as a 

heteroaryi optionally substituted with up to 3 non-hydrogen substituents, then any 

heteroaryi with less than 3 substitutable positions would be optionally substituted by 

up to only as many non-hydrogen substituents as the heteroaryi has substitutable 

positions. To illustrate, tetrazolyi (which has only one substitutable position) would be 

optionally substituted with up to one non-hydrogen substituent. To illustrate further, if 

an amino nitrogen is described as being optionally substituted with up to 2 non-

hydrogen substituents, then the nitrogen will be optionally substituted with up to 2 

non-hydrogen substituents if the amino nitrogen is a primary nitrogen, whereas the 

amino nitrogen will be optionally substituted with up to only 1 non-hydrogen 

substituent if the amino nitrogen is a secondary nitrogen. 

A prefix attached to a multi-moiety substituent only applies to the first moiety. 

To illustrate, the term "alkyleycloalkyl" contains two moieties: alkyl and cycloaikyi. 

Thus, a Ci-Cs prefix on C-rCe alkylcycloalkyl means that the alkyl moiety of the 

alkylcycloalky! contains from 1 to 6 carbon atoms; the CrCs prefix does not describe 

the cycloaikyi moiety. To illustrate further, the prefix "halo" on haloalkoxyalkyl 

indicates that only the alkoxy moiety of the alkoxy alkyl substituent is substituted with 

one or more halogen substituents. if the halogen substitution may only occur on the 

aikyi moiety, the substituent would be described as "alkoxyhaloalkyl." If the halogen 

substitution may occur on both the alky! moiety and the aikoxy moiety, the substituent 

would be described as "haloalkoxyhaioalkyl." 

If substituents are described as being "independently selected" from a group, 

each substituent is selected independent of the other. Each substituent therefore 

may be identical to or different from the other substituents). 

As used herein the term "Formula X' may be referred to as "a compound of 

the invention" or as ''compounds of the invention." Such terms are also defined to 

include aif forms of the compound of Formula X, including hydrates, solvates, 

isomers, crystalline and non-crystalline forms, isomorphs, polymorphs, and 

metabolites thereof. 
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The foiiowing abbreviations are used herein: 
AIBN. 2,2-Azobisisobutyronitrile mEq: Miiequivaient 

APCi: Atmospheric pressure mg: Milligram 
chemical ionization MHz: Megahertz 

BOC: tert- B utoxycarbortyl min: Minutes 
8OC2O': Di-ferf-butyl dicarbonate ml: Milliliter 
br: Broad pi: Microliter 
CD3OD: Deuterated methanol mmol: MiUimole 
CDCb: Deuterated chloroform MS: Mass spectrometry 
d: Doubiet N: Normal 
DCM: Dichloromethane NaOEt: Sodium ethoxide 
dd: Doubiet of doublets NBS: A/-Bromosuccinimide 
DMF: W,A/-Dimethy!formarnide NCS: N-Chlorosuccinimide 
DMSO: Dimethyl sulfoxide NEfe: Triethylamine 
DMSO ~ds: Deuterated dimethyl sulfoxide NMR: Nuclear magnetic 
Et20; Diethyl ether resonance 

EtOAc: Ethyl acetate Pd{i!){OAc}2: Palladium (li) 

EtOH: Ethanol acetate 

9- Gram ppm: Parts per million 

h: Hours psi: Pounds per square Hours inch 
HPLC: High performance liquid 

Pt/'C; Platinum on carbon chromatography Pt/'C; Platinum on carbon 

J: Coupling constant q: Quartet 

RT: room temperature 

LCMS: Liquid chromatography - s: Singlet 

mass spectrometry t; Triplet 

m: Multiplet -OTf: CF3SCV 

M: Molar TFA: Trifluoroacetic acid 

mCPBA: mefa-Chloroperoxybenzoic THF: Teiratiydrofuran 
acid TLC: Thin layer 

MeCN: Acetonitrite chromatography 

MeOH: Methanol 

Isomers 
When an asymmetric center is present in a compound of Formuia X, 

hereinafter referred to as the compound of the invention, the compound may exist in 
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the form of optica! isomers (enantiomers), In one embodiment, the present invention 

comprises enantiomers and mixtures, including racemic mixtures of the compounds 

of Formula X, In another embodiment, for compounds of Formula X that contain more 

than one asymmetric center, the present invention comprises diastereomeric forms 

(individual diastereomers and mixtures thereof) of compounds. When a compound of 

Formula X contains an alkenyi group or moiety, geometric isomers may arise. 

Tautomeric Forms 

The present invention comprises the tautomeric forms of compounds of 

formula X. Where structural isomers are interconvertible via a low energy barrier, 

tautomeric isomerism ('tautomerism'} can occur. This can take the form of proton 

tautomerism in compounds of Formula X containing, for example, an imino, keto, or 

oxime group, or so-caiied valence tautomerism in compounds which contain an 

aromatic moiety, it follows that a single compound may exhibit more than one type of 

isomerism. The various ratios of the tautomers in soitd and liquid form is dependent 

on the various substituents on the molecule as well as the particular crystallization 

technique used to isolate a compound. 

Salts 

The compounds of this invention may be used in the form of saits derived 

from inorganic or organic acids. Depending on the particular compound, a salt of Ihe 

compound may be advantageous due to one or more of the salt's physical properties, 

such as enhanced pharmaceutical stability in differing temperatures and humidities, 

or a desirable solubility in water or oil. in some instances, a salt of a compound also 

may be used as an aid in the isolation, purification, and/or resolution of the 

compound. 

Where a salt is intended to be administered to a patient (as opposed to, for 

example, being used in an in vitro context), the salt preferably is piiarmaceuticaliy 

acceptable. The term "pharmaceutical^ acceptable salt" refers to a sait prepared by 

combining a compound of Formula X with an acid whose anion, or a base whose 

cation, is generally considered suitable for human consumption. Pharmaceutical 

acceptable salts are particularly useful as products of the methods of the present 

invention because of their greater aqueous solubility relative to the parent compound, 

for use in medicine, the salts of the compounds of this invention are non-toxic 

"pharmaceutical^ acceptable salts." Salts encompassed within the term 

"pharmaceutical^ acceptable salts" refer to non-toxic salts of the compounds of this 
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invention which are generally prepared by reacting the free base with a suitable 

organic or inorganic acid. 

Suitable pharmaceutically acceptable acid addition salts of the compounds of 

the present invention when possible include those derived from inorganic acids, such 

as hydrochloric, hydrobromic, hydrofluoric, boric, fluorobortc, phosphoric, 

metaphosphoric, nitric, carbonic, sulfonic, and sulfuric acids, and organic acids such 

as acetic, benzenesulfonic, benzoic, citric, ethanesulfonic, fumaric, gluconic, giycolic, 

isothionic, lactic, lactobionic, maleic, malic, methanesuffonic, 

trifluoromethanesuifonic, succinic, toluenesulfonic, tartaric, and trifluoroacetic acids. 

Suitable organic acids generally tnciude, for example, aliphatic, cycloaiiphatic, 

aromatic, araliphatic, heterocyclic, carboxylic. and sulfonic classes of organic acids. 

Specific examples of suitable organic acids include acetate, trifluoroacetate, 

formate, propionate, succinate, giycolate, gluconate, digiuconate, lactate, maiate, 

tartaric acid, citrate, ascorbate, glucuronate, maleate, fumarate, pyruvate, aspartate, 

glutamate, benzoate, anthraniiic acid, mesylate, stearate, salicylate, 

p-hydroxybenzoate, phenyiacetate, mandelate, embonate (pamoate), 

methanesulfonate, ethanesuifonate, benzenesulfonate, pantothenate, 

toluenesulfonate, 2-hydroxyethanesulfonate, sulfanilate, cycfohexylaminosulfonate, 

algenic acid, p-hydroxybutyric acid, gaiactarate, galacturonate, adipate, alginate, 

butyrate, camphorate, camphorsulfonate, cyclopentanepropionate, dodecylsulfate, 

giycoheptanoate, glycerophosphate, heptanoate, hexanoate, nicotinate, 

2-naphthalesuffonate, oxalate, paitnoate, pectinate, 3-phenylpfopionate, picrate, 

pivaiate, thiocyanate, tosylate, and undecanoate. 

Furthermore, where the compounds of the invention carry an acidic moiety, 

suitable pharmaceutical^ acceptable salts thereof may tnciude alkali metal saits, i.e., 

sodium or potassium salts; alkaline earth metal salts, e.g., calcium or magnesium 

saits; and salts formed with suitable organic ligands, e.g., quaternary ammonium 

salts. In another embodiment, base salts are formed from bases which form non-toxic 

saits, Including aluminum, arginine, benzathine, choline, diethylamide, 

diethanolamine, glycine, lysine, meglumine, ethanolamine, tromethamine and zinc 

saits. 

Organic saits may be made from secondary, tertiary or quaternary amine 

saits, such as tromethamine, diethylamine, W./V-dibenzylethyienediamine, 

chforoprocaine, choline, diethanolamine, ethyfenediamine, meglumine 
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(W-methyigiucamine), and procaine, Basic nitrogen-containing groups may be 

quaternized with agents such as lower alkyl (C<~C6) haiides (e.g., methyl, ethyi, 

propyl, and butyl chlorides, bromides, and iodides), diaikyi sulfates (i.e., dimethyl, 

diethyl, dibutyl, and diamyl sulfates), long chain haiides (i.e., decyl, lauryf, myristyl, 

and stearyl chlorides, bromides, and iodides), arySaikyi haiides (i.e., benzyl and 

phenethyl bromides), and others. 

in one embodiment, hemisaits of acids and bases may aiso be formed, for 

example, hemisulphate and hemicalcium salts. 

Isotopes 

The present invention also includes isotopicaily labeled compounds, which 

are identical to those recited in Formula X, but for the fact that one or more atoms are 

replaced by an atom having an atomic mass or mass number different from the 

atomic mass or mass number usually found in nature. Examples of isotopes that can 

be incorporated into compounds of the present invention include isotopes of 

hydrogen, carbon, nitrogen, oxygen, phosphorous, sulfur, fluorine and chlorine, such 

as --H, 3H, 13C, 11C, 14C, 1SN, 1SO, 17Q, 32P, 35S, 13F, and 36CI, respectively. Compounds 

of the present invention, prodrugs thereof, and pharmaceutical^ acceptable salts of 

said compounds or of said prodrugs which contain the aforementioned isotopes 

and/or other isotopes of other atoms are within the scope of this invention. Certain 

isotopicaily labeled compounds of the present invention, for example those into which 

radioactive isotopes such as aH and 14C are incorporated, are usefui in drug and/or 

substrate tissue distribution assays. Tritiated, i.e., 3H, and carbort-14, i.e., 14C, 

isotopes are particularly preferred for their ease of preparation and detectabiiity. 

Further, substitution with heavier isotopes such as deuterium, i.e., 2H, can afford 

certain therapeutic advantages resulting from greater metabolic stability, for example 

increased in vivo half-life or reduced dosage requirements and, hence, may be 

preferred in some circumstances, isotopicaily iabeied compounds of Formula X of 

this invention and prodrugs thereof can generally be prepared by carrying out the 

procedures disclosed in the Schemes and/or in the Examples and Preparations 

below, by substituting a readily available isotopicaily iabeied reagent for a non-

isotopically labeled reagent. 

The invention aiso relates to prodrugs of the compounds of Formula X. Thus 

certain derivatives of compounds of Formula X which may have little or no 

pharmacological activity themselves can, when administered into or onto the body, 
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be converted into compounds of Formula X having the desired activity, for example, 

by hydrolytic cleavage. Such derivatives are referred to as "prodrugs". Further 
information on the use of prodrugs may be found in Pro-drugs as Novel Delivery 

Systems, Vol, 14, ACS Symposium Series (T, Higucht and W. Stella) and 

Bioreversible Carriers in Drug Design, Pergamon Press, 1987 (Ed, E, B, Roche, 

American Pharmaceutical Association). 

Prodrugs in accordance with the invention can, for example, be produced by 

replacing appropriate functionalities present in the compounds of Formula X with 

certain moieties known to those skilled in the art as pro-moieties' as described, for 

example, in Design of Prodrugs by H. Bundgaard (Elsevier, 1985). 

Some non-limiting examples of prodrugs in accordance with the invention 

include: 

(i) where the compound of Formuia X contains a carboxylic acid functionality 
which is functionalized into a suitably metabolicaily iabile group (esters, 

carbamates, etc.) on the compound of Formula X; 

{it} where the compound of Formula X contains an aicohoi functionality which 

is functionalized into a suitably metabolicaily iabile group (esters, carbonates, 

carbamates, acetate, ketals, etc.) on the compound of Formula X; and 

(iii) where the compound of Formula X contains a primary or secondary amino 

functionality, or an amide which is functionailzed into a suitably metabolicaily 

iabile group, e.g., a hydrolyzable group (amides, carbamates, ureas, 

phosphonates, sulfonates, etc.) on the compound of Formula X . 

Further examples of replacement groups in accordance with the foregoing 

examples and examples of other prodrug types may be found in the aforementioned 

references. 

Moreover, certain compounds of Formuia X may themselves act as prodrugs 

of other compounds of Formula X. 

Administration and Dosing 

Typically, a compound of the invention is administered in an amount effective 

to treat a condition as described herein. The compounds of the invention are 

administered by any suitable route in the form of a pharmaceutical composition 
adapted to such a route, and in a dose effective for the treatment intended. 

Therapeutically effective doses of the compounds required to treat the progress of 
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the medtcaf condition are readily ascertained by one of ordinary skill in the art using 

preclinical and clinical approaches familiar to the medicinal arts. 

The compounds of the invention may be administered orally. Oral 

administration may involve swallowing, so that the compound enters the 

gastrointestinal tract, or buccal or sublingual administration may be employed by 

which the compound enters the blood stream directly from the mouth. 

In another embodiment, the compounds of the invention may also be 

administered directly into the blood stream., into muscle, or into an internal organ. 

Suitable means for parenteral administration include intravenous, intraarterial, 

intraperitoneal, intrathecal, intraventricular, intraurethrai, intrastenial, intracranial, 

intramuscular and subcutaneous. Suitable devices for parenteral administration 

include needle {including microneedle) injectors, needle-free injectors and infusion 

techniques, 

in another embodiment, the compounds of the invention may also be 

administered topically to the skin or mucosa, that is, dermaliy or transdermally. in 

another embodiment, the compounds of the invention can also be administered 

intranasal^ or by inhalation, In another embodiment, the compounds of the invention 

may be administered rectaify or vaginally. In another embodiment, the compounds of 

the invention may aiso be administered directly to the eye or ear. 

The dosage regimen for the compounds and/or compositions containing the 

compounds is based on a variety of factors, including the type, age, weight, sex and 

medical condition of the patient; the severity of the condition; the route of 

administration; and the activity of the particular compound employed. Thus the 

dosage regimen may vary widely. Dosage levels of the order from about 0.01 mg to 

about 100 mg per kilogram of body weight per day are useful in the treatment of the 

above-indicated conditions. In one embodiment, the total daily dose of a compound 

of the invention {administered in single or divided doses) is typically from about 0.01 

to about 100 mg/kg, in another embodiment, total daily dose of the compound of the 

invention is from about 0,1 to about 50 mg/kg, and in another embodiment, from 

about 0.5 to about 30 mg/kg (i.e., mg compound of the invention per kg body weight). 

In one embodiment, dosing is from 0,01 to 10 mg/kg/day. in another embodiment, 

dosing is from 0,1 to 1,0 mg/kg/day. Dosage unit compositions may contain such 

amounts or submuitiples thereof to make up the daily dose. In many instances, the 

administration of the compound will be repeated a plurality of times in a day (typically 
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no greater than 4 times). Multiple doses per day typically may be used to increase 

the total daily dose, if desired. 

For oral administration, the compositions may be provided in the form of 

tablets containing 0.01, 0.05, 0.1, 0.5,1.0,2.5, 5.0, 10.0,15.0, 25.0, 50.0, 75.0,100, 

125, 150, 175, 200, 250 and 500 milligrams of the active ingredient for the 

symptomatic adjustment of the dosage to the patient. A medicament typically 

contains from about 0.01 mg to about 500 mg of the active ingredient, or in another 

embodiment, from about 1 mg to about 100 mg of active ingredient, intravenously, 

doses may range from about 0.01 to about 10 mg/kg/minute during a constant rate 

infusion. 

Suitable subjects according to the present invention include mammalian 

subjects. Mammals according to the present invention include, but are not limited to, 

canine, feline, bovine, caprine, equine, ovine, porcine, rodents, iagomorphs, 

primates, and the like, and encompass mammals in uiero. In one embodiment, 

humans are suitable subjects. Human subjects may be of either gender and at any 

stage of development. 

Use in the Preparation of a Medicament 

In another embodiment, the invention comprises the use of one or more 

compounds of the invention for the preparation of a medicament for the treatment of 

the conditions recited herein. 

For the treatment of the conditions referred to herein, the compound of the 

invention can be administered as compound per se. Alternatively, pharmaceutical 

acceptable salts are suitable for medical applications because of their greater 

aqueous solubility relative to the parent compound. 

In another embodiment, the present invention comprises pharmaceutical 

compositions. Such pharmaceutical compositions comprise a compound of the 

invention presented with a pharmaceuticaly acceptable carrier. The carrier can be a 

solid, a liquid, or both, and may be formulated with the compound as a unit-dose 

composition, for example, a tablet, which can contain from 0.05% to 95% by weight 

of the active compounds. A compound of the invention may be coupled with suitable 

polymers as targetable drug carriers. Other pharmacologically active substances can 

also be present. 
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The compounds of the present invention may be administered by any suitable 

route, preferably in the form of a pharmaceutical composition adapted to such a 

route, and in a dose effective for the treatment intended. The active compounds and 

compositions, for example, may be administered orally, rectally, parenteral or 

topically. 

Oral administration of a solid dose form may be, for example, presented in 

discrete units, such as hard or soft capsules, pills, cachets, lozenges, or tablets, each 

containing a predetermined amount of at ieast one compound of the present 

invention. In another embodiment, the oral administration may be in a powder or 

granule form, in another embodiment, the oral dose form is sub-lingual, such as. for 

example, a lozenge, in such soiid dosage forms, the compounds of Formula X are 

ordinarily combined with one or more adjuvants. Such capsules or tablets may 

contain a confroiied-reiease formulation. In the case of capsules, tablets, and pills, 

the dosage forms aiso may comprise buffering agents or may be prepared with 

enteric coatings. 

in another embodiment, oral administration may be in a liquid dose form. 

Liquid dosage forms for oral administration tnciude, for example, pharmaceutical^ 

acceptable emulsions, solutions, suspensions, syrups, and eiixirs containing inert 

diluents commonly used in the art (i.e., water). Such compositions also may comprise 

adjuvants, such as wetting, emulsifying, suspending, flavoring (e.g., sweetening), 

and/or perfuming agents. 

in another embodiment, the present invention comprises a parenteral dose 

form, "Parenteral administration" includes, for example, subcutaneous injections, 

intravenous injections, intraperitoneal^, intramuscular injections, intrasternal 

injections, and infusion. Injectable preparations (i.e., sterile injectable aqueous or 

oleaginous suspensions) may be formulated according to the known art using 

suitable dispersing, wetting agents, and/or suspending agents. 

in another embodiment, the present invention comprises a topical dose form. 

"Topical administration"' includes, for example, transdermal administration, such as 

via transdermal patches or iontophoresis devices, intraocular administration, or 

intranasal or inhalation administration:. Compositions for topicai administration also 

include, for example, topicai gels, sprays, ointments, and creams. A topical 

formulation may include a compound which enhances absorption or penetration of 

the active ingredient through the skin or other affected areas. When the compounds 
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of this invention are administered by a transdermal device, administration will be 

accomplished using a patch either of the reservoir and porous membrane type or of a 

soitd matrix variety. Typical formulations for this purpose include gels, hydrogels, 

lotions, solutions, creams, ointments, dusting powders, dressings, foams, films, skin 

patches, wafers, implants, sponges, fibres, bandages and mlcroemulsions. 

Liposomes may also be used. Typical carriers include alcohol, water, mineral oil. 

liquid petrolatum, white petrolatum, glycerin, polyethylene glycol arid propylene 

glycol. Penetration enhancers may be incorporated - see., for example., j Pharm Sci, 

88 (10), 955-958, by Finnin and Morgan {October 1999). 

Formulations suitable for topical administration to the eye include, for 

example, eye drops wherein the compound of this invention is dissolved or 

suspended in a suitable carrier. A typical formulation suitable for ocuiar or aural 

administration may be in the form of drops of a micronized suspension or solution in 

isotonic, pH-adjusted, sterile saline. Other formulations suitable for ocular and aural 

administration include ointments, biodegradable (i.e., absorbable gel sponges, 

collagen) and non-biodegradable (i.e.., silicone) implants, wafers, lenses and 

particulate or vesicular systems, such as niosomes or liposomes. A polymer such as 

crossed-linked polyacrylic acid, polyvinyialcohol, hyaluronic acid, a cellulosic 

polymer, for example, hydroxypropylmethyScelluSose, hydroxyethylcelluiose, or methyl 

cellulose, or a heteropoiysaccharide polymer, for example, geian gum, may be 

incorporated together with a preservative, such as benzaiKonium chloride. Such 

formulations may also be delivered by iontophoresis. 

For intranasal administration or administration by inhalation, the active 

compounds of the invention are conveniently delivered in the form of a solution or 

suspension from a pump spray container that is squeezed or pumped by the patient 

or as an aerosol spray presentation from a pressurized container or a nebulizer, with 

the use of a suitable propellent. Formulations suitable for intranasal administration 

are typically administered in the form of a dry powder (either alone, as a mixture, for 

example, in a dry blend with lactose, or as a mixed component particle, for example, 

mixed with phospholipids, such as phosphatidylcholine) from a dry powder inhaler or 

as an aerosol spray from a pressurized container, pump, spray, atomizer (preferably 

an atomizer using electrohydrodynamics to produce a fine mist), or nebulizer, with or 

without the use of a suitable propeiiant, such as 1,1,1,2-tetrafluoroethane or 
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1,1,1,2,3,3,3-heptafluoropropane. For intranasal use. the powder may comprise a 

bioadhesive agent, for example, chitosan or cyclodextrin. 

In another embodiment, the present invention comprises a rectal close form. 

Such rectal dose form may be in the form of, for example, a suppository. Cocoa 

butter is a traditional suppository base, but various alternatives may be used as 

appropriate. 

Other carrier materials and modes of administration known in the 

pharmaceutical art may also be used. Pharmaceutical compositions of the invention 

may be prepared by any of the well-known techniques of pharmacy, such as effective 

formulation and administration procedures. The above considerations in regard to 

effective formulations and administration procedures are well known in the art and 

are described in standard textbooks. Formulation of drugs is discussed in, for 

example, Hoover, John E„ Remington's Pharmaceutical Sciences, Mack Publishing 

Co., Easton, Pennsylvania, 1975; tiberman et al, Eds., Pharmaceutical Dosage 

Forms, Marcel Decker, New York, N.Y., 1980; and Kibbe et a/., Eds., Handbook of 

Pharmaceutical Excipients (3rd Ed.), American Pharmaceutical Association, 

Washington, 1999. 

Co-administration 

The compounds of the present invention can be used, alone or in combination 

with other therapeutic agents, in the treatment of various conditions or disease 

states. The compounds) of the present invention and other therapeutic agent(s) may 

be may be administered simultaneously {either in the same dosage form or in 

separate dosage forms) or sequentially. An exemplary therapeutic agent may be, for 

example, a metabotropic glutamate receptor agonist. 

The administration of two or more compounds "in combination" means that 

the two compounds are administered closely enough in time that the presence of one 

alters the biological effects of the other.. The two or more compounds may be 

administered simultaneously, concurrently or sequentially. Additionally, simultaneous 

administration may be carried out by mixing the compounds prior to administration or 

by administering the compounds at the same point in lime but at different anatomic 

sites or using different routes of administration. 

The phrases '"concurrent administration," "co-administration," "simultaneous 

administration," and "administered simultaneously" mean that the compounds are 

administered in combination. 
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In one embodiment, the compounds of this invention are administered as 

adjunctive therapy with known antipsychotics such as Ziprasidone (Geodon), 

Clozapine, Molindone, Loxapine, Pimozide, Risperidone, Olanzapine, Remoxipride, 

Sertindole, Amisulpride, Quetiapine, Prochlorperazine, f iuphenazine, 

Trifluoroperazine, Thioridazine, Haloperidoi, Chlorpromazfne, Fiupentixol and 

Pipotiazine. 

In another embodiment, the compounds of the present invention may also be 

used in combination with CNS agents such as antidepressants (such as sertraline), 

anti-Parkinsonian drugs {such as deprenyl, t-dopa, Requip. Mirapex, MAOB 

inhibitors such as selegiline and rasagiline, cornT inhibitors such as Tasmar, A-2 

inhibitors, dopamine reuptake inhibitors, NMDA antagonists, Nicotine agonists, 

Dopamine agonists and inhibitors of neuronal nitric oxide synthase), anti-Alzheimer's 

drugs such as donepezii, tacrine, alpha2delta inhibitors, COX-2 inhibitors, gaba 

pentenoids, propentofylline or metrifonate, and antipyschotics such as PDE10 

inhibitors, 5HT2C agonists, alpha 7 nicotinic receptor agonists, C61 antagonists and 

compounds having activity antagonizing dopamine D2 receptors. 

Kits 
The present invention further comprises kits that are suitable for use in 

performing the methods of treatment described above. In one embodiment, the kit 

contains a first dosage form comprising one or more of the compounds of the present 

invention and a container for the dosage, in quantities sufficient to carry out the 

methods of the present invention. 

In another embodiment, the kit of the present invention comprises one or 

more compounds of the invention. 

Intermediates 

In another embodiment, the invention reiates to the novel intermediates useful 

for preparing the compounds of the invention. 

General Synthetic Schemes 

The compounds of Formula X may be prepared by the methods described 

below, together with synthetic methods known in the art of organic chemistry, or 

modifications and derivatizations that are familiar to those of ordinary skill in the art. 

The starting materials used herein are commercially available or may be prepared by 

routine methods known in the art {such as those methods disclosed in standard 

reference books such as the COMPENDIUM OF ORGANIC SYNTHETIC 
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METHODS, Vol i-Xil (published by Wiley-lnterscience)). Preferred methods include, 
but are not limited to, those described below. 

During any of the following synthetic sequences it may be necessary and/or 
desirable to protect sensitive or reactive groups on any of the molecules concerned. 
This can be achieved by means of conventional protecting groups, such as those 
described in T. W, Greene, Protective Groups in Organic Chemistry, John Wiley & 
Sons, 1981; T. W. Greene and P. G. M. VVuts, Protective Groups in Organic 
Chemistry, John Wiley & Sons, 1991, and T. W. Greene and P. G, M. Wuts, 
Protective Groups in Organic Chemistry, John Wiiey & Sons, 1999, which are hereby 
incorporated by reference. 

Compounds of Formuia X, or their pharmaceutical^ acceptable salts, can be 
prepared according to the reaction Schemes discussed herein below. Unless 
otherwise indicated, the substituents in the Schemes are defined as above. Isolation 
and purification of the products is accomplished by standard procedures, which are 
known to a chemist of ordinary skill. 

It will be understood by one skilled in the art that the various symbols, 
superscripts and subscripts used in the schemes, methods and examples are used 
for convenience of representation and/or to reflect the order in which they are 
introduced in the schemes, and are not intended to necessarily correspond to the 
symbols, superscripts or subscripts in the appended claims. The schemes are 
representative of methods useful in synthesizing the compounds of the present 
invention. They are not to constrain the scope of the invention in any way. 

Scheme 1 depicts one method of preparation of the precursor of the 3-amino-
1-hydroxy-3,4-dihydroquinolin-2(1HJ-one series of compounds of this invention. 
Nitration of a substituted aromatic ring gives the desired nitro compound (II). In cases 
where the required aniline or aminoheterocycle (fit) is commercially available or 
known in the literature, it can be oxidized with hydrogen peroxide in sulfuric acid, by a 
modification of the procedure described by W. S. Wilson et al, J. Org Chem. 1986, 
51, 3261, or with mefa-chloroperoxybenzoic acid in toluene af reflux as described by 
M. C. Pirrung ef a/., J, Am. Chem.. Soc. 2005, 127, 4809. The oxidation can also be 
carried out by a modification of the procedure described in US 2008/0009503 using 
sodium perborate in glacial acetic acid. The resulting orf/jo-methyl-, nitre-substituted 
aromatic compound (IV) can be brominated according to standard procedures, for 
instance with JV-bromosuecinimide and 2,2'-azobi5i5obutyronttrile in carbon 
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tetrachloride, if the corresponding alcohol is available, it can be converted to bromide 

V with, for example, phosphorus tribromide (either from a commercial source or 

formed in situ), as described by R. M. Rzasa eta!,, Bioorg. Med. Chem, 2007,15, 

8574. 

Scheme 1 
.Z, MOp 

Oxidation v'^<V'N^a Sromination y'^t RXAX - - RXAA 
Br 

II! IV V 

In some cases, the desired aromatic ring is available more effectively via the 

route shown in Scheme 2, Following the procedure of A. Ashimort et a/., Chem. 

Pharm. But!,, 38,1990, 2448, a nitropyridine such as VI can be oxidized with meta-
chforoperoxybenzoic acid, followed by the addition of acetic anhydride and hydrolysis 

to the alcohol (IXa) with potassium carbonate in methanol. Alternatively, the desired 

alcohol can be obtained via the procedure described by R. R. Tidweli et al., J. Med. 

Chem. .2007, 50, 2468 wherein the initial orfto-methyi, nitre-substituted aromatic 

compound il is converted to the dimethylaminoethylene derivative (X) with N.N-
dimethyiformamide dimethyl acelai (DMF-DMA), then to the aldehyde (Xi) with 

sodium period ate, and is finally reduced to the alcohol {IX} with sodium borohydride. 
Scheme 2 o 

(f-NV* fCPBA Ac>:° ? " K?COs <fNV^vOH 
R~r J » o fi "T * R-?r j 
^ "NO2 Ac0H :RT A m0H NO2 

VI ¥11 Vlft ' IXa 

„,0v.-0.,, 

,,,Z, ,NO, V v-r * 

il 

in some instances, an aromatic starting material bearing the desired R 

substituent is not commercially available. The R group can be introduced into 

compounds of type XII, by employing a Suzuki reaction (see Scheme 3), for instance 

by using a modification of the procedure from D J, Wallace and C-y. Chen, 

R-i- | NalD4 y 
R4T 

V 
,z.v 

-K 
XI 

.NOa 

Y« 

6 

NaBH/ ,N02 

s. .OH 

IX 
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Tetrahedron Lett,, 2002, 43., 8987, The resulting acid or ester (XV or XIH) can then be 

reduced by standard reduction conditions such as lithium borohydride or sodium 

borohydride, activated with zinc chloride if necessary, giving in both cases compound 

IX. In cases where the reduction of a carbonyi-containing functional group provides 

an alcohol, it can be converted to a mesylate tn situ«for instance with 

methanesulfonyi chloride and triethylamine in dichioromethane. 

Scheme 3 

q O 
A A, 1) Oxidation of aniline _.A ^ AS 

X" ^ "OH 2} Esterif(cation of aosd O Reduction^ ^ X* ^Y" 'OH 
Y^z^NHa 3)Suzok! ^Z<l "NOa ^Z^ N02 

Xii Xfli IX 

0 
ReducaQrt>i MsCj 

Z N02 ^Z" NO2 Z NC2 

XV IX XIV 

There are a variety of ways to install the amino acid moiety of the cyclization 

substrate. One such method involves replacing the leaving group I (in this case Br or 

OMs) with an aminomalonate or amiooaeetate, by addition of a protected version (for 

instance, diethyl acetamidomaionate or ethyl W~(diphenylmethy!ene)g!ycinate) under 

basic conditions, such as sodium ethoxide/ethanol (see Scheme 4), giving 

compound XVi or XVII, In the case of intermediate XVI, an HCI deprotection to 

compound XX is necessary before the final nitro reduction is carried out. 
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Scheme 4 

, -2. „.WCb V" \>-

8N 0 

^Girx>r0^' 
6 6 -•-

J ij 

v ,Z^ ,NOj Y N>r' 
!RT A, o 

o 
V' >H •> A) 

XVI 

„,Z. ,NG? Y <-r 
P I 

X ^ 
TV ^ 

N"Va 
-I 6 

X 

y^NC^ 
R-r-x.^q 

O, X -o' 
VNH 

COfiC. HCi 

,0 

XV'i 

XVII 

,,,Z. ,NO? V' \v 
R---»-• 

H'jN' .-,,0 

OH 

The amino add portion can also be added stereoseiectively, using the 

methods shown in Scheme 5 and Scheme 6, 

>-K> Scheme 5 
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Scheme 8 
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The enantioselective route is inspired by the work of S, Kumar and U 

Ramachandran, Tetrahedron Asymmetry 2003, 14, 2539. The desired aromatic 

group can he installed using a chiral catalyst (see £ ,J. Corey et al., J, Am. Chem, 

Soc. 1997, 119,12414-12415), to give, after further manipulation, intermediate XXi 
or XXVI. Once the intermediate is in hand, cyclization can be effected by the routes 

shown in Scheme 7 or Scheme 8. 
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Scheme 7 ... NO? 
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The nitre group can be reduced via hydrogenation, through an adaptation of 
the work of T J. McCord eta!., J, Heterocyclic Chem, 1972, 9, 119, Alternatively, a 
tin(li) chloride reduction can be used, according to the procedure of D. Shi et a/., 
Synthesis, 2008, 2000. A modification: of the tin(li) chloride approach which uses 
sodium acetate, from the work of D. Kuzmich and C, Mulrooney, Synthesis 2003, 
1671, cars also be employed. Cyciization occurs in situ (see Scheme ?}. Most final 
products can be isolated after cyclization, but some analogues may need to be 
protected (either in situ during the cyclization or after the reaction) in order to 
facilitate purification. The protection can be done according to standard procedures, 
using di-ferf-butyl dicarbonate: either HCI or trifluoroacetic acid can be utilized for 
subsequent deprotection. 
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Scheme 8 
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Scheme 8 describes an alternative route to the desired analogues. 

Compound .XXX can be synthesized starting with the appropriate substituted W-BOC 

amino acid, which is first coupled with Obertzyi hydroxylamine, for example, by 

reaction with BOP ({benzotriazol~1-yloxy)-tris{dimethy!amino)phosphonium 

hexafiuorophosphate] and triethyiamine in dichioromethane. The cyclization to XXXI 

can be carried out using PIFA [phenyfiodsneflii) bis(trifiuoroacetate}J in 

dichioromethane, The BOC group can be removed using boron trifluoride etherate in 

tetrahydrofuran at reflux, and the benzyl group can be reductively removed, for 

instance with palladium hydroxide in ethanol at reflux with 1 -methyl-cyclohexadiene, 

to give the final product XXXIII, 

Scheme 9 
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An approach for introduction of aryloxy or heteroaryloxy substituents is shown 

in Scheme 9. Treatment of p-fluononitroaryl or p-fluororsitroheteroaryl intermediate 
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XXXIV with a phenol or hydroxy-substituted heteroaryl in the presence of a base, 

such as Cs2C03, can provide intermediate XXXV. (Racemization of the a~ 

stereocenier has been observed under these reaction conditions.) Deprotection 

under acidic conditions followed by reductive cyclization and in situ BOC protection 

can provide intermediate XXXVIl 

Scheme 10 
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Scheme 10 outlines an alternate approach for introduction of aryloxy or 

heteroaryloxy substituents. Acid-promoted deprotection of XXXIV followed by BOC 

protection of the amino group can provide p-fluoronitroaryl or p-fluoronitroheteroaryl 

intermediate XXXVMI. The aryloxy or heteroaryloxy group can be installed under 

basic conditions to generate intermediate XXXIX without racemization of the •-

stereocenter. Deprotection under acidic conditions provides intermediate XL. 

Cyclization of XL or XXXIX under reductive conditions can be effected in a variety of 

ways, such as treatment with tin(Il) chloride, or via platinum- or palladium-catalyzed 

hydrogenation. Optional protection of the amino group as a BOC derivative can be 

carried out in situ by reaction with BOCaO after cyclization of XL, to provide XLi, The 

cyclization can also be carried out without amino group protection, to generate XLI I 

directly, if a BOC group is employed, acid-mediated deprotection of XLi generates 

compound XLfl. 
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Scheme 11 
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In some cases, the reductive cyclization of an activated ester, such as a 

triftuoroefhyl ester, provides improved access to cyclic hydroxamic acid derivatives 

(XLV). Referring to Scheme 11, acid-promoted deprotection of XXIH provides a-

amino acid XXI, which can be converted to carbamate XLIII. Subsequent treatment 

of XLill with 2,2,2-tnfluoroethanol, using a coupling reagent such as HBTU, in DMF 

can provide the corresponding 2,2,2-lrifluoroethyl ester XLIV, which can undergo 

reductive cyclization to yield hydroxamic acid derivative XLV. Alternatively, 2,2,2-

trifluoroethy! ester XLIV can be formed by reaction of intermediate XLill with 2,2,2-

triftuoroethyi trifluonomethanesulfonate in the presence of a base such as 

triethylamine. 

Scheme 12 
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The amino acid moiety can also be instated using a serine-derived zinc 

reagent, as shown in Scheme 12, This approach involves modification of a published 

protocol for sp2-sp3 couplings of this type (see E. Moreno et al., Org. Biomol. Chem. 

2008, 4, 3839-3847). Thus, o-brornonitroaryls or o-bromonitroheteroaryls XLVI can 

be converted to the corresponding BOC-protected n-aminoesters XLVII. 

Intermediates XLVII can be subjected to reductive conditions, such as catalytic 

hydrogenation using Pt/C in pyridine, to afford cyclic hydroxamic acid derivatives 

XLV. 
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Scheme 13 
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The compound of Formula X wherein Rb is H can be converted to a 

carbamate prodrug (XLVIII. where Rs is C{~G)NR93R9b) by reaction with the 

appropriate carbamoyl chloride in the presence of a base such as pyridine, it may be 

advantageous to temporarily protect the free primary amine group prior to this 

transformation. Similarly, use of an acyi chloride fCIC(=0)R93 or acyl anhydride 

{[R"C{=0)120} provides the corresponding ester prodrug [XLViii, where R3 is 

C(=0)R9J, while a chloroformate reactant fCiGC^GlQR5] can be used to prepare the 

carbonate prodrug [XLVIli, where Rs is C(=0)0R9}. Prodrugs of formuia L. wherein 

R"" is as defined above, can be prepared via alkylation of the compound of Formuia 

X or Formula XA with a derivative XLfX (Y = MsO, Ci, Br) in the presence of a base 

such as potassium carbonate. 

Experimental Procedures and Working Exampies 

The foiiowing illustrate the synthesis of various compounds of the present 

invention. Additional compounds within the scope of this invention may be prepared 

using the methods iiSustrated in these Exampies, either alone or in combination with 

techniques generally known in the art. 

Experiments were generally carried out under inert atmosphere (nitrogen or 

argon), particularly in cases where oxygen- or moisture-sensitive reagents or 

intermediates were employed. Commercial solvents and reagents were generally 
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used without further purification, including anhydrous solvents where appropriate 
(generally Sure-Seal™ products from the Aldrich Chemical Company, Milwaukee, 
Wisconsin), Mass spectrometry data is reported from either liquid chromatography-
mass spectrometry (LCMS), atmospheric pressure chemical ionization (APCI), or gas 
chromatography-mass spectrometry (GCMS). Chemical shifts for nuclear magnetic 
resonance (NMR) data are expressed in parts per million (ppm, 5} referenced to 
residua! peaks from the deuterated solvents employed. 

For syntheses referencing procedures in other Examples, reaction conditions 
(length of reaction and temperature) may vary. in general, reactions were followed by 
thin layer chromatography or mass spectrometry, and subjected to work-up when 
appropriate. Purifications may vary between experiments: in general, solvents and 
the solvent ratios used for eluants/gradients were chosen to provide appropriate Rts 
or retention times. 
Example 1: Synthesis of 3-amino-1-hvdroxv-3.4-dlhvdro-1.8-naphfhwidin-2t'tHi-one. 
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.. Y o<Y"'0 

m C 1 
N'*' ! 
OH 

O 
JL 

} 4 

N" xO 
OH 

8 7 6 

3-Methy!-2-nitropyridine (2) To a solution of Ha02 (120 g, 1,1 mol) in fuming 
sulfuric acid (250 ml.) was added a solution of 3-methyipyridin-2-amine (1) (18 g, 
0.18 mo!) in concentrated sulfuric acid (50 rrsL) drop-wise, while keeping the reaction 
temperature at 0 X. After stirring for 3 h at 10-25 "C, the reaction mixture was 
brought to pH = 11 -12 by adding an aqueous 40% NaOH solution at 0-5 'C. The 
resulting mixture was extracted with ethyl acetate (3 x 500 ml). The combined 
organic layers were washed with saturated aqueous sodium chloride solution, dried 
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over Na2S04 and filtered. The solvent was removed in vacuo to give the desired 

compound (18.2 g, 89%) as a yellow oi!.. 

3-{BromomethyE)-2-mtropyridme (Z) A solution of 3-methyl-2-nitropyridine 

(2) (12,4 g, 90,0 mmal), NBS (18.0 g. 90.4 mmol) and AIBN (0.5 g, 3.0 mmol) in CCU 

(50 ml.) was refluxed overnight TLC {Eluant: 20: 1 petroieum ether/ EtOAc) showed 

that most of the starting material had been consumed. The precipitate was filtered off 

and the filtrate was concentrated under reduced pressure to give a residue (12.8 g), 

which was used in the next step without purification. 

Ethyl 2-(diphenyimethyieneamino)-3-(2-niiropyridin-3-yl}propanoate (5) 
NaH (0.9 g, 65% dispersion in mineral oil 22 mmol) was added to DMF (100 ml) at 0 

°C. After 10 min, ethy! W-(diphenylmethyiene)giycinate (4) (5.5 g, 20.8 mmol) was 

added at 0 X. After 1 h, a solution of 3-{bromomethyi)-2-nitropyridine (3) (4.0 g, 18.5 

mmol) in DMF (10 ml) was added drop-wise at 0 °C. After stirring for 30 mm, TLC 

(Eluant: 3:1 petroleum ether/ EtOAc) indicated that the starting material had been 

completely consumed. The reaction was diluted with wafer and extracted with EtOAc 

{3 x 100 ml). The combined organic layers were washed with saturated aqueous 

sodium chloride solution, dried over Na2S04 and filtered, and the filtrate was 

concentrated under reduced pressure. The residue was purified by silica gel 

chromatography (Eiuant: 3: 1 petroieum ether/ EtOAc) to give the product (4.2 g, 

58%); ICMS ffl/z 404.4 (M+1), NMR {400 MHz, CDCl3) 5 1.26 (t, J-7.2 Hz, 3H), 

3.39 (dd, J-13.4, 9,2 Hz, 1H), 3.59 (dd( J=13.6, 4,2 Hz, 1H), 4,19 (m, 2H), 4,49 (dd, 

>9,0, 4.2 HE, 1H), 6.88 (brd, >6,6 HE, 2H), 7,31-7,43 (m, 6H), 7,46 (dd, J*7.7t -4.8 

Hz, 1H), 7.58 (m, 2H), 7.88 (br d, J=7.S Hz, 1H>, 8,43 (dd, J=4.5, 1.5 Hz, 1H). 

3-Amino-1-hydroxy-3,4-dihydro-1,8-naphthyridin-2(1W)-one (6) To a 

solution of ethy! 2-(diphenyimethylen8amino)-3-(2-nitropyridin-3-yi)propanoate (5) 

(1.8 g, 4.4 mmol) in anhydrous EtOH (20 ml) was added tin(H) chloride dihydrate 

(2.0 g, 9,8 mmol) at RT. After stirring for 1 h, TLC (Eluant: 1: 1 petroleum ether/ 

EtOAc) showed complete consumption of starting material. The solvent was removed 

under reduced pressure, and the residue was washed with EfeO {3 x 50 ml) to give 

the crude product (2.5 g), which was used in the next step without purification, 

(erf-Butyl (1 -hydroxy-2-oxo-1 t2,3,4-tetrahydro-1,8-naphthyridin-3-
yl)carbamate (?) To a suspension of S-amino-l-hydroxy-S^-dihydro-^S-

naphthyridin-2{1H)-orie (6) (2.5 g, <4,4 mmol) in anhydrous EtOH (100 ml) was 

added NEt3 (5 ml) at RT. After 10 min, B0C20 (3.0 g, 13.8 mmol) was added and 
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the reaction was stirred overnight. The solvent was removed under reduced 

pressure, and the residue was purified by preparative TLC to give the product (0,20 

g, 5%). 

3-Amino-1 -hydroxy-3,4-dt hydro-1,8-naphthyridcn-2(1ft)-one, 
trifluoroacetate salt (8) A solution of ferf-butyi(1-hydroxy-2-oxo-1 .2,3,4-tetrahydro-

1,8-naphthyridin-3-yl)carbamate (?) (0.20 g, 0.72 mmoi) and TFA (0.8 ml) in DCM (4 

mL) was stirred at 0-5 "C for 3 hr. The solvent was removed under reduced pressure, 

and the residue was washed with Et20 to give compound 8 (120 mg, 68%) as a solid. 

ICMS m/z 180.0 (M+1). 'H NMR (400 MHz, DMSO-d6) $ 3-07 (dd, J-15, 14.5 Hz, 

1H), 3.18 (dd, J-15.1. 8.5 Hz, 1H), 4.50 (dd, J=14.2, 8.7 Hz, 1H), 7.15 (dd, J=7.3, 5.0 

Hz: 1H), 7.79 (br d, J=7.0 Hz, 1H), 8.32 (br d, 4.8 Hz, 1H), 8,61 (br s« 3H), 10,60 

{br s, 1H); HPLC purity: 99.02%, Column: Waters XTerra, 5 pm; Mobile phase: 70% 

hexane (0.5% NEt3) in EtOH. 

Example 2: Synthesis of 3-amino-6-fluoro-t-hvdroxv-3.4-dihvdroquinolin-2(1HVone. 

hydrochloride sail {15) 

HN^O 

T I ,^,N02 

o — rr-^C — cr" ' x F ^ / J | % 
L 0 HN O br ? 

9 16 11 13 

4-Ffuoro-2-methyf-1-nitrobenzene (10) To a stirred solution of aqueous 

nitric acid (90%, 100 mL) was added 1-fluoro-3-methyibenzene (9) {30 g, 273 mmol) 

drop-wise at 0-5 °C. The resulting mixture was stirred for 0.5 h then poured onto ice-

water, The aqueous layer was extracted with DCM (3 x 50 mL) and the combined 

organic layers were washed with saturated aqueous NaHCOs (100 mL), dried over 

anhydrous Na2S04, filtered and concentrated in vacuo. The residue was purified by 
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silica gel chromatography {Gradient; 0.5% to 3.3% EtOAc in petroieum ether) to 

afford the product as a yellow oil <1© g. 38%). !H NMR {400 MHz, CDCb) 5 2.64 (s, 

3H), 7.01-7.06 (m, 2H). 8.07 (m, 1H). 

2-{BromomethyE)-4-fiuoro~1-nitrobenzene (11) To a stirred solution of 4-

fluoro-2-methyl-1-nitrobenzene (10) (16 g 103 mmoi) in CCU (180 mL) was added 

NBS (22 g, 123 mmoi) and A!BN (2 g, 12 mmoi) at RT. The mixture was stirred under 

reflux overnight, and the solvent was then removed in vacuo. The residue was 

purified by chromatography on silica gel (Gradient: 1% to 20% ethyl acetate in 

petroleum ether) to afford the product as a green oil (12 g, 50%). NMR (400 MHz, 

CDC!3) 8 4.83 (s, 2H), 7.18 (m, 1H), 7.32 (m, 1H), 8.15 (dd, 9.0, 5.0 Hz, 1H). 

Diethyl acetamido(5-fiuoro~2-nitrobenzyi)ma!onate (13) To a stirred 

solution of NaOEt (3.5 g, 51.0 mmoi) in EtOH (120 ml) was added diethyl 

acetamidomalonate (12) (11 g, 51 mmoi) at 70 "C. After 0.5 hour, 2-(bromomethyl)-4-
fiuoro-1-nitrobenzene (11) (10 g, 43 mmol) was added, and the resulting mixture was 

stirred for 3 hours. The reaction was quenched by adding water (100 mL), and the 

mixture was extracted with DCM {3 x 100 mL). The combined organic layers were 

concentrated under reduced pressure. The residue was purified by silica gel 

chromatography (Gradient; 2% to 33% EtOAc in petroleum ether) to afford the 

product as a white solid {3.4 g, 21%). 1H NMR (400 MHz, CDCb) 8 1-28 (t, 7=7.1 Hz, 

6H), 1.99 (s, 3H). 4.08 (s, 2H), 4.18-4.32 {m, 4H), 8.51 (br s, 1H), 8.99 (dd, J=9.0, 2,8 

Hz, 1H), 7.03 (m, 1H), 7.92 (dd, </=9.0, 5.2 Hz, 1H). 

2-Amino-3-{5-fluoro-2~nitrophenyi)propanoic acid, hydrochloride sal 

(14) A stirred solution of diethyl acetamido(5-fiuoro-2-nitrobenzy!)malonate (13) (3.4 

g, 9.2 mmol) in aqueous HCI (SM, 50 mL) was stirred under reflux overnight. The 

solvent was removed in vacuo to afford the crude product, which was washed with 

Et20' (3 x 20 ml) to provide the product as a white soiid (1.7 g, 81%). ,!H NMR (400 

MHz, CD3OD) 8 2.15 {dd, J=14.1, 7.6 Hz, 1H), 2.41 (dd, J=14.1, 7.2 Hz, 1H), 3.10 

(dd, J-7,5, 7,3 Hz, 1H), 6.04-6.10 (m, 2H). 6.97 (m, 1H). 

3-Amirio-6~fluoro-1-hydroxy-3,4-dihydroquinolin-2{1ft}-one, 
hydrochloride salt (15) A stirred suspension of 2-amino-3-(5-fluoro-2-

nitrophenyi)propanotc acid, hydrochioride salt (14) (1.50 g. 8.57 mmol), Pt/C (5%, 0.2 

g) and concentrated HCI (1.5 ml) in MeOH (200 mL) was hydrogenated under Ha (30 

psi) at RT for 3 h. After filtration of the catalyst, the solvent was removed in vacuo to 

afford the crude product. The soiid was r ©crystal lized from MeOH {10 ml) to obtain 
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the product as a white solid (700 mg, 58%). LCMS m/z 197.2 (M+1). 'H NMR (400 

MHz, CD3OD) S 3.17 (dd, 15, 14 Hz, 1H). 3.28 (dd, J=14.9« 6.5 Hz, 1H), 4.38 (dd, 

J-14.6, 8.5 Hz, 1H), 7.11-7.16 (m, 2H), 7.40 (del, J=9.6, 4.8 Hz, 1H); HPLC purity: 

98.67%, Column: Waters HitIC, 5 pm; Gradient: water (0.1% TFA) to 80% MeCN 

(0,1% TFA) in water (0.1% TFA). 

2(1ffl-one (19) 

N 

~8-(trifluorometh\ 

X J4Q? 

f5 fs f* 9H 
-L^NQz ,-LWJ M 4 ^ 1 f,-V^02 A/NOj V#' ^ 4 ^ N „0 
(X ~~~~~ C-X.Br «'V°^ ~~~ I J I 

16 1? 'YW V"\ 18 IS ^ a > 
1-{Bromomethyi)~2~nitro~3~(trtf!uoromethyl)benzene (17) A mixture of 1-

methy!-2-nitro-3-(trifiuoromethy!)benzene (16) (5.0 g, 24 mmoi), MBS (4.3 g5 24 

mmoi) and AiBN (0.3 g, 1.9 mmoi) in CCI4 (50 ml) was heated under reflux 

overnight. The precipitate was removed via filtration and the filtrate was concentratec 

under reduced pressure to give the crude product (8 g), which was used in the next 

step without further purification. !H NMR (400 MHz, CDCb) S 4,45 (s, 2H), 7,86 (dd, 

J=B, 7.5 Hz, 1H), 7.76 (br d, J=7.5 Hz, 1H}, 7.81 (br d, J-8 Hz, 1H). 

(trifluoromethyi)phenyl]propanoate (18) Ethyl 2-(diphenylmethyieneamino)-3-[2-

nitro~3~(trifluorQmethyl}phenyi]propanoate (18) was prepared according to the 

general procedure for the synthesis of ethyl 2-(diphenyimethyleneamino)-3-{2-

nitropyridin-3-yl)propanoate (5) in Example 1, except that 1 -(bromomethyl)-2-niiro-3-
(trif!uoromethyl}benzene (17) from the previous step was used in place of 3-

(bromomethyi)-2-nitropyridine (3) (Yield: 3.2 g, 28% over 2 steps). 

3-Ammo-1-hydroxy-8-(trifluoromethyi)-3,4-dihydroquinoim-2(1H)-one 

(19) A solution of ethyl 2-fdi phenyl methyieneami no )-3-[2-nitro-3-

(trifiuoromethyl)phenyljpropanoate (18) (1.8 g, 3.8 mmoi) and tin(ii) chloride 
dihycJrate (1.8 g, 7.7 mmoi) in anhydrous EtOH (30 ml) was heated at reflux for 5 h. 

The solvent was removed under reduced pressure. The residue was washed with 

Et20 (3 x 50 ml) to give crude material, which was purified by recrystaization from 

EtOAc to afford the product as a solid (0.21 g. 23%). LCMS m/z 247.3 (M+1), 'H 
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NMR {400 MHz,. DMSO-d*) S 1.98 {br s, 2H), 2,78 (J=15« 14 Hz: 1H), 3,00 (dd, 

J-15.4, 5.4 Hz, 1H), 3,59 (dd, J~13.6, 5,6 Hz, 1H), 7.21 (dd, J-7.8, 7.8 Hz, 1H), 7.53 

(d, J=7.5 Hz, 1H), 7.63 (d, 3.2 Hz, 1H), 10.55 (br s, 1H); HPLC purity. 97.52%, 

Column: Waters XTerra, 5 pm; Gradient; 0% to 80% MeCN (0.1% TFA) in water 

(0.1% TFA). 

o 
20 21 

L-2-Nitrophenylaianine (20) (419.6 mg, 2,0 mmol) was dissolved in MeOH 

(23.8 ml) and water (240 fjL). Concentrated HCi (2-4 drops) was added to aid 

solubility. Pt/C (42 mg) was added and the reaction was hydrogenated on a Parr 

shaker at 10 psi for 1 h, whereupon the reaction was filtered through Celite, The 

catalyst was washed with a IN solution of NH4OH in MeOH and then with MeOH. 

The filtrate was concentrated to provide a crude product, which was subsequently dry 
packed with a minimum amount of silica, using a MeOH/DCM solution to dissolve the 

material. Purification using silica gel chromatography (Gradient: 0% to 20% MeOH 

(containing 1% NH4OH) in DCM) provided the product, as a solid (207 mg, 58%). 

APC! m/z 179,1 {M+1). 'H NMR (400 MHz, CD3OD) 5 2.38 (dd, J=14, 15 Hz, 1H). 

3.09 {dd, J-15.3, 6.2 Hz, 1H), 3.67 (dd, 13.6, S.I Hz, 1H,) 7.06 (ddd, J=7.2, 7.2, 

1.7 Hz, 1H), 7.23 (brd, J-7.5 Hz, 1H), 7.27-7.34 (m, 2H). 
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Example 5; Synthesis of (3/?)-3-amino-7-bromo-1-hvdroxv-3.4-dihvdnxiuinoiin-
2(1ffl-one (29) 

4-Bromo-1-(bromomethyl)-2-nitrobenzene (23) To a stirred solution of (4-

bromo-2-riitrophenyS)meihanoi (22) (1,00 g, 4,31 mmoi) in DMF (40 ml} was added 

NBS (1.8 g, 9.0 mmol) arid triphenylphosphine (2.4 g, 9.2 mmoi). After two minutes, 

the reaction mixture was concentrated in vacuo. The residue was partitioned 

between water and DCM, and the aqueous layer was extracted with additional DCM 

The combined organic layers were concentrated and the residue was purified by 

silica gei chromatography (Gradient: 0% to 20% EtOAc in heptane) to provide the 

product (880 mg, 69%). NMR (400 MHz, CDCfj) 8 4.78 (s, 2H), 7.47 (d, J=8.2 Hz, 

1H), 7.75 (dd, J-8.2, 2.1 Hz,. 1H), 8.20 (d, J=2.1 Hz, 1H). 

Diethyl acetamido(4-bromo-2-nitrobenzyl)malonate (24) NaOEt (95%, 182 
mg, 2.54 mmol) was added to a solution of diethyl acetamidornaionate (12) (98%, 

583 mg, 2.54 mmol) in EtOH. The resulting mixture was stirred for 30 mint af RT and 

then treated with a solution of 4-bromo-1-(bromomethyl)-2-nitrobenzene (23) (500 

mg, 1,7 mmol) in EtOH. After stirring overnight, the reaction was concentrated in 

vacuo. The residue was dissolved in EtOAc, washed with water and saturated 

aqueous sodium chloride solution, dried over sodium sulfate, filtered and 

concentrated under reduced pressure. Purification by silica gel chromatography 

OH 
A .-,0 
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(Gradient: 0% to 00% EtOAc in heptane) afforded the product as a white solid (540 

mg, 74%). LCMS m/z 432.8 (M+1), 'H NMR (500 MHz, CDCI3) 5 1.28 (t, J=7.1 Hz, 

6H), 1.97 (s, 3H), 4.03 (s, 2H), 4,18-4,30 (m, 4H), 6,48 (s, 1H), 7.16 (cf, J=8.3 Hz, 

1H), 7.62 (dd, J~8,3, 2.0 Hz, 1H), 7.98 (d, J=1 8 Hz, 1H), 

2»Amino-3"(4"brorno*2-nitrophenyj)propanoic acid, hydrochloride salt 

(25) A mixture of diethyl acetamido(4~bromo-2~nitrobenzyl)malonate (24) (5.5 g, 13 

mmoi) in concentrated aqueous HCI containing roughly 10% dioxane was stirred 

under reflux until the reaction was shown to be complete by LCMS. The reaction 

mixture was concentrated to dryness under reduced pressure, and the residue was 

triturated with £tzO to give the product as a solid (2.8 g, 66%). LCMS m/z 290.8 

(M+1). 

3-Amino-7-bromo-1-hydroxy-3!4-dihydroquinoHn-2{1/-0-°ne (26) To a 

soiution of 2-amino-3-(4-bromo-2-nitrophenyl)propanoic acid, hydrochloride sait (25) 

(343 mg, 1.08 mmoi) in EtOH (10 mL) was added tsn(ll) chloride dihydrate (541 mg, 

2.40 mmoi), and the reaction was stirred at RT overnight, it was then quenched with 

aqueous ammonium hydroxide (1.5 ml), and the resulting precipitate was removed 

via filtration and washed with MeOH, The combined filtrates were concentrated in 

vacuo, and the residue was purified by chromatography on siiica gel to provide the 

title product as a white powder (161 mg, 58%). LCMS m/z 258.9 (M+1). NMR (500 

MHz, DMSG-dg) 5 2.71 (dd, 15.4, 12.9 Hz, 1H) 2.99 (dd, >15.6, 6,1 Hz, 1H), 3.56 

(dd, J-12,8, 6.0 Hz, 1H) 7.17-7.21 (m, 2H), 7,28 (d, i-1.7 Hz, 1H), 

terf-Butyl {(3R)-7-bromo-1 -£(ferf-butoxycarbonyl)oxy}-2-oxo-1,2,3,4-
teirahydroquinoiii?~3-yi}carbamaie (27) and terf-butyl {(3S)-7-bromo~1-[(tert~ 

butoxycarbonyi)oxy]-2>oxo-1 ̂ ^^tetrahydroquinoiin-S-y^carbamate (28) 3-

Amino-7-bromo-1-hydroxy-3,4-dihydroquinolin-2(1W)-one (26) (130.3 mg, 0.51 

mmoi) was suspended in DCM (2,5 ml). After addition of NaHCG3 (94 mg, 1.12 

mmoi) and B0C20 (215 mg, 0.99 mmol), the reaction was heated to reflux overnight. 

The mixture was filtered and the filtrate was concentrated under reduced pressure to 

give a racemic mixture of the products as an off-white glassy foam (137 mg). APCI 

m/z 402.5 J(M ~ fe/f-Bu)+1j. Separation of enantiomers was carried out via ehiral 

chromatography (Column: ChiraiPAK AD-H, 250 x 10.0 mm, 5pm; Fiow rate: 10 

mL/min; Eiuant: 80: 20 C02/ propane!). terf-Butyi {(3ft)-7-bromo-1 -[(ferf-

butoxycarbonyl)oxyl-2-oxo-1,2,3,4-tetrahydroquinolin-3-yl}cart)amate (27), which 

eluted first, was obtained as a white giassy foam (58.8 mg. 25%), and its enanfiomer 
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tert-b utyi {{3S)-7-bromo-1 -[(fert-butoxycarbonyi)oxy]-2-oxo-1,2,3,4-

tetrahyctroquino!in-3-yl>carbamate (28) as a yeilow glassy foam (67.6 mg, 29%), The 

absolute configurations of these two compounds were assigned based on the relative 

potency of the derived Examples 5 and 6, in accordance with the relative activity of 

Examples 4 and 14, which were prepared from enantiomerically pure starting 

materials. 

{3f?)-3-Amino-7-bromo~1~hydroxy-3,4-dihydrot)uino!tn-2(1 H)-one (29) terf-

Butyi {(3f?)-7-bromo-1-[(/erf-butoxycarbonyl)oxy]-2-oxo-1 ,2,3,4-tetrahydroquiriolin-3-

yljcarbamate (27) (57.5 mg, 0.13 mmoi) was dissolved in DCM (2.0 mL) in a sealed 

vial, TFA (0.141 ml) was added and the reaction mixture was shaken at SO °C 

overnight. The soivent was removed under reduced pressure, and the residue was 

azeotroped three times with MeOH, then purified by silica gel chromatography 

(Gradient; 0% to 20% MeOH in DCM) to give the title product as a white powder 

(13.2 mg, 40%). LCMS m/z 258.9 (M+1). 'H NMR (500 MHz, DMSO-cfe) 5 2.70 (dd, 

>15.5, 12.7 Hz, 1H), 3.00 (dd, >15.6, 6.0 Hz, 1H), 3.54 (dd, >12.7, 6.0 Hz, 1H), 

7.17-7.21 (m, 2H), 7.29 (d, >1.5 Hz, 1H), 

Example 6: Synthesis of (3S)-3-amino-7-bromo-1-hvdroxv-3,4-dihvdroquinoiin-

2(1ffl-one (30) 

Foiiowing the procedure forth© preparation of (3/?)-3-amtno-7-bromo~1~ 

hydroxy-3,4-dihydroqu(nolin-2(1H)-one (29) in Example 5 but using ferf-butyi {(3S}-7-

bromo-1 -[(terf-butoxyca rbonyl )oxy]-2-oxo-1,2,3,4-tetrahydroqui no!in-3-yl}carba mate 

(28) as starting material, the title product was obtained as a white powder (23 mg, 

62%). LCMS m/z 258.9 (M+1). ''H NMR (500 MHz, DMSO-dfe) 5 2 70 (br dd, >15.6, 

12.7 Hz, 1H) 2.99 (dd, >15.6, 6.1 Hz, 1H), 3.52 (dd, >12.7, 6.0 Hz, 1H), 7.16-7.20 

(m, 2H), 7.28 (d, >1.6 Hz, 1H). 

A, 28 O^O 
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2(1ffi-one, hydrochloride sa.it (35) 

-j-' •4 H 
..vN^O. 

:) 

, 33 

35 34 

ferf-Butyl (25,3S)-1 -{benzyioxyarmno)-1 -oxo~3~phenyibutan~2~ 
yfcarbamate (32) (2S,3S)-2-((te/t~Butoxycafbonyl)aminoj-3-phenylbutanoic acid (31) 

{1.0 g, 3.6 mmol) and O-bertzyl hydroxylamine (0.89 mg, 4.3 mmol) were combined 

in DCM (25 mL), and NEt- (5 mL, 23 mmoi) and benzotriazoM -yloxy-

tris(dimethy)amino)phosphonium hexafluorophosphate (BOP, 1.58 g, 3.8 mmoi) were 

added. The reaction was stirred for 48 hours at RT, whereupon the solvent was 

removed under reduced pressure. The residue was diluted with EtOAc, washed with 

water (3 x 20 mL), washed with saturated aqueous sodium chioride solution, dried 

over magnesium sulfate, filtered and concentrated in vacuo. The residue was purified 

via silica gel chromatography (Eluant: 30% EtOAc in hexane). The residue was 

crystallized by trituration of the oi! with Et20 to give the product as a white soiid (1,30 

g, 94%). LCMS m/z 385.0 (M+1). "'H NMR. (400 MHz, CDCb) S 1.28 (br d, >6.8 Hz, 

3H), 1.34 {s, 9H), 3.38 (m, 1H), 4.12 (dd, >8.2, 8.2 Hz, 1H), 4.8? (s, 2H), 4.95 (brd, 

>8.4 Hz, 1H), 5.40 (br s, 1H), 7.20-7.38 (m, 10H). 

fert-Butyl (35,4S)-1 -{benzyloxy)-4-methyi-2-oxo-1,2,3,4-
tetrahydroqutnoHn-3-yicarbamate {33} ferf-Bufyl (2S,3S)-1-(benzyloxyamino)-l-

oxo-3-phenylbutan-2-yfcarbamate (32) (0.50 g, 1.3 mmoi) was dissolved in DCM (10 

mL), in an ice-cooSed flask.. Phenyliodine(ill) bis(tnfluoroacetate} {PIFA, 0.84 g, 1.9 

mmol) was added in one portion and the reaction was stirred at 0 " C to RT overnight. 

The reaction mixture was diluted with DCM (20 mL) and washed with a saturated 
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aqueous NaHCOa solution, then with saturated aqueous sodium chloride solution, 

dried over magnesium sulfate, filtered and concentrated in vacuo. The resulting 

yellow oil was purified by silica gel chromatography (Eluant: 30% EtOAc in hexane) 

to give the product as a yellow oil still containing impurities (0.50 g). APCi m/z 2:83,3 

[(M-BGG)+1J. 

{3$,4$)-3-Amino-1-(benzyioxy)~4~methyl-3,4-tiihydroquinolin-2{1ft)-ofte 
(34) ferf-Butyl (3$,4S)-1-(benzyloxy)~4-methyl~2-oxo-1,2,3,4-tetrahydroquinolin-3-

ylcarbamate (33) from the previous step (0.50 g, <1.3 mmol) was dissolved in THF 

(10 mL), and BF3*Et20 (0.235 mL, 1.87 mmol) was added drop-wise at RT. The 

reaction was refluxed for three hours. The solvent was removed in vacuo, and the 

residue was dissolved in EtOAc. The solution was basified using a 10% aqueous 

NaOH solution, and the organic layer was washed with water, washed with saturated 

aqueous sodium chloride solution, dried over magnesium sulfate, filtered and 

concentrated in vacuo. The residue was purified by silica gel chromatography 

{Eluant: 30% EtOAc in hexane) fo give the product, still containing impurities (100 

mg). LCMS m/z 283.1 (M+1).. 1H NMR (400 MHz, CDCI3) 8 1.14 (d, J=7 2 Hz, 3H), 

3.12 (qd, J~7A, 5.5 Hz, 1H), 3.81 (d, J~5A Hz, 1H), 5,01 (d, J=9 2 Hz, 1H), 5.17 (d, 

J-9,2 Hz, 1H), 7.09 (m, 1H), 7.20-7.43 (m, 6H), 7.53-7.56 (m. 2H). 
(3S,4S)-3-Amino-1 -hydroxy-4-methyl-3,4-dihyclroquinolin-2{1W)-one, 

hydrochloride salt (35) (3S,4S)-3-Amino~1-(b6nzyloxy)-4-m6thy!-3,4-

dihydroquinolin-2(1H)~one (34) from the previous reaction (100 mg, <0.35 mmol) was 

dissolved in EtOH (4 mL) and 1 -methyl-1,4-cyclohexadiene (1 mL), and treated with 

Pd(OH)2 (10 mg, 035 mol). The reaction was refluxed for 1 h, then filtered through a 

Celite pad, which was subsequently washed with EtOAc. Concentration of the filtrate 

in vacuo provided a solid, which was purified by silica gel chromatography (Eluant: 

30% MeOH in EtOAc) to afford the free base of the product. R< = 0.3 (20% MeOH in 

EtOAc). A IN solution of HCI in Et:0 was used to make the hydrochloride salt (15 

mg, 8% over three steps). LCMS m/z 193.1 (M+1). 1H NMR (400 MHz, CD3OD) 8 
1.13 (d, J-7,0 Hz, 3H), 3.18 (m, 1H), 4.01 (d, J~5.5 Hz, 1H), 7.10 (ddd, J-7.2, 7.2, 

1.2 Hz, IB), 7.22-7.37 (m, 3H), 
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5-Chioro-1,3-dimethyl-2-nitrobenzene (37) To a solution of 4-chloro-2,6-

dimethySbenzenamine (36) (6.14 g, 39.5 mmol) in toluene (200 ml) was added 

mCPBA (44.2 g, 19? mmol). The reaction was heated at reflux overnight, then 

allowed to cool at RT, washed with aqueous 1N NaOH, dried over magnesium 

sulfate, fiiterecJ and concentrated in vacuo. The crude materia! was adsorbed onto 
silica and purified by silica gel chromatography {Gradient: 0% to 50% EtOAc in 

heptane) to provide the product (2.84 g, 39%). 'H NMR (400 MHz, CDCb) 8 2.31 (m, 

6H), 7.14 (m, 2H). 

1-(Bromomethyf)-5-ch[oro-3-rriethyl-2-nitrobenzene {38) Foiiowing the 

procedure for the preparation of 1-{bromomethyi)-2-nitro-3-(trifluoromethyl}benzene 

(17) in Example 3, reaction of S-chloro-1,3-dimethyi-2-nitrobenzene (37) provided the 

title compound as a solid (50%). 'H NMR (400 MHz, CDCI3) 5 2.38 (m, 3H), 4.43 (s, 

2H), 7.28 (m, 1H), 7.3? (m, 1H). 

Diethyl acetamido(5-chloro-3-methyl-2-nitrobenzy!)malonate (39) 
Foiiowing the procedure for the preparation of diethyl acetamido(4-bromo-2-

nitrobenzyI)malonate (24) in Example 5,1-(bromomethyl)~5-chloro-3~methyl-2-

nitrobenzene (38) was converted to the title product, which was obtained as a solid 

(65%). LCMS m/z401.0 (M+1). 1H NMR (400 MHz, DMSO-cfe) 5 1.15 (t, J=?.1 Hz, 

6H), 1.90 (s. 3H), 2.24 (br s, 3H), 3.53 (s, 2H), 4.10-4.17 (m, 4H), 7.05 (br d, J=2.2 

Hz. 1H), 7.56 (apparent dd, J=2,3» 0.7 Hz, 1H), 8,31 (brs, 1H), 
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2-Amirio-3-{5-chioro-3-methyl-2-nitrophenyi)propaiioicacid, 
hydrochloride salt (40) Foiiowing the procedure for the preparation of 2-amino~3~(4~ 

bromo-2-riitrophenyi)propanoic add, hydrochiortde salt {25} in Example 5, diethyl 

acetamido{5-ch!oro-3-methyl~2-niirobenzyl)maionate (39) was converted to the title 

product, which was obtained as a solid (assumed quantitative); LCMS m/z 259.0 

(M+1). 

ferf-Butyl {1 -[(ferf-butoxycarbonyl)oxy]~6~chlofo-8-methyi~2~oxo~1,2,3,4-

tetrahydroqumolin~3-yi}carbamate (41) To a solution of 2-amino-3-(5-chloro-3-

methyi-2-nitrophenyi)propanoic acid, hydrochloride salt (40) (0.11g, 0.42 mmol) in 

EtOH (5 mL) was added tin(li) chloride dihydrate (0.20 g, 0.85 mmoi). The reaction 

was heated to 60 'C for 5 h, then cooled to RT Diisopropylethyiamine (0 73 mL, 4.25 

mmoi) and BOC2G (0.19 g, 0.85 mmol) were added and the reaction was allowed to 

stir at RT overnight, The reaction mixture was concentrated in vacuo, then partitioned 

between EtOAc and water. The aqueous layer was extracted with EtOAc, and the 

combined organic layers were dried over magnesium sulfate, filtered and 

concentrated under reduced pressure. The residue was purified by siiica gel 

chromatography (Gradient: 0% to 60% EtOAc in heptane), to afford the product (40 

mg, 22%), which was used directly in the next step. 

3-Amino-6-chioro-1-hydroxy-8-methyt-3,4-dihydroquinotin-2(1W)-one (42) 
To a solution of ferf-butyf {1-[{teff-butoxycarbonyl)oxy3-6-chloro-8-methyi-2-oxo-

1,2,3,4-tetrahydroquino!in-3-yl}carbamate (41) (40 mg, 0.094 mmol) in DCM (3 ml) 

was added TFA (3 ml). The reaction was then allowed to stir at RT for 30 minutes. 

The so!vent was removed in vacuo, and the residue was adsorbed onto silica and 

purified by silica gel chromatography (Gradient: 0% to 45% |NH4OH(1): MeOH(9): 

DCM (90)3 In DCM) to provide the product (5.8 mg, 27%). LCMS m/z 226.9 (M+1). "H 

NMR (400 MHz, CD3OO) 5 2,48 <s, 3H), 2,84 (m, 1H), 2.93 (dd, 15.3, 5,8 Hz, 1H), 

3 62 (dd, J-13 9, 6 7 Hz. 1H), 7.09-7.13 (m, 2H). 
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2-Methyi-3-nitropyridine 1-oxide (44} To a solution of 2-methyi~3~ 

rtitropyridine (43) (0.88 g, 8.23 mmol) in DCM (30 mL) was added mCPBA (2,8 g, 

12,5 mmol), The reaction was then allowed to stir at RT for 6 h. Sodium thiosuifate 
(900 mg) was added and the mixture was allowed to stir overnight. The reaction 

mixture was diluted with additional DCM and washed with a saturated aqueous 

NaHCOa sofution. The organic layer was dried over magnesium sulfate, filtered and 

concentrated in vacuo. The residue was purified by chromatography on siiica gel 

(Gradient 0% to 20% MeOH in DCM) to afford the product (782 mg, 81%). LCMS 

m/z 155.0 (M+1), 1H NMR (400 MHz, CDCI3) 5 2.73 (m, 3H), 7.30 (br dd, J«8,1, 6.8 

Hz, 1H), 7.72 {dq, J=8.4, 0.S Hz, 1H), 8.48 (dq, J=6.6, 0.8 Hz, 1H). 

(3-Nitropyridin-2-yi)methyi acetate (45) To a solution of 2-methy!-3-

nitropyridlne 1 -oxide (44) (0.78 g, 5.07 mmol) in acetic acid at 90 'C was added 

acetic anhydride (0,72 ml, 7 61 mmoi), and the reaction was heated at 110 °C 

overnight. The mixture was cooled, concentrated in vacuo and adsorbed onto silica. 

The crude residue was then purified by chromatography on silica ge! (Gradient: 

EtOAc in heptane)!© provide the product (572 mg, 57%). LCMS m/z 196.9 (M+1). 1H 

NMR (400 MHz,. CDCb) 8 2.20 (s, 3H), 5,83 (s, 2H), 7.49 (brdd, J=8.2, 4,7 Hz, 1H), 

8.41 (dd, J=8.3, 1.5 Hz, 1H). 8,84 (del, J=4.7, 1.8 Hz, 1H). 

(3-Nitropyridin-2-yl)methanol (48) To a solution of (3~nitropyridin-2~ 
yl)methyl acetate (45) (5.72 g, 2.92 mmol) in MeOH (10 mL) and water (20 mL) was 

added potassium carbonate (2,0 g, 14.6 mmol). The reaction was then allowed to stir 



WO 2010/146488 
61 

PCT/IB2010/052349 

at RT overnight. The reaction mixture was concentrated in vacuo to remove most of 

the MeOH, and the resulting mixture was diluted with EtOAc and water. The aqueous 

layer was extracted several times with EtOAc, and the combined organic layers were 

dried over magnesium sulfate, filtered and concentrated under reduced pressure to 

give an orange oil. The yield was assumed to be quantitative. LCMS m/z 155.0 

(M+1). 1H NMR (400 MHz, CDCl3) 5 4.70 (br s, 1H), 5.1? (s, 2H), 7.54 (ddt, >8.2, 

4.7, 0.8 Hz, 1H), 8.55 (dd, >8.2, 1.5 Hz, 1H>, 8.89 (del, >4.8, 1.5 Hz, 1H>. 

Diethyl acetamido[(3-nitropyridin-2-yi}methyl]{maionate (47) To a solution 

of <3-nftropyndin-2-yl)methanoi {40} (1.45 g, 9.41 mmol) in DCM (80 ml) and EtOH 

(80 ml) at 0 "C was added NEt3 (3.93 ml, 28.2 mmol) and metharsesuffonyl chloride 

(98%, 0.829 mL, 10.3 mmol). The reaction was allowed to stir at RT for 50 minutes, 

then was washed with aqueous NaHC03 solution, dried over magnesium sulfate, 

filtered and concentrated in vacuo. in a separate flask, a solution of diethyl 

acetamidomalonate (12) (2.25 g, 10,3 mmol) in EtOH (50 mL) was treated with 

NaOEt (3.08M solution in EtOH, 4.58 ml, 14.1 mmol), and the reaction was aiiowed 

to stir for 5 min. The mesylate residue was dissolved in DMF (10 ml) and added to 

the solution of diethy! acetamidomalonate anion. After 2 hours, the reaction mixture 

was concentrated in vacuo to remove as much EtOH as possible. The mixture was 

then dilutees with EtOAc and water; the organic layer was separated and washed with 

water, dried over magnesium sulfate, filtered and concentrated in vacuo. Purification 

was carried out via silica gel chromatography (Gradient: 0% to 100% EtOAc in 

heptane) to afford the product (2.24 g, 67%). LCMS m/z 354.0 (M+1). 1H NMR (400 

MHz, CDCb) S 1.25 (t, >7.1 Hz, 8H)„ 1.93 (s, 3H), 4,22-4.30 (m, 4H), 4.32 (s, 2H), 

8,81 (br s, 1H), 7.37 (dd, >8.2, 4.7 Hz, 1H), 8.21 (dd, >8.2, 1.6 Hz, 1H), 8.85 (dd, 

>4.7, 1.8 Hz, 1H). 

2-Amino~3-(3-nitropyridtn~2-yE)propanoic acid, hydrochloride salt (48) 

Diethy! acetamido[{3-nitropyridin-2-yl)methy!]ma!onate (47) was subjected to 

conditions similar to those used for preparation of 2-amtno-3-(4-bromo-2-

nitropheny!)propanoic acid, hydrochloride salt (25) in Example 5, to provide the 

product as a solid (94%), LCMS m/z 211.9 (M+1). 1H NMR (400 MHz, CD3OD) 8 3.87 

(dd, half of ABX system, >18.2, 7.0 Hz, 1H), 3.94 (dd, half of ABX system, >18.2, 

4.3 Hz, 1H), 4.64 (dd, >8.9, 4.3 Hz, 1H), 7.85 (dd, >8.3, 4.8 Hz, 1H), 8.55 (dd, 

>8.3, 15 Hz, 1H). 8,84 (dd, >4.8, 1.5 Hz, 1H). 
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tert-B utyl {1 -[(te#t-butoxycarbonyl)oxy]-2-oxo-1,253s4-tetratiyclro-1,5-
naphthyridin-3-y!}carbamate (49) To a solution of 2-amino~3~(3~nitropyridin~2~ 

yl)propanoic acid, hydrochloride saft (48) {0,11 g, 0,37 mmoi) in THF (10 mL) and 

MeOH (10 mL) at 0 °C was added sodium acetate trihydrate (0,35 ml, 3,73 mmol) 

and tin(H) chloride cfihydrate (0.43 g, 1.86 mmol). The reaction was then allowed to 

stir at 0 °C for 6 h. NEt-. (0.52 ml, 3.73 mmoi) and BOC20 (0.16 g, 0.75 mmol) were 

added to the reaction and the mixture was aiiowed to stir overnight. The reaction 

mixture was diluted with water and EtOAc, and the aqueous layer was extracted 

further with EtOAc. The combined organic layers were dried over magnesium sulfate, 

filtered and concentrated under reduced pressure. The crude reaction mixture was 

purified by silica gei chromatography (Gradient: 0% to 100% EtOAc in heptane) to 

provide the product (78 mg, 55%). LCMS m/z 380.0 (M+1). 

3-Amtno-1 -hydroxy-3,4-dthydro-1,5«naphthyridin>2(1f/}>one, 
dihydrochloride salt (80) To a sofution of fert-buiyl {1-[(terf-butoxycarbonyi)oxy3-2-

oxo-1f2,3,4-tetrahydro-1,5-naphthyridin-3-yi}carbamate (49) (41 mg, 0.11 mmoi) in 

MeOH (3 mL) was added concentrated HCI (1 mL). The reaction was allowed to stir 

at 40 °C overnight. The mixture was concentrated in vacuo to give the product as an 

orange soiid (28 mg, 94%). LCMS m/z 180.0 (M+1). 1H NMR (400 MHz, DMSO-cfe) 5 

3.41 (dd, half of ABX system, 5, 14 Hz, 1H): 3.50 (dd, half of ABX system, 

J=15.8, 8.9 Hz, 1H>, 4,82 (m, 1H), 7,49 {dd, 8.1, 5.0 Hz, 1H), 7.73 (brd, J=8 Hz, 

1H), 8.28 (dd, J-5,1, 1.2 Hz, 1H), 8.86 (brs, 3H). 

Example 10: Synthesis of 3-amino-l-hvdroxv-6-(trifluoromethvi)-3,4-dihvdroquinoiin-

2(1ffl~one, hydrochloride saft (53) 

fezf-Butyl {1 -[(te^butoxycarbonyi)oxy]-2-ox0-6-{trif!uorc>rnethyl)-1,2,3,4-
tetrahydroqumolin-3-y!>carbamate (52) To an ice-cooled solution of 2-amino-3-[2-

nitro-5-(trifiuoromethy1)phenyl]propanoic acid, hydroehioride salt (51, prepared in 

similar manner to 2-amino-3-(5-fiuoro-2-nitrophenyl)propanoic acid, hydrochloride 
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salt {14} in Example 2, but beginning; with 2-methyl-1-nitro-4-

(trifiuoromethyl)benzene) (178 mg, 0.566 mmoi) in THF (10 ml) and MeOH (10 ml) 

was added sodium acetate trihydrate {0.778 g, 5.66 mmol) and ttn(H) chloride 

dihydrate (0.858 g, 2.8 mmol). The reaction was allowed to stir at 0 VC for 4.5 h. NEt3 

(0.783 ml, 5.68 mmol) and 8OC2O (0.247 g, 1.13 mmoi) were added, and the 
reaction was aiiowed to stir at RT overnight. The mixture was concentrated in vacuo, 

and the residue was partitioned between EtOAc and water. The aqueous layer was 

extracted with EtOAc, and the combined organic layers were dried over magnesium 

sulfate, filtered and concentrated under reduced pressure. Purification via siisca gei 

chromatography (Gradient: 0% to 100% EtOAc in heptane) provided the product (83 

mg, 25%). LCMS m/z 445.9 (M+1). 
3-Amino-1-hydroxy-6-(trifiuoromethyi)-3,4-dthycJroquinoim-2(1lf)-orie, 

hydrochloride salt (53} To a solution of fe/t-butyf {1-[{terf-butoxycarbonyi)oxy3-2-

oxo-8-(trifSuoromethyl)-1,2!3,44etrahydroc|uinolin-3-yl}carbamate (52) (63 mg, 0.14 
mmoi) in MeOH (10 ml) was added concentrated HCi (3 mL). The reaction was 

heated at 40 "C until it was Judged complete via LCMS analysis. The mixture was 

concentrated in vacuo to provide the title compound as a soiid (35 mg. 88%). LCMS 

m/z 248.9 (M+1). 1H NMR (400 MHz, DMSO-dfe) 5 3.17 (m, 1H), 3.35 (dd, J=15.4, 6.3 

Hz, 1H), 4.50 (m, H), 7.44 <d, 8.5 Hz, 1H), 7.72 (br d, J=8.8 Hz, 1H), 7.73 (br s, 

1H) 8.71 (br s, 2H), 11.12 (s, 1H). 

Example 11: Synthesis of 2-amino-4-hvdroxv-1 2-dihvdrobenzofflQuinolin-3(4H)-one 

i§a 

Benzyi [4~(benzyioxy)-3-oxo-1,2,3.4-tetrahydrobenzo[f]quinolin-2-

yljcarbamate (54, prepared from 2~amino-3-(1-naphthy!)propanoic acid according to 

the general procedure for synthesis of ferf-butyi (3S,4S)-1-(benzyioxy)-4-methyl-2~ 

oxo-1s2,3,4-tetrahydroquinolin-3-yloarbamate (33) in Example 7) {35 mg, 0.077 
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mmol} was dissolved in a solution of boron trichloride in DCM (i .0 M, 5.00 ml, 5.00 

mmoi), and the reaction was heated a! 50 "C for 1 h. After being quenched with 

MeOH (10 mL), the reaction was stirred for 15 mtn, then treated with silica gei 

impregnated with p-ioluenesulfonic acid (0,88 mEq/g, 2 g, 1,36 mmoi). After 1.5 

hours, the siiica was filtered off and rinsed with MeOH; the siiica was then slurried 

with a 2N solution of ammonia in MeOH for 20 minutes, and filtered. The solids were 

rinsed with MeOH and the combined filtrates were concentrated in vacuo to afford a 

soiid, which was triturated with Et20 to provide the product as a soiid {2 mg, 10%). 

LCMS m/z 229.0 (M+1). 1H NMR (400 MHz, CD3OD) 5 3.07 (del, J-15, 15 Hz, 1H), 

3.82 (dd, J=18, 8.5 Hz, 1H), 4.00 (dd, J=14, 8 Hz, 1H), 7.45 (dd, J~7t 7 Hz, 1H), 7.58 

(dd, v/-8, 8 Hz, 1H), 7 67 (d, J=9 Hz. 1H), 7.88 (m, 2H), 8.01 (d, J=9 Hz, 1H). 

2{1H)-one, hydrochloride salt (60) 
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tert-Butyl /V~(diphenylmethylene)-2-methoxy-6-nitro*L-phenylaianinate 
(58) To a solution of terf-butyl /V-(diphenylmethyiene)giycinafe (56} (1,2 g, 4,2 mmol), 

2-(bromomethyl)-1-methoxy-3-nitrobenzene (57) (0.88 g, 3,3 mmol) and 0-allyl-/V-(9-

anthracenylmethy!)cinchonidinium bromide (0.21 g, 0,33 mmol) in DCM (10 mL) 

cooled at -30 X, was added CsOH (0.84 g, 5.0 mmoi). (See E.J. Corey et al., 

Journal of the American Chemical Society 190?, 779, 12414-12415.) The reaction 

was stirred at -30 °C overnight. The mixture was warmed to 0 °C, quenched with 

saturated aqueous ammonium chloride solution (5 ml) and diluted with DCM (5 mL). 

The aqueous layer was extracted with DCM (3 x 5 mL), and the combined organic 
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layers were washed with water, dried over NaaSCX filtered arsd concentrated under 

reduced pressure. The residue was purified by chromatography on siiica gei 

(Gradient: 0% to 20% EtOAc in heptane) to give the title compound as a yellow solid 

(1,32 g, 87%).. APCl m/z 481.2 (M+1). ;H NMR. (400 MHz, CDCb) 5 1.41 (s, 9H), 3,49 

(dd, J-13.5, 4.3 Hz, 1H)t 3.55 (s, 3H), 3.83 (dd, J=13.6, 9.6 Hz, 1H), 4.29 (dd, J=9.8, 

4.3 Hz, 1H), 8.64 (br d, J=8.4 Hz, 2H>, 6.88 (m, 1H), 7.20-7.34 (m, EH), 7.51-7.54 (m. 

2H). 

2-Methoxy-6-nitro-L-phenylaianine, hydrochloride salt (Si) tert-Butyl N-

(diphenylmethylene)-2-methoxy-6-riitro-L-phenylaianinate (58) (1.28 g, 2.78 mmol) 

was taken up in THF (8 nil) and water (8 mL), and treated with concentrated 

aqueous HCI solution (8 mL). After stirring overnight, the reaction was diluted with 

EtOAc (15 ml), and the organic layer was extracted with water {3x10 nil). The 

combined aqueous layers were concentrated in vacuo to provide the product as an 

off-white soiid (750 mg, 97%). LCMS m/z 241.2 (M+1). ;H NMR {400 MHz, DMSO-

de) 6 3,23 (dd, J-13.5, 6.3 Hz, 1H), 3.33 {dd, J=13.4, 9.4 Hz, 1H), 3.87 (s, 3H), 4.00 

{br m, IH), 7.40 (m, 1H), 7.50-7.55 (m, 2H), 8.56 (brs, 3H), 13. 6 {vbrs, 1H); e.e. 

94.8%. 

(3S)-3-Amino-1-hydroxy-5-methoxy-3,4-dihydroquinolin-2{1H)-oneJ 

hydrochloride salt (80) 2~Methoxy-6-nitro-L-phenyla!anine, hydrochloride salt (59) 

was converted to the title product foiiowing the general procedure outlined for 

synthesis of 3-amino-1 -hydroxy-6-{trifluoromethyl)-3,4-dihydrO'quinolin-2(1 H)~one, 

iiydrochloride salt (53) in Example 10, The product was obtained as an off-white soiid 

(119 nig, 87%). LCMS m/z 209.0 (M+1). 1H NMR (400 MHz, DMSO-dfe) 6 2.72 (dd, 

J~15, 15 Hz, 1H), 3.46 (dd, J~ 15.5, 6.9 Hz, IH), 3.83 (s, 3H), 4.34 (dd, J=14.4, 6.8 

Hz, 1H), 8.82 (d, J-8.2 Hz, 1H), 6.92 {d. Hz, 1H). 7.31 (dd, ^8.3, 8.3 Hz, 1H). 

8.86 (br s, 3H), 10.83 {brs, IH). 

Example 13: Synthesis of 3-amino-1-hydroxv-7-{3-metho.xyphenvlV3,4-

dihvdroquinolin-2(1H)-one. hydrochloride sait (62) 
OH 
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teif-Butyl 1-[{terf-butoxycarbonyl}oxy]-7-(3-methoxypher»yl)-2-oxo-
1,2,3,4-tetrahydroquinoHn-3-y!carbamate (61) A seaiable via! was charged with 

racemic ferf-butyl {7-bromo-1 ~[{ferf-butoxycarbonyi)oxy3-2-oxo-1,2,3,4-

tetrahydroquino!in-3-yl}carbamate (27 and 28, from Example 5) (0.10 g, 0.22 mmol), 

biph6nyl-2-y!{di~te#t-butyi)phosphine (1.20 mg, 0.004 mmol), Pd(ii)(OAc)2 (0.4 mg, 

0.002 mmol), KF (38 mg, 0.66 mmol) and (3-methoxyphenyl)boronic add (50 mg, 

0.33 mmoi) under nitrogen. THF (3 ml.) was added to the mixture and the reaction 

was heated at 80 °C for 20 h. The reaction mixture was diluted with EtOAc and the 

organic layer was washed with water, dried over magnesium sulfate, filtered and 

concentrated in vacua. The residue was purified by chromatography on siiica gei 

(Gradient: 0% to 80% EtOAc in heptane) to give the product as a gum (39 mg. 37%). 

LCMS m/z 485.1 (M+1). 1H NMR (400 MHz, CDCb) 5 1.49 (s, 9H)« 1.57 {br s, 9H), 

3.01 (br m, IH), 3.51 (br m, IH), 3.88 <s, 3H), 4.58 (br m, 1H), 5,80 (br s, 1H), 8.93 

(ddd, J=8.3, 2.5, 0.8 Hz, IH), 7.08 (m, 1H), 7.14 (br d, >6 HE, IH), 7.28-7.33 (m, 

2H), 7,37 (dd, >8.0, 8.0 Hz, 1H). 

3-Amino~1-hydroxy-7-(3-methoxyphenyl)-3,4-dihydroquinoHn-2(1N)-one, 
hydrochloride salt (62) Reaction of ferf-butyl 1-[(tert-butoxycarbonyl)oxy]-7-(3-

methoxyphenyi)-2-oxo-1,2,3;44etrahydrG<|uinolin-3-yicarbamate (61) under the 

conditions described for deprotection of ferf-butyl {1-[(terf-butoxycarbonyl)oxy]-2-oxo~ 

l,2,3,4-ietrahydro-1,5-naphthyridin-3-y!}carbamate (49) in Example 9 provided the 

title compound as a soiid (96%). LCMS m/z 285,3 (M+1). NMR. (400 MHz, DMSO-

<k) 5 3.13 (dd, J-14.9, 14.9 Hz, 1H), 3.25 (dd, J~ 15.0, 8,5 Hz, IH), 3.82 (s, 3H), 4,44 

(m, 1H), 8.98 (br dd, >8.2, 2.5 Hz, 1H), 7.13 (m, 1H), 7.20 (br d, J=8 Hz, 1H), 7.38-

7.43 (m, 3H), 7.50 (br d, >1.5 Hz, 1H), 8.88 (br s, 3H), 10.97 (s, 1H). 
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3-Bromo-5-fluoro-2-nitropyridine (63) A flask was charged with 

concentrated H2SO4 (30 ml) and K2S2Os (28,3 g, 105 mmol) was added at RT and 

stirred for 5 min The resulting viscous reaction mixture was cooled to 0 °C and then 

3-bromo-5-fluoropyridin-2-amine (5 g, 30 mmoi) was added in one portion. After 5 

min, the ice bath was removed, and an exotherm was observed, followed by 

evolution of S02 gas. The reaction mixture became a yellow solution, which was 

stirred at RT for 1 h. The reaction mixture was diluted with ice water, EtOAc (100 ml) 

was added and the water layer was made basic using aqueous NH4OH solution. The 

organic layer was separated and dried over Mg2SO», then filtered and concentrated 

in vacuo. Purification on siiica gel (Efuant; 10% EtOAc in heptane) provided the 

product as a white solid {2.70 g, 40%'), GCMS m/z 220 (M*). 
3-Bromo-2-nitro-5-phenoxypyridine (64) To a solution of 3-bromo-5-fluoro~ 

2-nitropyridine (63) (1.0 g, 4.5 mmoi) in MeCN (80 mL) was added phenol (478 mg, 

5.08 mmol) and Cs2C03 (326 mg, 5.43 mmol). The resulting mixture was stirred at 60 

°C for 3 ft. The reaction was diluted with EtOAc and washed with water. The organic 

layer was dried, filtered and concentrated under reduced pressure, and the residue 

was purified using silica gel chromatography (Eiuant: 10% EtOAc in heptane) to 

provide the product as an oil (1,3 g, 98%), GCMS m/z 294 (IVf), 1H NMR (400 MHz, 

CDCb) 5 7.10-7,14 <m, 2H), 7,33 (br t, >7.5 Hz, 1H), 7.49 (dd, >8.5, 7.5 Hz, 2H), 

7.58 (d, >2.4 Hz, IH), 8.18 (d, >2.4 Hz, 1H). 
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Methyl AHtert-butoxycarbonyl)-3-(2-nitro-5-phenoxypyridin-3-yi)-L-
alaninate (65) Trimethyisilyl chloride (0.348 mi, 2,74 mmol) was added to a stirring 

suspension: of zinc dust (989 mg, 13.7 mmo!) in dry DMF (1 ml) and the mixture was 

stirred for 30 min. The stirring was stopped, and the solids were aiiowed to settle for 

10 min, at which time the supernatant was removed via syringe. The activated zinc 

was washed with DMF and the solvent was again removed with a syringe; the zinc 

was then dried under vacuum using a heat gun. A solution of methyl N-{tert~ 

butoxycarbonyi)-3-iodo-L-aianinate {prepared according to S. van 2utphen et at., 

Tetrahedron Left 2CG7, 48, 2857-2859) (1.81 g, S.49 mmoi) in DMF (10 M) was 

added to the dry activated zinc, and (he resulting suspension was stirred for 30 min 

at RT. The zincate solution was transferred via syringe into a dry flask under 

nitrogen. To this was sequentially added 3-bromo-2-nitro-5-phenoxypyridine (64) 

(1.35 g, 4.58 mmo!), paliadium(H) acetate (51.4 mg, 0.229 mmol) and then X-Phos 

{dicyc!ohexyS(2,!4,'!8,-triisopropylbfphenyl~2-yf)phosphine; 218 mg. 0.458 mmoi). The 

resulting solution was stirred at RT for 18 h. The reaction mixture was diluted with 

Et20 (100 mL), washed with water (5 x 20 mL), dried over fv1g2S04, filtered and 

concentrated in vacuo. Purification via siiica gel chromatography (Eluants: 10% 

EtOAc in heptane, then 15%, then 20%) afforded the product as a yellow oil (297 mg. 

16% yield). LCMS m/z 418.1 (M+1), 1H NMR (400 MHz, CDCf3) S 1.38 (brs, 9H), 

3.14-3.21 (m, 1H), 3.5 (m, 1H, assumed; obscured by residua! Et20), 3.74 (s, 3H), 

4.62-4.88 (in, 1H), 5.19 (br d, J=8 Hz, 1H), 7.09-7.13 (m, 2H), 7.27-7.32 (m, 2H), 
7.47 (br dd, J=8, 8 Hz, 2H), 8.15 (br s, 1H). 

ferf-Butyi {(3S)-1 -[(ferf-butoxycarbonyl)oxyJ-2-oxo-6-phenoxy-1,2,3,4-
tetrahydro-1,8-naphthyridin-3-yl}carbamate (66) Methyl A/~(fe?f~butoxycarbony1)~3-

(2-nitro-5-phenoxypyrsdin-3-y!)-L-alaninate (§5) (217 mg, 0.52 mmol) was dissolved 

in THF (5 mL) and MeOH (5 ml), and the resulting solution was cooled to 0 °C with 

an ice-water bath. To this was added tin(ll) chloride dihydrate (704 mg, 3.12 mmol) 

and sodium acetate trihydrate (778 mg, 5.72 mmoi), and the reaction was allowed to 

stir at 0 °C for 10 min and then at RT for 2 h. At thai time, NEts (0.725 mL, 5.20 

mmol) and B0C20 (227 mg, 1.04 mmol) were added and the mixture was stirred at 

RT for 18 h. Solvents were removed in vacuo, and the remaining semi-solid was 

filtered through Oolite and washed with EtOAc (3 x 20 mL), The combined EtOAc 

filtrates were washed with water (2 x 20 ml) and saturated aqueous NaHCOs 

solution (2 x 20 mL), dried over Mg2S0'4, filtered and concentrated under reduced 
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pressure. The crude residue was purified on siiica gel (Eluant: 1:1 EtOAc / heptane) 

to provide the product as an oil (240 mg, 98%). LCMS m/z 472.1 (M+1). 1H NMR 

(400 MHz, CDCh) 6 1.47 (br s, 9H), 1.57 {s, 9H), 2.84-2.98 (m, 1H), 3.89-3.48 (m, 

1H), 4.50-4.61 (m, 1H), 5.58-5.64 (m, 1H), 7.02 (d, J=S.O Hz, 2H), 7.15-7.23 (m, 2H), 
7.39 (br dd, 8, 8 Hz, 2H), 8.08 (br s. IH). 

(SSH-Amino-l-hydroxy-fi-phenoxy-S^-dihydro-l^-naphthyridin^lW)-
one (87) terf-Butyi {(3$)-1-[(te/t-butoxycarbonyi)oxy}~2-oxo-6-phenoxy~1 <2,3,4-
tetrahydro-1,8-naphthyridin-3-yl}carbamate (66) (240 mg, 0.509 mmol) was treated 

with a solution of HCI in Et20 (2 M, 2 mL) and allowed to stir at RT for 86 h. The 

solvent was removed under reduced pressure, and the residue was dissolved in a 

solution of 1:4 (1:9 NKsOH: CHa0H): dichioromethane (0,5 ml). This solution was 

subjected to siiica gel chromatography {Eiuant: 1:4 (1:9 NH4OH: CH3GH): 

dichioromethane) to provide the product as a white soiid (83 mg, 61%). LCMS m/z 

272.0 (M+1). 1H NMR (400 MHz, CD3OD) 5 2.98 (br dd. J= 15, 14 Hz. IH), 3.18 (dd, 

J-15.3, 6,2 Hz, 1H), 4,01 (dd, J^13.8, 6.1 Hz, 1H>, 7.03-7.07 (m, 2H), 7.17 (brt, 
J-7,4 Hz, 1H), 7.40 (dd, 7.5 Hz, 2H), 7.44-7.48 (m, 1H), 8,00 (br d. J=2 Hz, 

1H). 

Example 67: Synthesis of f3S)-3-amino-1-hvdroxv-6-fphenvlsulfonvi)-3,4-

dihydro-quinoiin-2(Wi-one, hydrochloride salt (72) 
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2-Bromo-1-nttro-4-(phenyfthio)benzene (68) A mixture of 2-bromo~4-f]uoro-

1-nitrobenzene (4.3 gs 20 mmoi) and K2C03 (5.39 g, 39.0 mmoi) in DMF (100 ml) 

was heated to 80 °C. To the mixture was added benzenethiol (2.15 g, 19.5 mmol) 

and the mixture was stirred at 80 °C for 1 h. The reaction mixture was quenched by 

the addition of water (200 ml), and extracted with EtOAc (3 x 400 ml). The 
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combined organic layers were washed with saturated aqueous sodium chloride 

sofution, dried over Na2S04, filtered and concentrated in vacuo to afford the product 

as a yeffow soiid (6 g, 99%), which was used for the next step without further 

purification, 

2»Bromo*1*niiro~4~(phenyistilfonyi)ben2ene (69) A mixture of 2-bromo-t-

nitro-4-(phenylthio)benzene {68} (5,6 g, 18,7 mmoi) and mCPBA (11,3 g, S8.1 mmol) 

in DCM (120 ml) was stirred at 15 '"'C for 1 h The reaction mixture was quenched by 

addition of saturated aqueous Na2SC>3 solution (20 mL}., and extracted with DCM (3 x 

500 ml). The combined organic layers were washed with saturated aqueous sodium 

chloride solution, dried over Na2S04f filtered and concentrated under reduced 

pressure. The residue was purified by column chromatography on siiica gei (Eluant: 
10:1 petroieum ether/ EtOAc) to give materia! that was then crystallized from EtOH 

(100 mL), The product was obtained as a yellow soiid (2 g, 30%).. LCMS m/z .340,9, 

342.9 (M+1). 1H NMR (400 MHz,. CDCfe) S 7.56-7.82 (m, 2H), 7.85-7.70 (m, 1H), 7.88 

(d. J-BA Hz, 1H), 7,94-8,03 (m, 3H), 8.31 (s. IH). 

Methyl W-(fe^butoxycarbonyl}-2-mtro-5-(phenyl$uifonyl)-L-
phenyialaniriate (70) Compound 70 was prepared from 2-bromo~1-nitro-4-

(phenyisulfonyi)benzene (69) according to the genera! procedure for the synthesis of 

methyl N-{ferf-butoxycarbonyl}-3-{2-nitro-5-phenoxypyridin-3-yi)-L-alaninate (85) in 

Example 86. The product was obtained as an off-white foam (250 mg, 37%). LCMS 

m/z 483.1 (M-1). 
fert-Butyl |{3S)-1 -hydroxy~2~o.xo~6~(pheny!sulfony!)~1,2,3,4-

tetrahydroquirtolir)-3~yi]carbamate (71) Ammonium formate (84,8 mg, 1.34 mmol) 

was added to a sofution of methyl N~(ferf-butoxycarbonyi)-2-riitro-5-(phenylsulforiyi)-

L-phenyialaninate (70) (1.25 mg, 0.269 mmol) in pyridine (2.7 mL), folfowed by 

piatinum on carbon (5%, 4 mg). The black suspension was stirred at 80 ' C for 18 h, 

then aiiowed to cool to RT and filtered through an Aorodiso® syringe filter (Pall Life 

Sciences). The filtrate was concentrated, and the residue was purified via 

chromatography on silica gel (Gradient: 0% to 80% EtOAc in heptane), to provide the 

pro-duct as a white solid (82 mg, 55%). LCMS m/z 417.0 (M-1}. 1H NMR (500 MHz, 

CDCb) 5 1.43 (s, 9H), 2 94 (br dd, >15, 14 Hz, 1H), 3,37-3.45 (m, 1H), 4.45-4.53 (m, 

1H), 5.38 (brd, J~6 Hz, 1H), 7.44 (d, J=8,5 Hz, 1H), 7..51-7..5S (m, 2H), 7.57-7.81 (m, 

IH), 7.75 (br s, 1H), 7.90-7.95 (m, 3H), 8.5-8,9 (v br s, 1H) 
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{SSH-Amino-l-hydroxy-S-fphenyisulfonyiJ-S^-dihydroquinoiin^ilH)-
one, hydrochloride salt (72) Compound 72 was prepared from te/f-butyl [(3S}-1-
hydroxy-2-oxo-6-{phenylsulfonyi)-1l2>3,4-tefrahydroqu!nolin-3-yl]carbamate (71) 

according to the genera! procedure for the synthesis of (3S>-3-amtno-1 -hydroxy-6-
phenoxy-3,4-dihydro-1,8-naphthyridin-2{1H)-one (87) irt Example 88, except that the 

neutral product (15 mg, 34%) was converted to its hydrochloride salt by dissolution in 

DCM and treatment with 2 N HCI in Et20. followed by removal of soivent in vacuo. 

The product was obtained as a soiid. Characterization data was obtained on the 

neutral form of the product. LCMS m/z 318.9 (M+1). 'H NMR (500 MHz, CDCi3) 8 

2.81-2.94 (m. 1H), 3.01-3.13 (m, 1H), 3.65-3.79 (br s, 1H), 4.3-5.1 (v br s, 3H), 7.28-

7.35 (m, 1H), 7.49-7.54 (ro, 2H), 7.55-7.60 (m, 1H), 7.87 (br s, 1H), 7.73-7.79 (m, 
1H), 7.91 (brd, J-7.3H2, 2H). 

Example 68: Synthesis of t3SV3-amino-6-benzvi-1-hvdroxv-3.4-dihvdroquinoiin-
2ftffi-one. trifluoroacetic acid salt (82) 

! ! j I! 1 >v 

77 76 O 75 O 

82 Si 9 ° 

ferf-Butyl (4-benzylphenyl)carbamate (73) To a solution of 4-benzylaniline 
(12.5 g, 68,2 mmoi) in a 1:1 sofution of dichioromethane and saturated aqueous 

NaaCCh was added (B0C)20 (18.5 g, 75 mmol). The reaction was allowed to stir at 
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RT for 18 h. The reaction mixture was extracted with dichioromethane (3 x 200 ml), 

washed with water, dried over sodium sulfate, filtered and concentrated under 

reduced pressure to provide the product as a solid (14,8 g, 77%), ;H NMR. (500 MHz, 

CDCfe) 6 1.51 (s, 9H), 3.93 (5, 2H), 6.41 (br $, 1H), 7.10-7.29 (m, 9H>. 
5-Benzyi-2-[(tert-butoxycarbonyl)amino]benzoic acid {74} fert-Butylllithium 

(1.7 M solution in pentane, 55.3 ml, 94.0 mmol) was added drop-wise to a -78 °G 

solution of ferf-butyi (4-benzylphenyi)carbamate (73) (8.33 g, 29,4 mmol) in 

anhydrous THF. The resulting mixture was allowed to warm to -50 °C and stirred for 

2 h. The reaction was carefully poured onto finely crushed dry ice (300 g); stirring 

was continued and the reaction was allowed to warm to RT. The reaction mixture 

was diluted with EtOAc (200 ml), washed with water (3 x 100 mL) and with aqueous 

HCI (1 N, 3 x 100 nil). The organic layers were combined, dried over sodium sulfate, 

filtered, and concentrated under reduced pressure to provide the product as a solid 

(9 g, 90%), This material was taken to the next step without punfication, LCMS m/z 

328.2 (M-1), ' H NMR (500 MHz, CPCb} 5 1,52 (s, 9H), 3.93 <s, 2H)« 7.10-7.29 (m, 

9H). 

2-Amino-5~benzyiber»zoic acid (75) 5-Benzyl-2-f(terf-

butoxycarbony!)aminojbenzoic acid (74) (9 g, 30 mmol) was dissolved in a 1:1 

mixture of TFA and dichioromethane at 0 "C and stirred at RT overnight. The reaction 

was concentrated under reduced pressure, taken up in EtOAc (150 ml), and washed 

with water (3 x 200 mL). The organic layer was dried over sodium sulfate, filtered, 

concentrated under reduced pressure and purified by silica gel chromatography 

(Gradient; 0% to 80% EtOAc in heptane) to provide the neutral product as a solid 

(331 mg, 5%). 1H NMR (500 MHz, CDCi3) S 3.90 (s, 2H), 6.63 (d, 8.5 Hz, 1H), 

7,14-7,24 (m, 4H), 7.31 (dd, 7.6, 7.6 Hz, 2H), 7.81 (br s, 1H). 

5~Benzyf-2-nitr©benzoic acid (76) To a solution of sodium perborate {1.170 

g, 7.52 mmol) heated in acetic acid at 85 °C was added 2-amirto-5-benzylbenzoic 

acid (75) (342 mg, 1,50 mmol). The reaction was stirred at reflux until LCMS data 

indicated that the reaction was complete. The reaction mixture was poured into water 

and extracted with EtOAc (3 x 50 ml), and the combined organic layers were dried 

over sodium sulfate and filtered. Purification using silica gel chromatography 

(Gradient: 0% to 100% EtOAc in heptane) afforded the desired product as a solid 

(177 mg, 48%). LCMS m/z 258.0 (M-1}. 1H NMR (500 MHz, CDCh) 6 4.10 (s, 2H), 
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7,19 <brd, J-7.Z Hz, 2H), 7,26-7,30 (tn, 1H), 7,35 (br dd, J-8, 7 Hz, 2H), 7,45 (br dd, 

J=8.3, 2.0 Hz, 1H), 7,87 (d, J=2.0 Hz, 1H), 7.82 (d, J= 8,5 Hz, IH). 

(5-Benzyl-2-nitrophenyl)methanof {77) To a solution of 5-benzyl-2-

nitrobenzoic add (76) (145 mg, 0,56 mrnol) in THF was added borane-THF complex 

(as a solution in THF, 4 equivalents) drop-wise. The reaction was refluxed for 2 h. 

then was quenched with aqueous ammonium chloride solution. After addition of 

EtOAc, the mixture was washed with water (3 x 50 mL) and saturated aqueous 

sodium chloride solution (3 x 50 ml), then dried over sodium sulfate and filtered. 

Purification via chromatography on siiica gel (Gradient 0% to 80% EtOAc in 

heptane) provided the product as a soiid {105 mg, 77%). LCMS m/z 242.1 (M-1). 1H 

NMR (400 MHz, CDCfe) 8 4,07 {s, 2H), 4,94 (s, 2H), 7.17-7.20 (m, 2H), 7.22-7.27 (m, 

2H), 7,29-7,34 (m, 2H), 7,59 (brs, 1H), 8.04 (d. J=8.4 Hz. 1H), 

4-Benzyi-2-(bromomethyl)-1 -nitrobenzene (78) To a solution of (5-benzyl-
2*nitrophenyl)methanol (7?) (103 mg, 0,42 mmol) in dichioromethane was added 

triphenylphosphine (224 mg, 0.85 mmol) and carbon tetrabromide (288 mg, 0.85 

mmo!) and the reaction was allowed to stir at RT for 2 h. After removal of volatifes in 

vacuo, the residue was taken in EtOAc (50 mL), washed with water (3 x 100 mL) and 

with saturated aqueous sodium chloride solution (3 x 100 ml). After concentration 

under reduced pressure, purification was effected via silica gel chromatography 

(Gradient: 0% to 80% EtOAc in heptane) to provide the product as a solid (125 mg, 

98%). NMR (500 MHz, CDCfe) 5 4.06 (s, 2H), 4.81 (s, 2H), 7,16-7.20 (m, 2H), 
7.25-7.30 (m, 2H), 7.32-7.38 (m, 3H), 8.00 (d, J* 8.3 Hz, 1H). 

feit-Butyl 3-benzyl~M-{dipheny!methy)ene}-6-nitro-L-phenytaEamnate (79) 

4-B8rtzyi-2-{bromomethyi)-1-nitrobenzene (78) (130 mg, 0,42 mmol), fert-butyl N~ 

(diphenyimethylene)giycinate (56) (85 mg, 0.28 mmoi) and 0~aiiyi-W-(3-

anthracenylmethy!)cinchonidinium bromide (18.8 mg, 0.028 mmol) were mixed in a 

dry vial in dichioromethane and cooled to -30 C'C, Cesium hydroxide (71.4 mg, 0.42 

mmoi) was added after the reaction temperature in the vial reached -30 °C. The 

reaction was allowed to stir at -30 *C for 18 h, at which time if was concentrated 

under reduced pressure, taken up in EtOAc (100 mL), washed with water (3 x 100 

ml) and saturated aqueous sodium chloride solution (3 x 100 ml), then concentrated 

in vacuo. Purification by silica gei chromatography (Gradient: 0% to 80% EtOAc irt 

heptane) provided the product as an oil (153 mg, 100%). LCMS m/z 521.3 (M+1). 'H 

NMR (500 MHz, CDCi3) 8 1.45 (s, 9H), 3.35 (dd, J-13.1, 9.8 Hz, 1H), 3.72 (dd, J-
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13,2, 3.3 Hz, 1H), 3.88 (s, 2H), 4.33 (dd, 3,7 Hz, 1H), 6.55 (br m, 2H), 6.97-
7,00 (m, 2H), 7.10-7.17 (m, 4H), 7.22-7.26 (m, 3H). 7.30-7.36 (m, 3H), 7.39-7.43 <m, 
1H), 7.60 (br d, J=7 Hz, 2H), 7,82 (d, 8,4 Hz, 1H). 

fert-Butyl {{3S)-6-berizyl-1-[fferf-butoxycarliotifi}oxy]-2-o.xo-1;,2J3!4-

tetrahydroquinol3n-3-yi}cart>amate (81) To a solution of ferf-butyl 3-benzyl-A/-

{diphenylmethylene)~6~nitro-L-phenylalaninate (79) (ISO mg, 0,288 mmol) in 

dichioromethane was added trifluoroacetic add in equal volume at 0 °C, and the 

reaction was aiiowed to stir at RT for 18 h. Solvents were removed under reduced 

pressure, and the residue was taken in water {50 mL), and washed with EtOAc (3 x 

50 mL). The aqueous layer was concentrated under reduced pressure to provide 3-

benzy!-6~nitro~L-phenylaianins (80) as a solid (70.2 mg, 59%). LCMS m/z 301.0 

(M+1). This crude product (70.2 mg, 0,234 mmoi) was dissolved in a 1:1 mixture of 

THF and MeOH and treated with sodium acetate (325 mg, 2.34 mmoi) and tin(ii) 

chloride d(hydrate (269 mg, 1.17 mmoi) and stirred for 4 h at 0 ,; C. To the reaction 

mixture was added triethyiamine (0.33 ml, 2,4 mmol) and {B0C)20 (132 mg, 0.585 

mmoi), and the reaction was aiiowed to warm to RT and stir for 18 h. The reaction 
mixture was filtered, and the filtrate was washed with water (3 x 100 mL). washed 

with saturated aqueous sodium chloride solution, dried over sodium sulfate, filtered, 

and concentrated in vacuo. Purification via silica gel chromatography (Gradient: 0% 

to 80% EtOAc in heptane) yielded the product as a solid (40 mg, 38%). 1H NMR (500 

MHz, CDCI3> S 1.47 (brs, 9H), 1.56 (br s, 9H), 2.88-3.00 (m, 1H), 3.33-3,43 (m, 1H), 

3.94 (s, 2H), 4,47-4.55 (m, IH), 5.57 (brs, IH), 6.9-7.1 (v br s, 1H), 7.04 (s, IH), 7.11 

{br d, J~8 Hz, 1H), 7.18 (d, J=7.S Hz, 2H), 7.21-7.25 (m, 1H), 7.31 (dd, J=7.8, 7.3 Hz, 

2H), 

{3S)-3-Amino~6-benzyl-1~hydroxy-3,4-dihydroquino(in-2{1W)-one5 

trifluoroacetic acid salt (82) ferf-Butyi {{3S)-6-benzyl-1~[(tert-butoxycarbonyl)oxy]-2-

oxo-1,2,3,4-tetrahydroqusnolin~3~yi}carbamate (81) (40 mg, 0.085 mmoi) was 

dissolved in a 1:1 mixture of dichioromethane and trifluoroacetic acid and sirred at 

RT for 18 h Removal of solvents under reduced pressure afforded the product as a 

soiid (19 mg, 58%). LCMS m/z 269,0 (M+1). 1H NMR (500 MHz, CDgOD) S 3.12 (dd, 

half of ABX pattern, J=14.6, 14,4 Hz, 1H), 3 .20 (dd, half of ABX pattern, J=14,8, 6.5 

Hz, 1H), 3.95 (s, 2H), 4.29 (dd, >14.5, 6.5 Hz, 1H), 7.12 (br s, 1H), 7.15-7.28 (m, 

8H),7.31 (d, J-8,0 Hz, 1H). 
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fert-Butyl {1-{(tert-butoxycarbonyl)oxy]-6-{2-chlorophenoxy)-2-oxo-
1,2,3,4-tetrahydroquinoHri-3-yi}carbamate (83) A mixture of ferf-buty! N-

(dipheny!methylene)-3-fluoro-6-r>itro-L-phenyialaninate (which can be prepared 

according to the general method described in Example 12) (148 mg, 0.33 mmol}, 2-

chforopheno! (51 mg, 0.40 mmol), and Cs£C03 (160 mg, 0.50 mmol) in anhydrous 

MeCN (5 ml) under N2 was heated to 70 CC for 20 h. The reaction mixture was 
cooied to RT and concentrated in vacuo. The resulting residue was dissolved in 

EtOAc (20 mL) and water (20 mL), and the separated aqueous phase was washed 

with EtOAc (20 mL). The combined organic fractions were washed with saturated 

aqueous sodium chloride solution {20 mL), dried over NazSO*, filtered, and 

concentrated in vacuo to yield ferf-butyl 3-{2-chlorophenoxy)-W-(dipheny!methylene)-

6-nitrophenylalaninate as a brown oil {180 mg). This residue was dissolved in a 

solution of HCI in dioxane (4 M, 10 mL), and the resulting solution was heated to 100 

°C for 1 h. The reaction mixture was concentrated in vacuo to yield 3 (2 

chforophenoxy)~6~nitrophenyfalanine (79 mg) as a solid. This product was converted 

to the title compound following the general procedure described in Example 9. The 

product was obtained as a gum (51 mg, 48%). LCMS m/z 505.6 (M+1), rH NMR (400 

MHz, CDCh) d 1.46 (s, 9H), 1.58 (br s, 9H), 2.94 (br dd, >14, 14 Hz, 1H), 3,37 (v br 

d, J=15 Hz, IH), 4,48-4,58 (m, IH), 5.60 {brs, 1H), 8.79 (brs, 1H), 8.88-8.33(171, 

1H), 6.9-7.1 (v brs, 1H), 7.01 (brd, J=8 Hz, 1H), 7.13 (br dd, J=8, 8 Hz, 1H). 7.26 (br 

dd, J=8, 8 Hz, IH), 7.47 (br d, J=8 Hz, 1H). 

3~Amino-6-{2-chioropherioxy)-1-hydroxy ~3,4-dihydroquinoiin~2(1ft)-one, 

hydrochloride salt (84} ferf-Butyl {1-[(£etf*butoxycarbonyl)oxy3-6-(2-chiorophenoxy)-

2-OXO-1,2,3,44etrahydroquino!in-3-yi}caft>amate (83) was added to a solution of HCI 

in dioxane (4 M, 10 mL), and the reaction mixture was stirred af RT for 18 h. The 

reaction mixture was concentrated in vacuo. The resulting white solid was washed 

with Et2G, filtered, and dried under vacuum at 45 °C to afford the crude product as a 
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solid (31 mg). This product was slurried with CHsCi2 (1 ml), filtered, washed with 

CH2Ci2, and dried under vacuum at 45 °C to yield the title compound as a white solid 

(16 mg, 46%), LCMS m/z 305,4 (M+1). "?H NMR (400 MHz, CD3OD) 5 3.10-3.25 <m, 

2H), 4.35 (dd, J=14.1, 6.7 Hz, 1H), 6,92-6,95 (m, 2H), 7,06 {dd, J=8.1, 1.4 Hz, 1H), 

7.19 (ddd, >7=7.8, 7.8, 1.5 Hz, 1H), 7,32 {ddd. >7.7, 7.7,1.6 Hz, 1H), 7,38 (br d, J*8 

Hz, 1H), 7.52 (dd, J=8,0, 1,4 Hz, 1H). 

Example 70; Synthesis of 3-{fC3SV3-a.mino-1-hvdfoxv-2-oxo-1.2.3,4-

tetrahvdroquinolin-6-vl1oxv)benzonitrije. hydrochloride salt (89) 
Ph 
X !! XY N"'" Ph 

F Av;J^^sv^O 

6„. 

OH 
N »O 

^ NO, y 
•v..-,.-' 

O 
.NO> Si 

T HN" •f-° 
OH 

NC" 
if ,k 

89 

NH-; 
O' 

85 

O 
Jl o x/ 

H 
88 

NC" 

fr f HN"""X0 
O 

OH 
88 

(f ^.r' NO, 
NH2 

OH 
il 87 

NC" 

A/-{fer^ButoxycarbonyI)-3-fluoro-6-nitro-L-phenyta!ansne (85) 

Concentrated HCi (7.5 mL) was added to a solution of fert-butyi N~ 

(diphenyimethylene)-3-f}uoro-6-nitro-L-phenylalaninate (8.1 g, 18.0 mmol) in MeCN 

(100 ml) at RT. The reaction mixture was heated to 50 °C and maintained at this 

temperature for 3 h. The reaction mixture was cooied to RT and concentrated in 

vacuo to provide a soiid. The solid was slurried with EtOAc (200 ml), coiieoted by 

filtration, washed sequentially with EtOAc and Et20, and dried under vacuum at 45 

°C for 70 h. The resulting white solid was suspended in water (100 mL)., and 

triethylamine {10,1 mL, 72,0 mmol) and B0C20 (4.81 g, 21.6 mmol) were added at 

RT. The reaction mixture was maintained at RT with stirring for 16 h. The reaction 

mixture was acidified to pH 5 with 10% aqueous citric acid and washed with EtOAc (2 

x 100 nil.). The separated organic phase was washed with water (75 ml), dried over 

Na2S0.4, filtered, and concentrated in vacuo to yield the title compound as a white 

waxy solid (4.8 g, 77% over two steps). LCMS m/z 327.0 (M-1). 
Af-(^e/t-Butoxycarbonyl)-3-(3-cyanophenoxy}-6-nitro-L-phenyia!anine (86) 

A mixture of /V-(terf-butoxycarbonyi)-3-fluoro-6-nitro-L-phenylaianine (85) (1.8 g. 4.8 
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mmoi), 3-eyanophersol (1,7 g, 14.5 mmoi), and cesium carbonate (4.7 g, 14.5 mmol) 

in anhydrous MeCN was heated to 75 "C for 22 h, The reaction mixture was cooled 

to RT and concentrated. The resulting residue was suspended in water (40 ml) and 

1 N aqueous HCI was added at 0 °C to adjust the pH to -4-5. The aqueous mixture 

was extracted with EtOAc (2 x 50 mL); and the combined organic phases were dried 

over Na^SO-t, filtered, and concentrated in vacuo. Purification of the crude residue by 

silica gei chromatography (Eluant. EtOAc) provided a brown oii that was resubjected 

to column chromatography {Gradient; 0% to 50% EtOAc in hexanes) to afford the title 

compound as a white solid (1.6 g, 79%). LCMS m/z 428,1 (M-1). 
3~(3~Cyanophenoxy)-6-nitro-L~phenyialanine (87) A/-(fert-Butoxycarbony!)-

3-(3-cyanophenoxy)-6-nitro-L-phenyialanine (86) (1.6 g, 3.8 mmol) was dissolved in a 

soiution of HQ in dioxane {4 N, 70 ml). After 1.5 h, the reaction mixture was diluted 

with Et20 (200 ml) and filtered. The solid was washed with Et20 and dried at 50 "C 

under vacuum to afford the titie compound as a white solid (1.3 g, 97%). LCMS m/z 

328.1 (M+1), 1H NMR (400 MHz, CD*OD) 6 3.41 (dd, J-13.8, 7.5 Hz, IH), 3.66 (dd, 

J=13.8, 7.4 Hz, 1H), 4.34 (t, J=7.4 Hz, 1H), 7.12-7.15 (m, 2H), 7.43-7.49 (m, 1H), 

7.52-7.54 (m, 1H), 7.63-7.68 (m, 2H), 8.22-8.25 (m, 1H). 

feit-Butyl [(3$)-1-[{<erf-butoxycarbonyl)oxy3-6-{3-cyanophenoxy)-2-oxo-
1,2,3,4~tetrahydroquino!in-3-yi]carbamate (88) Sodium acetate trihydrate (4,9 g, 

38.3 mmoi) was added to a 0 °C solution of 3-(3-cyanophenoxy)-6-nitro-L-

phenyialanine (87) (1.3 g, 3.8 mmol) in THF (50 mL) and MeOH (50 mL). The mixture 

was stirred until all of the salts dissolved, and tin(M) chloride dihydrate (4.2 g, 18.1 

mmo!) was added. The reaction suspension was stirred at 0 X for 8 h. Triethyiamine 

(5.1 mL, 36.3 mmoi) and B0C20 (1.9 g, 8.7 mmol) were added and the mixture was 

aiiowed to stir for 18 h at RT. The reaction mixture was concentrated in vacuo, and 

the resulting residue was slurried in EiOAc. Insoluble solids were littered off and 

washed with EtOAc, and the combined EtOAc fractions were washed with water and 

concentrated in vacuo. The resulting residue was purified by siiica gel 

chromatography (Gradient: 0% to 50% EtOAc in heptane) to afford the title 

compound as a white solid (1.1 g, 61%). LCMS m/z 498.2 (M+1), !H NMR (400 MHz, 

CDCI3) 5 1,47 ($, my, 1.58 (br s, 9H)> 2,98 (br dd, J*%4, 14 Hz, 1H), 3.41 (v br d, 

J-14 Hz, 1H), 4,51-4.60 (m, 1H), 5.59 (brs, 1H), 6.91 {br s, 1H), 6.97 (brdd, J=8.5, 

2.8 Hz, IH), 7.0-7.2 (v br s, IH). 7.19-725 (m, 2H), 7,38-7,47 (m, 2H). 
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3-{[(3$)-3-Amino-1-hydfoxy-2-oxo-1,2}3,4-tetrahyclroquinoiin-6-
yl]oxy}benzonrtrile, hydrochloride salt (89) terf-Butyi [(3S)-1-[(terf-

butoxycarbonyi)oxy3-6-(3-cyanophenoxy)-2-oxo-1,2,3,4-tetrahydroquinoHn-3-

yljcarbamate (88) was dissolved in a solution of HCf in dtoxane (4 N, 70 ml). After 41 

h, the reaction mixture was concentrated to a volume of 10 ml, and the resulting 

white solid was collected by filtration. The solid was washed with dioxane (3x10 ml) 

and Et20 (3x10 mL) and dried under vacuum at 45 !>C for 3 h. The solid was 

washed again with ether (3x10 ml) and dried under vacuum at 50 "C for 2 h. The 

washing (ether) and drying procedure was repeated three times in order to remove 

al! residual dioxane, affording the title compound as a white solid (610 mg, 84%); 

LCMS m/z 296.0 (M+1). "1H NMR (400 MHz, CD300} S 3.18 (dd, half of ABX pattern, 

J—14.8,14.4 Hz, IH), 3.26 (dd, half of ABX pattern, J=15.0, 6.7 Hz, 1H), 4.38 (dd, 

J-14.4, 6.7 Hz, 1H), 7.07-7.12 (m, 2H), 7.28-7.29 (m, 1H), 7.31 (ddd, J-3.2, 2.5, 1.1 

Hz, W), 7.48 (d, J~BM Hz, IH), 7.48-7.49 (m, 1H), 7.54 (br dd, J=8, 8 Hz. IH). 

Example 71: Synthesis of (3$)-3-amino-1-hvdroxv-6-phenoxv-3.4-dihvdroquinolin-

2(1ffl-one. hydrochloride salt (S3) 
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2»Bromo-1-niiro-4-phenoxybenzene (30) Phenol (11.1 g, 118 mmol) was 

added to a suspension of Cs2C03 (46.2 g, 142 mmol) in MeCN (295 ml). The 

resulting solution was stirred at RT for 10 min, then 2-bromo-4-fluoronitrobenzene 

(26.0 g, 118 mmol) was added, and the reaction mixture was heated to 50 "C for 65 

h. The reaction mixture was cooied to RT and filtered to remove Cs;C03. The filtrate 

was concentrated in vacuo, and the resulting residue was dissolved in EtOAc (150 

ml) and washed with aqueous sodium hydroxide solution (1 N, 250 ml), water (2 x 
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250 ml), and saturated aqueous sodium chloride solution (250 ml). The separated 

organic phase was dried over Na2S04, filtered, and concentrated in vacuo. 

Purification by siiica gei chromatography (Eluant: heptane) provided the title 

compound as a pale yellow oil (32,7 g, 94%), 'H NMR {400 MHz, CDCh) 5 8.97 (dd, 

J-9,1, 2.6 Hz, 1H), 7.08-7.12 (m, 2H), 7.26-7.31 (m, 2H), 7.43-7.49 (m, 2H), 7.95 (d, 

J=9,1 Hz, 1H). 

Methyl A/-{tetf-butoxycarbonyi)-2-nitro-5-phenoxy-L-phenyialaninate (91) 

Freshly distilled DMF (45 ml) was added to Zn powder (20.0 g. 308 mmol) under N2. 

Trimethyisiiyf chloride {8.0 ml, -0.2 eq.) was added at RT and the resulting 

suspension was stirred vigorously for 35 mm. The resulting pale orange supernatant 

was removed via syringe. The activated Zn was washed with DMF (2 x 30 mL). After 

removal of the DMF, the activated zinc was dried under vacuum using a heat gun. 

Methyl A/-(fe/t-butoxycarbonyl}-3-fodo-L-alaninate (37.0 g, 112 mmol) was freshly 

recrystallized from petroleum ether, dried in vacuo, and dissolved in freshly distilled 

DMF (93 mL), and the solution was added to the activated zinc at 0 iJC. After 5 min. 

the cooling bath was removed. The reaction mixture was stirred for 20 min in a RT 
water bath, at which time TLC analysis indicated disappearance of the starting 

iodide. The grayish supernatant was transferred via syringe info a dry flask under N2, 

and the remaining zinc metal was washed with DMF (20 mL), To the flask containing 

the combined DMF fractions was added sequentially a solution of 2-bromo-1~nitro~4~ 

phenoxybenzene (SO) (30.0 g, 102 mmol) in DMF (18 ml), Pd(0Ac)2 (1,1 g, 5.1 

mmoi), then dicyclGhexy1phosphino~2s,4's6>trii5Gpropyl-1,T~bipi"ienyi (4.3 g, 10.2 

mmoi). The resulting brown solution was stirred at RT, and the solution turned red 

within 1 h. The reaction mixture was maintained at RT for 18 h. The reaction mixture 

was poured into EtOAc (400 mL), and the resulting suspension was filtered through 

Celite. The filtrate was washed with water (2 x 400 mL) and saturated aqueous 

sodium chloride solution (400 ml), and the separated aqueous phase was washed 
with EtOAc (2 x 150 mL), The combined organic extracts were dried over Na2S04! 

filtered, and concentrated in vacuo. The crude residue was purified by siiica gei 

chromatography (Gradient; 0% to 25% EtOAc in heptane) to provide the title 

compound as a pale yellow soiid (27.9 g, 68%). LCMS m/z 415.1 (M-1). 1H NMR 

(500 MHz, CDCh) 5 1.38 (s, 9H), 3.21 (dd, J=13, 9 Hz, 1H), 3.57 (dd, J=13.3, 5.2 Hz, 

1H), 3.73 (s, 3H), 4.85-4.72 (m, 1H), 5.17 (br d, J~8 Hz, IH), 8.87-8.92 (m, 2H), 7.07-

7,10 (m, 2H), 7,24-7,27 (m, IH), 7,44 (dd, J*7.9, 7.9 Hz, 2H), 8.03 (d, 8,8 Hz, 1H). 
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teif-Butyl [{3S)-1 -hydroxy-2-oxo«6-phenoxy-1,2 A4-tetrahydroqumolir»-3-
yl]carbamate (§2) In three equal batches, methyi W-(terf-butoxycarbonyl)-2-nitro-5-

phenoxy-L-pheriyialariinate (91) (3.33 g, 22.3 mmo!) was dissolved in pyridine (2:50 

mL) in a Parr bottie and Pt/C (5% w/w dry catalyst, 4.4 g, 11 mmo!) was added. The 

reaction mixture was placed under Ha atmosphere (30 psi) and shaken for 3 h. The 

combined reaction mixtures were filtered through Celite with EtOAc washing. The 

filtrate was concentrated in vacuo and the crude residue was purified by silica gel 

chromatography (Gradient; 20% to 50% EtOAc in heptane) to provide the title 

compound as a solid (19.2 g, 77%). LCMS m/z 389.1 (M-1). 1H NMR (400 MHz, 

CD3OD) S 1.47 (s, 9H), 2.96-3.06 (m, 2H). 4.39 (dd, J=42, 8 Hz, 1H), 8.89-8.99 (m, 

4H), 7.09 (ft, J=7.4, 1.1 Hz, 1H). 7.31-7.37 (m, 3H). 

{3S)~3~Amtno~1~hydroxy~6-pherioxy-3,4-dihydroquinoIm~2{1tf)~one, 

hydrochloride salt (93) In two equal batches, ferf-butyl [(3S)-1 -hydroxy-2-oxo-6-
phenoxy-1 ,2;3s44atrahydrocjuinolin-3-yl3earbamate (§2) (8.8 g, 23.2 mmoi) was 

added to a 0 C solution of HCI in dioxane (4 M, 100 mL) with stirring. After 5 min, the 

ice bath was removed and the reaction mixture was maintained at RT for 1 h. EtaO 
(800 mL) was added, the batches were combined, and precipitate was collected by 

filtration. The precipitate was washed with Et20 and residuai soivent was removed 

under vacuum. The resulting pale pink solid was slurried in cold MeOH (100 mL) and 

filtered, and the resulting solid was washed with Et20. The solid was dried under 

vacuum at 45 SC for 45 h to' yield the title compound as a white solid (13.1 g, 92%). 

LCMS m/z 271.4 (M+1). 1H NMR (400 MHz, CD3OD) 3 3.18 (br dd, J=14.8. 14.4 Hz, 

1H), 3.23 (dd, J=15.0, 8.8 Hz, 1H), 4.35 {dd, J=14.2, 8.7 Hz, 1H), 6.97-7.02 (m, 4H), 

7.13 (ft, J~7.4, 1.1 Hz, 1H), 7.33-7.40 (m, 3H). 

dihvdroQuinoiin-2( 1 ffi-one (94) 

OH 

.A. ..-V ,x"V, 

O 

O N^_ 

Is V T 
--'-L, A ,-Si. NH, 

33, Example 71 94 

Dimethylcarbamyi chloride (37 pL« 0.39 mmoi) was added to a solution of 

{3S)-3-amino-1-hydroxy-6-phenoxy-3(4-dihydroquino!in-2(1H)-one, hydrocbforide salt 

(§3, Example 71) (100 mg, 0.33 mmol) in pyridine (2 mL). The reaction mixture was 
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maintained at RT for 1.5 h, then concentrated in vacuo: the resulting residue was 

diluted with EtOAc (20 ml) and water (10 ml). The separated organic phase was 

washed with water (10 ml), dried over Mg2504, filtered, and concentrated in vacuo to 

provide the title compound as an oil (72 mg, 65%), LCMS m/z 253,0 [(M-dimethyl 

carbamic acid)+1J. 1H NMR (400 MHz, CD3OD) o 2.94-3.02 (m, 1H>, 3.02 (br s, 3H), 

3.08 (dd, half of ABX pattern, J-15.5, 6.4 Hz, 1H), 3,17 (br s, 3H), 3.78 (dd, J=13.3, 

6.3 Hz, IH), 6.90-7.00 (m, 5H), 7.11 (ddt, J=7.7, 7.1, 1.1 Hz, 1H), 7.32-7.37 (m, 2H). 

dihvdroquinoiin-2( 1 H)-one. hydrochloride salt (97) 

OH OH 
.NyO 

N' 

9^0 
N_ „.,G 

•v \ y X. NHj 

21, Example 4 

JL 
95 

NH 

0*Nj 

CCX 

"v. ,>•* 
N 

0'""HD 

96 

NH 
X O" O 

,.'V NH, 

8? 

tert-Butyf |(3S)-1-liyclr0xy-2-oxo-1,2!3?4-fetra:lifclroquinoIin-4-

ytycarbamate (95) {3S)-3-Amino-1-hydroxy-3,4-dihydroqutnoltn-2(1H)~one (21, 

Example 4) (1.023 g, 5.742 mmol) was suspended in THF (10 mL) and water (10 

mL), After addition of sodium carbonate (1.21 g, 14.4 mmol) and BGCaO (2,76 g, 

12.6 mmoi), the reaction was allowed to stir for 18 h at RT. BOCsO (0.89 g, 3.2 

mmoi) was again added to the reaction; after 1 h, the mixture was partitioned 
between EtOAc (20 mL) and water (10 ml), and the aqueous layer was extracted 

with EtOAc (3x15 mL), The combined organic layers were dried over sodium 

sulfate, filtered and concentrated in vacuo. The resulting yellow oil was dissolved in 

THF (18 ml}, treated with water (18 ml} and acetic acid (1.3 mL, 23 mmol) and 

heated to 50 °C for 66 h. After cooling to RT, the reaction mixture was diluted with 

water and extracted with EtOAc. The combined organic iayers were washed with 

wafer and saturated aqueous sodium chloride solution, then dried over magnesium 

sulfate, filtered and concentrated under reduced pressure. The product was obtained 

as a light pink solid (1,00 g, 63%). LCMS m/z 277.5 (M-1). 1H NMR (400 MHz, 

CDGI3) 5 1.47 (s, 9H), 2.90 (br dd, J=15, 14 Hz, IH), 3.35-3.46 (m, 1H), 4.46-4.57 (m, 

IH), 5,47 (br s, 1H}: 7.09 (br dd, J=7. 7 Hz, 1H), 7.20 (br d, J=7.4 Hz, 1H), 7.30-7.39 

(m, 2H), 8.85 (brs, 1H). 
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teif-Butyl {(3S)-1 -[{dimethylcarbamoyi)oxy3-2-oxo-1,2,3,4-
tetrahydroquinolin-3-yi}carbamate (96) A solution of fert-butyl [(3S)~1~hydroxy~2~ 

oxo-1,2,3,4-teirahydroquinolin-3-yi]carbamate (§5) {201.3 mg, 0,723 mmoi) in 

acetone (2 ml) was treated with potassium carbonate (150 mg, 108 mmol) and 

dimethyicarbamyi chioride (98%, 0.102 ml, 109 mmol). The reaction was stirred at 

70 °C for 42 h, then cooled and concentrated in vacuo. The residue was partitioned 

between EtOAc (5 mL), and water (5 mL), and the aqueous layer was extracted with 

EtOAc (3x5 ml). The combined organic layers were washed with 'water (5 mL), 

dried over sodium suifate, filtered and concentrated in vacuo. Purification by 

chromatography on silica gel (Gradient: 0% to 45% EtOAc in heptane) provided the 

product (112.6 mg, 45%). APCl m/z 372.0 (M+Na). 'H NMR (400 MHz, GDCfe) 5 1.48 

(s, 9H), 2.98-3.08 (v br m. 1H), 3.03 (br s. 3H). 3.18 (brs, 3H), 3,38-3.47 (m, 1H). 

4.53-4.62 (m, 1H), 5.54 (brs, IH), 6.93-7.03 (v brs, 1H), 7,08 (br dd, J=7.6, 7.6 Hz, 

1H), 7.217.29 (m, 2H). 

(35)-3-Amino-1-[{dimethy{carbamoy!)oxy]-3>4-dihydroqulnolcn-2{1f/}-one, 

hydrochloride salt (37) ferf-Butyl {(3S)-1-[(d!methylcarbamoyi)Qxy]-2-oxo-l2,3,4-

tetrahydroquinolin-3~yl}carbamate (98) was deprotected using the conditions 

described for synthesis of 3-{((3S)-3-amino-l-hydroxy-2-oxo-1,2,3,4-

tetrahydroquinolin-6-ylloxyJbenzonitrile, hydrochloride salt (89) in Example 70. The 

product was obtained as a soiid, which by NMR contained residual 1,4-dioxane 

(107.0 mg, assumed quantitative). LCMS m/z 161.3 f(M - dimethylcarbamic actd)+1|. 

'H NMR (400 MHz, CDgOD) 5 3,03 (br s, 3H), 3.19 (br s. 3H), 3.57-3.80, 3.84-3.89 

and 3.72-3.76 (multiplets, total 2H), 4.45-4.51 (m, IH), 7.10 (v br s. 1H), 7.19 (ddd, 

J-7,5, 7.5, 1.0 Hz, 1H), 7.35-7.41 (m. 2H). 
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l-hvdroxv-8-fmorpholin-4-vimethvn-

dihvctroquinoiin-2{1H)-one. trifluoroacetic acid salt {104} 
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Methyi 3-formyl-2-nitrobenzoate (98) A/, A/-Dimethylformamide dimethyl 

aceta! (10 g, 84 mmol) arid methyl 3-methyl-2~nitroberizoate (8.0 g, 41 mmoi) were 

combined and heated to 120 °C for 42 h. After cooling, the mixture was concentrated 

under reduced pressure to provide methyl 3-[(£)-2-{dimethylamino)vinyl3~2~ 

nitrobenzoate (9,0 g, 88%), which was dissolved in a 1:1 mixture of water and THF. 

After addition of sodium periodate (99%, 23.3 g, 108 mmol), the reaction was allowed 

to stir for 18 h, then was filtered. The filtrate was washed with water and with 

saturated aqueous sodium chloride solution, then dried over sodium sulfate. Filtration 

and removal of solvent under reduced pressure provided a residue, which was 

purified using siisca gel chromatography {Gradient: 0% to 80% EtOAc in heptane) to 

provide the product as a solid (2.2 g, 29%). "H NMR (500 PHz, CDCy 5 3.96 (s, 

3H), 7.78 (ddd, <A=7.8, 7.8, 0.6 Hz, 1H), 8.19 (dd, 1.5 Hz, 1H), 8.29 (dd, J=7.8, 
1,6 Hz, IH), 9.99 (d, ti—0.5 Hz, 1H). 

Methyi 3-{morphoiin-4-ylmethyl)-2-nitrobenzoate (99) Morphoiine (1.03 

ml. 11.8 mmol) and a few drops of acetic acid were added to a solution of methyi 3-

fbrmyl-2~nitrobenzoate (98) (1.34 g, 6,41 mmol) in 1,2-diehioroethane, and the 
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mixture was stirred for 4 h. Sodium triacetoxyborohydride (5.72 g. 25.8 mmo!) was 

added, and the reaction was aiiowed to stir for 18 h at RT, Solvents were removed in 

vacuo, and the residue was partitioned between EtOAc and water. The organic layer 

was washed with water and with saturated aqueous sodium chloride solution, and 

concentrated under reduced pressure to provide the product as a gum (1.4 g, 78%). 

LCMS m/z .280,9 (M+1). 1H NMR (500 MHz, CDCb) 5 2.39-2.43 (m, 4H), 3.56 (s, 2H), 

3.64-3.88 {m, 4H), 3.90 (s, 3H), 7.53 (dd, J=7.8, 7.7 Hz, IH), 7.73 (brd, J=7.7 Hz, 

IH), 7.90 (dd, J-7 8, 1.3 Hz, 1H). 

[3-(Morpholm-4-yimethyl)-2-nitrophenyl]methanol (100) A solution of 

methyl 3~(morpholin~4~ylmethyl)-2~nitrobenzoate (99) (1.8 g, 5.7 mmoi) in THF was 

added to a 0 °C suspension of lithium borohydride (691 mg, 28.5 mmoi) in THF, 

followed by sufficient MeOH to provide a 1:8 ratio with the THF. The reaction was 

allowed to warm to RT and stir for 18 li at which time it was quenched with aqueous 

ammonium chioride solution and extracted with EtOAc. The combined organic layers 

were washed with water and with saturated aqueous sodium chioride solution, then 

concentrated in vacuo. Silica gel chromatography {0% to 80% EtOAc in heptane) 
provided the product as a gum (1.3 g, 90%). LCMS m/z 253.0 (M+1). 1H NMR (500 

MHz, CDCb) 5 2,38-2,41 {m, 4H), 3,62 (s, 2H), 3,62-3,66 (m, 4H), 4,68 (s, 2H), 7,40 

(br d, J«7.3 Hz, 1H), 7.48 (dd, J^7,7, 7.6 Hz, 1H), 7.52 (br d, J*7.6 Hz, 1H). 

4-[3-(Bromomethyf)-2-nitrobenzyl]morpholine (101) |3-(Morpholin-4-

ylmethy!)-2-nitrophenyl]methanol (100) was converted to the title product using the 

method described for bromination of (5-benzyl~2~nitrophenyl)methariol (77) in 

Example 68. The product was obtained as a gum (3.33 mmoi, 88%). LCMS m/z 

316.9 (M+1). 1H NMR (500 MHz, CDCb) 5 2.38-2.42 (m. 4H), 3.80 (s« 2H), 3.83-3.66 

(m, 4H), 4.50 (s, 2H), 7.42-7.48 (m, 3H). 

feit-Butyl N>(diphenyimethyiene)>3*{morphoiin<4*ylmethyI}*2*nitro4.-

phenyiaianiriate (102) 4-[3~(Bromomethyi)-2-nitrobenzyi]morpholine (101) was 

converted to the product using the method for preparation of ferf-butyl N-

(diphenylmethylene}-2-methoxy-6-nitro-L-phenylaianinate (58) described in Example 

12. The product was obtained as a thick semi-solid (1.12 g, 78%). LCMS m/z 530.3 

(M+1). 1H NMR (500 MHz, CDCb) 5 1.44 (s, 9H), 2.30-2.38 (m, 4H), 3.18-3.26 (m: 

2H), 3,41 (d, J=14 8 Hz, 1H). 3.56 (d, J=13.7 Hz, 1H), 3.58-3.86 (m, 4H), 4,22 (dd, 

J-B.5, 4.8 Hz, 1H), 8.70 (brd, J=6.8 Hz, 2H), 7.23-7.41 (m, 9H). 7.58-7.62 (m. 2H). 
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3-{Morpholin-4-y[methyl)-2-nitro-L-phenyiaianine (103) Deprotection of 

tert-butyi /V-(diphenylmethy!ene)-3-{morpholin-4-ylmethyi)-2-nitro-L-phenyia!aninate 

(102) was effected in the same way as that described for terf-butyl 3-benzyi-N-

(diphenyimethylene)-6-nitro-L~phenylalaninate (79) in Example 68. The product was 

obtained as a soiid (820 mg, 95%), LCMS m/z 310.0 (M+1). 

{3$)~3~Amtno~1~hydroxy~8-{morpho!in~4~yimethyi)~3,4~dihydroc{uinoitn-
2{1H)~one, trifluoroacetic acid salt (104) 3-(Morpho!in-4-ylmethyl)~2-nitro-L-

phenylalanine (103) was converted to the title product using the methods described 

for transformation of 2-amino-3-(5-chloro-3-methyi-2-nitrophenyi)propanofc acid, 

hydrochloride sail (40) to 3-amino-6-chloro~1~hydroxy~8~methyl-3,4-dihydroquino!in-

2(1H)-one (42) in Example 8. In this case, the product did not require 

chromatographic purification. The product was obtained as a gum {5 mg, 19% over 2 

steps). LCMS m/z 278.1 (M+1). 'H NMR (500 MHz, CD3OD) 5 3.22 (br dd, half of 

ABX pattern, J~ 15, 14 Hz, 1H), 3.28 (dd, half of ABX pattern, J-14.9. 6.1 Hz, 1H, 

assumed; partially obscured by solvent peak), 3.32-3,48 (br s, 4H), 3.78-4.04 (br s, 

4H), 4.38 (dd, J=14,4, 6.4 Hz, 1H), 4.67 (AB quartet, JA3=13.2 Hz, AHAB=72.3 Hz, 

2H), 7.28 (dd. J=7,8, 7.6 Hz, 1H), 7.45-7.49 (m, 2H), 

Example 75: Synthesis of (3S)-3-amino-6-benzvi-1-hvdroxv-7-methoxv-3.4-

5-Sei?zyM~methoxy-2-nitroamiine (105) Benzylztnc chloride (0.5 M solution 

in THF, 10.1 ml, 5,05 mmoi) was added to a suspension of 5-bromo-4-meihoxy-2-

nitroaniiine (see L. A. Hasvoid ef al., Bioorg. Med Chem. Lett. 2008, 18, 2311-2315) 

(1,28 g, 5.10 mmoi), paiiadium(H) acetate (47.1 mg, 0,210 mmoi) and 2-

dicyciohexylphosphino~2',6'-dimethoxybipheriyl (172 mg, 0.420 mmoi) in THF (4.2 

mL) that had been stirred for 5 min. The resulting solution was stirred for 18 h at RT. 

E 
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After addition of saturated aqueous ammonium chloride solution (20 mL), the mixture 

was extracted with EtOAc (3x3 mL), and the combined organic layers were dried 

over sodium sulfate, filtered and concentrated in vacuo, Stitca ge! chromatography 

(Gradient: 0% to 50% EtOAc in heptane) provided the product as an orange solid 

(940 mg, 71 %}. 1H NMR (500 MHz, CDCi3) o 3.83 {s, 3H), 3.93 (s, 2H), 5.34 {br s, 

2H), 8.42 (s, 1H), 7.20 (br d, >7.4 Hz, 2H), 7.23-7.27 (m, 1H), 7.32 (br dd, >7.8, 7,1 

Hz, 2H), 7.52 (s, IH). 

1-Benzyi>5-bromo~2-meihoxy<4-nitrobenzene (108) terf-Butyl nitrite (557 

mg, 5.40 mmol) was added to a solution of copper(il) bromide (1.77 g, 7.92 mmol) in 

MeCN (8 mL) and the mixture was healed to 80 °C. A solution of 5-benzyl-4-

methoxy-2-nitroaniline (105) {930 mg, 3,60 mmol) in MeCN (12 ml) was added drop-

wise, and the reaction was stirred for 10 min. it was then poured into aqueous 

hydrochloric acid (2 N, 100 ml) and extracted with EtOAc (2 x 100 ml). The 

combined organic layers were washed with saturated aqueous sodium chloride 

solution (200 ml), dried over sodium sulfate, filtered and concentrated in vacuo, 

Purification via silica ge! chromatography {Eluant: hexanes) provided the product as 
a white solid (1.08 g of roughly 80% purity as assessed by 'H NMR, estimated yield 

55%). 'H NMR (500 MHz, CDCb) 8 3,90 (s, 3H), 3.98 (s, 2H), 7,19 (br d, >8 Hz, 

2H), 7.23-7.27 (m, 1H), 7.32 (br dd, >7.5, 7.5 Hz, 2H), 7.37 (s, 1H), 7.41 (s, 1H). 

Methyl 3-benzyl-W^ferf-butoxycarbonyl)-OmethyM3-nitro-L-tyrosinate 
(107) 1-Benzyi-5-bromo-2-methoxy-4-nitrobenzene (106) was converted to the 

product using the method described for conversion of 3~bromo~2-nitro-5-

phenoxypyridine (84) to methy! A/-{ferf-butoxycarbony!)-3-(2-nitro-5-phenoxypyr{d!n-3-

ylJ-L-alaninate (65) in Example 86. The product was obtained as a gum (368 mg, 

44%). LCMS m/z445,0 (M+1). 'H NMR {500 MHz, CDCb) $ 138 (br s, 9H), 3.18 (dd, 

>13.5, 8.0 Hz, IH), 3.43 {dd, >13.7, 5,6 Hz, IH), 3.65 (s, 3H), 3.88 (br s, 3H), 3.98 

(br s, 2H), 4.59-4.85 (m, IH), 5.12 (br d, >8.2 Hz, 1H), 7.02 (br s, 1H), 7.18 (br d, 

>8 Hz, 2H), 7.20-7.24 (m, 1H), 7.29 (br dd, >7.8, 7.2 Hz, 2H), 7.43 (br s, IH). 

tert-Butyf [(3S)-6~ber»zyl-1 -hydroxy-7-methoxy-2-oxo-1,2,3,4-
tetrahydroqu»nolm-3-yi]carbamaie {108) Using the method described for 

preparation of ferf-buty! [(3SJ-1-hydroxy-2-oxo-6-{phenylsulfonyi)-1,2,3,4-

tetrahydroquino!in-3-yl]carbamate (71) from methyl /V-(terf-butoxycarbonyl)-2-nitro-5-

(pheny!sulfonyl)~L-phenylalaninate (70) in Example 67, methy! 3-benzyl~ftl-{ferf-

butoxycarbonyi)-0*methyi-6-nitro~L~tyrosinate (107) was converted to the product, 
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which was obtained as a Sight purple solid (86 mg, 27%), LCMS m/z 399.1 (M+1}. 1H 

NMR (500 MHz, CDC!3) 8 1.45 (s. 9H), 2.75 (br dd, J=15« 14 Hz, 1H), 3.21-3.29 (m, 

1H), 3.87 (s, 3H), 3.92 {AB quartet, JAB=15,3 Hz, AG^IO.6 Hz, 2H), 4.42-4.51 (m, 

1H), 5.42 (br s, 1H), 8.85 (s, 1H), 6.91 (s, 1H), 7.18-7.22 (m, 3H), 7.27-7.31 (m, 2H), 
8.79 (brs, 1H). 

{3S)-3-Amino-6-benzyM -hydroxy-7-methoxy-3,4-dihy<iroquinoiin-2(1H)-
one, hydrochloride salt {109} The free base of the title product was synthesized 

from ieri'butyl [(3S)-6-benzyl-1 -hydroxy-7-methoxy-2-oxo-1,2,3,4-tetrahydroquinolin-

3-yi]carbamate (108) using the deprotection procedure employed in the final step of 

the synthesis of (3$)-3-amino~1-hydroxy-6-phenoxy-3,4-dihydro-1,8-naphthyridin-

2(1H)-one (87) in Example 86. Preparation of the hydrochloride salt was carried out 

by mixing the free base of the product with dichtoromethane (2 mL) and adding 

MeOH (2 drops). To this solution was added a solution of hydrogen chioride (2 N in 

diethyl ether, 3 mL); solvents were removed under reduced pressure to yield the title 

product as a solid (80 mg, 85%). Characterization data was obtained on the neutrai 

compound. LCMS m/z 299.0 (M+1). '!H NMR (500 MHz, CDCI3) 5 2.58-2.91 (br m, 

2H), 3.45 (br s, 2H), 3.4-3.69 (br m, 1H), 3.82 (br s, 3H), 8.68-8.81 (br m, 2H), 7.13-

7.20 (m, 3H), 7.22-7.26 (m, 2H). 
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-hvdroxv-6-ffroethvKphenvOaminolmethviy-

3.4-dihvdroquinoiin-2{1 H)-one (118) 
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ferf-Bytyl W-{feff-bu!oxyearb©rtyl)-3-Jf 1 £)-3-ethoxy-3-oxoprop-1 -en-1 -yt]-
6-nitro-L-phenylaianinate (111} Tetrkis{triphenyiphosphine}pai!adium(0) (1.0 g) was 

added to a mixture of terf-butyl 3-bromo-/V-(ferf-butoxycarbonyl}-6-nitro-l-

phenylaianinate (110) (prepared from 4-bromo-2~{bromomethyi)-1-nitrobenzene 

using the method described for preparation of fert-buty! W-(diphenylmethyiene)~2~ 

methoxy-6-mtro-L-phenylalaninate (58) in Example 12, followed by removal of the 

diphenylmethyiene group with 1 N aqueous citric acid, then by reprotection of the 

amino group through reaction with BDC20 and triethyiamine in dichioromethane; the 

dibrominated starting materia! was derived from 5-bromo~2-nitrofaenzoic acid using 

chemistry analogous to that employed in the conversion of S-benzyl-2-nitrobenzoic 

acid (76) to 4-benzyl~2-(bromomethyl)-1 -nitrobenzene (78) in Example 88) (10 g, 

22.5 mmoi), ethy! acrytate (2.25 g, 22,5 mmol) and triethyiamine (8,0 g, 79 mmoi) in 

DMF (150 ml), and the reaction was stirred at 90 °C for 18 h. The reaction mixture 

was diluted with water (750 ml) and extracted with EtOAc (4 x 300 ml). The 

combined organic layers were dried over sodium sulfate, filtered and concentrated in 

vacuo. Purification by siiica gel chromatography (Eluant: 20:1 petroleum ether: 
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EtOAc) provided the product (4.0 g, 38%). LCMS m/z * (M+1}. 1H NMR (400 MHz, 

CDCIs) 8 1.34 (br s, 9H), 1.36 (I, J«7.2 Hz, 3H), 1.43 (s, 9H), 3.18 (dd, J=14, 9 Hz, 

1H), 3.56 (dd, J=14, 5 Hz, 1H), 4.30 (q, >7.1 Hz, 2H), 4.55-4.63 (m, 1H), 5.18 (d. 

j=8 Hz, IH), 6.54 (d, J=15.9 Hz, 1H), 7.50-7.55 (m, 2H), 7.65 (d, J=16.1 Hz, IH), 

8.00 (brd, >9 Hz, 1H). 

ferf-Butfl W-{ferf-butoxycarbonyl)-3-formyl-6-nitro-L-phenylaiamnate 

(112) Ozone was bubbled into a -78 "C solution of tert~butyl W-(terf-butoxycarbonyl)-

3-[{1£)-3-ethoxy-3-oxoprop-1-en-1-yl]-6-nitro-L-pbeny!alaninate (111) (8.0 g, 17 

mmo!) in dichioromethane (400 mL) until a blue color appeared, and TLC analysts 

indicated consumption of the starting material Nitrogen was then bubbled through 

the reaction for 30 min, during which time the solution became yellow. 

Triphenyiphosphine (4.51 g, 17 mmol) was added, and the mixture was stirred at RT 

for 18 h. The reaction mixture was washed with water (3 x 150 ml), dried over 

sodium sulfate, filtered and concentrated in vacuo. Purification by siiica gel 

chromatography (Eiuant: 20:1 petroleum ether: EtOAc), followed by chiral HPLC, 

provided the product (7.09 g, assumed quantitative). LCMS m/z * (M+1), 1H NMR 

(400 MHz, CDCb) 5 1.33 (s, 3H), 1,45 (s, 9H), 3.20 (dd, >14, 9 Hz, 1H), 3,61 (dd, 

j=14, 5 Hz, 1H), 4.58-4.63 (m, 1H), 5.18 (br d, J«8 Hz, 1H), 7.89-7.34 (m, 2H), 8.08 

(d, >8 Hz, 1H), 10.09 (s, 1H). 

feit-Butyl N-{fert-butoxycarbony))-3-{[methyl(pheny!)amino]methyl}-6-
nitro-L-phenyialaninate (113) To a solution of ferf-butyl /V-(terf-butoxycarbonyl}-3-

formyl-6~nitfo~L-phenylalaninate (112) (1.0 g, 2.5 mmoi) in 1,2-dichioroethane (15 

mL) was added N-methylaniline (0.39 mL, 3.5 mmol) and a few drops (0.1 mL) of 

acetic acid, and the reaction was allowed to stir for 4 h at RT. Sodium 

triacetoxyborohydride (95%, 2.26 g, 10.1 mmo!) was added to the reaction mixture, 

and the reaction was allowed to stir overnight at RT, The reaction was concentrated 

under reduced pressure, taken up in EtOAc (10 mL), and washed with water (1 x 10 

mL) and saturated aqueous sodium chloride solution (1x10 ml). Silica gei 

chromatography (Gradient; 0% to 80% EtOAc in heptane) provided the product as a 

gum {900 mg, 70%). LCMS m/z488.1 (M+1). 1H NMR (500 MHz, CDCl3) 5 1.37 {brs, 

9H), 1.43 (s, 9H), 3.05 (s, 3H), 3.21 (dd, ^13, 9 Hz, 1H), 3,49 (dd, > 13.7, 5,4 Hz, 

1H), 4.52-4.57 (m, 3H), 5.15 (br d, >8 Hz, IH), 6.73-6.86 (m, 3H), 7.23-7.32 (m, 4H), 

7.92 (d, >8 Hz, 1H). 
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3-{[Methyi(pheny!)amino]methyl}-6-nitro-L-phenyiaianine (114) ferf-Butyl 

A/-(fe^utoxycarboriyl)-3-{[methyl(phenyl)amino3methyl}-6-nitro-L-phenylalantnate 

(113) (900 mg, 1 ..8 mmo!) was dissolved in a 1:1 mixture of TFA and DCM (12 mL) 

and stirred overnight at RT, After solvents were removed under reduced pressure, 

the reaction was taken up in EtOAc (50 ml) and washed with aqueous NaOH {1 N, 2 

x1G mL). The organic layer was dried over sodium sulfate, filtered, and concentrated 

under reduced pressure to provide the product as a gum (540 mg, 83%). LCMS m/z 

330.0 (M+1). 1H NMR (500 MHz, CD3OD) S 3.07 (s, 3H), 3,38 (dd, >13.9, 7.4 Hz, 

1H), 3.61 (del >13.9, 7.4 Hz, 1H), 4.29 (dd, >7.4, 7.4 Hz, 1H), 4.65 {s, 2H), 6J1-

8.75 (m, 1H), 8.78 (br d, >8 Hz, 2H), 7,17-7.21 (m. 2H), 7.38-7.40 (m, 1H), 7.42 (br 

d, >8.3 Hz, IH), 8.08 (d, >8.3 Hz, 1H), 

ferf-Butyl [{3S)~1~[(fe/t-butoxycarbonyi)oxyj-6-

{[methyl(phenyi)amino]methyl}~2~oxo~1,2,3,4-tetrahydroquino!in~3~yl] carbamate 
(115) Sodium acetate trihydrate (414 mg, 3.04 mmol) and tm(ll) chloride dihydrate 

{98%, 350 mg, 1.52 mmol) were added to a 0 °C solution of 3-

{[meihyl(phenyl)amino3methyl}-6-niiro-L-phenylaianine (114) (100 mg, 0.30 mmol) in 
a 1.1 mixture of THF/ MeOH (8 mL). The reaction was aiiowed to stir at 0° C until 

LCMS analysis showed conversion to the cyclized product LCMS m/z 298,0 (M+1). 

Triethyiamine {0.43 ml, 3.04 mmoi) and B0C?0 (97%, 171 mg, 0.76 mmol) were 

added to the reaction, which was then allowed to warm to RT and stir for 18 h. The 

reaction was filtered through Celite, and the filter pad was washed with MeOH (10 

ml). The combined filtrates were washed with water {3 x 30 mL) and saturated 

aqueous sodium chloride solution (30 mL), dried over sodium sulfate and 

concentrated under reduced pressure to provide the crude product as an off-white 

soiid (22 mg, 14%). The product was used in the next step without additional 

purification. LCMS m/z 498.1 (M+1). 

pS^-AminO'l-hydroxy-S-ltmethyKphenylJanriinolmethylJ-S^-
dihydroquinoHn-2(1H)-one (118) ferf-Butyi [(3S)~1~[(ferf-butoxycarbony!)oxyl-6-

{[methyl(phenyl)amino|methyl}-2~oxo~1 ;2,3,4-tetrahydroquinolin-3~yi|carbamale (115) 
(22 mg, 0.044 mmol) was dissolved in a 1:1 mixture of TFA/' dichioromethane {4 mL) 

and stirred for 18 h at RT. The reaction was concentrated in vacuo, treated with 

aqueous NaOH (1 N, 5 ml) until the pH reached approximately 7, and extracted with 

EtOAc (20 mL). The organic layer was concentrated under reduced pressure, and 

the residue was adsorbed on silica gel (2 gm) and chromatographed (Gradient; 0% to 
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20% [10% ammonium hydroxide/MeOH] in dichioromethane), to provide the product 
as an off-white solid (6.5 mg, 50%). LCMS m/z 298,0 (M+1). 1H NMR (500 MHz, 
CDaOD) a 2.90-2.98 (m, 1H), 3.00 (br 8, 3H), 3.05-3.11 (m, 1H), 3.85-3.91 (m. 1H), 
4.50 (br s, 2H), 6.62-6.67 (m, 1H), 6.72-6.7? (m, 2H), 7.10-7.22 (m, 4H), 7.26-7.31 
(m, 1H). 

Examples 14-3? and Examples 77-130 
The structures of Examples 14-37 and Exampies 77 ~ 130 are shown in Tabie 

1, which aiso gives characterization data and preparative information for these 
Examples. Each of these Examples was prepared in a similar manner to the Exampie 
or Method (see Methods beiow) referenced in the third column ("Method of 
Preparation") of Tabie 1. 
Table 1 
Ex. j Structure and j Method 
No, IUPAC Name of Prep 

:iH NMRa; Mass spectrumb 

(3H)-3-amintM-hydrGxy-3,4-
dihydroquinoiin-2(1/^)-one -------

^ NH2 

3-amino-7-chloro-l -hydroxy-3,4-
dihydroquinoiin-2{1fj)-one 

^Nv<<iO 

NH2 
3-amino-6-chioro-1-hydroxy-3,4-
dihydroquino!in-2{1W)-one 

2.92 (m. 1H), 3,11 (dd, J-15.1, 6.2 
Hz, 1H). 3.78 (dd, J=13.9, 6.1 Hz, 
1H) 7,07 {ddd, J-7.2. 7.2, 1.7 Hz, 
1H) 7.24 (brd, J=7.4 Hz, IH) 7.29-
7.38 (m, 2H); APCI, 179.2 (M+1). 

Hz, IH), 3,68 (dd, i~13.6, 6.3 Hz, 
1H). 7,05 (dd, >8.0, 2.1 Hz, IH), 
7,21 (brd, J=8Hz, 1H), 7.31 (d, 
J=2.1 Hz, IH); 213.1 (M+1). 

__ 

Hz, 1H), 3.67 (dd, J-13.6, 8.2 Hz, 
1H), 7.27 (m, 1H), 7.30 (s. 2H); 
213.1 (M+1). 

17 OH Ex. 2' 

TiX 
3-amino-1-hydraxy-7-methy!-3,4-
dihydroq uinoi in-2( 1 H}-one 

2,34 (S, 3H), 2.81 (br dd, J=14, 14 
Hz, 1H), 3.03 (dd, J= 15.1, 8.2 Hz, 
IH), 3.82 (dd, J=13.5. 8.2 Hz, IH), 
6.88 (br d, J=7.6 Hz, IH), 7,10 (d, 
J=7,5 Hz. 1H). 7.16 (brs, 1H); 
193.1 (M+1). 

18 OH Ex. 2 

-
3-amt!i:o-1-hydroxy-8-melhy!-3;4-

1 dihydroquino!in-2{1rt)-one j 

2.35 (s, 3H), 2.94 (br dd, J=15, 14 
Hz, IH), 3.11 (dd, J~ 15,0, 6.3 Hz, 
1H}< 3.90 (dd, J-14.0, 6.3 Hz, 1H), 
6,91 (br d, J~73 Hz, 1HI, 7.13 (d, 
J*7.6Hz, 1H), 7,19 (brs, 1HV; 
193.2 (M+1), 
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Ex. 
No. 

Structure and 
IUPAC Name 

i OH 
X ,-,0 J- Y Y ^x.AN:Ha 

3-a mino-1 -hydroxy-8-methyi-3,4-
dihydroquino!in-2{1H)-one, 
hydrochloride saft 

Method 
of Prep 
Ex, 8 

""H NMRa; Mass spectrum6 

(s, 3H), 3.07 (d, >9.7 Hz, 2H), 
4.06 {br dd, >10, 10 Hz, IH), 7.05 
(dd, >7.5, 7.3 Hz, 1H), 7.11 (d, 
J-7 Hz, 1H), 7.16 (d, >7.5 Hz, 
1H); 193.1 (M+1). ' 

20 CP3 OH 

6X 
(3S)-3-amino-1 -hycfroxy-8-
(trifiuorc>methyi)-3,4-dihydroquinoiin-
2(1H)-one, hydrochloride salt 

Ex. 12'"> 'H NMR {400 MHz, DMSO-afei 5 
2.90 {dd, >15, 15 Hz, IH), 3.08 
(dd, >15,5, 5.6 Hz, IH), 3,88 (dd, 
>14.0, 5.6 Hz. IH), 4.88 {v br s, 
3H), 7.24 (dd, >7.8, 7.8 Hz, 1H), 
7.57 {d, >7.4 Hz, IH). 7.66 {d. 
>7.8 Hz. 1H), 10.71 (v br s, IH): 
248.9 {M+1}. 

21 

OH 
3-amino-6-cyc!opropyi-1-hydroxy-3,4-
dihydroq uino! in-2{ 1 H)~ one, 
hydrochloride salt 

Ex. 124 'H NMR (SOO MHz, CD*OD) 5 ppm 
0.66 {m. 2H), 0.98 {m, 2H), 1.90 
(m, IH), 3.14{dd, >14.7, 14.7 Hz, 
IH), 3,25 (dd, >14.9, 6,2 Hz, 1H), 
4.30 {dd, >14.7, 6.2 Hz, IH), 7.02 
(brs, iHi, 7,09 (brd, ̂ =8.2 Hz. 
IH), 7.28 {d, >8.3 Hz. IH); 219.0 
(M+1). 

22 OH 

OX 
(3S)-3-amino-5-chloro-1-hydroxy-3,4-
dihydroq uino! in-2{ 1 H)-one, 
hydrochloride salt 

Ex. 12 H NMR (400 MHz, DMSO-efej 5 
ppm 2,98 (dd, > 15, 15 Hz, 1H), 
3.53 (dd, >15.5, 6.7 Hz, 1H), 4.50 
(dd, J®14.5, 6.6 Hz, 1H), 7,25 (dd, 
>8.0, 1.1 Hz, 1H), 7.28 {dd, 
>8.2, 1.1 Hz, 1H), 7.39 (br dd, 
>8, 8 Hz, IH), 8,63 (br s, 3H). 
11.02('s( IH); 212.9 {M+1), 

23 CF3 OH 

rTV^Y*3 

cr"^^ MH2 
3-a mino-6-Chioro-1 -hydroxy-8-
(lrifiuorometh^)-3,4-dihydroquinoiin-
2(1H)-one 

EX. r !H NMR {500 MHz, CD.OD) 5 ppm 
2.94 {dd, >15, 15 Hz, IH), 3.09 
{dd, >15.6, 5.6 Hz, IH), 3,77 (dd, 
>14.2, 5.8 Hz, IH), 7.57 {br s, 1 
H), 7,66 (d, >2,3 Hz, IH); 280,9 
(M+1). 

24 CF3 OH 

(3S)~3-amino-6-bromo-1-h;ydroxy-S-
(trifluoron]et!"iyl}-3,4-di:hydroquinoftn-
2(1H)-one, hydrochloride salt 

3.2-3.3 (m, 2H, assumed, partially 
obscured by soivent), 4.43 (dd, 
>14,4, 6.3 Hz, 1H), 7.80 (br s, 
1H). 7.89 (brd. >2 Hz, 1H); 328.8 
(M+1). 
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Ex. Structure and j Method 
Mo. IUPAC Name of Prep 
25 OH 

(3S)~3-amino~1 -hydroxy-7-isopropoxy-
3,4-dihydroquiiio!in-2(1 H)-one. 
hydrochloride salt 

A1 
N'^O 

' OH 
3-a mino-7-ethyl-1 -hyd roxy-3,4-
dihydroquino!(n-2{1 H)-one, 
hydrochloride salt 

""H NMRa; Mass spectrum6 

>14.6, 14.6, 1.1 Hz, IH). 3.19 
(del, J-14.6, 8.5 Hz, 1H), 4.29 (dd, 
>14.8, 8.5 Hz, 1H). 4.61 {septet 
>6.0 Hz., 1 H}« 8.67 {dd, >8.3, 2.8 
Hz, 1H), 8.93 (d, J-2 4 Hz, 1H), 
7.18 (br d, J=8.3 Hz, 1H); 237.2 

J-7.6 Hz, 2H), 3.11 (dd, >14.6. 
14.8 Hz, 1H),3.2{m, 1H), 4.30 
(dd, J-14.6, 8.0 Hz, 1H), 8.99 (dd, 
>7.7, 1.5 Hz, IH), 7.20 <d, >7.7 
Hz, 1H), 7.28 (d, >1.4 Hz, 1H); 
207.0 (M+1). 

27 """" QH r&rr2 

F 
(3S)-3~amino~'5-ffuoro-1 -hydroxy-3,4-
dihydroquino!in-2{ 1 H)-one, 
hydrochloride salt 

2.94 (dd, >14.7, 14.7 Hz, 1H), 
3.42 (dd, >15.1, 6.5 Hz, IH), 4,47 
(dd, >14.2, 8.5 Hz, IH), 7,00 (br 
dd, J=8.7, 8,7 Hz, 1H), 7.13 (d, 
>§.2 Hz, 1H), 7,39 {ddd, >8,2, 
8.2,6.3 Hz, 1H>, 8.76 (brs, 3H), 
11,02 {s, IH): APC1, 198.9 (M+1), 

28 CF, OH EX, 24y 

rt'Y 
„0" -
(3S}-3-amino-1 -hydroxy-8-
(trifJuoromethy!)-6~[4~ 
(trifluoromethyl )pheny!]-3,4-
dihydroquino!!n~2(1 WVone 

3.00 (dd, >14,9, 14.9 Hz, 1H), 
3.20 (dd, J-15.5, 5.7 Hz, 1H), 3.77 
(dd, >14.3, 8.7 Hz, 1H), 7.78 (br 
d, >8,3 Hz, 2H), 7.88-7.88 (m, 
3H), 7.95 (d, J=2 Hz, IH); 391.0 
(M+1). 

29 OH Ex. 12 
/QywN.yj 

S-amino-1 -hydroxy-7-methoxy-3.4-
dihydroquino!in-2(1 H)~ one, 
hydrochloride salt 

3.07 (dd. >14.6, 14.6 Hz. 1H>, 
3,20 (dd, J-14.6, 6.5 Hz, IH),"3.81 
(s, 3H). 4.29 (dd. >14.6, 8.4 Hz, 
1H), 8,70 (dd, >8.3, 2.4 Hz, IH), 
6,98 (d, >2.3 Hz, 1H), 7,20 (d, 
J-8 5 Hz, 1H). 

0.67-0,70 (m. 2H), 0.98-1.02 (m, 
2H), 1.85 (tt. >8.4, 5.0 Hz, 1H), 
3,10 (ddd, J-14.6, 14,8, 0.9 Hz, 
1H), 3.21 (dd, >14.7, 6,4 Hz, 1H), 
4,29 (dd. >14.6, 6.5 Hz, IH), 6,86 
(dd. >7.3,1.7 Hz, 1H). 7.11 (d. 
J=1 7 Hz, IH), 7.16 (brd, >7.8 
Hz, 1H); 219.0 (M+1). 

30 /vyNHj j^xTW™" 

V i 
' OH 

3-amirio-7-cyclopropyi-1 -hydroxy-3,4-
dihydroquino!in-2{1 H)-one, 
hydrochloride sail 

3.07 (dd. >14.6, 14.6 Hz. 1H>, 
3,20 (dd, J-14.6, 6.5 Hz, IH),"3.81 
(s, 3H). 4.29 (dd. >14.6, 8.4 Hz, 
1H), 8,70 (dd, >8.3, 2.4 Hz, IH), 
6,98 (d, >2.3 Hz, 1H), 7,20 (d, 
J-8 5 Hz, 1H). 

0.67-0,70 (m. 2H), 0.98-1.02 (m, 
2H), 1.85 (tt. >8.4, 5.0 Hz, 1H), 
3,10 (ddd, J-14.6, 14,8, 0.9 Hz, 
1H), 3.21 (dd, >14.7, 6,4 Hz, 1H), 
4,29 (dd. >14.6, 6.5 Hz, IH), 6,86 
(dd. >7.3,1.7 Hz, 1H). 7.11 (d. 
J=1 7 Hz, IH), 7.16 (brd, >7.8 
Hz, 1H); 219.0 (M+1). 
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Ex. 
No. 

"31 

32 

Structure and 
IUPAC Name 

F OH 

AXI C! ^ ^ NH2 

(3S)-3-amino-6-ch!oro-8-8iioro~1-
hydroxy-3,4-dihydroq uino! in-2{ 1H)-
one, hydrochloride salt 

F,C.0AAANH>; 
(3S)-3-amino-l-hydroxy-6-
(lrifiuoromethoxy)-3.4-dihydroqutnoiin-
2(1H)-one, hydrochloride saft 

Method 
of Prep 
Ex, 12*"" 

Ex, 12'" 

""H MKRa; Mass spectrum6 

3.18-3.28 (m, 2H), 4.39 (dd, 
>13.1, 7.5 Hz, 1H). 7.22 (m, 1H), 
7.30 (dd, >11.8, 2.2 Hz, IH): 
230.9 (M+1). 

3,20 (dd, >1 4.9,14.9 Hz, 1H), 
3.33 (m, IH, assumed, partially 
obscured by soivent). 4,40 (dd. 
>14.7, 6,5 Hz, IH). 7.30-7.33 (m, 
2H), 7.4? (d, >8,6 Hz, 1H); 281.0 
(M-1). 

33 1 
| OH 

OCT NH„> 
3-amino-1 -hydroxy-2-oxo-1,2,3,4-
tetrahydroquinoline-8-carbonltriie, 
hydrochloride salt 

Ex. i71 1H NMR (400 MHz, DMSO-ifcj 6 
3,18 (dd, >15. 15 Hz, 1H), 3,27 
(dd, >15, 8 Hz, 1H). 4.47 (dd, 
>14.6, 6.3 Hz, IH), 7.23 {dd, 
>7.6, 7.6 Hz, 1H), 7.65 (d, >7.3 
Hz, IH). 7.74 (d, >7.7 Hz, IH). 
8,76 (brs, 3H), 11.5 (v br s, IH); 
204.4 (M+1), 

34 

OH 

OY'V-^T0 

(3S)~3-amino~7-(benzyioxy)~1~ 
hydroxy-3,4-dthydroqutnoiin-2( 1 H)~ 
one. hydrochloride salt 

Ex. 1.2' 'H NMR {400 MHz, DMSO-cfe) 5 
2.99 (dd, >14.8, 14.8 Hz, 1H), 
3,13 (dd, >15.0, 6.5 Hz, IH), 4.33 
(dd, >14,4, 8.5 Hz, IH), 5,12 (s, 
2H), 8.74 (dd. >8.3, 2.5 Hz, 1H). 
6.90 (d, >2.5 Hz, 1H), 7.22 (far d, 
>8.1 Hz, IH), 7.33 (m, 1H)< 7.37-
7,46 (m, 4H), 8.57 (brs, 3H), 10.9 
(vbrs, 1H); 285.1 {M+1). 

35 CF3 OH 

NH2 

(3S)-3-amino-6-ch!oro-1-hydrQxy-8-
(trifiuoromethyl }-3,4-cJsbydroqui nofin-
2(1 W)-one, hydrochloride sait 

Ex. 12" !H NMR (500 MHz, CD3OD) 5 3.22 
(dd. >15.1, 14.5 Hz, 1H), 3.28 
(dd, >15.1,6.2 Hz, 1H),4.41 (dd, 
>14,4, 6.2 Hz, 1H), 7,86 (br s, 
IH), 7,78 (d, >2,3 Hz, IH); 280,9 
(M+1), 

38 F OH 

O X 
(3S)-3-amina-8-fluoro-1-hydroxy-3,4-
dihydroq uino! in-2{ 1 H)~ one 

'W.'Wr'~ 'TTWriRTpi}^ 
2.09 (br S. 2H), 2.78 (dd, >15, 14 
Hz, IH), 2,96 (dd, >15,4, 5,8 Hz. 
1H}, 3.58 (dd, J-13.4, 5.6 Hz, 1H), 
7.02-7.14 (m. 3H). 10,42 (br s, 
IH); 198.9 (M+1). 
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Ex. 
No. 

~37 

Structure and j Method 
IUPAC Name of Prep 
F3CSQ OH 

ifVv° 
(3S)-3-amino-1 -hydroxy-8-
(trifluoromethoxy)-3,4-dfhydroqu(noifn-
2(1H)-one« hydrochloride saft 

""H MKRa; Mass spectrum6 

'^Wmmj4Wmz^mso^de}6 
3,10-3,22 (m, 2H), 4,46 (dd, J=13, 
7 Hz, 1H). 7.25 (dd, >8.2, 7.7 Hz, 
IH), 7.36 (brd, J=8 Hz, IH), 7,41 
(br d, J=7.7 Hz, 1H), 8.58 (br s, 
3H), 10.91 (s, 1H); 263.4 (M+1). 

77 /V. Method 
II 1 A14 

OH 

x>i;-

v'" NH2 

(3S)-3-amino-1 -hydroxy-8-phenoxy-
3(4-dihydroquino!in-2{1 Hhone. 
hydrochioride salt 

1H NMR {400 MHz, DMSO-c/e> 6 
3.12-3,25 (m, 2H>, 4,42 (dd, 
J=13,4, 8,9 Hz, 1H}„ 6,91-6.96 (rn, 
3H), 7.07 (br t, J=7,4 Hz, 1H), 
7.13-7.20 (m, 2H), 7.34 (dd, J=8.7, 
7.4 Hz, 2H), 8.75 (brs, 3H), 10.57 
{s, 1H); 270.9 (M+1); 

3,15 (dd. half of ABX pattern, 
J=14.9, 14.1 Hz, 1H), 3.23 (dd, 
half of ABX pattern, J=15.0, 8.8 
Hz, 1H), 3.77 (s, 3H), 4.35 (dd, 
J=14.3, 8.8 Hz, IH). 6.53-6!56 (m, 
2H), 6.70 (ddd, J=8.3. 2,3, 0,7 Hz, 
1H), 8.98 (brd, J=2.S Hz, 1H), 
7.02 {br dd, J=8,8, 2.6 Hz, 1H), 
7,25 {dd, J-8.6, 8.5 Hz, IH), 7,39 

78 "™|BTTO 
OH 

^rx. .-N-, y,0 
j; ff """-Y "V 

O' xV' "O" v NH2 

(3S)~3-amino~1 -hydroxy-6-(3-
methoxyphenoxy)-3,4-dfhydroqujno!in-
2(1H)-one, hydrochioride salt 

1H NMR {400 MHz, DMSO-c/e> 6 
3.12-3,25 (m, 2H>, 4,42 (dd, 
J=13,4, 8,9 Hz, 1H}„ 6,91-6.96 (rn, 
3H), 7.07 (br t, J=7,4 Hz, 1H), 
7.13-7.20 (m, 2H), 7.34 (dd, J=8.7, 
7.4 Hz, 2H), 8.75 (brs, 3H), 10.57 
{s, 1H); 270.9 (M+1); 

3,15 (dd. half of ABX pattern, 
J=14.9, 14.1 Hz, 1H), 3.23 (dd, 
half of ABX pattern, J=15.0, 8.8 
Hz, 1H), 3.77 (s, 3H), 4.35 (dd, 
J=14.3, 8.8 Hz, IH). 6.53-6!56 (m, 
2H), 6.70 (ddd, J=8.3. 2,3, 0,7 Hz, 
1H), 8.98 (brd, J=2.S Hz, 1H), 
7.02 {br dd, J=8,8, 2.6 Hz, 1H), 
7,25 {dd, J-8.6, 8.5 Hz, IH), 7,39 

79 j Ex. 66 OH 

F3C' 
(3S)-3-amino-1 -hydroxy-6-[3-
(trifluaromethy!)phertoxy]-3,4-dihydro-
1 ,B-naphthyridin-2( 1 HJ-one, 
hydrochioride salt 

3.18-3.3 {m. 1H), 3,38-3.45 (ffl, 
1H). 4.49-4.59 {m, IH). 7.32-7,38 
(m, 2H). 7.51 {brd, J-B Hz, IH), 
7,62 {br dd, J=8, 8 Hz, 1H), 7.73 
(brs, 1H), 8.15 (brs, IH); 340.0 
(M+1). 

80 OH E*'66 

^ _NV .0 
j"-^ >! sj x>f r 

O 'O ^ NH2 

(3S)-3-amifio-1 -hydroxy-6-{3-
methoxyp{ienoxy)-3,4-cl{hydro-1,8-
iiaphthyridin-2{1W)-one, hydrochloride 
salt 

2.99 (br dd, J-15, 14 Hz, 1H), 3.19 
{br dd. J-15, 6 Hz. 1H), 3.78 (s, 
3H), 4.02 {br dd, J=14, 6 Hz, 1H), 
6.57-6.62 (m. 2H), 6.75 (dd, J™8,3. 
2,0 Hz, 1H), 7.28 (dd, J-8.2, 8,1 
Hz, IH). 7,45 (br 5, 1H), 8.00 (br d, 
J=2 Hz, 1H): 302,0 {M+1}. 
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Ex. 
No. 

Structure and 
IUPAC Name 

Method 
of Prep 

""H NRfRa; Mass spectrum6 

31 
/—•> OH 

Wf NH, 
(3S)-3-amino-1-hydroxy-3,4f8,9-
tetrahydrofuro[2,3-/i3quino!in-2(1H)-
one 

"1x7? 1H NMR (500 MHz, CD3OD) 8 3,03 
(brdd, J=14, 14 Hz, 1H). 3.13 (br 
dd, J~ 14, 5 Hz, 1H), 3.39 (ddd, 
J-16.4, 10,0, 6.8 Hz, 1H), 3.55-
3.63 (m. 1H), 4.16-4.23 (m, IH). 
4.47-4.53 (m, 1H), 4.54-4.60 (m, 
IH), 6.50 (d, J=7.9 Hz, 1H), 7,01 
(d. J=7.8 Hz, IH). 

82 

2-f(3-amiFto-l -hydroxy-2-oxo-l,2,3,4-
tetrahydroquinolin-6-
yl)oxyjbenzonitri!e, hydrochioride salt 

Ex. 69 3,18 (dd, J=14,7, 14.4 Hz, 1H), 
3,25-3.3 (m, 1H, assumed: 
partially obscured by soivent 
peak), 4.39 (dd, >14.4. 6.5 Hz, 
1H),8.99 (d, J-8.4 Hz, 1H), 7.11-
7.15 (m. 2H), 7.27 (ddd, >7.6. 
7.6, 0.8 Hz, IH), 7.47 (d. >9.5 Hz, 
1H), 7.59-7.65 (m, 1Hi, 7.77 (dd, 
>7.8, 1.6 Hz, 1H); 298.1 (M+1), 

83 OH 
„Os ' It X f ^ NiHs 

Cic, 
(3S)-3-amino-1-hydroxy-7-methoxy-6-
[3-(trifiuoromethy!)benzyi]-3,4-
dihydroq uinol in-2{ 1 H)~one, 
hydrochioride sail 

"BTTS^ 1H NMR (500 MHz, CD3OD) 8 3,07 
(dd,v/»14.8, 14.6 Hz, 1H). 3.18 
(dd, >14,8, 6.5 Hz, IH), 3,85 (s, 
3H), 4,00 (AB quartet, 14.8 
Hz, AnAR~13.4 Hz, 2H), 4.30 (dd, 
J=14,S, 8.5 Hz, 1H), 7.03 fs, 1H), 
7.10 (s, 1H), 7.41-7.48 (m, 4H); 
367.1 (M+1), 

84 

Hon A'V 
3-a mino-1 -hydfoxy-8-[{6-
hydroxypyridin-3-yl)cxy]-3,4-
dihydroq uino! in~2{ 1 W }-one, 
hydrochioride salt 

Ex.69 3.17 (dd, >14.8, 14.8 Hz, 1H), 
3.24-3.3 (m, 1H, assumed; 
partially obscured bv soivent 
peak), 4.36 (dd, >14,6. 6 4 Hz. 
1H), 7,01 (d, >3.8 Hz, IH), 7,07-
7.11 (m. 2H), 7.42 (d, >9.7 Hz, 
1H), 7,72 (brd. >3.0 Hz, IH), 
7.87 (dd, >9.7, 2.9 Hz, 1H); 288.1 
(M+1). 

85 OH 

FT\ rrY y "o" ̂  VNH2 

3-amino-6-{2,4-dif!uorophenoxy}-1-
hyd roxy-3,4-d ihydroq uino! in-2{ 1H)-
one, hydrochioride sail 

Ex. 89 3,14 (br dd, half of ABX pattern, 
>14.8, 14.8 Hz, 1H), 3,22 (dd, 
half of ABX pattern, J-15.1. 6.8 
Hz, 1H), 4,34 (dd, >14.3, 6.7 Hz, 
1H), 6.93-7.03 (rn, 3H). 7.12-7.22 
(m. 2H), 7.37 (d. J=9.S Hz. IH); 
307.0 (M+1). 



WO 2010/146488 
97 

PCT/IB2010/052349 

Ex. 
No. 

"86 

Structure and 
IUPAC Name 

x0 OH 

XAI° 
F - NH2 

3-amino-6-fluoro-1-hydroxy-8-
phenoxy-3,4-dihydroquinoiin-2(1W}-
one 

Method 
of Prep 
Method 
A,? 

""H MKRa; Mass spectrum6 

10.63 (ss IH), 8,74 (s, 3H), 7.37 
(m, 2H). 7.18 (d, >8.4 Hz, 1H), 
7.12 {ra 1H), 8.98 (d, >7.6 Hz, 
2'H), 6 83 (m, 1H), 4.43 (in, 1H), 
3.17 (m, 2H); 289.3 (M+1). 

87 OH 

C.I XX I 
^ "0' ^ """ 'NHZ 

3-a mino-1 -hydroxy-6-[{2-
methyfpyridin-3~yl}Q.xy]-3,4-
dihydroquino!in-2{1/-f)-one, 
hydrochloride saft 

Ex. 69 2.81 (s, 3H), 3.21 {br dd, >14.8, 
14.8 Hz, 1H), 3.34 (dd, >15.1, 6.5 
Hz, 1H, assumed; partially 
obscured by solvent peak;), 4.42 
(dd. >14,6, 6.4 Hz, 1H), 7,22-7.26 
(rn, 2H), 7,52 (d, >8,3 Hz, 1H), 
7.82 (dd, >8.6, S.8 Hz, 1H), 7.91 
(dd. >8.8, 1,2 Hz, IH). 8,44 (dd. 
>5.8, 1.3 Hz, 1H); 288.1 (M+1), 

88 OH 

V^GAAANHJ 
3-a mino-1 -hydrcxy-6-f{6~ 
methylpyridfn-3-yi)oxy3-3,4-
dthyd'roqutnoiin-2( 1 WVone. 
hydrochioride salt 

Ex. 69 2,76 (s, 3H), 3.21 (br dd, >14.8, 
14,8 Hz, 1H), 3.34 (dd, >16.0, 8,4 
Hz, 1H, assumed; partially 
obscured by solvent peak), 4.41 
(dd, >14,7, 8.5 Hz, 1H), 7.22-7.26 
{m.2H>, 7.51 (d, >8,5 Hz. 1H), 
7.88 (d, >9,0 Hz, 1H). 8,12 (dd. 
>9.0, 2,7 Hz, 1H), 8,49 (d, >2,8 
Hz, 1H); 286.1 (M+1). 

89 
OH 

, P ,.-v N „ O 

II J (i 1 T 
F"" 'v' VNH2 

3-amino-6-{2.5-dtfiuorophenoxy)-1-
hydroxy-3,4-dihydroq uino! in-2{ 1H)-
one, hydrochioride salt 

Ex. 69 3.18 (br dd, half of ABX pattern, 
>15.0, 14,4 Hz, 1H), 3.25 (dd, 
half of ABX pattern, >15.1, 6,6 
Hz, 1H). 4,36 (dd, >14.4, 6,6 Hz, 
1H), 6,86 (ddd, >9.1, 8.5, 3,0 Hz, 
1H), 6.90-6.97 (m, 1H), 7.02-7.08 
(m, 2H), 7,27 (ddd, >10.2, 9.1, 
5.2 Hz, 1H), 7,41 (brd. >8 Hz, 
1H); 307.1 (M+1). 

90 

FOH 

(3S)-3-amino-1-hydroxy-8-[2-
(trifiuoromethy!)pyridin-3-y!3j-3,4-
dihydroquinoiiri^lMJ-ane, 
hydrochloride salt 

Method 
Ari 

3.24 (brdd, >14,7,14,7 Hz, 1H>, 
3.3-3.38 (rn, 1H, assumed; 
partiaiiy obscured by solvent 
peak). 4,50 (dd. >14.4, 6.2 Hz, 
1H), 7.31 (dd, >7.8, 7,6 Hz, 1H), 
7.43-7.47 (m, 2H), 7,74 (d, >8.0 
Hz, 1H), 7.77 (d, >7.8 Hz, 1H), 
8,07 (dd, >7.9, 7,8 Hz, 1H); 
324,5 (M+1). 
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Ex. 
No. 

Structure and 
IUPAC Name 

Method 
of Prep 

""H NRfRa; Mass spectrum6 

91 
OH "°n rYr° 
^ 

3-amirto-1 -hydroxy-6-(4-
methoxyphenoxy}-3,4-dfhydroqufno!!n~ 
2(1H)-one, hydrochloride salt 

Ex, 89 2.87 (dd, half of ABX pattern.. 
>15. 14 Hz, 1H), 3.02 (dd, half of 
ABX pattern, >15.3,8.1 Hz, 1H}< 
3.71 (dd, >13.5, 8.5 Hz, IH), 3.79 
(s, 3H), 8.32-6.88 (m, 2H), 6.90-
6.98 (rn, 4H), 7.28 (d. >8.6 Hz, 
1H).,J 

299.1 (M-1). 

92 
OH 

wvUj:,,, 
3-a mino-1 -hydroxy-8-(pyridin-2-y!oxy)-
3,4<!shydroqusno!in-2{W)-Qne: 
hydrochloride salt 

Ex. 69 3.21 (brd, >15, 15 Hz, 1H), 3.26-
3,3 (m, 1H, assumed; partially 
obscured by solvent peak;), 4.40 
(dd. >15, 8 Hz, IH), 7.10 (d, 
>8.2 Hz. 1H), 7.21-7.25 {m, 2H): 
7.29-7.34 (m. 1H), 7.49 (d, >9 Hz, 
1H), 8.04-8.09 {m, 1H), 8.26 (d, 
>5 Hz, IH); 272.4 {M+1). 

93 
OH 

3-amino-1 -fiydroxy-6-f3-
(trifluoromethy!)phenoxy3-3,4-
dihydroq uino! in-2{ 1 H)~ one, 
hydrochioride salt 

Ex. 69 3.17 {dd. half of ABX pattern, 
>15, 15 Hz, 1H), 3.2S (dd, half of 
ABX pattern. >15, 7 Hz. 1H), 4.38 
(dd, >14, 7 Hz, 1H), 7.06-7.12 (m, 
2H), 7.21-7.28 {m, 2H). 7.40-7.47 
(fit. 2H), 7.58 (dd, >8, 8 Hz, 1H); 
339.5 {M+1). 

34 
OH 

£l JCXY •» O' ^ O" ^ "" -NH2 

3-a mino-1 -hydroxy-S-f3-
(trifluoromethoxy)phenoxy]-3,4-
dihydroquirto!irt-2(1/-f)-one, 
hydrochioride saft 

Ex. 69 3,18 (dd, half of ABX pattern. 
>14,8, 14,8 Hz, 1H), 3.27 (dd, 
haif of ABX pattern, >15.0, 8.7 
Hz, 1H). 4,38 {dd. >14.4, 8,7 Hz, 
1H), 8.87 (brs, 1H). 6.98 {ddd, 
>8.3, 2.3, 0.8 Hz, 1H), 7.01-7.11 
(m, 3H), 7.41-7.47 (m, 2H); 355.5 
(M+1). 

95 
OH 

D'NT° 
^ "o" ^ XNH2 

3-amino-1-hydroxy-6-(pyridin-3-y!oxy)-
3,4-dihydroq uinolin-2< 1 W)-one, 
hydrochloride salt 

Ex, 89 3.23 {dd. half of ABX pattern. 
>14,8, 14,8 Hz, 1H). 3.35 (dd, 
half of ABX pattern, >15.2, 8.5 
Hz, 1H), 4.43 (dd, >14.5, 8.4 Hz, 
1H), 7.28-7.29 (m, 2H), 7,51-7.54 
(rn. 1H), 8.05 (dd, >8.8, 5.5 Hz. 
IH), 8.21 (ddd, >8.9. 2.7, 1.1 Hz, 
1H), 8.81 (brd, >5.8 Hz, 1H), 
8.88 {d, >2.8 Hz, 1H); 272.5 
(M+1). 
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Ex. 
No. 

"96 

Structure and 
IUPAC Name 

F3C'""Q OH 
,--V y.O 

--W ^ ^ NHg 
(3S)-3-amino-1-tiycfroxy-8-{2,2,2-
trifl uoroethoxy }'3,4'd ihydroquinofin-
2(1H)-one, hydrochioride salt 

Method 
of Prep 
Method 
A1S 

""H MKRa; Mass spectrum6 

>12.3, 8.0 Hz, 1H), 4,56-4.83 (rn, 
2H), 7.04-7.0? (m, 1H), 7.15-7.23 
(m, 2H); 277.4 (M+1). 

97 9* 
^'Av NHa 

(3S)-3-amino-1-hydroxy-8-phenyl~3,4~ 
dthydroqutnoiin-2( 1 H)~one, 
hydrochioride salt 

Ex. 90 3,18-3.36 (m, 2H. assumed; 
partially obscured by soivent 
peak), 4.48 (dd, >14, 6 Hz, IH), 
7.20-7.27 (m, 2H), 7.28-7,39 (m, 
6H); 253.0 (M-1). 

98 
OH 

^(/W -MH, 
3-amino-1 -hydroxy-6-(4-
methyfphenoxy)-3,4-dihydroquinofin-
2(1H)~one, hydrochioride salt 

Ex. 69 2.32 (S, 3H). 3.09-3.23 fm. 2H>, 
4.34 (dd, >14.0, 7.0 Hz, 1H), 6.89 
(d. >8.5 Hz, 2H). 8,92-6.99 (m, 
2H), 7.18 (d, >8.3 Hz, 2H), 7.38 
(4 >8.8 Hz, 1H): 285.5 (M+1). 

99 

"Yi frY 
%'0' >JH2 

4-f(3-ammo-1 -hydroxy-2-oxo~1,2,3,4-
tetrahydroquinoiin-6-
yi}oxy]benzorntfiie, hydrochloride salt 

Ex. 69 3.14-3.29 (m. 2H), 4.39 (dd, 
>14.4, 8.7 Hz, 1 Hi 7.09 (d. >9.0 
Hz, 2H), 7.10-7.18 (m. 2H), 7.47 
(d. >8.7 Hz, 1H), 7.72 (d, >9.0 
Hz, 2H); 296.4 (M+1). 

100 

Ci £xY 0 ^ NH2 

3-amsno-1 -hydroxy-6-(pyndtn-4-yioxy>" 
3,4-dfhydroquinoiin-2{1 H)-one: 
hydrochloride saft 

Ex. 69 3,25-3.34 (m, 1H. assumed; 
partially obscured bv solvent 
peak), 3.48 (dd, >15,2. 6.4 Hz. 
IH), 4,49 (dd, >14.8, 6.5 Hz, 1H), 
7.41 {d, >7.6 Hz, 2H), 7,65 <d, 
>8.8 Hz. 1H), 7.71-7.76 (m, 2H). 
8,81 fd, >7.5 Hz, 2H); APCI m/z 
272.1 (M+1), 
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Ex. 
No. 

Structure and 
IUPAC Name 

Method 
of Prep 

""H NRfRa; Mass spectrum6 

101 
OH 

n PrY 
CI'" 
3~amino~6-(3~chiorophenoxy)-1~ 
hydroxy-3,4-dihydroq uino! in~2( 1 H)~ 
one, hydrochioride salt 

Ex, 89 3.1? (br dd, half of ABX pattern, 
J-15. 14 Hz, 1H), 3.25 (dd, half of 
ABX pattern. J=15.0, 8.7 Hz, 1H}< 
4,37 (dd, J=14.3, 8.7 Hz, IH), 8.93 
(ddd, J=8.2, 2.3, 0.8 Hz, 1H). 8.97 
(br dd, J~2. 2 Hz, 1H), 7,03-7.09 
(m, 2H), 7.12 (ddd, J=8.1, 1.9, 0,8 
Hz, 1H), 7.34 (dd, J=8.1, 8.1 Hz, 
IH), 7.43 {d, J=8.7 Hz. IH); 305.4 
(M+1). 

102 O H 
F;Ay^ rvV0 

3-amino-1 -hydroxy-6-[4-
(trifiuoromethy!)phenoxy]-3,4-
dihydroquinoiin-2(1H)-one. 
hydrochioride salt. 

Ex. 89 3,18 (br dd, half of ABX pattern, 
J-14.8, 14.6 Hz, 1H}« 3 26 (dd, 
half of ABX pattern, J=f 5.0, 6.8 
Hz, 1H), 4.38 (dd, J=14.4, 6.8 Hz, 
IH), 7.08-7.14 (m. 4H). 7.46 (d, 
J= 8.7 Hz. 1H), 7.66 (br d, J=S.S 
Hz, 2H); 339.5 (M+1). 

103 

3-a mino-1 -hydroxy-6-|4-
(trifiuoromethoxy)phenoxyJ-3,4-
dthydroqutno!in-2{ 1 H)-one, 
hydrochioride salt 

Ex. 89 3.18 (br dd, half of ABX pattern, 
J-15,15 Hz, IH), 3.23 (dd, half of 
ABX pattern, J=15« 7 Hz, 1H), 4.36 
(dd. J=14,3.6.8 Hz. 1H>, 7.02-7.10 
(m, 2H), 7.06 (d, J=9.2 Hz, 2H}« 
7.28 (brd, J=9 Hz. 2H) 7.42 (d. 
J=8.9 Hz. 1H); 355.4 (M+1). 

104 OH 
.CK 
- n j Y—, 
(3S)-3-amino~5-ch!oro-1-hydroxy-7-
methoxy-3,4-dihydroquinofin-2(1W)~ 
one, hydrochioride salt 

Ex. 1?J 2.90 (dd, J=14,8< 14.8 Hz. 1H), 
3.62 (dd, J=15,0, 6.8 Hz, IH). 3,83 
(s, 3HV 4.38 (dd. J-14.5,6.8 Hz, 
1H), 6.83 (d, J=2.4 Hz. 1H), 6.95 
(d, J=2.4 Hz, 1H); 241.1 (M-1). 

105 
OH 

Ck ^ ,Nk ,.,0 rl i i r 
3-amino-6-{4-chiorophenoxy)-1-
hydroxy-3,4-dihydroquino!in-2(1W)~ 
one, hydrochioride salt 

Ex. 89 3.15 (br dd, liaif of ABX pattern, 
J-15, 14 Hz, 1H), 3.23 (dd, half of 
ABX pattern, J=15.0,6.8 Hz, 1H), 
4.35 (dd, J=14,2, 8.8 Hz, 1H), 6.98 
(d. J-8.9 Hz, 2H). 6,99-7.01 (m, 
IH), 7,04 (br dd, J=8,8, 2.7 Hz, 
1 H}« 7,35 (d, J=9.0 Hz, 2H}« 7.41 
(d. J=8.7 Hz, IH): 305,4 (M+1). 
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Method 
of Prep 

""H NRfRa; Mass spectrum6 

106 

OH 

i I j ) 
3-amino-6-{ 3-fiuorophenoxy)-1 -
hydroxy~3,4-dthydroqLitnolfrt~2( 1 Hy 
one, hydrochioride salt 

Ex, 89 3,1? {br dd, half of ABX pattern, 
J-15, 15 Hz, 1H), 3.26 (dd, half of 
ABX pattern, J=15.1,8.7 Hz, 1H}< 
4,3? (dd, J=14.4, 8.7 Hz, IH), 6.72 
(ddd, J=10.4, 2.4, 2.4 Hz, 1H), 
6,80 (br dd, J=8,3, 2,2 Hz, 1H), 
6,88 (dddd, J«8.4, 8.4, 2,4, 0,5 Hz, 
IH), 7.04 {brd, J=2 Hz, IH), 7,0? 
(br dd, J-8.8. 2.8 Hz, 1H), 7.35 
(ddd, J-B.3, 8.3, 8.7 Hz, 1H), 7.43 
(d, J=8.7 Hz, 1H); 289.5 (M+1). 

107 
OH 

ifl jfVY 
"l' 0 "NHi 

F 
3-a mtno~6-{2~f!uorophenoxy)-1 -
hydroxy-3,4-dihydroquirfo!iri-2( 1 H)~ 
one, hydrochioride salt 

Ex. 89 3,14 (br dd, half of ABX pattern, 
J-15,14 Hz, IH), 3.21 (dd, half of 
ABX pattern. J=14.9, 8.8 Hz, 1H}< 
4.34 (dd, J=14.2, 6.8 Hz, IH). 
8.94-8.98 (m. 2H), 7.10-7.28 (m, 
4H), 7.38-7.39 (m, IH): 289.4 
(M+1). 

108 
OH 

It ill 
--s,""' VNH2 

3~amino~6-(4~fiuorophenoxy)~1-
hydroxy-3,4-dihydroq uino! in-2{ 1H)-
one, hydrochioride salt 

Ex.89 3.14 (br dd. half of ABX pattern, 
J-15,14 Hz, IH), 3.21 (dd, half of 
ABX pattern, J=15, 7 Hz, IH), 4.34 
(dd. J=14,2, 8,8 Hz, 1H), 8,93-8,97 
(m, IH), 6,98-7.04 (m, 3H), 7.11 
(dd. J=9.1, 8.2 Hz, 2H). 7.38 (d. 
J-8.8 Hz, 1H); 289.5 {M+1). 

109 9i OH 

(Xt V^"%H2 
£ 

(3S)-3-amina-8-ch!oro~5-f1uorQ-1~ 
hydroxy-3,4-dthydroqutno!in-2( 1 H)~ 
one, hydrochioride sait 

Ex, 12"'1 2.99 (dd, J=14.9, 14.9 Hz, 1H), 
3.44-3.50 (m, 1H),4.41 (dd, 
J=14,6, 5,8 Hz, 1H). 7.04 (dd. 
J=8.9, 8.4 Hz, 1H), 7,45 (ddd. 
J=9.1,5.5, 0.8 Hz, IH); 231.3, 
233.3 (M+1). 

110 
^ OH 

MB2 

(3S)-3-amino~8-ethyi-1~hydroxy~3f4-
dihydroq oirtoi irt~2{ 1 H)-one, 
hydrochioride sait 

Method 
A22 (rn, IH), 7.04 {m, 2H), 4.17 {m. 

1H), 3.03 {m, 2H). 2.81 (m, 2H). 
1.16 (t, J-7.2 Hz, 3H): 207.0 
(M+1). 
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Ex. 
No. 

ITT 

Structure and 
IUPAC Name 

OH 

ci in ^ X) ' Y m2 

(3S)-3-amino-5-!luoro-1-hydrox.y-6-
plienoxy~3,4~dihydroquinoiin-2(1H)-
one, hydrochioride sait 

Method 
of Prep __ 

""H NRfRa; Mass spectrum6 

3.03 (br dd, >15, 15 Hz, 1H), 3,46 
(dd. >15.2, 8.6 Hz, 1H), 4.48 (dd, 
>14.2, 6.4 Hz, 1H), 6.96-7.00 (ffl, 
2H), 7.10-7.14 (in, 2H), 7.19 (dd, 
>8.8, 8.4 Hz, 1H), 7.37 (dd, 
>8.8, 7.4 Hz, 2H), 8.82 (br s, 3H), 
11.08 (brs, 1H); 289.4 {M+1). 

112 OH r\Nr° 
(3S)-3-afTiirio«1-hydroxy-8-(tetf£ihydfo-
2H-pyran-4-y!)-3,4-dihydroquino!in-
2(1 H}- one 

Ex. 12" 1,72-1..83 (m. 4H), 2.73-2,82 {rn, 
IH), 2.86 (for dd, >15,14 Hz, 1H), 
3.07 (dd, J-15,2, 6.0 Hz, IH), 
3.52-3.59 (m. 2H), 3.63 (dd, 
>13.5,6.1 Hz. 1H), 4.01-4.06 {m, 
2H}, 7,13 (brs, 1H), 7,19 {brdd, 
>8.4, 1.8 Hz, 1H), 7.27 (d, >8.4 
Hz, IH); 263.0 (M+1). 

113 
Ci OH 

*Vf 
C!'" 
(3S)-3-amino-6,8-dichioro-1-hydroxy-
3,4-dihydroquinoiin~2( 1 HVone. 
hydrochioride sait 

"1x712^ 1H NMR (400 MHz, DMSO-cfe) S 
11.0 (S, 1H), 8.98 (S, 3H), 7,55 (d, 
>2.4 Hz, IH), 7.50 (d, >2.0 Hz, 
1H), 4,37 (m, 1H), 3,16-3.27 (m. 
2H): 246.9, 248.9 (M+1), 

114 OH 

i x X F' Y NH2 
p 

(3S)-3~amino~5,8~dffiuoro-1-hydroxy-
3,4-dihydroq uinolin»2< 1 H)-one, 
hydrochioride saft 

Ex. 12'" 2,99 (br dd, >15.15 Hz, IH), 3,57 
(dd. >15.3, 6.6 Hz, 1H), 4,42 (dd, 
>14.5, 6.6 Hz, 1H), 7.21 (ddd, 
>9.2,4.1, 17 Hz, IH), 7.31 (br 
ddd, >9, 9, 9 Hz, 1H); 215.1 
(M+1). 

115 
OH c,X!r"r° 

Ci'" ' ^ VNH2 

(3S)-3-amino-6,7-dichioro-1-hydroxy-
3,4-dihydroquino!iri-2{ 1 H> one, 
hydrochioride sait 

"ixTF7™" 
11.20 (s, 1H), 8.78 (s, 3H), 7.71 (s, 
1H), 7,40 (s, 1H), 4,44 (dd, >14.4, 
6.4 Hz, 1H), 3,28 (dd, >15.6, 6.4 
Hz, 1H), 3.13 (m, IH); 247.2 
(M+1). 
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Structure and 
IUPAC Name 

Method 
of Prep 

""H MKRa; Mass spectrum6 

116 OH 
A fsi v- 01 

Ex, 12" 

\f T ^ 'NH2 P 
(3S)~3-amino-6-cyeiopropyi~5-fiuoro-1-
hydroxy-3,4-dihydroq uino! in-2{ 1 Hh 
one, hydrochioride salt 

0,68-0-73 (m, 2H), 0,08-101 (m, 
2H), 2.01-2.OB (m, 1H). 2.94 (dd. 
J*14.9, 14.9 Hz, 1H), 3,56 (dd, 
J=15.2, 8.7 Hz, 1H), 4.37 {dd, 
J=14.8, 8.6 Hz, 1H). 8,99 {dd, 
J~8.2, 8,1 Hz, IH), 7.12 (d, J=8,7 
Hz, 1H); 237.4 (M+1). 

yr 117 OH 
o-, .k o 

Ex. 12 

CI" NH? 

(3S)-3-amino-6-chloro-5-fluoro-1-
hyd roxy-3,4-dihydroq uinoi in-2( 1H)-
one, hydrochioride sait 

2,99 (br dd, J=15.2,14.8 Hz, IH), 
3,58 (dd, J=15,2, 6 7 Hz, 1H), 4.42 
(dd. J=14.5, 8.6 Hz, 1H). 7,23 (dd, 
J*8.9, 1.5 Hz, 1H), 7.49 {ddd, 
J-8.8, 7.9, 1.0 Hz, 1H); 229.1 (IV!-
1). 

118 
O OH 

•A, "V.-' "NH? 

3-a mino-1 -hydroxy-8-rnethoxy-3,4-
dihydroq uinoi in-2( 1 H>-one. 
hydrochioride sait 

3,13 (dd. half of ABX pattern, 
J=14.8, 6.2 Hz, 1H), 3,20 (br dd, 
haif of ABX pattern, J=15, 14 Hz, 
1H), 3.90 (s, 3H5, 4.28 (dd, >14.0, 
8,2 Hz. IH), 6.91 {br d,J=7,4 Hz, 
1H), 7.08 (brd, J=8.4 Hz, IH), 
7,20 (dd, J=8.3, 7,6 Hz, 1H); 209,0 
(M+1). 

119 

120 

"F OH 112" 

TY 
(3S)-3-amino-8-(dif!uoromethyf}-1-
hydroxy-3,4-dihydroq uinoi in-2( 1H)-
one, trifluoroacetic acid salt 

OH J 1233'34 

-Nx.^0 

NH-; 

H NMR (500 MHz, CD3OD) 5 3.21 
(br dd, haif of ABX pattern, J=15, 
14 Hz, 1H), 3.27 (dd, haif of ABX 
pattern, J=14.9. 6,2 Hz, 1H), 4,38 
(dd, J-14.4, 6.2 Hz. 1H), 7.28 {dd, 
J=7 8, 7.8 Hz, 1H), 7.44 (t, J~55.7 
Hz, 1H), 7,46 (br d, J~7.3 Hz, 1H), 
7.89 {br d, J=8.0 Hz, 1H); 229,0 
{M+1), 

3.19-3.29 {m. 2H), 4.39 (dd, 
J-13,0, 7.6 Hz, 1H), 7.01 (brd, J-
8 Hz, IH), 7.07 (ddd, J~12,0, 8,9, 
2.7 Hz, 1H); 215.0 (M+1). 

3,4-dihydroq uinoi in-2(1 H)-one, 
hydrochioride sait 
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Ex. Structure and j Method 
Mo. IUPAC Name of Prep 
121 | j 

T 
0'"% 

r^-\ ^V'NY>0 
.--"V --"N v 0 - NH2 

(3S)-3-amino-1-
[(dfethylearbamoyl)oxy3-6-phenoxy-
3,4-dihydroquinoiin-2{1 H'y one 

""H NRfRa; Mass spectrum6 

Hz, 3H), 2.99 (br dd, half of ABX 
pattern, J=15,14 Hz, 1H), 3.08 
(dd, half of ABX pattern, J-15.3. 
8.3 Hz, 1H), 3.35-3.44 (m, 2H). 
3.49-3.58 (m, 2H), 3.75-3.82 (m, 
1H), 8.91-7.00 (m, 5H>. 7.11 (brt, 
J-7A Hz, 1 H>, 7.35 {dd, J=8.4, 7.8 
Hz, 2H); 370.1 (M+1). 

122 .""N Ex, 72 

VN''' 
A 0 "0 

^,0 r JTT 
(3S)-3-amino6-phenoxy-l -[(pipendin-
1 -yfcarbony!)cxy]~3,4~d ihyd roqu inolin-
2{1W}-one 

1.61-1 -75 (m. 6H). 2,98 {br dd, haif 
of ABX pattern, J= IS, 14 Hz, 1H), 
3.08 {dd, half of ABX pattern, 
J=15.S, 8.2 Hz, 1H). 3,44-3,57 (br 
s, 2H), 3.63-3.73 (br s, 2H), 3.78 
(dd, J=13.2, 8.4 Hz, 1H), 6.90-6.97 
(m. 3H), 8.98 (dd, j»8.7, 1.0 Hz, 
2H). 7.11 (tt, J=7.4, 1.0 Hz, 1H), 
7,35 (dd, J-8.8, 7.5 Hz, 2H); 382.4 
(M+1). 

123 / \ Ex, 72 
SN/ 

O'^'O 

t, k HI 
(3S)-3-amino~6-phenoxy-1 ~[( pyrrol idin-
1-ylcarbonyl)oxy]-3,4-dihydroquinolin-
2(1H)-one 

1.92-2.07 (m, 4H), 2.99 {br dd, haif 
of ABX pattern, J~15, 14 Hz, 1H), 
3,03 {dd. half of ABX pattern, 
J=15.4, 6,3 Hz, IH). 3,43-3,50 (m, 
2H>, 3.82-3.88 (m, 2H), 3,80 (del, 
J=13.3, 8,4 Hz, 1H), 6,90-7.03 (rn, 
5H), 7.11 (tt, J=7,4, 1.0 Hz, 1H), 
7.35 {dct, J=8.6, 7.4 Hz, 2H): 253.4 
[(M ~ pyrrolidine-!-carboxylfe 
acid)+1j. 

124 OH Ex. 86':' 
Ck ,,N, 

-v- -Q- X;.' X..- ^Nw. 

(3S)-3-amino-6-{4-chtofophenoxy)-1-
h yd ro xy-3,4-d I h yd ro~ 1 ,8-naphthyridin-
2(1H)-one« hydrochioride saft 

~125 j OH TEXTTS 
|>- N Nj w ^y 

-0' ^ x,' 

(3S}-3-aniino-1 -hydroxy-7-methoxy-6-
(3~melhoxy&enzyi}-3«4-
dthydroqutno!in-2{1 H)~one, 
hydrochloride salt 

3.18 {br dd, J=15. 15 Hz, 1H), 3.3-
3,37 {rn, IH, assumed; partially 
obscured by solvent peak), 4,48 
{dd, Jal4.8" 8.5 Hz, 1H), 7.08 (d, 
j=8,9 Hz, 2H), 7,40 (cJ, 9,0 Hz, 
2H), 7 55 (br s, 1H), 8.08 (br s, 
1H); 305,9 (M+1), 

(br dd, J=14, 14 Hz, 1H), 2,95 (dd, 
J-15.0, 6.3 Hz, IH), 3,81 (dd. 
J-13.5, 8.3 Hz, 1H), 3,74 (s, 3H), 
3,83 (S, 3H). 3,88 (AB quartet, 
JAB-14.8 HZ, A0M«12£ Hz, 2H). 
6.70-6,77 (m, 3H), 6,93 {s, IH), 
6.98 (s, 1H), 7.14 (dd, J-7.8, 7,7 
Hz, 1H).13 

329.0 (M+1 V; 
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Ex. Structure and j Method 
Mo. IUPAC Nam® of Prep 
126 

j OH 
OY^VNV° 

N- *3-{[(3S)-
3-a mino-1 -hydroxy-7-methoxy-2-oxo-
1,2,3.4-tetrahydroqmno!in-8-
yi]methyl}ben2onitri!e, hydrochloride 
salt 

""H MKRa; Mass spectrum6 

"1TNW~^500^ 
(br dd, J=15, 14 Hz, 1H), 3.00 (dd, 
J~ 15.1,6.1 Hz, IH), 3.64 (dd, 
J-13.6, 6.3 Hz, 1H), 3.82 (s, 3H), 
3.95 (AB quartet, Jt^U.9 Hz, ' 
ADAB*12.2 HZ, 2H), 8.98 (s, 1H), 
7.04 (s, 1H), 7.42 (dd, J=8.3, 8.0 
Hz, IH), 7,50-7.53 (m, 3H).'3 

324.0 (M+1); 

127 OH Ex. 75'to 

uaW. 
(3S)-3-amino-6-benzy!-1-hydroxy-3.4-
dihydro-1,8-naphthyridin-2(1 H)~one, 
hydrochioride sait 

"128 OH jl=ET27~~ 

(3S)~3-amino-6-benzy!~1 -hydroxy-7-
meth y i-3,4-d ihyd ro-1,8-naphthyridin-
2(1H)-one, hydrochioride sait 

129 OH j Ix~66 

r ii i T r 
H 
3-{[(6S)-6-amino-8-hydroxy-7-oxo-
5,6.7,8-tetrahydro-1,8-naphthyridii>3-
yi]oxy}benzonitri!e, hydrochioride salt 

'H NMR (500 MHz, CD3OD) 5 2.83 
(br dd, J-15.4,13.7 Hz, 1H), 3.07 
(dd, J=15.8, 6.2 Hz, IH), 3,69 (dd, 
J-13.5, 6.2 Hz. 1H), 3.98 (s, 2H), 
7.18-7,24 (m. 3H), 7.27-7.31 (m, 
2H), 7.52 (brs, 1H), 8.11 (brs, 
IH}; 270.0 (M+1). 

(s, 3H), 2.84 (br dd, J=15, 14 Hz, 
IH), 3.06 (dd, J=15.4. 8.2 Hz. IH), 
3.7S (dd, J=13,7,6.2 Hz, IH), 3.99 
($, 2Hi, 7,14 (br d, J=8 Hz. 2H). 
7,19 (br t, J=7.4 Hz, 1H), 7.28 (br 
dd, J-8, 7 Hz, 2H), 7,41 (s, IH).13 

284.6 (M+1). 

T.Yo7b7dd7J=7^ 
3.33-3,39 (m, 1H), 4.49 (dd, 
J=14,4, 6.4 Hz, IH), 7,37-7,42 Cm, 
2H), 7,51-7.62 (m, 3H), 8.14 (br d, 
J-2 Hz, 1H); 296.9 {M+1). 

130 Ex. 66^ 
OH 

NW 
'HU (3S)-3-amino-1-

hydroxy-3,4-dihydro-i ,7-naphthyridin-
2(1H)-one, hydrochioride sait 

3.53 (dd, J=16, 15 Hz, 1H), 3.73 
(dd, J-16.4, 6.2 Hz, 1H), 4.65 (dd, 
J=14,3, 6.5 Hz, 1H). 8,04 (d, J=5.5 
Hz, 1H), 8.59 (br d, J=5.5 Hz, 1H), 
8,78 (br S, IH); 180,0 (M+1), 

8 !:H NMR: 400 MHz, CD3OD (unless otherwise indicated): observed peaks, 5 (ppm). 
b Mass spectrum: LCMS, observed ion m/z (unless otherwise indicated). 
1 The benzyl bromide was prepared from (4-meihyi-2-nitropbenyl)mefhanoi via treatment wiih 
NBS and triphenylphosphine. 
2 In this case, the SnCI2 reaction was carried out at 80 X. 
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•s The benzyi bromide reagent was derived from the appropriate 2-aminoben2oic acid via 
sodium perborate oxidation: (see A. McKillop and J, A. Tarbin. Tetrahedron 1987, 43,1753-
1758), followed by borane reduction of the carboxyiic acid and bromination using PBr3, 
4 The benzyi bromide was prepared via palladium-mediated reaction of cyclopropyfboronic 
acid with the appropriate brominated methy! 2-nitrobenzoate, followed by ester reduction with 
lithium borohydride/zinc chioride. Bromination was effected with triphenylphosphine and 
carbon tetrabromide. 
•' The benzyi bromide was prepared via NCS chiorination of the appropriate 2-aminobenzoic 
acid, followed by treatment as in footnote 3. 
° The benzyi bromide was prepared via NBS bromination of the appropriate 2-aminobenzoic 
acid, followed by treatment as in footnote 3, 

Ethyl 4-hydroxy-2-nitrobenzoate was alkylated with the appropriate aikyi or benzyi haiide. 
Ester hydroiysis and reduction with borane was foiiowed by P8r3 bromination of the resulting 
alcohol, 
8 A Suzuki reaction with ethylboronic acid was carried out on methyi 4-bromo~2-nitrobenzoate; 
the ester was reduced with lithium borohydride arid converted to the bromide, 
3 The BOC precursor to Ex. 24 was subjected to a Suzuki reaction with [4~ 
{trifiuoromethy!)phenyl]boronic acid, foiiowed fay deprotection. 

2-Amino~5-{trifiuorornethoxy)benzoic acid was converted to the ester, then oxidized to the 
nitre compound with mCPBA, Lithium borohydride reduction foiiowed by PBr3 treatment 
provided the benzyl bromide. 
1 The benzyi bromide reagent was derived from 3-methyi-2-nitrobenzoic acid via conversion 

of the acid to a nitrite, followed by bromination with NBS. 
" See Example 3 for genera! approach to benzyl bromide preparation. 

Data was obtained on the neutral materia!. 
14 Synthesized from 2~amino~3-fiuorobenzoie acid; the phenoxy group was introduced using 
cesium carbonate as base, just prior to formation of the 2,2,2-trifluoroethyi ester. 

2.3~Dihydro-1-benzo!iiran-4-amine was converted to 5-bromo-4-nitro-2,3-dihydro-l-
benzofuran by treatment with NBS foiiowed by sodium perborate oxidation. 

Preparation of intermediate 4-rnethoxy~2-nitro-5-[3-(trifiuoromethyi)benzyi3aniiine began 
with the reaction of 3-(trifluoromethyi)berizak}ehyde with 2-metftoxyphenyimagnesium 
bromide. After palladium-catalyzed hydrogenoiysis of the resulting secondary alcohol. 
nitration provided 1-methoxy-4-mtro-2-|3-(tiiiluoromethyi}benzyl]benzene. Raney nickel 
reduction, foiiowed by acetylation of the new amino group, gave /V-{4-methoxy-3-[3-
{trifiuoromethy!)benzyljphenyl}acetamide, which was nitrated to provide N-{4-methoxy-2-nitro-
5-{3-{frifluorometliyi)benzyi]phenyl}acetamicje. Hydrolysis of the acetamide moiety afforded 
the requisite intermediate. 
1f The requisite substrate for cyclization was prepared from 3,5-dMuorobenzoic acid: nitration, 
followed by borane reduction of the carboxyiic acid and bromination with carbon tetrabromide 
and triphenylphosphine, provided l-(bromomethyi)-3,5-difluoro-2-niti"obenzene. This was 
reacted with ferr-butyl A/-{diphenyimethyiene)glycinate (56) and cesium hydroxide, foiiowed by 
fluoride displacement with phenol, using cesium carbonate as base, to generate fert-butyi N-
fdipheny1methylene)-3-f!uoro-6-nitro-5-phenoxyphenyiaianinate, 
'8 The cyclization precursor was synthesized from 1 -bromo-3-methyi-2-nitrobenzene, via 
bromination with NBS foiiowed by conversion to te/f-butyi 3-bromo-A/-(diphenylmethyiene}-2-
nitro-L-pheny!a!aninate using the procedure described in Example 12. A Suzuki reaction with 
the appropriate boronic acid, catalyzed by f1,1-
bfs'(dipbenyiphosphfno)ferrocene]dfchioropailadium(l l)-dichioromethane complex in the 
presence of cesium fluoride, provided the requisite intermediate. 

Methyl 3-hydroxy-2-nitrobenzoate was converted to intermediate methyi 2-nitro-3-(2,2,2-
trifluoroethoxy)benzoate using the method described by f. J. Lopez ef al., Bloorg. Med 
Chem. Lett. 2003, 13, 1873-1878. 
M 2-Chioro-4-methoxy~6-nitrobenzoic acid was synthesized using a modification of the 
method reported by M. Kitagawa eta!., Chem. Pharm. Bull. 1991, 39, 2400-2407. Conversion 
to the allyl ester was effected using aliyl bromide and potassium carbonate, and the ester was 
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reduced to the primary alcohol with itihium borohydride. Phosphorus tribromide reaction then 
afforded the requisite intermediate 2-{bromornethyi)-1-chioro-5-frsethoxy-3-nitrobenzene. 
21 2-Arnino-6-fluorobenzoic acid was chlorinated with NCS to provide 2-amino-3-chloro-6-
fiuorohenzoic acid, which was converted to the appropriate benzyi bromide using the 
chemistry described within the preparation of ferf-butyi N-(diphenylmethyiene}-2-nitro-3-
(trifiuoromethoxy)-L-phenyiaianinate (118) in Method A. 

2-Amino-3-bromobenzoic acid was subjected to oxidation with sodium perborate foiiowed 
by ester formation to provide methyi 3-bromo-2-nitrobenzoate. This was reacted with 
ethylboronic acid in a Suzuki reaction, foiiowed by lithium borohydride reduction of the ester 
to afford {3-ethy!-2-nitrophenyi)methanol. Conversion to the requisite bromide was effected 
with triphenylphosphine and carbon tetrabromide. 
** 2-(Bromomethyl)-3-fluoro-1-nitro-4-phenoxyben2ene was prepared from (8-amino-2,3-
difiuorophenyijmethanoi via rnCPBA oxidation of the amino group, foiiowed by displacement 
of fluoride by phenoxide and conversion of the primary alcohol to a bromide by reaction with 
triphenyiphosphine and carbon tetrabromide, 
24 A Suzuki reaction between 5-bromo~2-nitrobenzaldehyde and 4-(4,4,5,5-tetramethyi-1,3,2-
dioxabQrolart-2-yi)-3,6-dihydro-2H-p>'ran (which can be prepared usinq chemistry described 
by M. V, Pate! etal,'j. Med Chem. 2008', 49, 7450-7465) provided 5~{3,6~dihydro-2H~pyran~ 
4-y!)-2~nitrobenzaldehyde. Conversion of the aldehyde to the requisite primary bromide was 
carried out via sodium borohydride reduction followed by reaction with phosphorus tribromide. 
Trie cyclization step in this case was carried out by hydrogenation over platinum on carbon; 
this aiso reduced the double bond of the dihydropyran ring. 
2i' 2-Amino-3.5-dichiorobenzoic acid was oxidized to the nitro analogue by reaction with 
hydrogen peroxide, then converted to the corresponding methyi ester. Sodium borohydride 
reduction to the primary aicohoi, foiiowed by reaction with triphenylphosphine and carbon 
tetrabromide, provided 1-{bromomethyl)~3,5~dichioro~2-nitrobenzene. in this case, the SnCi2 

cyclization was carried out at 30-35 °c, 
'il> The requisite benzyi bromide can be prepared in a manner similar to that described in 
footnote 22, except that the Suzuki reaction is not carried out. 
^ 4-(Bft)momethyi)-1,2-dfCh!arobenzene was converted to i-{bromomethy!}-4,5-dichioro-2-
nifrobenzene by reaction with nitronium tetratluoroborate. 

Bromination of 2-amino-6-fiuorobenzoic acid with NBS provided 6-amino-3-bromo-2-
fiuorobenzoic acid, which was converted to methyi 3-cyclopropyl-2-fluoro-6-nitrobenzoate in a 
manner analogous to that described within footnote 22, Ester hydrolysis, foiiowed by borane 
reduction and conversion of the resulting primary aicohoi to a bromide with 
triphenyiphosphine and carbon tetrabromide, provided 2-(bromomethyi)-4-Gyciopropyi-3-
fiuoro-1 -nitrobenzene.. 
a Chlorination of 2-amino-64luorobenzoic acid with NCS provided 8-amino-3~chioro~2-
fiuorohertzoic acid, which was subjected to sodium perborate oxidation, followed by borane 
reduction of the carboxyiic acid and phosphorus tribromide-mediated conversion to 2-
(bromomethyi )-4-ch ioro-3-fluoro-1 -nitrobenzene. 
•>t! The benzyi bromide aikyiation partner was prepared by NBS bromination of the 
corresponding methyibenzene derivative. The aikyiation in this case was carried out with 
sodium hydride, without a chirai catalyst. 
31 Methyl 3-formyi-2-nitrobenzoate (98) was converted to methyl 3-(difluoromettiyi}-2-
nifrobenzoate with (diethylamino)suifur trifluoride. Ester reduction with lithium borohydride, 
foiiowed by reaction with phosphorus tribromide, afforded 1-<bromofnethyl}-3-{diftuoromethyl)~ 
2-nitrobenzene. 
32 In this case, the SnCI2 reaction was carried out at reflux. 
43 Nitration of 3,5-difluorobenzolc acid provided 3,5-difluoro~2-nitrobenzoic acid, which was 
reduced with borane and then reacted with phosphorus tribromide to afford 1 -{bromomethyi}-
3,5-difiuoro-2~nitrot>enzene, 
f4 In this case, the SnCi2 reaction was carried out at RT. 
~A Paiiadium{ll) acetate/2-dicyclohexyiphosphino-2!,6'-dimethoxybiph8nyl-mediated reaction of 
benzyizinc bromide with 5*bromopyridin-2-am(ne, foiiowed by bromination with bromine, 
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provided 5-benzyi-3-bromapyridfn-2-amine. Oxidation to 5-benzyl-3-bromo-2-nitropyridine 
was 'Carried using the procedure of K Krohn et at, J. Prakt Chemie 1997, 339, 335-339. 

4-Ch!oro-3-nitropyridine was converted to 4-iodo-3-nitropyr»dine with sodium iodide and 
acetone. 

dihydroguinoiin-Sflffl-ones. trifiuoroacetate sail 

27/28 \ ,Q r 
The boronic acid (0.112 mmoi) was treated with bipheriyJ-2-yl(di~.ferf-

butyl)phosphine (0.45 mg, 0.0015 mmol), Pd(ll)(OAc)2 (0.2 mg. 0.0009 mmoi), and 

KF (13 mg, 0.225 mmol) in a nitrogen box, and the reaction vial was evacuated and 

filled with nitrogen twice. A solution of fe/f-butyl {7-bromo-H(fe/f-

butoxycarbonyi)oxyj-2-oxo~1,2,3,4-tetrahydroquinolin-3~yl}carbamate (27/28) (34.3 

mg, 0.075 mmo!) in dry, degassed THF (0 8 mL) was added via syringe, and the 

reaction vial was evacuated and filled with nitrogen twice, then shaken at 60 °C for 

18 ii. The reaction was concentrated, then partitioned between water (1,5 mL) and 

EtOAc (2.5 mL), vortexed, and the aqueous layer was extracted twice with EtOAc. 

The organic extracts were dried by passage through a solid phase extraction (SPE) 

cartridge charged with sodium sulfate, then concentrated in vacuo, The residue was 

mixed with a solution of TFA in DCM {1:1,1 mL), and shaken at RT for 3 h. Removal 

of solvent provided a residue, which was dissolved in MeOH/dichloroethane (1:1, 2.5 

mL), vortexed, and loaded onto an SCX SPE column (Silicycie, 8 ml, 1 g). The 

product was rinsed with MeOH, then eluted with a IN solution of NEt3 in MeOH (7.5 

mL), After concentration in vacuo, the product was dissolved in DMSO (1 mL) and 

purified by preparative HPLC (Column: Waters Sunfire C-.iS, 19 x 50 mm, 5 pm; 

Gradient: 95:5 to 5:95 water (containing 0.05% TFA): MeCN (containing 0.05% TFA) 

over 6 min; flow rate: 25 mL/min). 

The structures of Examples 38-6S are shown in Tabie 2, which also shows 

characterization data for Examples 38-65. 
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Table 2 

R' 

NH5 

N' 
OH 

MW° Ex. 
NO, 

R IUPAC Name HPLC 
Retention 
Time {min.}8 

38 

39 

40 

41 

42 

43 

44 

A ,<.-Nv V F,c V 

FaC. O 
j 

'WC 

Ct-v^v,V 

vV CI 

3-amino-l -hydroxy-7-[3-
(trilluoromethoxy}ptienyl3-3,4-
dihydroq uinoi in-2{ 1 H}~ one, 
trifiuoroacetate sait 
3-amino-i-hydroxy-7-{4-
methy!phenyi)-3,4-dihydroquinoiin-
2(1H)-one, trifluoroacetate sait 
3-ami no-7-{2,3-di fl uorophenyi)-1 -
hydroxy-3,4-dthydroquinolin-2( 1 H)~ 
one, trifiuoroacetate sait 

2.03 

3-amino-1-hydroxy-7-(2-
(trifiuorometfioxy)phenyi]-3,4-
dihydroquinoiin-2{ 1 H)-one, 
trifiuoroacetate salt 
3-amtno-1-hydroxy-7-phenyi-3,4-
dihydroq uino! in-2{ 1 
trifiuoroacetate sait 
3-amino-7-{2,5-dichlorophenyl)-1-
hydroxy-3,4-dihydroquino!in-2{1H)-
one, trifiuoroacetate sait 
^amino-7^,4-5flu<»^>Renyt}-i-
hydroxy-3,4-dihydroquinoiin-2{lW)-
one, trifiuoroacetate salt 

1.77 

1.93 

1.97 

1.82 

338.09 

268.12 

338.09 

254.11 

322.03 

45 

46 

C. I 
F,C 

3-amino-7-{2-chlorophenyl)-1-
hydroxy-3,4-dihydroqumolin-2(1ft}-
one, trifiuoroacetate sait 
3-amtno-i -hydroxy-7-[3-
(trifiuoromefiyf}phenyl]-3,4-
dihydroq uinoi in-2{ 1 H)-one. 
trifiuoroacetate salt 

1.79 

1.97 

288.07 

322.29 

47 - - V" fy X. T 3-amino-7-(2,3-di methy iphenyi)-1 -
hydroxy-3,4-dihydroquinolin-2(1H}-
one. trifiuoroacetate sait 

1.93 282.14 

48 

49 

N 
)-

o 

3-amino-?-[6-
(dimetfiy iamifio )pyi1di n-3-yi]-1 -
hydroxy-3,4-dihydraquinolin-2(1W}-
one, trifiuoroacetate sait 
3-amino-7-(3-fiuoro-4-
methoxypheny! )-1 -hydroxy~3,4-
dihydroq uino! in-2{ 1 W)-one5 
trifiuoroacetate salt 

2.02 

1.68 

298.14 

302.11 
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Ex, 
No. 

R IUPAC Name HPLC 
Retention 
Time (rnin,)a 

MW° US' 

50 

~51 o^v 

3-amino-7-{2,5-difliiorophenyi)-1~ 
hydroxy-3,4-dihydraquinoiin-2(1H}-
one, trifiuoroacetate sait 
3-amino-7-{2-fury!}-1-hydroxy-3,4-
dihydroq uinoi ln-2{ 1 Hi-one, 
trifiuoroacetate salt 

1.77 

~1A9 

290.09 

~244^08~ 

291.0 

~245J~ 

52 Cf 
CI 

3-amino-7-{3-chioropheny!)-1-
hydroxy-3,4-dihydnoquino!in-2(1W}-
one, trifiuoroacetate sail 

1.88 288.07 289.0 

53 

54 

Cf F3c 

p 

A-A" V1 
CI 

3-amino-l -hyd roxy-7-|4-
(trifiuoromethyi)pheny!]-3,4-
dihydroq uinoi in-2{ 1 Hy one, 
trifiuoroacetate salt 
3-aniifio-7-{5-chlofo-2-
f luorophenyi}-1 -hydroxy-3s4-
dihydroquinolin~2{1H)-one, 
trifiuoroacetate salt 

2.01 

1 88 

322.09 

306.08 

323.0 

307,0 

55 

56 

~57 

rf 
"jo5-
_J 

3-amino-l -hyd roxy-7-{4-
isopropyiphenyi)-3,4-
dihydroquino!in-2{1H}-one, 
trifiuoroacetate sait 
3-amino-l -hyd roxy-7-{4-
methoxypheny! )-3,4-
dthydroqutno!in-2{ 1 Hyorte. 
trifiuoroacetate sait 
3-amino-7-{2-ethoxyphenyi)-1-
hydroxy-3,4-dihydraquinolin-2(1H}-
one, trifiuoroacetate sail 

2.12 

T69 

TS4 

296.15 

"284JF 

"298J3" 

297.0 

"28&0" 

~299T" 

58 3-amino-7-{3,5-dichloropheny!}-1-
hydroxy-3,4-dihydroquinolin-2(1H}-
one, trifiuoroacetate sail 

2.06 322.03 322.9 

59 
Ci 

x0 

ff^T^ KJ 
T 
F 

3-amino-7-(5-f!uoro-2-
methoxypheny! )-1 -hydroxy-3,4-
dihydroq uino! in-2{ 1 Hyorte, 
trifiuoroacetate sait 

T74 "soUT lmo~ 

60 

lrT~~ 

y r ]P-Ai 0 ^ 
A. 

rf F3C.0A/J 

3-amino-1 -hydroxy-7-(4-
isopropoxyphenyl)-3,4-
dihydroq uino! in-2( 1 H)-one, 
trifiuoroacetate salt 

3-amino-1-hydroxy-7-|4-
(trifiuoromethoxy)phenyi3-3,4-
dihydroq uinoi in-2{ 1H)-one, 
trifiuoroacetate salt 

1.97 

207 

312.15 

w 

313.0 

~339J0~ 
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Ex, 
No. 

IUPAC Name HPLC 
Retention 
Time (min.)" 

MW° ! MSe 

62 

63 

2-( 3-amino-1 -hydro xy-2-oxo-
1 (2,3.4-tetrahydroquinoiin-7-
yObenzonitrile, trifiuoroacetate salt 

3-amino-1 -hyd roxy-7-(3-
methy!phenyi)-3,4-dihydroquinoifn-
2{1H)-one, trifiuoroacetate salt 

1.59 

1,85 

>79.1 280.0 

288.12 289,1 

64 3-artfino-1-hydroxy-7-(4-rnethoxy-
3-methy i phenyl )-3,4-
dihydroquino!in-2{irt}-one, 
trifiuoroacetate sait 
3-amino-7-{2,3-dThydro- i -
benzofu ran-5-yl)-1 hydroxy-3,4-
d!hydroqu!no!in-2{1W)-one, 
trifiuoroacetate sait 

1.88 

1.68 

298.13 299.0 

236.12 297,0 

HPLC Method: Column: Waters Sunfire Ct«; 3.5 pro, 4.6 x 50 mm; Mobile phase A: 0.05% 
TFA in water: Mobile phase B: 0.05% TFA in MeCN; Flow rate 2.0 mL/min. 

Gradient: 
0 minutes 5% B 
4 minutes j 95% B 

4^5v5lriiiisj I'OQ%"B 
Calculated Exact Molecular Weight. 
Mass spectrum: observed ion m/z (M+1). 

Method A: Trifluoroethvl ester synthesis and cyclization 
Ph 

BocHN 
f ̂  ,'W 

OCf-i 

HOjCv 

BocHN' X3 
VV-

OCFj 

117 

Ph^N.. 
O j A-' 

NOa N" 
OCF 

118 " 

O 
H->N. Jt OH 

NO; xf" 
OCF, 

119 

CF3O OH 
r\,NyO 

NHBoc 

122 

BocHN, 
O 
A '"OCHjCfs 

NOj 

121 
QCFj 

O 
BocHN.^ ,,A OH 

NO? V 

120 
OCf3 

2-[(te/t-Butoxycarbonyl)am{no|-3-{trifiuoroniiethoxy)foenzoic acid (117) A 

solution of tert-butyi [2-{trifluororttethoxy)pheny!3carbamate (139 g, 0.50 mo!) in dry 

THF (900 ml) was cooled to -78 °C. A te/f-BuLi solution (1.8 M m pantane, 800 mL, 
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128 mol) was added drop-wise. After completion of the addition, the mixture was 

stirred at -50 °C for 1 h. The clear solution was added to soiid carbon dioxide, and 

the mixture was left overnight. Water (900 mL) was added and the layers were 

separated. The aqueous layer was extracted with Et20 (500 mL) foiiowed by 

addification to pH 1 with aqueous 1 N HCI. The mixture was extracted with EtaO (2 x 

500 mL). and the combined extracts were dried over Na2S04, filtered and 

concentrated in vacuo. Trituration with pentane yieided the title compound as a white 

soitd (128 g, 79%). 1H NMR (300 MHz, CDCJ3) 6 151 (s, 9H), 7.28 (del, J=8 1 8.1 Hz, 

1H), 7.47-7.53 (m, 1H), 7.74 (brs, 1H), 7.93 (dd, >7.9, 1.5 Hz, 1H). 

felt-Butyl /V-(dtphenyimethytene}-2-nitro-3-(trifluoromethoxy)-L-
phenyiaiariiriate (118) Trifluoroacetic acid (6 mt: 80 mmoi) was added to a solution 

of 2-E(ferf-but0xycarb0nyl)amin0]-3-{triflu0r0meth0xy)ben20fc acid (117) (7.254 g, 

22,58 mmoi) in dichioromethane (40 mL). The mixture was stirred at RT for 2 h. The 

volatiles were removed in vacuo to provide 2-amino-3-(tnfluoromethoxy)benzoic acid, 

which was dissolved in trifluoroacetic acid (30 mL). After addition of NaB03*4H20 

(18.3 g, 113 mmol), the mixture was stirred and heated at reflux for 18 h. The 

reaction mixture was cooled to RT, poured into water and extracted with Et2G. The 

combined extracts were dried, filtered and concentrated in vacuo to yield 2-nitro-3-

(trifluoromethoxy)benzoic acid, which was then dissolved in THF (3,5 ml) and cooled 

to 0 °C. Sodium borohydride (99%, 2..40 g, 62.8 mmoi) was added in two portions; 

after gas evolution had subsided, boron trifluoride dimethyl etherate (98%, 5,89 mL, 

82,9 mmoi) was added drop-wise at 0 :C, and the reaction mixture was stirred for 30 

min at 0 °C. The reaction was aiiowed to warm to RT over 18 h, then recooled in an 

ice bath and treated with saturated aqueous ammonium chioride solution until no 

additional gas evolution was observed. The mixture was partitioned between EtOAc 

(30 ml.) and water (10 ml), and the aqueous layer was extracted with EtOAc (3 x 20 

mL). The combined organic layers were washed with saturated aqueous sodium 

chioride solution, dried over sodium sulfate, filtered and concentrated in vacuo to 

provide [2-nitro-3-(trifiuoromethoxy)phenyl3methanol. This crude residue was 

dissolved in Et20 (150 rriL). The mixture was cooied to 0 °C and phosphorus 

tribromide (97%, 3.68 mL, 37,9 mmoi) was added. The mixture was allowed to warm 

to RT over 18 h, then poured onto ice water. The layers were separated and the 

aqueous layer was extracted with Et20. The combined extracts were washed with 

water, dried, filtered and concentrated in vacuo to yielding 1-(bromomethyl)-2-nitro-3-
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(trifiuoromeihoxy)benzene. This crude residue was converted to the title compound 

using the general procedure outlined in Example 12 to afford the product as a yellow 

oil (3,8? g, 32%J. LCMS m/z 515.5 (M+1), fH NMR (400 MHz, CDCb) 8 1.44 (s. 9H). 

3.20-3.31 (m, 2H), 4.23 (dd, >8.2, 5.1 Hz, IH), 8.6S (brd, >7,2 Hz, 2H), 7.25-7.43 

(m, 9H), 7.59-7.62 (m, 2H). 

2-Nitro-3-(triffuoromethoxy)-L-phenylaianine) hydrochioride salt (119) 
Trifluoroacetic acid (30 mL) was added to a solution of ferf-butyl N~ 

(diphenylmethylene)-2-nitro-3-(trifluoromeihoxy)~L~phenylalaninate (118) (3.681 g, 

7.118 mmol) in dichioromethane {10 ml), and the reaction was allowed to stir for 18 

h. Volatiies were removed in vacuo., and the residue was diluted with concentrated 

HC! (12 mL) and washed with EtOAc (10 ml). The EtOAc layer was extracted with 

water (5x10 ml), and the combined aqueous layers were concentrated in vacuo to 

give the product as a solid (2.163 g, 92%). LCMS m/z 295.4 (M+1).. fH NMR (400 

MHz. CD3OD) S 3 20 (dd, half of ABX pattern, >14.8, 7.6 Hz, 1H), 3.34 (dd, half of 

ABX pattern, >14.7, 7,3 Hz, 1H, assumed: partially obscured by soivent peak), 4.28 

(del, >7,5, 7.5 Hz, 1H), 7.58-7.62 (m, 2H). 7.72 (dd, >8.4, 7.9 Hz, 1H). 

2,2,2-Trifluoroethyl A/-(te/t-butoxycarbonyl)~2~nitro-3~(trifluoromethoxy)~ 

L-phenyiaiariinate (121) 2-Nrtro-3-(trifiuoromethoxy)-L-phenylalanine, hydrochioride 

sait (119) (250.6 mg, 0.758 mmol) was suspended in dioxane (3.5 mL) / water (3.5 

mL) and the mixture was cooied to 0 X. Triethyiamine (0.388 mL, 2.65 mmoi) was 

added, resulting in a solution. BOC2O (199 mg, 0.910 mmoi) was added and the 

mixture was stirred at 0 °C for 15 min, then allowed to warm to RT. After 2 h at RT, 

most of the dioxane was removed by evaporation under reduced pressure, and 

saturated aqueous ammonium chloride solution was added untii the pH was lowered 

to -3. The mixture was diiuted with EtOAc (10 mL), and the aqueous layer was 

extracted with EtOAc (3 x 15 mL). The combined extracts were dried over sodium 

sulfate, filtered and evaporated in vacuo to give /V-(fe/t-butoxycarbonyl)-2-nitro-3-

(trif!uoromethoxy)phenylalanine (120), which was dissolved in dichioromethane (7 

mL), 1~[3-(Dimethy!amino)propyl3-3-ethylcarbodiimide hydrochioride (98%, 0.195 mL, 

0.874 mmol), A/,A/-dimethylpyridin-4-amine (97%, 45.7 mg, 0.363 mmol) and 2,2,2-

triftuoroethanol (99%, 0.106 mL, 1.46 mmoi) were added and the resulting mixture 

was stirred for 18 h at RT. The reaction mixture was washed with saturated aqueous 

sodium chloride solution, and the aqueous layer was extracted with dichioromethane 

(3x5 mL). The combined organic layers were dried, fiitered and concentrated in 
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vacuo, Purification using silica gel chromatography (Gradient: 0% to 30% EtOAc in 

heptane) provided the product as a white soiid (170,3 mg, 47% over 2 steps), LCMS 

m/z 475,4 (M-1), 1H NMR (400 MHz, DMSO-d6) 5 1.33 (s, 9H), 3.01-3.12 (m, 2H)« 

4.32-4.39 (m, 1H), 4.69-4.79 (m, 2H), 7.57-7.66 (m, 3H), 7.74 (dd, J=8,2, 8.2 Hz, 1H). 
tert-Bu'tyi [{3S)-1 ~hydroxy-2-oxo-8-{trifluoromethoxy)-1,2,3,4-

tetrahydroqumolin-3-yl3carbamate {122} Platinum black (68.6 mg, 0,351 mmoi) 

was added to a solution of 2,2,2-trifluoroethyi /V-(ferf-butoxycarbony!)~2~nitro~3-
(trif}uoromethoxy)-L-phenylalaninate {121) (167.3 mg, 0.351 mmol) in pyridine (20 

mL), The mixture was shaken on a Parr shaker at 30 psi hydrogen for 3 h. at which 

time the reaction was filtered through Celite and the filtrate was concentrated in 

vacuo. Purification via sifica gei chromatography (Gradient: 0% to 45% EtOAc in 

heptane) afforded the product (79,7 mg, 63%). LCMS m/z 361.5 (M-1). SH NMR (400 

MHz, CDCb) 8 1.45 (s, 9H), 2.91 (br dd, J~14.7, 14.7 Hz, IH), 3.34 (br dd, J-15, 5 

Hz, 1H), 4.44-4,55 {rn, 1H), 5,66 {br d, J-4.5 Hz, IH), 7.12-7,17 (ITS, 2H), 7,22-7,28 

(m, 1H). 
Method B: Preparation of 6-substituted (3S)-3-amino-1 -hydroxy -3.4-dihvdroquinoiin-
2(iffl-ones 

f ̂  ?H 
9 ° Rr^QH ?H 

Q'^O 
J< 

The appropriate boronsc acid (0,112 mmol) was reacted with fe/f-butyl f(35}-

8*bromo-1-[(fe/f*hutoxycarbonyl)oxy!-2-oxo-1<2,3,4-tetrahydroquinolin-3-yllcarbamate 

as described for the preparation of Examples 38-65, tert-Butyl {(3S)-6-bromo-1 -[(terf-
butoxycarboriy!)oxyl-2-oxo~1 !2,3!4-tetrahydroquinoIin~3~yi}carbamate was prepared 

from 4~bromo-2-(bromomethyl)-1 -nitrobenzene using the method described in 

Example 12. The title products were purified by reversed-phase preparative HPLC 

(Column: Waters Sunftre Ci» 19x100, 5 pm; Mobiie phase A: 0.05% TFA in water 

(v/v); Mobiie phase 8: 0.05% TFA in MeCN (v/v); Gradient: 5% B to 100% B). 
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3.4-dihvdroouirioiiri-2{1H)-ones 
OH 

F [aryi/heteroaryi] ̂  , 
O 

The requisite phenol or hydroxy-substituted heteroaryl (0.225 mmoi) was 

dissolved in THF (0,2 ml}, treated with a solution of potassium terf-butoxide in THF 

(1 N, 0,225 ml, 0,225 mmoi), and shaken at RT for approximately 10 min. A sofution 

of methyi A/-(terf-butoxycarbonyl)-3-fluoro-6-nitro-L-phenytalaninate (51 mg, 0.15 

mmoi) (prepared from 2-bromo-4-fluoro-1-nitrobenzene using the method described 

for conversion of 3-bromo-2-nitro-5-phenoxypyndine (84) to methyi N-(tert-

butoxycarbonyl)-3-(2-nitro-5-phenoxypyridin-3-yl)-L-alaninate (65) in Example 66) in 

THF (0,3 ml) was added, and the reaction was shaken at 60 QC for 17 h It was then 

partitioned between water (15 ml) and EtOAc (2 5 ml) with vortexing, The organic 

layer was dried by passage through an SPE cartridge packed with sodium sulfate. 

The extraction was repeated twice, then solvent was removed from the combined 

organic layers. This material was mixed with 50% trifluoroacetic acid in 

dichioromethane (1 ml),, and the reaction was shaken at RT for 4 h. After removal of 

solvent, the residue was treated wiih a solution of tm(ll) chioride (45 mg, 0.2 mmoi) in 

EtOH (0.5 ml). This was shaken at RT for 3 h. then subjected to partitioning, drying 

and repeated extraction as described above. Cenfrifugation was required in some 

cases to break up emulsions. The soivent was removed, and the residue was 

dissolved in DMSO (1 mL) and filtered through a Waters Oasts® fitter plate, then 

purified by reversed-phase HPLC using one of the following methods: 1) Column: 

Waters Surtfire C;819x100 mm, 5 prn; Mobile phase A; 0,05% TFA in water (v/v); 

Mobile phase B: 0.05% TFA in MeCN (v/v); Gradient: 5% B to 100% B, linear; 2} 

Column: Waters XBridge Cw 19x100 mm, pm; Mobile phase A; 0.03% NH4OH in 

water (v/v); Mobile phase B: 0,03% NH4OH in MeCN (v/v); Gradient: 5% B to 100% 

B, iinear. 

Examples 131 -171 were prepared using these Methods; characterization 

data for these Examples is provided in Tables 3 and 4. 
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Table 3 
OH 

r \Y v 

R" X NH, 

Ex# R iUPAC Name Meth 
Of 
Prep 

HPLC 
Refn 
Time 
(min) 

MW'S MS4 

131 F,c't? 
(3S)-3-amino-1 -hydroxy-6-[3-
(trifluoromethoxy) phenyi]-3,4-
dihydroquino!in-2{ 1 H}~ one, 
trifiuoroacetate salt 

S 0.811 336.09 417.4s 

132 

(3S)-3-amino~1-hydroxy-6-[2-
(trifluoromelhoxy) pheny!]-3,4-
dihydroquino!in-2{1tt)-one{ 
trifiuoroacetate sait 

B 0.771 338.09 339.5 

133 

F 

cjf 
(3S)~3-amino6-{2,5-
diffuorophenyi}-1-hydroxy-3,4-
dihydroquino!in-2(1f/)-one> 
trifiuoroacetate salt 

B 0,87s 290,09 369.3s 

134 

(3S)-3-amino-1-hydroxy-6-(4-
melhoxy-3-methy!phenyi)-3<4-
dihydroquino!in-2{1W)-one, 
trifiuoroacetate salt 

B 0.731 298.13 377,5 

135 C£ 
(3S)-3-amino-1-hydfoxy-6-(2-
methyiphenyi)-3,4~ 
dihydroquinoiin-2{ 1 H}-one, 
trifiuoroacetate salt 

B 0.71s 268.12 347.4s 

136 
v P 

(3S)-3-amino-6^2-fiuorophenyl)-
1-hydroxy-3,4-dihydroquinolin-
2(1W)-one, trifiuaroacetate salt 

B 0.65' 272,10 351.4s 

137 
J^K 

(3S)^-amtno-1-hydraxy-6-(4-
methoxy-2~methyiphenyi)~3(4~ 
dihydroquinoiin-2{1H)-one, 
trifiuoroacetate salt 

B 0.7Q- 238.13 377,45 

138 
,^yk 
XJ o f \ > 

(3S)-3-amino-6-{2,3-dihydro-1-
benzofu ran-5-yl)-1 -hydroxy-3,4-
d!hydroquSnol!n-2{1W}-onet 

trifiuoroacetate salt 
S 0.641 298.12 375.4s 

139 o* 
F 

(3S)-3-amino-6-(3-fluorophenyl)-
1-hydroxy-3,4-dihydroquinolin-
2{1W)~of!e, trifiuoroacetate salt 8 0.66: 272.10 351,45 
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HPLC i MW3 

Ret'n 
Time 
(mini 

Ex# IUPAC Name Meth 
Of 
Prep 

140 r'-
cr 

(3S)-3-amino-6-{4-
chiorophenyl)-1-hyd roxy-3,4-
dihydroquino!in-2{1 H)-om, 
trifiuoroacetate salt 

B 0.74! 288.01 

141 

142 

O 
k 

(3S)-3-amino-6-{2-
ethoxypheny()-1-hydroxy-3.4-
dihydroquinolin-2{1/-/}-one, 
trifiuoroacetate sait 

(3S)-3-amino-6-{4-fiuoropheny!}-
1-hydroxy-3,4-dihydroquinolin-
2(1 H}-one, trifiuoroacetate saft 

B 

0.65! 298.13 

0.66! 272.10 

143 

(3S)-3-amino-6-{3-
chlarophenyl)-1-hyd roxy-3,4-
dihydroquino!in-2{1W)-one, 
trifiuoroacetate sait 

0.73! 288.07 

144 

145 

CF 3 

'CI 
CI 

(3S)-3-amina-1-hydroxy-6-J3-
(trifluoromethy{)phenyi]-3,4-
dihydroquino!in-2{1W)-one, 
trifiuoroacetate sait 
(3S)-3-amino-6-(2,3-
dichlorophenyl)-1-hydroxy-3,4-
dihydroquino!in-2(1f/)-one, 
trifiuoroacetate salt 

0,78' 322J 

0,78' 322.03 

148 

147 

148 

(3S)-3-amino-1 -hydroxy-6-{3-
methylphenyi)-3,4-
dihydroquinolin-2(1f/)-one, 
trifiuoroacetate salt 

difluorophenyi}-1-hydroxy-3,4-
dihydroquinoiin-2(1 H)~ one. 
trifiuoroacetate salt 
(3Sj-3-amino-6-{2,6-
difluorophenyi}-1-hydroxy-3,4-
dihydroquino!in-2{iW)-one, 
trifiuoroacetate sait 

B 

0.65' 

0.68! 

268.12 

0,85' 290.09 

149 

150 

(3S)-3-am ino-6-(2-ethyiphenyi )-
1-hydroxy-3,4-dihydroquinolin-
2{1H)-one, trifiuoroacetate sait 

(3S)-3-amtno-1-hydraxy-8-
phenyl-3,4-dihydroquinolin-
2{1H)-one! trifiuoroacetate salt 

B 

0,78' 282,14 

0.64' 254.11 

151 ( 
N "O 

(3S)-3-amino-1-hydroxy-6-{2-
methoxypyridin-3-yl)-3,4-
dihydroquiriolin-2{1W}-one, 
trifiuoroacetate salt 

B 0.54'' 285,11 
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IUPAC Name Meth 
Of 
Prep 

(3S)~3-amino-6-{2-chioro-5-
fluorophenyi}-*!-hydroxy-3,4-
dihydroquino!in-2{1 H)-om, 
trifiuoroacetate salt 

HPLC i MW3 

Ret'n 
Time 
(mini 

0.72! 308.08 

(3S)-3-amtno~1-hydroxy-6-(4-
methoxyphenyl )-3,4-
dihydroquiho!in-2{1W}-onet 
trifiuoroacetate sait 
(3S)-3-amino~6-{2~ 
chlorophenyl}-1 -hydroxy-3,4-
dihydroquinolin-2(1H}-onet 
trifiuoroacetate sait 
(3S)-3-amirio- 1 -hydroxy-6-{2 
methoxypheny!}-3,4-
dihydroquinolin-2(1f/)-one, 
trifiuoroacetate sait 

8 0.64 ' 284.12 

B 0.70' 288.07 

B 0.65' 284.12 

(3S)-3-amino-6-{3-ch loro-4-
fl uorophenoxy)-1 -hydroxy-3,4-
dihydroquinoiin-2(1H)-one, 
trifiuoroacetate salt 

2.28" 322.05 

(3S)-3~amino-6-{2,5-
difluorophenoxy)-1-hydroxy-3,4-
dihydroquinolin-2{1W}-one, 
trifiuoroacetate salt 
(3S)-3-amino-6-(4-chioro-3-
(trifiuoromethyOphenoxyJ-1-
hydraxy-3,4-dihydroquinofin-
2(lH)-one, trifiuoroacetate saft 
(3S)-3-am ino-6-|4-fiuoro-3-
(trifiuoroiriett'!yS}phenoxy|-1-
hydroxy-3,4~dihydroquinolin-
2(1H)-one, trifiuoroacetate salt 
(3S)-3-am ino-6-f2-fluoro-3-
(frifiuoromethyOphenoxy]-1 -
hydroxy-3,4-dihydroquinolin-
2(1H)-one, trifiuoroacetate salt 

2,39*'" 356J 

2.37 3S8.C 

(3S)-3-amino-6-(2-ch!oro-4-
fiuorophenoxy)-1-hydroxy-3,4-
dihydroquinolin-2(1H}-one. 
triffuoroacetate salt 
(3S)-3-amt no-6-{3,4-
difluoropherioxy}-1-hydroxy-3,4-
dihydroquino!in-2{1W}-one. 
trifiuoroacetate sait 

2.22 322.05 

2.18' 308.08 
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Ex# R | IUPAC Name Meth 
Of 
Prep 

HPLC | WW" 
Ret'n 
Time 
(min} 

MS4 

163 

164 

Ci (3S)~3-amino-6~(3,4-
Cl ̂  dichiorophenoxy)-1 -hydroxy-3,4-

f' j] dihydroquino!in-2{1W)-one( 
trifiuoroacetate salt 

C 2.412 338.02 339.0 163 

164 

j 4-{[{3$j-3-8mf no-1 -hyclroxy-2-
^ oxo-1,2,3:4-tetraiiydrocjuitioiiti-6-

T j v yl]oxy}-2-
(trifiuorometiiy!)benzonitriiet 

trifiuoroacetate salt 

C 2.27s 363.03 364.0 

165 if methylphenoxy)-1 -hydroxy-3,4-
dihydroquinolin-2(1H}-one, 
trifiuoroacetate salt 

C 

C 

2.232 302.11 

2.412 356.08 

303.1 

357.1 166 

F (3S}-3-amin0-6-[3-fiu0f0-5-
(triffuoromethyi)pherjoxy3-1-

II ,} hydroxy-3,4-dihydroqufnofiiv 
2(1 'trifiuoroacetate sait 

C 

C 

2.232 302.11 

2.412 356.08 

303.1 

357.1 

167 

^ (3S)-3~amifio-8-(4-chioro-3-
fluorof3henoxy)-1-{iydfoxy-3«4-
dihydroquinolin-2(1W)-one, 

" trifiuoroacetate salt 

C 2.29a 322.05 323.1 

168 

169 

170 

f (3Sj-3-amino-6-{3-chioro-5--
fiuorophenoxy)-1-hydroxy-3,4-

[' || dihydroquinolin-2(1W}-one, 
cr" trifiuoroacetate salt 

F3C-V (tri1luoromettioxy}phenoxy3-3,4-
? clihydroquinoiin-2{1W}-orie, 

trifiuoroacetate sait 

3-yi)oxy]-1-hydroxy-3.4-
li ^ , clihydroquinoiin-2{1W}-orie, 

j ammonium sait 

C 

C 

C 

2.27? 322.05 

2.35*' 354.08 

1.83s 305.06 

323.1 

355.1 

306.0, 
308.0 

HPLC method: Coiumn: Waters Acquity HSS T3; 1.8 jjm, 2.1 x 50 mm: Mobile phase A: 
0.05% TFA in water (v/v); Mobiie phase B: 0.05% TFA in MeCN (v/v); Gradient: 5% B 
to 98% B, iinear over 1.8 min, hoid at 95% B to 2,0 min; Fiow rate 1,3 mL/min. 

*' HPLC method: Coiumn: Waters Atlantis dC«<: 5 pm, 4.8 x 50 mm: Mobiie phase A: 
0.05% TFA in water (v/v); Mobiie phase B 0.05% TFA in MeCN (v/v); Gradient: 5% B 
to 95% 8, linear over 4.0 min, hoid at 95% B to 5.0 min: Fiow rate 2.0 mL/min. 

1 Calculated Exact Molecular Weight. 
4' Mass spectrum: observed ion m/z (M+1), 
5 [(M+ DMSOJ+1] 
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labtei 
OH 
i 

Ex. 
No, 

ff | IUPAC Name Method 
of Prep 

HPLC 
Ret'n 
Time 

1 .SO2 

MWJ | MS4 

301,11 302,2 171 
0 N 3-amino-l-hydroxy-6-i(6-

'''" "Y" "f methoxypyndin-3-yi)oxy]-
3,4-dihydroq uinoiin-2{1H)-

| one, ammonium sait 

Ex. 69: 

HPLC 
Ret'n 
Time 

1 .SO2 

MWJ | MS4 

301,11 302,2 

" Purification of this compound was carried out using reversed-p base HPIC (Coiumn; 
Waters XBricige C18, 5 ym; Motile phase A; 0,03% NH*OH in water (v/v); Mobile phase 
B: 0,03% NH..sOH in MeCN (v/v); Gradient 10% to 100% B. 

HPLC method: Column: Waters Atlantis dCn. § pm, 4.6 x 50 mm; Mobiie phase A: 
0.05% TFA in water (v/v); Mobile phase B: 0,05% TFA in MeCN (v/v); Gradient: 5% B 
to 95% B. linear over 4,0 min, hoid at 95% B to 5,0 min; Fiow rate 2.0 ml/min. 

^ Calculated Exact Molecular Weight, 
4- Mass spectrum: observed ion m/z (M+1), 

The compounds shown in Tabie X, below, and their pharmaceutical 

acceptable salts may be prepared according to the procedures described herein, 

making non-eriticaf changes well known to those of ordinary skill in organic synthesis. 

Table X 

Ex. 
No, 

IUPAC Name 

172 (35}-3-amino-6-(2,3-dihydiX>-W-inden-4-yioxy)-t-hydroxy-3,4-dihydro-1,8-naphthyndin-
2(lH)-one 

173 2~{f{6S)-6-amino-8-hydroxy-7-oxo-5!6,7,&-tetrahydro-t,8-naphthyridin-3-yl]oxy}~5-
methoxybe nzonitriie 

174 
175 

(3$)-3-amino-1-hydroxy-6-(2-methoxyphenoxy)-3,4-dihydro-1.8-naphthyridin-2(1/-/)-one 
{3S)-3~amino~1 -hydrc)xy-6-(4-rnethoxyphenoxy}-3,4-dihydro-1,8-naphthyridin-2{ 1 H'b one 

176 (3S)-3-amino-6-{3.4-dfchlorophenoxy)-1-hydroxy-3,4-d!hydro-1,8-naphthyridin-2C1H)-
one 

177 (3S)-3-amino-6-{2-fiuorophenoxy)-1-hydroxy-3,4-dfhydro~1,8~naphthyridin-2(1W}-one 
178 (3S)-3-amino-6-{3-ch!oro-5-fiuorophenoxy)-1-hydroxy-3,4-dihydro-1,8-naphthyridin-

2(1 W)-one 
179 (3S)-3~amino-6K44iuoro-2-methoxypiwioxy}-1-hydroxy-3,4-dihydro~1,8~r5aphthyridin-

2(1H)-one 
180 (3S)-3-amino-6-(3-chiorophenoxy}-1 -hydroxy-3,4-dihydro-11S -n a phthy ri d in-2< 1 H)-one 
131 (3S)-3-amino-1-hydroxy-6-phenoxy-3,4-dfhydro-1,8-naphfihyndin-2{1H}-one 
182 (3S)-3-amino-8-{5-fiuO'fo-2-metiiyiphenoxy}-1-hydroxy-3,4-dfhyd:ro-1,8-naphthyridin-

2(1 frO-one 
183 (3S}-3~amino~1-hydroxy-6-|2-(methyiSfjlfonyi)phenoxy]-3,4-dihydro-1,8-naphthyridin-

2(1H)-one 
184 2-{[(6S)-6-amfno-8-hydroxy-7~oxo-5,6,7,8-tetrahydro~1,8~naphthyridfn~3-

y!]oxy}benzonitriie 
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213 (3$)-3-amino-6-(anilinomethyi)-1-hydroxy-3,4-dihydroquino!in-2(1H)-one 
214 (3S)-3-amino-1-hydimy-6-J{tetrahydro-2ft-pyran-4-yiammo)methyf]-3,4-dihydroquinolin-

2{1H)-one 
215 (3S)-3-amino-1-hydroxy-6-{morpholin-4-y!methy!)-3,4-dthydroquinoiin-2{1W>one 
216 {3S)~3-amino-1-hydraxy-6-{piperidin~1-yimethyi}-3,4~dfhydroquinoifn-2{1/-/)-one 
217 (3S)-3-amirio-1-hydroxy~6-{[(1-me{hyl-1H-pyrazo!-5-yi)amtno]methyi}-3!4-

dihydroquino!in-2(1W)-one 
218 (3S)-3-amtno-1-hydfOxy-6-{[methyi{phenyl)amino]methyf}-3(4-dihydroquino!fn-2{1H)-

one 
219 (3S)-3-amino-1-hydroxy-6-{[raethyl{pyridin-2-yi}arnino]methy|}-3,4-dthydroquinoitn-

2{W)~om 
220 (3S}-3-amino-1-hydroxy-6-{[rnethy!{4-methy!pyrimidin-2-y})amino3methyi}-3,4-

dihydroquinoiin-2(1W)-one 
221 (3S)-3-amino-1-hydroxy~6-{{methyl[3-{trif!uoromethoxy)phenyl]amino}methyi)-3<4-

dihydroquino!in-2{1ft)-one 
222 3-[{[{3S)-3-amino-1~hydroxy~2-oxo-1s2«3{4-tetrahydroquinolin-6-

y!|me{hyi}(methy!)amino]- 1W-pyrazo!e-4-carbonitriie 
223 {3S}-3~amirjo-1-hydroxy-6-{[methyK3~methyiisoxazoi~S-yi)amino3methyi}-3,4-

"224" (3S}-3-amino-1-hydroxy-6-{{methyi[3-{trifiuoromefhyi)pherfyi]amino}methyl)-3,4-

"225" (3S)~3-amino-6-{[cycfobutyi{methyi}amino]methy!}-1~hydroxy~3(4~dihydroquino!in-2{1H)-
one 

226 2-[{jX3S>3-amino-l -hydroxy-2-cxo-1,2,3,4-ietrahydroquinoiin-6-
yi]methyi}Cmethy!}ami!io]be!izon(tr!{e 

227 {3S)-3-amtno-1-hydfDxy-6-{[methyi{6-me{hylpyridin-3-yl}amino3methyf}-3(4-
d i hy d roq u i no! i n -2{ 1 H)-one 

228 (3S)-3-amino-e-{[(1,3-dimeSiyf-1 W-pyrazof-5-y!}(methyj)amino]methyi}-l-hydroxy-3,4-
dihydroquinolin-2(1/-/)-one 

229 (3S}~3-amino-1-hydroxy~6-{{methyi[2-{trif!uoromethGxy)phenyl]amino}methyi)-3,4-
dihydroquino!in-2(1H}-one 

230 (3S)-3-aroino-1-hydroxy-6-({methyf(4-(ti1fiuoi'omeUioxy)phenyi]amino}methyi)-3!4-
dihydroquinoiin-2(i H}~ one 

231 

"232" 

4-f{[{3S)-3-afT»no-1-hydroxy-2-oxo-1,2,3,4-{etnahydroquinoiin-6-
yl|methy!}(methyi}amirio]benzonitri!e 
(3S)-3-amino-1 -hyd roxy-6-{[methyK 1 •-methyl-1 W-pyrazo!-3-yl)amino]rnethyi}-3,4-
dihydroquinoiin-2(1W)-one 

233 2-[{[{3S)-3-amfno-1-hydroxy-2~oxo~1,2,3(4-tetrahydroqufnoiin-6-
yi]methy!}{methyi)amino]-4-ch!orobenzonitrffe 

234 (3S)-3-amino-1-hydroxy-6-{[rnethyi(pyridazin-3-yi)amino]methyl}-3,4-dihydroquinoiin-
2(1 W)-one 

235 

"236™ 

(3S)-3-arnino-1-hydTOxy-6-{[isoxazol-3-yi(me{hyl)amino]methy1}-3,4-dihydfoquinofin-

(3S)-3-amino-1-hydraxy-6-{[(2-methoxyphenyl)(me{;hyi}aminolmethyi}-3..4-
dihydroquinolin-2(1H)-one 

237 (3S)-3-am!no-6-{[(3-chforophenyl}(methyi)amino]methyi}-l-hydroxy-3,4-dihydroquinolin-

238 (3S)-3-a mino-6-{[(2,6-d ifiuorophenyi ){methyi)a ms no]methyi}-1 •-hydroxy-3,4-
dihydroquino!in-2(1W)-one 

239 3-[{f (3$)-3-amino-l -hydroxy-2-oxo-1,2,3,4-letrahydroquinoiin-6-
yilmethyi}(methyi)ammo]benzonitn{e 
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240 (3$)-3^mino-6-{[(3,5-difiuorophenyl){methyl )ammo]metbyl}--1-hydroxy-3,4-
dihydroquinoiin-2(1H)-one 

241 (3S)-3-amtno-1-hydroxy-6-{[methyl{5-methylpyridin-2-^}arr>ino]methyi}-3(4-

"242" 0^^amim>-i4i^fOxy^(4-rTO8k>xypiiefiyiHm^i^)anfrinojmeffiy5-3,4-
dihydroquinolin-2{1H)-one 

243 (3S)-3-amino-1-hydroxy-6-{[methyl(6-methyipyHdin-2-yf)aminojmethyi}-3,4-
dihydroquino!in-2( 1 H)~ one 

244 (3S)-3-amino-6-{[(4-ch!orophenyi)(rnethy!}amino]methyi}-1-hydroxy-3,4-dihydroquinolin-
2(1 H)~ one 

245 (3S)-3~amtno-6-{[{2-chlcrophenyi)(methyl)afnino]methyf}-l-hydroxy-3,4-dihydroquinofin~ 
2( 1 H)-or\e 

246 

247 

(3S)-3-am!rtO'1-hydroxy-6-{[methy!{3~methylpyr!d!n-2~yl}amino]met:hyl}~3,4~ 
dihydroquinoiin-2(1H)-one 
(3S}-3-amino-6-{t(3,4-dichlorophenyl){methyl}amino3methyJ}~1-hydroxy-3,4-
dihydroquino!in-2(1W}~one 

248 (3S)-3-amino-6-{[(4-fluorophenyi){methyl)amino]methyf}-1-hydroxy-3,4-dihydroquinofin-
2(1W)-one 

249 (3S)-3-amino-6-{l'(3-chioro-4-fiuorophenyi){methy!}amino3methyi}-1-hydnoxy-3,4-
dihydroquino!in-2(lH)-one 

250 (3S)-3-amtno-6-{[(4-chloro-2-fiuorophenyi)(methy!}amino]rrieti'iyf}-1-hydfDxy-3,4-
dihydroquinoiin-2(1H}-one 

251 (3S)-3-amino-8-{[{3-chioro-2-fiuorophenyi)(me{hy!)amino3methy!}-1-hydroxy-3,4-
dihydroquinofin-2(1W)-or»e 

252 (3S}-3-amino-6-{[(3-fiuofX)phenyi){methyt)amino]methyi}-1-hydroxy-3l4-dthydroquinoitn-
2(1W)-one 

253 (3S)-3~amino-1-hydroxy-6-{|;isoxa20l-4-yl(methyl}amino3methy!}-3,4-dihydroquinoiiri-
2(1rt)-one 

254 (3S}-3-amtno-1-hydfoxy-6-{[methyl{5-methylpyrimidin-2-y!}amino]methyi}-3,4-

""255"" (3Sj-3-amino-6^2,3-d SuoropiranylKmethyija mi no"]methyi}-1 -Kydroxy-3,4-
dihydroquinofin-2(1>y)-or>e 

258 (3S}-3-amino-6-{[(2-chtoro-4-f5uorophenyi)(methyi}aminojmethyi}-1-hydroxy-3,4-
dihydroquino!in-2(1W)-one 

25? 

~258~ 

(3$)-3-amino-1-hydimy-6-{{methy![2-{trif!uoromethyi)phenyi]amino}methyl}-3,4-
dihydroquinolin-2{1rt)-one 
(3S)-3-amtno-6-{[(2-chloro-5-fiuorophenyi)(methy!}amino]rrieti'iyf}-1-hydfDxy-3,4-
dihydroquinolin-2(1H)-one 

259 (3S)-3-amtno-1-hydfoxy-6*{[methyi(1-methyi-1W-pyrazoi-5-yi)amino]methyi}-3,4-
dihydroquinoiiri-2{1H}-one 

280 3-a mino-8-{ 1:3-l>en:Zoxazol-2-y ioxy)-1-hydro xy-3,4-dihydroquinoi in-2{ 1 H)-one 
261 3-a mi no-1 -hyd roxy-6-[{5-methoxy-1,3-benzoxazoi-2-yi)oxy]-3,4-dihydroqui noiir?-2( 1H}-

one 
262 6-[(3-amino-1-hydroxy-2-oxo-1,2,3!4-tetrahydroquinofin-6-yi)oxy]-2-methyinicotinonitrife 
263 2-[(3-amtno-1 -hydroxy- 2-oxo-1,2,3,4-tetrahydroquinoiin-6~yl)oxy]-4-methylnicotinonitrife 
264 3-amino-1-hydroxy-6-(qujnoxafin-2-y!oxy)-3,4-dihydt'oquinoijh-2{lH)-onef 
265 2-[(3-amfno-1-hydroxy-2-oxo-1,2,3,4-tetrahydroquino!fn-6-y!)oxy]-6-methy!nfCOt!nonftrile 
266 3-a mino-1 ~hydroxy~8-{1H-pyrazoto[3<4~c|pyrimtdin-4~yfoxy}-3>4<iihydfGC}uin0lin~2(1 W)» 

one 
267 3-amino-1~hydroxy-6-{qufnazoiin-4-y!oxy)-3,4-dihydroquinoiin-2{1/^)-one 
208 3-amino-6-f(3-chioropyrtdm-2-yi)oxyl-l-hydft)xy-3,4-dihydft)quinoiin-2(1W}-one 
269 methyi 6-f(3-amino-l-hydroxy-2-oxo-1,2,3,4-tetrahydroquin< ioxy]raeQfinate 
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270 3-amino-1-hydroxy-6-{pyrimidin-4-yioxyV3,4-dihydroquinoiin-2{lH)-one 
271 3-amirso-1 -hyc! roxy-6-[(6-methyipy rimidin-4-yi)oxy]-3,4-dihydroquinoii n-2( 1 H)~ one 
272 3-aminG-1~hydroxy~6-[(4-methyipyrimidin-2~yi)oxy]-3,4-dihydroquinoiin-2{1tf}-one 
273 

"274" 
3~amino~6-[(S-etiiyfpyiimidfn~4-yf}Gxy}-1~hydroxy~3(4~dihydroquino!fn-2{1H)-one 
3-amino-6-((5-chloro-6-ethyipyrimidin-4-yl)oxy3-l-hydroxy-3,4-dihydroquinoiin-2{lH)-
one 

275 2-|X3-amino-1-hydroxy-2-oxo-1,2,3!4-tetrahydnoquirioiin-6-yi)oxy]-4(6-
dimethyfnicottnonitriie 

276 3-amino-1-hydit>xy-6-{[4-(trifkioromethy!)pyrimidin-2-yi)oxy}-3,4-dihydroquinoiin-2(1W)-
one 

277 3-a mino-1 -hyd roxy-6-{qui nazof in-2-y ioxy )-3,4~dihydroquinoifn-2{ 1 H)-one 
276 3~amfno-1-hydroxy-6-[{2-methyipyrazolo[1,5-a3pyrimidin~5-y!)oxy3-3,4-dthydroquino!tn-

2(1 H)~ one 
279 3-amino-1 -hyd roxy-6-[(5-methyi-7 H-pyrro!o[2,3-cflpyiimid io~4-yi)oxy]-3,4-

280 S-amino-i-hydroxy-e-'cfH-pyrroiopVS-dipyftafdln-I-ybxy^S^-dihydroquiiioiin-ai'iH)-
one 

281 3-a mino-1 -hyd roxy-6-(pyrazolof 1,5-alpyrimidin-7-yioxy )-3,4-dihydroquinoi in-2{ 1H)-one 
282 3-amino-1-hydroxy-6-[(9-methy!-9W-purin-6-yi)oxy]-3,4-dihydroquirioifn- ne 
283 3-anf5if50-6~[{2!6-dfrr}e{f5yipynmidin-4~yl)oxy3-1-hydroxy-3l4-dfhydroqufnoiin-2(1rt)-one 
284 3-amino-8~[{4,6-dfmethyipyrimidin-2-yl)oxy3-1~hydroxy~3,4~dfhydroqufnoifn-2{1W)-one 
285 3-a mino-1 -hyd roxy-6-[{3-methyiquinoxalin-2-yl )oxy]-3,4-dihydroquinoi in-2{ 1H)-one 
286 3-amino-1-hydroxy-6-{[3-(trifiuorome{hy!)pyridin-2-v^]oxy}-3,4-dihydroquino!in-2(1W)-one 
287 3-amino-6-[{3!5-dfCh!oropyridin-2-y!)oxy3-1-hydroxy-3,4-dihydroquinoiin-2(1H)-one 
288 3-am(no-8~[(5-fluorapytim(d(n-2~yi)oxy]-1-hydroxy-3,4-dihydroquinoiin~2{1W)*one 

289 3-a mino-1 -hyd roxy-6-(pyrido[2,3-cflpynmtdin-4-yioxy)-3,4-dihydroqui no!in-2( 1H}-one 
29-0 
291 
292 

3-a rnino-S-[(5-fi uoropyridin-2-yi )oxy]-1 -hydroxy-3,4-d ihydroqui noiin-2{ 1H)-one 
3-amino-6-[{7-fiuoroquinazoiin-4-yi)oxy]-1-hydroxy-3,4-dihydroquinoiin-2(1H)-one 
3-amino-8~[{8-f!uoroqu(nazo!in-4-yi)oxy3-1~hydroxy~3,4~dfhydroqufnolfn-2{1W)-one 

293 3-amino-8-[(7-fluoroquinazolin-2-yi)oxy3-1-hydroxy-3,4-dihydroqutr!oiin-2(1H}-one 
294 
295 
296 

3-amino-6-[{5-ethyipyrimidin-2-yi)oxy3-1-hydroxy-3,4-dihydroquinoiin-2(1H)-one 
3-amino-1-hydroxy-6-{pyrido[2,3~tflpyrirnidin-2-yioxy)-3.4-dihydroquinoiin-2C1H)-one 
3-amino-6~[(5-ch!oropyrimidin-2-y! )oxy]~1 -hydfoxy-3,4-dihydfoquinoiin-2( 1 H)~one 

297 3-a mino-1 -hyd roxy-6-«3-methyiisoxazoio[4,5-c/| py rim id in-7 ~y !}oxy3-3,4-clthydroqutno!t n-
2{lH)-one 

298 3~arnino-1-hydroxy-6-[{6-rnethyf[1J2,43tJiazoio[1>5-a]pyrimfdfn-7-yl)oxy]~3,4~ 
dihydroquino!in-2( 1 H)~ one 

299 3-amino-1-hydroxy-6-E(S-methy!pyrimidin-4-y!)oxy]-3,4-dihydroquino!in-2(lH)-orie 
300 3-amino-6~[{5-ethyipyrimidin-4~yi)oxy]-1-hydroxy-3,4-dihydroquinolin-2{1H)~one 
301 3-amino-6-[(5-fluoro-2-methy!pyrim!din-4-y!)oxy]-1-hydroxy-3,4-dihydroquinoifn-2(1H)-

one 
302 3-a mino-6-[(2-ettiyf-5-ffuoropyrimidin-4-yi}oxy 3-1-hydroxy-3,4-dihydroquirtG!irv2{1W)-one 
303 3-amino-1-iiydroxy-6-{imidazo{1,2-a]pyT)din-5-yloxy)-3!4-dfiiydroquinolfn.'2(W>one 
304 

""305""" 
4-[{3-amino-t-hydroxy-2-Qxo-1 ,2,3,4-tetfahydroquinoiin-6~yi)oxy]quinolfne-6-carbGnilriie 
3-amino-1-hydroxy-6-{imidazo|1:2-6]pyrida2in-3-yioxy)-3«4-dihydroquinolin-2(1H>one 

306 3-a mino-1 -hyd roxy-6-(pyrazin-2-yioxy )-3,4-dihydroqui iioSin~2( 1 H'yone 
307 
308 

3-amino-6-[(3,6-dimethylpyrazin-2-yi)oxy]-1-hydroxy-3,4-dihydroquinoiin-2(ihf)-one 
3-amino-l -hydroxy-6-[{ 1 -methyi-1 H-benzimidazof-2-y!}oxy3-3,4-di!iydroquino!in-2(1 H)~ 
one 

309 3-amino-1-hydroxy-6-[{2-methyipyridfn-4-yi)oxy!-3,4-dfhydroqufnoi!n-2{1W}-one 
310 3-a mino-1 -hyd roxy-6-{ 1H-1,2,4-triazol-3-yioxy )-3,4-dfhydroqufno!in-2{ 1H)-one 
311 3-amino-6-f(1.3-dimethyl-1 H-pyrazoi-5-yi)oxy]-1 -hydroxy-3,-4-dihydroquinolin-2( W}-one 
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312 3-amino-8-(8,7»ciihyclro-5W-cyclopenta{bJpyridin-2-yjox'y)-1-iiyc}roxy-3,4-cifiiydroqufnoiin-
2(1 W>orte 

313 3-amino-1-hydroxy-6-((3-isopropy!pyfaz!rt-2-y!)oxyl-3,4-dihydroqufno!in-2{1H)-orie 
314 3-a mino-1 -hyd roxy-6-{6H-pyrroio{2,3-c]pyridin-7-yioxy)-3,4-dthydroqutno!f n-2{ 1 H)-one 
315 3~amino~6-[(5-cycfopropy!pyiidin-2-yl)oxy3-1-hydroxy-3,4-dihydroquinolin-2(1W)~one 
316 3~amino-1-hydroxy-6-{[3-(trif!uoromethyl}pyndin-4-yi]oxy}-3,4-dthydroqutno!tn-2(1H)~one 
317 3-amino-1 -hydroxy-6-[(3-methyi-1 H-i ,2,4-triazo!-5-y!)oxyl-3{4-dihydroquinofin-2(1 H}~ 

one 
318 (3S)-3-amino-1 -hydroxy-7-(2-methoxyethoxy)-3,4-dihydroquinoiin-2( 1 H)-one 
319 (3S)-3-amino-1 ~hydroxy~7-(oxetan-3-yloxy)-3,4-dihydroquiriolirt'2(' 1 H}~ one 
320 (3SV-3-amirio-1-hydroxy-7-(tetrahydro-2H-pyran-4-yioxy)-3.4-dihydroquinolin-2{1tf}-one 
321 {3S)-3-amino-1-hydroxy-7-f{3/?)-tetrahydrofuran-3-y!oxy3-354-dihydroqufno!in-2{1H}-one 
322 {3S)-3~amino-1-hydroxy-7~[{3S)-tetrahydrofurari~3-yioxy3-3.4-dihydroquinoiin-2{1W)-or)e 
323 (3S)~3-amino-7-(cyciopenty!oxy}-l-hydroxy-3,4-dihydroquinolin-2(1H)-one 
324 (3S)-3-amino-7-{cycfopropyfoxy}-1-hydroxy-3,4-dihydroquinoiin-2(1H)-one 
325 (3S)-3-amtno-1 -hydroxy-7-{[(1 f?)-1 -methyipropyl]oxy}-3,4-dihydroquinof in-2(1 rt}-one 
326 (3S)-3~amino-1 -hydroxy-7-{[i 1 S}-1 -methylpropyi]oxy}~3,4~dfhydroquinoifn-2{ 1 H)~ one 
327 (3S)-3-amino-7-(cyciohexyioxv)-1-hydroxy-3(4-dihydroquinolin-2<1H)-or}e 
328 (3S)-3-am}n0-7-{d}flyorDmettoxy}-1-iiydf0xy-3<4-d!ftydfoqu!noifn-2(iH)-0rie 
329 (3S)-3-amino-7-{cycfobutyioxy)-1-hydix)xy-3,4-dihydroquinoiin-2(1rt}-one 
330 (3S)-3-amino~7-{cyc!opropy!oxy)-1-hyd roxy-3,4-dihydroquinoiin~2{1W)*one 

331 (7S)-7-amino-2-benzyl-5-hydroxy-7,8-dihydropyrido[3,2-cf|pyrimidin-6{5W)-one 
332 (7$)-7-amino-5-hydroxy-2-phenoxy-7,8-dihydropyrido[3,2-d)pyrimidin-6{5H)-one 
333 (7S)-7-amino~5-hydroxy-2-phenoxy-7,8-dihydropyrido[2t3-/j]pyrazin-6(5W)-one 
334 C7S)-7~amino~2-benzyi-5~hydroxy~7,8~dihydropyrido[2,3-/3lpyrazin-6{5H}-one 
335 (3S)-3-amino-6-benzyl-8-fluoro-l-hydroxy-3,4-dihydroquinoiin-2{lW)-one 
338 (SSJ-S-amtno-l-hydroxy-S-CphenyisulfonylJ-S^-dihydro-l ,8-naphthyridin-2(1 H)~one 
337 (3S)-3~amino~7-cyclobuty!-1-hydroxy-3,4-dihydroquinoiin-2(1H)-one 
338 (3S)-3~amino-1-hydroxy-2~oxo-1 ,2.3,44etrahydroqufnofine~6-cart)oriithie 
339 (3S)-3-arnino-6-cyclobuty!-1-hydroxy-3,4-dihydroquinofin-2{1W)-one 
340 

"341"' (3S)-3-amiiio-i-hydVoxy-7-(methyfeuifoiiyr)-§,4-d!hydroquinofin-2(1W}-Oiie 
342 (3S}-3~amirjo-1-hydroxy-6-{methy!su!fonyl}-3,4-dfhydroquino!fn~2(1H}-one 
343 (3S)-3-amino-1-hydroxy-7-{tnfiuoromethy!)-3,4-dihydro-1,8-naphthyridin-2(1H)-one 
344 (3S)-3-amtno-1 -hydroxy~7-methyi-354-dihydro-1,8-naphthyridin-2(1 H)-one 
345 {3S)-3-amina-7-cyclopropyl-1-hydroxy-3,4-dihydro-1,8-naphthyridin-2{1ft)-one 
346 

"uT 
(3S)-3-aminQ-7-cyciobutyi-1-hydroxy-3}4-dihydro-1,8-naphthyhdin-2(1/-/)-one 
(3S>-3-amino-1 -hydroxy-6-{tiifiuoromethyl)-3,4-dihydro-1 ,8-r?aphtt?yridin-2(1 H)-one 

348 (3S)-3-a mino-6-chioro-1 -hydroxy-3,4-dthydfo-1,8-naphthyridi n-2( 1 tf}-one 
349 (SSI-S-amino-l-hydroxy-S-methyl-S^-dihyctro-I.S-naphtfiyildin^CWI-orie 
350 (3S)-3-ari!!no-6-cydopropy1-1-hydroxy~3,4-dihydro-1,8-nap:hthyr1dfr!-2{1H}-one 
351 (3S}-3-amtno-6-cyclobutyi-1-hydroxy-3!4-dihydro-1,8~naphthyridin-2(1H)~one 
3S2 (3S)-3-amino-1 -hydroxy-7-{tiifiuoromethoxy)-3,4-dihydro-1,8-naphthyridin-2{ 1H)-one 
353 (3S)-3-amino-7-{trifiuoromethyi)!-l -hydroxy-354-dihydroquino!in-2{ 1 H}-one 

The compounds shown in Tabie Y. below, and their pharmaceutical^ 
acceptable salts may be prepared according to the procedures described herein, 
making non-critica! changes well known to those of ordinary skill in organic synthesis. 
Table Y 
IxrT'iUPAC"Nlme 
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No. 
354 (3$)-3-amino-H(methyicarbamoyi}oxy)-6-phenoxy-3,4-dihydroquinoNn-
355 {3S)-3~amtno~1-[(ethyicarbamoyi)oxy]-8i3henoxy-3,4-dihydroquinoiin-2{1H}-one 
358 {3S)-3~am!no~1-[{isopropyicarbamoy!)oxy]-6-phenoxy-3,4-dihydroqutno!in-2{1H)~one 
357 

"358" (3$)-3-a mino-i -|^7?^i^l^ii^moyi)oxyi-&-^ieriEOxy-3,4-€ftt>iydro<|u)ric^in-2C iH)-one 
359 {3S)-3-amtno~1-[(rnofpho!in-4~yicarbonyl)oxy]-6-phenoxy-3,4-dihydPoquinoiin-2{1H)~one 
360 {3S)-3~amino~1-{[{4~methyipiperazm-1-y!)carbonyi]oxy}~6-phenoxy~3,4~dfhydroquinoifn~ 

2(1 W)-one 
361 (3S)-3-amino-1-f{dimethy!carbamoyi)oxy!-7-isopropoxy-3,4-dihydroquino!in-2{1H}-one 
362 (3$)-3-amino-1-j;{d!methyicarbarnoyi}oxy3-7-(ir!fiuoromethaxy)-3<4-dihydroquinoiin-

2(1 H)~ one 
363 (3S}-3-afHfn:0-6-ben2yi-1~[{dimetf]y!carbamoyi}oxy3-7-me{hoxy-3,4-d!hydroquinoln-

2( 1 H)-or\e 
364 

"365" 

3-{{{3S)-3~amino~1-[{dimethyicarbamoy!)oxy]~7-fT}ethoxy-2-oxo~1,2,3,4-
tetrahydr(X}uinoiin-6-yi}methyi)benzonitriie 
(3S}-3-amino-6-benzyi-1-f(dimethyScarbamoyi)oxy3-7-methyi-3,4-dihydro-1,8-
naphthyridi n-2( 1 H)-om 

The compounds shown in Tabie 2, below, and their pharmaceutically 
acceptable salts, were prepared as described below. 
Table Z 
Ex. 
No, 
366 

IUPAC Name Synthesis Ex. 
No, 
366 (3S)-3-a mino-1 -{benzy!oxy)-3,4-

dihydroquino!in-2(1W)-one 
Synthesized by treatment of terf-buty! [(3S}-1-
hydroxy-2-oxo-1,2,3,4-tetrahydroqui no! in-3-
y!]carbamate (95) with benzyl aicohoi. dt-ferf-buiyi 
azodicarboxyiate, and triphenyiphosphine in CHCi3 
at 50 °C, foiiowed by treatment of the resultant 
crude product with TFA, 

367 (3S)-3-amino-1-{pyridin-2-
ylmethoxy)-3,4-dihydroquinolin-

(3S)-3~aminc~1 -[(2.2-
dimethy!propanoyi}oxy3-3,4-
dihydroquinolin-2(1H)-one 

Synthesized similarly to Example 386, using pyridin-
2-yl methanol 

"366" 

(3S)-3-amino-1-{pyridin-2-
ylmethoxy)-3,4-dihydroquinolin-

(3S)-3~aminc~1 -[(2.2-
dimethy!propanoyi}oxy3-3,4-
dihydroquinolin-2(1H)-one 

Synthesized similarly to Example 73 by reaction of 
(95) with trimetbyiaeetyi chioride and triethyiamine 
in acetoriitriie and subsequent BOC removal using 
TFA in dichioromethane. 

389 (3$}-3-amino-i -f(5-metfiyi-2~ 
oxo-1 f3-diQxol-4-yl}f»ethQxy3-
3,4-dihydroquinoiiii-2(1H)-one 

Synthesized similarly to Examples 366 and 388 
using 4-iiydroxymethy!-S-methyi-{1,3]dioxol-2-one. 

KAT li inhibition spectra assay 
Formation of kynurenic acid (KYNA) is indirectly assessed by a decrease in 

light absorbance at 370 nm (00370) as the L-kynurenine (KYN) substrate is 
converted by the human KAT li (hKAT it) enzyme into KYNA, An inhibitor would 
therefore inhibit the decrease in 00370 

The protocol was performed by placing the followirtg reagents into a Costar 
384 well black plate (30 pL total assay volume/well): 
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» 10 pL of 3x concentrated compound; 

• 10 pi of 3x concentrated substrate mix (BGG (Sigma. G-5009); 3 mM L-

Kynurenine in 150 mM Tris Acetate (Sigma K3750); 3 mM a-ketoglutaric acid 

in 150 mM Iris Acetate (Sigma K2G10); and 210 pfvl pyridoxai 5-phosphate 

(PLP) in 150 my Tris Acetate (Sigma 9255}); and 

* 10 jjL of 3x concentrated enzyme (15 nM enzyme in 150 mM Tris Acetate 

with 0.3% bovine serum), 

Piates were seaied and incubated at 3? °C for 15-20 h before reading 00370 

on a SpectraMax Pius plate reader. iCsoS were generated by comparing the efficacy 

of compounds across a concentration range to inhibit a reduction in the OD37D vaiue 

relative to assay wells with DMSO added in place of concentrated compound. 

Biological data for the Exampies may be found in Tables 5 and 6. 

Table 5 
Ex, Mo. KATIt iCsotnM) Ex, No. KATIf iC50 {nM) 

1 52.7* 23 6S3* ] 45 235 
2 23.4 24 50 46 123 
3 204* 25 48.4 47 118 
4 37~5?' 26 88* 48 523 
5 131* 27 j 519 49 105 
6 25.4* 28 1330 50 103 
7 3230 29 10.5 51 101 
8 80S1 30 237 52 139 
9 2230* 31 j 49.7 53 206 
10 73.7* 32 35.9 54 137 
11 121 33 33 55 141 
12 379 '34 355 56 91.1 
13 57.3 35 j 49.2* 57 102 
14 270* 38 79.3 58 174 
15 11.1 37 34.1 59 156 
16 22,7 38 133 60 161 
17 95.1: 39 136 61 162 
18 139* 40 122 62 135 
19 3040'* 41 | 257 83 113 
20 127 42 101 64 141 
21 48.2 43 133 65 155 
22 45.2 44 I 118 j 

* lC5o va ue represents the geometric mean of 2-9 iCgo determinations. 
! iC50 vaiue represents the geometric mean of 74 iC^ determinations. 

Table 6 
Ex. No. KATII iCsofnM) 1 Ex. NO. KATif ICso(nM) | Ex, No. KATfl IC50 (nM) 

66 23.1* 70 24.6* 74 151* 
67 42.1* 71 22:f 75 35.2 
68 42.7" 72 N/A 76 34.6 
69 43.3* j 73 1090 j 77 80.1 
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Ex. No. KATii ICsnfoM) 
78 17.3* 
79 29.5* 
80 31.1s 

81 212* 
82 41.1* 
83 39.7* 
84 41.1* 
85 39,9* 
86 85.0* 
87 40.9* 
88 20.9* 
89 38.4* 
9-0 355* 
91 38,2 
92 51.3* 
93 35,8* 
94 43.9* 
95 35,9* 
96 49.8* 
97 313* 
98 31.9* 
99 13,8* 
100 103* 
101 39,7* 
102 88.8* 
103 77,5* 
104 307* 
105 83,1* 
106 49.2* 
107 56,?* 
108 70.1* 
109 28E* 

* ICso value represents t 

Ex. No. KATII ICsofnM) 
110 983s 

111 45.2* 
112 49.3* 
113 301* 
114 37.0* 
115 52.7* 
116 51.9* 
117 53.7* 
118 1270* 
119 41. r 
120 61.9* 
121 N/A 
122 N/A 
123 N/A 
124 35 1 
125 17,2 
128 30.9 
127 28,2 
128 25.5* 
129 49,1 
130 1570 
131 246 
132 121 
133 88.8* 
134 199 
135 116 
136 129 
137 89,0 
138 156 
139 68,1 
140 252 
141 283 

geometric mean of 2-3 ICso determinations. 
1 ICso vaiue represents the geometric mean of 4-9 iCso determinations. 

Prodrug in vivo data 

Dogs 

Test substances (Exampies 4 and 71-73) were administered by oral gavage 

to groups of too dogs. Example 71 was aiso administered intravenously. The 

characteristics of the test animais are given in Table 7. 

Tafate 7. Characteristics of experiments! dogs used in study 

Species Dog 

Type Beagie 

Number and sex 2 males 
Approximate age 

Approx. Body weight 

4-6 years 

9 - 12 kg at start of treatment 
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Source Marshal! Farms 

Blood samples were taken at various times after administration and submitted 

to analysis for the parent drug (Example 71} and pro-drug {Examples 72 and 73) 

using an LC-MS-MS assay. Pharmacokinetic parameters derived from the piasma 

analytical data were determined using Watson LIMS 7,2.003 (Thermo Fisher 

Scientific, Waltham, MA). The results are given in Figure 1 and Tables 8, 9,10, and 

11. 

Table 8. Pharmacokinetics of Example 71 in dogs after oral administration of 

Example 71 (2 mg/kg active) 

Parameter Subject: Dog 1 Subject: Dog 2 Mean 
Croax {OQ/iTlL} 25.4 15.4 20.4 
Tmax{h) 
TIB (h) 
AUC (ng-h/mL) 

0.25 
0.439 
10.3 

025 
0.299 
12.2 

0.25 
0.369 
11.3 

AUC Extrap (ng*h/mL) 10.7 12.5 11.6 
% AUC Extrap 3.44 2.35 {2.9 
F (%f -To 7J [T5 
Wteuiated" using AUG of 247 ng-B/ml, exposure of Example 7i in dogs following intravenous 
administration of Example 71 at 0.5 mg/kg. 

Table 9. Pharmacokinetics of Example 71 in dogs after oral administration of 

Parameter 
C>T13X (ng/mL) 
Tfngx (h) 

Ti/2 (h) 
AUC (ng-h/mL) 
AUC Extrap (ng*h/mL) 
% AUC Extrap 
F (%f 

Subject: Dog 1 
12.5 
0.5 
1.80 
30.0 
31.5 
4.80 
6.4 

—————— pfiiteain 
17. 2 14.9 
_ 0.75 
1.58 1.59 
46.3 3S.2 
49.0 40.3 __ 

~9~9 j 11 
''calculated using AUC of 247 ng*h/mL, exposure of Example 71 in dogs foiiowing intravenous 
administration of Example 71 at 0.S mg/kg. 

Table 10. Pharmacokinetics of Example 72 in dogs after oral administration of 

Example 72 (1 mg/ka active) 

Parameter Subject: Dog 1 j Subject; Dog 2 Mean 
Cm®, (ng/mL) "142 l2M 
Tmwt (h) 1X5™^ jl 0.75 
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Jrnm 
AUC (ng-h/rot) 
AUC Extrap (ng*h/rnL) 
% AUC Extrap 

2.31 
402"" 
455 
11.7 

.94 
72l"" 
790 
S.77 

2.13 
"sea" 
623 
10.2 

F {%f 38 54 46 
"calculated using AUC of 497 ng*h/mL, exposure of Example 72 in dogs following intravenous 

linistration of Example 72 at 0.47 

Table 11.. Pharmacokinetics of Example 4 and 73 in dogs (n - 2) after oral 

administration 

Monkeys 

Test substances (Examples 4 and 71-73) were administered by oral gavage 

to groups of two monkeys. The characteristics of the test animais are given in Tabie 

12. 

Blood samples were taken at various times after administration and submitted 

to analysis for the parent drug (Example 4 and Example 71) and pro-drug (Examples 

72 and 73) using an LC-MS-MS assay. Plasma levels of Example 72 were below the 

limit of quantitation at all time points. Pharmacokinetic parameters derived from the 

plasma analytical data were determined using Watson LIMS 7.2.003 (Thermo Fisher 

Scientific, Waltham, MA). The results are given in Figure 2 and Tables 13,14, and 

15. 

Table 13. Pharmacokinetics of Example 71 in monkeys after orai administration of 

Example 71 (3 mg/kg active) 
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i Monkey 1 Monkey 2 
Crow {ng/mL) 44 82,8 53.4 
"Wh) |02i 0,5 0.38 
TI.<2 (h) 1.04 0.724 0.882 
AUC (ng-h/mL) 55.5 134 94,8 
AUC Extrap (ng*h/mL) 56.7 134 95,4 
% AUC Extrap 0.366 128 
F {%f 2.2 4,2 3.2 
''calculated using AUC of 476 ng*h/mL, piasma exposure of Example 71 in monkeys foiiowing 
intravenous administration of Example 71 at 0,5 mg/kg. 

Example 72 (3 mg/kg active} 
Parameter J Subject: 

Monkey 1 
Subject: 
Monkey 2 

Wean 

C„iax {ng/mL) 306 835 471 
Tfnax (h) 1 1 1 
TI/2 (h) [Too 0.794 0,836 
AUC (ng-h/ml) 440 636 538 
AUC Extrap (ng-h/mL) 444 637 541 
% AUC Extrap 0.95 0.189 0.569 
F (%;f jl*6 22 19 
Calculated using AUC of 476 ng-h/mL, piasma exposure of Example 71 in monkeys following 
intravenous administration of Example 71 at 0.5 mg/kg. 
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Table 15. Pharmacokinetics of Exampie 4 in monkeys after orai administration of 

Parameter Subject: 
Monkey 1 

Subject: 
Monkey 2 

Subject; 
Monkey 3 

Subject: 
Monkey 4 

,C„»^_{ng/:nriL)__ 
Tmax(ft) 

200 
1.0 

340 
"051 

208 
"03 

133 
To" 

T-j/2 (h) 0 78 0,82 0.88 0.63 
AUC (ng*h/mL) j 184 
AUC Extrap j 188 

.M-MPM j 
"% AUC Extrap" 2.28 
IF7%f I 2.i 

>39 
247" 

"aos" 

141 

144 

Til" 
1.6 

159 

183 

"lii" 
1.8 

•'calculated using AUC of 285 ng*h/mL, plasma exposure of Example 4 in monkeys foiiowing 
intravenous administration of Exampie 4 at 0,3 mg/kg. 

Table 18. Pharmacokinetics of Exampie 4 in monkeys after orai administration of 

Example 73 (10 ma/kq active) 

Parameter Subject: 
Monkey 1 

Subject: 
Monkey 2 

Mean 

Cm#* (ng/mL) 2340 1910 .2130 
T(nax (h) 1.0 1.0 1.0 
T1/2 (h) 1.0 1.04 0.94 
AUC (rtg-h/mL) 4450 3850 4050 
AUC Extrap (ng-h/ml) 4470 3890 4080 
% AUC Extrap 0.432 0.35 0.891 
F (%f 50.6 41.8 48 
^calculated using AUC of 265 ng*h/rnL, plasma exposure o 
intravenous administration of Exampie 4 at 0.3 mg/kg. 

: Exampie 4 in monkeys foiiowing 

Rats 

Test substances (Examples 4, 73, and 366-369) were administered by oral 

gavage to groups of three rats. The characteristics of the test animais are given in 

Table 17. 

Table 17. Characteristics of experimental monkeys used in study 

Species Rat 
Type Wistar-Han 
Number and sex 3 mates 
Approximate age 7-9 weeks 
Approx. Body weight 220-240 g 
Source Charles River Labs -BRF 
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Blood samples were taken at various times after administration and analyzed 

for the parent drug (Exampie 4) and prodrugs (Exampies 73 and 386-369} using an 

LC-MS-MS assay. Pharmacokinetic parameters derived from the piasma analytical 

data were determined using Watson LIMS version 7.2,003 (Thermo fisher Scientific, 

Waltham, MA). The results are given in Tabie 18. 

Table 16. Pharmacokinetics of Exampie 4 in rats after oral administration of prodrugs 

When introducing elements of the present invention or the exemplary 

embodiments) thereof, the articles "a," "an," "the" and "said" are intended to mean 

that there are one or more of the elements. The terms "comprising," "including" and 

"having" are intended to be inclusive and mean that there may be additional elements 

other than the listed elements. Although this invention has been described with 

respect to specific embodiments, the details of these embodiments are not to be 

construed as limitations to the invention, the scope of which is defined by the 

appended claims. 
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CLAIMS 

1. A compound of Formula X: 

OR5 
i 

wherein: 
A, X, Y, and Z are defined as follows: 
(i) A is N or CR1, X is N or CR2, Y is N or CR3, and Z is N or CR4, provided 

that no more than two of A, X, Y, and Z are N; 
(ii) A and X together form a 5- or 6-membered aromatic, N-containing 

heteroaromatic, or O-containing heterocycloalkyl ring fused to the ring 
containing A and X, Y is N or CR3, and Z is N or CR4, wherein the 5- or 
6-membered aromatic, N-containing heteroaromatic, or O-containing 
heterocycloalkyl ring is substituted by R1 and R2; 

(iii) X and Y together form a 5- or 6-membered aromatic, N-containing 
heteroaromatic, or O-containing heterocycloalkyl ring fused to the ring 
containing X and Y, A is N or CR1, and Z is N or CR4, wherein the 5- or 
6-membered aromatic, N-containing heteroaromatic, or O-containing 
heterocycioaikyi ring is substituted by R2 and R3; or 

(iv) Y and Z together form a 5- or 6-membered aromatic, N-containing 
heteroaromatic, or O-containing heterocycloalkyl ring fused to the ring 
containing Y and Z, A is N or CR1, and X is N or CR2, wherein the 5- or 
6-membered aromatic, N-containing heteroaromatic, or O-containing 
heterocycloalkyl ring is substituted by R3 and R4; 

R1 is H, halo, alkyl, alkoxy, or cyclopropyl; 
R2, R3, and R4 are independently H, halo, alkyl, aryl, aralkyl, heteroaryl, 

alkoxy, cycloalkyloxy, alkoxyaryl, aryloxy, araikyioxy, heterocycioalkyloxy, 
heteroaryloxy, cycloaikyi, alkylaryloxy, aikyiheterocydoaikyi, alkylheteroaryloxy, 
heterocycloalkyl, CN, CH2NR7R8, NR7R8, C(=0)NR7Re, S02NR7R8, S02R7a, 

NR >02R7a, and NR C(=0)R7a, wherein each said alkyl, aryl, aralkyl, heteroaryl, 
alkoxy, cycloalkyloxy, alkoxyaryl, aryloxy, araikyioxy, heterocycioalkyloxy, 
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heteroaryloxy, cycloaikyi, alkylaryloxy, aikyiheterocydoaikyi, alkylheteroaryloxy, 
heterocycloalkyl may be substituted with one or more substituents selected from 
hydroxy, amino, halo, alkyl, haioaikyi, CN, alkoxy, haloalkoxy, alkylamino, and 
aminoalkyl; 

10 heteroaryl, and cycloaikyi may be substituted with one or more substituents selected 
from hydroxy, amino, haio, alkoxy, and aminoalkyl; 

each R9a and R9b is independently H, alkyl, aryl, heteroaryl, or cycloaikyi, 
wherein each said alkyl, aryl, heteroaryl, and cycloaikyi may be substituted with one 
or more substituents selected from hydroxy, amino, halo, alkoxy, and aminoalkyl, or, 

15 when R5 is C(=0)NR9aR9b, R9a and R9b, together with the nitrogen atom to which they 
are attached, form a 5- or 6-membered N-containing heterocyclic ring; 

R11 is H, alkyl, aryl, heteroaryl, or cycloaikyi, wherein each said alkyl, aryl, 
heteroaryi, and cycloaikyi may be substituted with one or more substituents selected 

20 from hydroxy, amino, halo, alkoxy, and aminoalkyl; 
or a pharmaceutically acceptable salt thereof; 
provided that the compound of Formula X is not (3S)-3-amino-7-bromo-1-

hydroxy-3,4-dihydroquinolin-2(1/-/)-one; (3R)-3-amino-7-bromo-1-hydroxy-3,4-
dihydroquinolin-2(1H)-one; rac-3-amino-7-bromo-1-hydroxy-3,4-dihydroquinolin-

25 2(1H)-one; rac-3-amino-8-chloro-1-hydroxy-3,4-dihydroquinolin-2(1H)-one; rac-3-

amino-7-chloro-1-hydroxy-3,4-dihydroquinolin-2(1/-/)-one; rac-3-amino-7-fluoro-1-

hydroxy-3,4-dihydroquinolin-2(1 H)-one; rac-3-amino-6-chloro-1 -hyd roxy-3,4-
dihydroquinolin-2(1 H)-one; rac-3-amino-5-chloro-1-hydroxy-3,4-dihydroquinoiin-
2{1H)-one; rac-3-amino-6-bromo-1-hydroxy-3,4-dihydroquinolin-2(1/-/)-one; rac-3-

30 amino-6-fluoro-1-hydroxy-3,4-dihydroquinolin-2(1 H)-one; rac-3-amino-1-hydroxy-4-

5 R5 is H, C(=0)R9, C(=0)0R9, C(=0)NR9aR9b, or (CH2)R10; 

R6a and R6b are independently H, methyl, halomethyl, fluoro, or methoxy; 
each R7 and R8 is independently H, alkyl, haioaikyi, aryl, or heteroaryl; 
each F a is independently alkyl, haioaikyi, aryl, or heteroaryl; 
R9 is alkyl, aryl, heteroaryl, or cycloaikyi, wherein each said alkyl, aryl, 

O 
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methyl-3,4-dihydroquinolin-2(1H)-one; (3S)-3-amino-1-hydroxy-3,4-dihydroquinolin-
2(1 H)-one; or (3R)-3-amino-1 -hydroxy-3,4-dihydroquinolin-2(1 H)-one; 
and provided that the compound is not 3-amino-3,4-dihydro-1-hydroxycarbostyril; 3-
amino-3,4-dihydro-1-hydroxycarbostyrii hydrochloride; 7-methoxy-3-amino-3,4-

5 dihydro-1 -hydroxycarbostyril hydrochloride or cis- or fra/?s-3-amino-3,4-dihydro-1-
hydroxy-4-methylcarbostyril hydrochioride. 

2. A compound according to claim 1 wherein: 
R5 is H; 

10 A, X, Y, and Z are defined as follows 
(i) A is N or CR1, X is N or CR2, Y is N or CR3, and Z is N or CR4, provided 

that no more than two of A, X, Y, and Z are N; 
(ii) A and X together form a 5- or 6-membered aromatic or N-containing 

heteroaromatic ring fused to the ring containing A and X, Y is N or CR3, 
15 and Z is N or CR4, wherein the 5- or 6-membered aromatic or N-

containing heteroaromatic ring is substituted by R1 and R2; 

(iii) X and Y together form a 5- or 6-membered aromatic or N-containing 
heteroaromatic ring fused to the ring containing X and Y, A is N or CR1, 
and Z is N or CR4, wherein the 5- or 6-membered aromatic or N-

20 containing heteroaromatic ring is substituted by R? and R3; or 
(iv) Y and Z together form a 5- or 6-membered aromatic or N-containing 

heteroaromatic ring fused to the ring containing Y and Z, A is N or CR1, 
and X is N or CR2, wherein the 5- or 6-membered aromatic or N-
containing heteroaromatic ring is substituted by R3 and R4; 

25 R\ R2, R3, and R4 are independently H, halo, alkyl, aryl, aralkyl, heteroaryl, 
alkoxy, alkoxyaryl, aryloxy, araikyioxy, heteroaryloxy, cycloaikyi, alkylaryloxy, 
alkylheteroaryloxy, heterocycloalkyl, CN, NR R8, C(=0)NF R SO2NR R3, 

NR7S02R8, and NR7C(=0)R a, wherein each said alkyl, aryl, aralkyl, heteroaryl, 
alkoxy, alkoxyaryl, aryloxy, araikyioxy, heteroaryloxy, cycloaikyi, alkylaryloxy, 

30 alkylheteroaryloxy, and heterocycloalkyl may be substituted with one or more 
substituents selected from hydroxy, amino, halo, alkoxy, and aminoalkyl; 

R6a and R0b are independently H, methyl, halomethyl, fluoro, or methoxy; 

each R7 and R8 is independently H, alkyl, haioaikyi, aryl, or heteroaryl; 
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or a pharmaceutical acceptable salt thereof. 

3. A compound according to claim 1 wherein: 
R5 is C(=0)R9a, C(=0)NR9aR9b, or (CH2)R10; 

each R9a and R9b is independently H, alkyl, aryl, heteroaryl, or cycloaikyi, 
wherein each said alkyl, aryl, heteroaryl, and cycloaikyi may be substituted with one 
or more substituents selected from hydroxy, amino, halo, alkoxy, and aminoalkyl, or, 
when R5 is C(=0)NR9aR9b, R9a and R9b, together with the nitrogen atom to which they 
are attached, form a 5- or 6-membered N-containing heterocyclic ring; 

o 

.A. o o 

10 R10 is R11 

R11 is H, alkyl, aryl, heteroaryl, or cycloaikyi, wherein each said alkyl, aryl, 
heteroaryl, and cycloaikyi may be substituted with one or more substituents selected 
from hydroxy, amino, halo, alkoxy, and aminoalkyl; 

(i) A is N or CR1, X is N or CR2, Y is N or CR3, and Z is N or CR4, provided 
15 that no more than two of A, X, Y, and Z are N; 

(ii) A and X together form a 5- or 6-membered aromatic, N-containing 
heteroaromatic, or O-containing heterocycloalkyl ring fused to the ring 
containing A and X, Y is N or CR3, and Z is N or CR4, wherein the 5- or 
6-membered aromatic, N-containing heteroaromatic, or O-containing 

20 heterocycloalkyl ring is substituted by R1 and R2; 

(iii) X and Y together form a 5- or 6-membered aromatic, N-containing 
heteroaromatic, or O-containing heterocycloalkyl ring fused to the ring 

containing X and Y, A is N or CR1, and Z is N or CR4, wherein the 5- or 
6-membered aromatic, N-containing heteroaromatic, or O-containing 

25 heterocycloalkyl ring is substituted by R2 and R3; or 
(iv) Y and Z together form a 5- or 6-membered aromatic, N-containing 

heteroaromatic, or O-containing heterocycloalkyl ring fused to the ring 
containing Y and Z, A is N or CR1, and X is N or CR2, wherein the 5- or 
6-membered aromatic, N-containing heteroaromatic, or O-containing 

30 heterocycloalkyl ring is substituted by R3 and R4; 
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R is H, halo, aikyi, alkoxy, or cyclopropyl; 
R2, R3, and R4 are independently H, halo, alkyl, aryl, aralkyl, heteroaryl, 

alkoxy, cycloalkyloxy, alkoxyaryl, aryloxy, araikyioxy, heterocycioalkyloxy, 
heteroaryloxy, cycloaikyi, alkylaryloxy, aikyiheterocydoaikyi, alkylheteroaryloxy, 

5 heterocycloalkyl, CN, CH2NR7R8, NR7R8, C(=0)NR7R8, S02NR7R8, S02R7a, 

NR7S02R7a, and NR7C(=0)R7a, wherein each said alkyl, aryl, aralkyl, heteroaryl, 
alkoxy, cycloalkyloxy, alkoxyaryl, aryloxy, araikyioxy, heterocycioalkyloxy, 
heteroaryloxy, cycloaikyi, alkylaryloxy, aikyiheterocydoaikyi, alkylheteroaryloxy, 
heterocycloalkyl may be substituted with one or more substituents selected from 

10 hydroxy, amino, halo, alkyl, haioaikyi, CN, alkoxy, haloaikoxy, alkylamino, and 
aminoalkyl; 

R6a and R6b are independently H, methyl, halomethyl, fluoro, or methoxy; and 
each R7 and R8 is independently H, alkyl, haioaikyi, aryl, or heteroaryl; 
each F a is independently alkyl, haioaikyi, aryl, or heteroaryi; 

15 or a pharmaceutical^ acceptable salt thereof. 

4. A compound according to claim 1 wherein: 
X is CR2; 
Y is CR3; 

20 Z is CR4; 
R1 is H; 
R2 is H, arylalkyl that is benzyl, aryloxy that is phenoxy, or heteroaryloxy, 

wherein said aryl or heteroaryl may be substituted with one or more substituents 

selected from hydroxy, amino, halo, alkyl, haioaikyi, CN, alkoxy, haloaikoxy, 
25 alkylamino, and aminoalkyl; 

R3 is H or alkoxy where alky! may be substituted with one or more halo; 
R4 is H; and 

R5, R6a, and RSb are as defined in claim 1; 
or a pharmaceutical^ acceptable salt thereof. 

30 

5. A compound according to claim 4 wherein R2 is H or benzyl, or a 
pharmaceutical^ acceptable salt thereof. 
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6. A compound according to claim 5 wherein R3 is H, or a pharmaceutical^ 
acceptable salt thereof. 

7. A compound according to claim 1 of Formula XVA: 

R4 OR5 

wherein: 
R1 is H; 
R is arylalkyl that is benzyl, aryloxy that is phenoxy, or heteroaryloxy, 

wherein said aryl or heteroaryl may be substituted with one or more substituents 
10 selected from hydroxy, amino, halo, alkyl, haioaikyi, CN, alkoxy, haloaikoxy, 

alkylamino, and aminoalkyl; 

R4 is H; 
one of R6a or R615 is H and the other is H, methyl, fluoromethyi, fluoro, or 

methoxy: and 
15 R5 is as defined in claim 1; 

or a pharmaceutical^ acceptable salt thereof. 

8. A compound according to claim 1 of Formula XVIA: 

OR5 

20 wherein: 

R2 is arylalkyl that is benzyl or aryloxy, wherein said aryl may be substituted 
with one or more substituents selected from hydroxy, amino, halo, alkyl, haioaikyi, 
CN, alkoxy, haloaikoxy, alkylamino, and aminoalkyl; and 

R3 is H or alkyl; 
25 or a pharmaceutical^ acceptable salt thereof. 
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9. A compound according to claim 8 wherein R3 is H or methyl; or a 
pharmaceutical^ acceptable sait thereof. 

10. A compound according to claim 3 wherein R5 is C(=0)NR9aR9b, or a 
5 pharmaceutical^ acceptable salt thereof. 

S O 
vV JLI-Q 

11. A compound according to claim 10 wherein R is x, 

0 /—\ 0 /—\ 
—N y —N O 

' , or s ^—' , or a pharmaceutical^ acceptable salt thereof. 

10 12. A compound according to claim 1 which is selected from: 
(3S>3-amino-1-hydroxy-8-(trifluoromethyl)-3,4-dihydroquinolin-2(1H)-one;3-amino-6-
cyclopropyI-1-hydroxy-3,4~dihydroquinolin-2(1H)-one; 
(3S)-3-amino-1-hydroxy-7-isopropoxy-3,4-dihydroquinolin-2(1H)-one; 
3-amino-7-ethyl-1-hydroxy-3,4-dihydroquinolin-2(1H)-one; 

15 (3S)-3-amino-5-fluoro-1-hydroxy-3,4-dihydroquino!in-2(1 H)-one; 
3-amino-7-cyciopropyl-1-hydroxy-3,4-dihydroquinolin-2(1H)-one; 
(3S)-3-amino-6-chloro-8-fluoro-1-hydroxy-3,4-dihydroquinoIin-2(1H)-one; 
(3S)-3-amino-1-hydroxy-6-(trifiuoromethoxy)-3,4-dihydroquinolin-2(1H)-one; 
3-amino-1-hydroxy-2-oxo-1,2,3,4-tetrahydroquinoline-8-carbonitri!e; 

20 (3S)-3-amino-8~fluoro-1 -hydroxy-3,4-dihydroquinolin-2(1 H)-one; 
(3S)-3-amino-1-hydroxy-8-(trifluoromethoxy)-3,4-dihydroquinolin-2(1H)-one; 
(3S)-3-amino-1-hydroxy-6-phenoxy-3,4-dihydroquinolin-2(1W)-one; 
(3S)-3-amino1-[(dimethy!carbamoyl)oxy]-6-phenoxy-3,4-dihydroquinolin-2(1/-/)-one; 
(3S)-3-amino-1-[(dimethylcarbamoyl)oxy]-3,4-dihydroquinolin-2(1H)-one; 

25 (3S)-3-amino-6-benzy!-1-hydroxy-7-methoxy-3,4-dihydroquinolin-2(1H)-one; 
(3S)-3-amino-1-hydroxy-8-(2,2,2-trifiuoroethoxy)-3,4-dihydroquinolin-2(1H)-one; 
(3S)-3-amino-5,6-difl uoro-1-hyd roxy-3,4-dihydroquinoiin-2(1H)-one; 
(3S)-3-amino-6-chloro-5-fluoro-1-hyd roxy-3,4-dihydroquinolin-2(1 H)-one; 
(3S)-3-amino-8-(difluoromethyl)-1-hydroxy-3,4-dihydroquinolin-2(1H)-one; 

30 (3S)-3-amino-6,8-difiuoro-1 -hydroxy-3,4-dihydroquinolin-2(1 H)-one; and 
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3-{[(3S)-3-amino-1-hydroxy-7-methoxy-2-oxo-1,2,3,4-tetrahydroquinolin-6-
yi]methyl}benzonitrile; 
or a pharmaceutical^ acceptable salt thereof. 

5 13. A compound according to claim 1 which is (3S)-3-amino-1-hydroxy-7-(2-
methoxyethoxy)-3,4-dihydroquinolin-2(1H)-one, or a pharmaceutical^ acceptable salt 
thereof. 

14. A pharmaceutical composition comprising a compound according to any one 

10 of claims 1 to 13, or a pharmaceutical^ acceptable salt thereof, and a 
pharmaceutical^ acceptable carrier. 

15. A compound or a pharmaceutically acceptable salt thereof according to any 
one of claims 1-13 for use in the treatment or prevention in a mammal of a condition 

15 selected from the group consisting of acute neurological and psychiatric disorders; 
stroke; cerebral ischemia; spinal cord trauma; cognitive impairment, including mild 
cognitive impairment; head trauma; perinatal hypoxia; cardiac arrest; hypoglycemic 
neuronal damage; dementia; Alzheimer's disease; Huntington's Chorea; amyotrophic 
lateral sclerosis; ocular damage; retinopathy; cognitive disorders; idiopathic and 

20 drug-induced Parkinson's disease; muscular spasms and disorders associated with 
muscular spasticity including tremors; epilepsy; convulsions; migraine; urinary 
incontinence; substance tolerance; substance withdrawal; psychosis; schizophrenia; 
negative symptoms associated with schizophrenia; autism, including autism 
spectrum disorders; bipolar disorder; depression, including but not limited to Major 

25 Depressive Disorder and treatment-resistant depression; cognitive impairment 
associated with depression; cognitive impairment associated with cancer therapy; 
anxiety; mood disorders; inflammatory disorders; sepsis; cirrhosis; cancer and/or 
tumors associated with immune response escape; trigeminal neuralgia; hearing loss; 
tinnitus; macular degeneration of the eye; emesis; brain edema; pain; tardive 

30 dyskinesia; sleep disorders; attention deficit/hyperactivity disorder; attention deficit 

disorder; disorders that comprise as a symptom a deficiency in attention and/or 
cognition; and conduct disorder. 
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16. A compound or a pharmaceutical^ acceptable salt thereof which is selected 
from (3S)-3-arnino-7-bromo-1-hydroxy-3,4-dihydroquinolin-2{1/-/)-one; (3R)-3-amino-
7-bromo-1-hydroxy-3,4-dihydroquinolin-2(1H)-one; rac-3-amino-7-bromo-1-hydroxy-
3,4-dihydroquinolin-2(1H)-one; rac-3-amino-8-chloro-1-hydroxy-3,4-dihydroquinolin-

5 2(1H)-one; rac-3-amino-7-chloro-1-hydroxy-3,4-dihydroquinolin-2(1tf)-one; rac-3-
amino-7-fluoro-1-hydroxy-3,4-dihydroquinolin-2(1H)-one; rac-3-amino-6-chloro-1-
hydroxy-3,4-dihydroquinolin-2(1H)-one; rac-3-amino-5-chloro-1-hydroxy-3,4-
dihydroquinolin-2(1 H)-one; rac-3-amino-6-bromo-1-hydroxy-3,4-dihydroquinolin-
2(1H)-one; rac-3-amino-6-fluoro-1-hydroxy-3,4-dihydroquinolin-2(1H)-one; rac- 3-

10 amino-1-hydroxy-4-methyl-3,4-dihydroquinolin-2(1 H)-one; (3S)-3-amino-1 -hydroxy-
3,4-dihydroquinolin-2(1 H)-one or (3f?)-3-amino-1-hydroxy-3,4-dihydroquinoIin-2(1 H)-
one for use in the treatment or prevention in a mammal of a condition selected from 
the group consisting of acute neurological and psychiatric disordrs; stroke; cerebral 
ischemia; spinal cord trauma; cognitive impairment, including mild cognitive 

15 impairment; perinatal hypoxia; cardiac arrest; hypoglycemic neuronal damage; 
dementia; Alzheimer's disease; Huntington's Chorea; amyotrophic lateral sclerosis; 
ocular damage; retinopathy; cognitive disorders; idiopathic and drug-induced 
Parkinson's disease; muscular spasms and disorders associated with muscular 
spasticity including tremors; epilepsy; convulsions; migraine; urinary incontinence; 

20 substance tolerance; substance withdrawal; psychosis; schizophrenia; negative 
symptoms associated with schizophrenia; autism, including autism spectrum 
disorders; bipolar disorders; depression, including but not limited to Major Depressive 
Disorders and treatment-resistant depression; cognitive impairment associated with 
depression; cognitive impairment associated with cancer therapy; anxiety; mood 

25 disorders; inflammatory disorders; sepsis; cirrhosis; cancer and/or tumors associated 
with immune response escape; trigeminal neuralgia; hearing loss; tinnitus; macular 
degeneration of the eye; emesis; brain edema; pain; tardive dyskinesia; sleep 
disorders; attention deficit/hyperactivity disorder; attention deficit disorder; disorders 
that comprise as a symptom a deficiency in attention and/or cognition and conduct 

30 disorders. 

17. A compound or a pharmaceutical^ acceptable salt thereof for use according 
to claim 15 or 16 wherein the condition is dementia; cognitive deficit symptoms of 
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Alzheimer's disease; attention deficit symptoms of Alzheimer's disease; multi-infarct 
dementia, alcoholic dementia or other drug-related dementia, dementia associated 
with intracranial tumors or cerebral trauma, dementia associated with Huntington's 

disease or Parkinson's disease, or AiDS-related dementia; delirium; amnestic 
disorder; post-traumatic stress disorder; mental retardation; a learning disorder (e.g., 

reading disorder, mathematics disorder, or a disorder of written expression); 
attention-deficit/hyperactivity disorder; age-related cognitive decline; cognitive deficits 
associated with psychoses; or cognitive deficits associated with schizophrenia. 


