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BICYCLIC AND TRICYCLIC COMPOUNDS AS KAT Il INHIBITORS

FIELD OF THE INVENTION

The present invention relates 10 the treatment of cognitive deficits associated

with schizophirenia and other neurcdegenerative and/or neurclogical disorders in

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

tricyclic inhibitors of the KAT H enzyme, useful for the treatment of such disorders.
BACKGROUND OF THE INVENTION

KAT {kynurenine aminotransferase) i 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 anfagonist with affinity for the glycine modulatory site of the N-methyi-D-
aspariate (NMDA) receptor complex (M. Kessler et al., J. Neurochem., vol. 52, pp.
1318-1328, 1989). As a naturally occurring brain metabolite, KYNA probably serves
as 2 negative endogencus modulator of cerebral glutamatergic funclion (R, Schwarez
et al., Ann. NUY. Acad. Sci., vol. 648, pp. 140-153, 1882).

EAA receplors and in particular NMDA recepliors are known {o play a central
role in the function of the mammatian brain (J. C. Watkins and G. L. Collingridge,
Eds., The NMDA Receptor, Oxford University Press, Oxford, 1989, p. 242). For
example, NMDA receptor aclivation is essential for cognitive processes, such as, for
example, learing and memory (Watkins and Collingridge, 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 I} inhibiors to reduce KYNA synthesis within the brain
to improve cognitive dysfunction in human disease states.

SUMMARY OF THE INVENTION
The present invention is directed {o compounds of Formula X:
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A X, Y, and Z are defined as follows:
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Ais Nor CRY, Xis Nor CR? Y is N or CR’, and Z is N or CR*, provided
that no more than two of A, X\ Y, and Z are N;

A and X together form a 5- or 6-membered aromatic, N-containing
hetercaromatic, or O-containing heterccycioatky! ring fused to the ring
containing A and X, Y is N or CR®, and Z is N or CR?, wherein the 5- or
B6-membered aromatic, N-containing heterocaromatic, or O-containing
heterocycloalky! ring is substituted by R' and R*;

X and Y together form a 5~ or 8-membered aromatic, N-containing
heteroaromatic, or Q-containing heterocycloalkyl ring fused to the ring
containing X and Y, Ais Nor CR', and Z is N or CR*, wherein the 5- or
&-membered aromatic, N-containing hetercaromatic, or Q-containing
heterocycloalky! ring is substituted by R? and R>, or

Y and £ together form a 5- or 6-membered aromatic, N-containing
hetercaromatic, or O-containing heterocycloalky! ring fused to the ring
containing Y and Z, Alis N or CR', and X is N or CR®, wherein the 5- or
g-membered aromatic, N-containing beteroaromatic, or O-containing
heterocycloalkyl ring is substituted by R* and R*;

R’ is H, halo, atkyl, alkoxy, or cyclopropyl;

R% R®, and R* are independently H, halo, atkyl, aryl, aralkyl, heteroaryl,

alkoxy, cvcioalkyloxy, alkoxyanyl, aryloxy, aratkyloxy, heterocycloalkyloxy,

heteroaryloxy, cycloaikyl, atkytarvioxy, alkytheterocycloalkyl, alkylheteroaryioxy,
heteracycloatkyl, CN, CHNR'R® NR'R?, C(=OINR'R?, SO.NR'R?, SO.R™,
NR'SO,R™, and NR'C{=0)R™, wherein each said alkyl, aryl, aralkyl, heteroaryi,
alkoxy, cycloalkyloxy, alkoxyaryl, arvioxy, aratkyioxy, heterocycioalkyloxy,

heterparyloxy, cycloalky, alkylaryioxy, alkytheteracycloatkyl, alkylheterocarvioxy,

heterocycloalkyl may be subsiituted with one or more substituents selected from

hydroxy, amino, halo, atkyl, haloalkyl, CN, alkoxy, haloalkoxy, atkylamino, and

aminoalkyl;

R® is H, C(=0JR®, C(=0)0R®, C(=OINR™R™ or (CH.R';
R® and R® are independently H, methyl, halomethyl, fluoro, of methoxy;

each R” and R® is independently H, alkyl, haloalkyl, aryl, or heteroary!;

each R’ is independently atkyl, haloaltkyl, aryl, or heteroaryt;
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R is alkyl, aryl, heteroaryl, or cycloalkyl, wherein each said alkyl, aryl,
heteroaryl, and cycloalkyl may be substituted with one or more substituents selected
from hydroxy, amino, halo, alkoxy, and aminoatkyt;

each R™ and R is independently H, alkyl, aryl, heteroaryl, or cycloalkyi,
wherein each said alkyl, aryl, heteroaryl, and cycloalkyl may be substituted with one
or more substituents selected from hydroxy, amino, halo, atkoxy, and aminocalkyl, or,
when R® is C(=OINR™R™ R™ and R™, together with the nitrogen atom to which they
are attached, form a 5- or 6-membered N-containing heterocyclic ring;

O

o)J\o
R s %HR“;

R is M, alkyl, aryl, heteroaryl, or cycloatkyl, wherein each said alkyl, aryi,
heteroaryl, and cycloalkyl may be substituted with one or more substituents selected
from hydroxy, amino, halo, alkoxy, and aminoatkyi;

and pharmaceutically acceptable salts thereof;

pravided that the compound of Formula X is not {38)-3-amino-7-bromo-1-
hydroxy-3,4-dihydroguinoclin-2{1H}one; (3R)-3~amino-7-bromo-1-hydroxy-3,4~
dihydroquinglin-2(1H)-one; rac-3-amino-7-bromo-1-hydroxy-3,4-dihydroguinolin-
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-diydroguinolin-2( 1H)-one; rac-3-amino-7-uoro-1-
hydroxy-3 A-dihydroguinelin-2{1 Hi-one; rac-3-aming-6-chloro-1-hydroxy-3.4-
dihydroquinolin-2( 1H)-one; rac-3-amino-~-b-chioro-1-hydroxy-3,4-dihydroquinchin-
2{1H)-one; rac-3-amino-8-bromo-1-hydroxy-3, 4-dihydroguinolin-2( 1 H)-one; rac-3~
amino-8-fluoro-1-hydroxy-3 4-dihydroquinolin-2{ 1 Hi-one; rac-3-amino-1-hydroxy-4-
methyl-3,4-dihydrogquinolin-2{ 1H})-one; (335)-3-amino-1-hydroxy-3 4-dthydroguinolin-
2(1H)-one; or (3R)}3-amino-1-hydroxy-3,4-dihydrogquinolin-2{1H}one.

This invention also includes pharmaceutically acceptable salts, hydrates,
solvates, isomers, crysialiine 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 1l
mediated disorder in a mammal. Such disorders include cognitive deficils associated
with schizophrenia and cother neurcdegenerative and/or neurological disorders, The
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method comprises administering a compound of Formula X or a pharmaceutically
acceptable salt thereof, to the mammal in an amount that is therapeuticaily effective
to treat the condition.
BRIEF DESCRIPTION OF THE DRAWINGS
FiG. 1 describes in vivo plasma exposure of Example 71 in dogs following
dosing of Example 71 (IV or PO) or Example 72 (PQ). The line indicated by “-+-*
represents plasma exposure of Exampile 71 following intraveneous administration of

Example 71 at 0.5 mg/kg. The line indicated by “~-4." represents plasma exposure of
Example 71 following administration of Example 71 by oral gavage at 2 mg/kg. The
line indicated by "-w." represents plasma exposure of Example 71 following
administration of Example 72 by oral gavage at a dose equivalent to 1 mgfkg of
Example 71.

FIG. 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 {o
3 mg/kg Example 71. The line indicated by “-¢-" represents plasma exposure of
Example 71 {ollowing oral administration of Example 72 {0 subject 1. The line
indicated by “-w-“represents plasma exposure of Example 71 following oral
administration of Example 72 to subject 2. The line indicated by "~ A" represents
plasma exposure of Example 71 following oral administration of Example 71 o
subject 3. The line indicated by “-M-‘represents plasma exposure of Example 71
foliowing oral administration of Example 71 {0 subject 4.

DETAILED DESCRIPTION OF THE INVENTION
One embodiment of the present invention is a compound of Formula X as

described ahove.
Another embodiment of the present invention is a compound of Formula XA
or Formula XB:

o ot
L2 N0 L2 N__.O
Y ~ Y -~
i 1
X\ e X\ e Ty
A “NH; X NH,
RS:—: Rub x A or Rﬁa RS:) XB

wherein A, X, Y, Z, R®, R®¥ and R™ are as defined herein for Formula X.
Another embodiment of the present invention is a compound of Formula Xi or
Formuta X1A that 1s a compound of Formula X or Formula XA, respectively, wheremn:
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A, XY, and £ are defined as follows:

{ii AisNorCR' XisNorCR? YisNor CR’ and Z is N or CR*, provided
that no more than two of A, X, Y, and Z are N;

{iy A and X together form a - or 6-memberad aromatic or N-containing
heteroaromatic ring fused fo the ring containing A and X, Y is N or CR®,
and Z is N or CR®, wherein the 5- or 8-membered aromatic or N~
containing heteroaromatic ring is substituted by R and R or

(i} Y and Z together form a 5- or 6-membered aromatic, N-containing
heteroaromatic, or Q-containing heterocycloalkyl ring fused to the ring
containing Y and Z, Ais N or CR', and X is N or CR?, whersin the 5- or
6-membered aromatic or N-containing hetercaromatic ring is substituted
by R and R*:

R'. R® RY and R® are independently H, halo, alkyl, aryl, aratkyl, hetercaryl,
alkoxy, aryloxy, aratkyloxy, heterocycloalkyloxy, hetercaryloxy, cycloalkyl,
alkylheterocycloalkyl, heterocycloalkyl, CHNRR® and SO,R™, wherein each said
aryi, aratkyl, heteroaryl, atkoxy, aryloxy, aralkyloxy, heterocycloatkyloxy,
heteroaryloxy, eycloalkyl, alkytheterocycloalkyl, and heterocycloatkyl, may be
substituted with one or more substituents selected from halo, alkyl, haloalkyl, CN,
alkoxy, haloalkoxy, and alkylamino,

R®is H;

R® and R® are independently M or methyl;

each R’ and R® is independently alky! or aryl;

each R™ is independently atkyl, haloatkyl, aryl, or hetercaryt; and
pharmaceutically accepiable salts.

Another embodiment of the present invention is a compound of Formula Xi or
Formuia XIA, wherein A, X, Y, Z. R*® R¥® R, R™, and R* have any definition
described herein and R' is H, halo, alkyl, atkoxy, or cyclopropyl, or R is H, halo, or
alkoxy.

Another embodiment of the present invention is a compound of Formula Xl or
Formuta XIA wherein R’ is H, halo, Ce.a alkyl, Gy atkoxy. or cyclopropyi.

Another embodiment of the present invention is a compound of Formula Xi or
Formula XIA wherein R' is M, halo, C,; alkyl, C..; alkoxy, or eyclopropyl: R is M,
hala, G alkyl, G5 alkoxy, Cse Cycloalkyl, 4-6-membered heterocycioalkyl, CN,
NR'R®, C(=OINR'R?, SONR'R® NR'SO.R®, and NR'C(=Q}R", wherein each said



WO 2010/146488 PCT/IB2010/052349

alkyl, alkoxy, aryioxy, heterocycloalkyloxy, heteroaryloxy, cycloatkyl, and
heterocycloalkyl may be substituted with one or more substituents selected from
hydroxy, amino, halo, atkoxy, and amincalkyl; each R and R® is independentiy H,
alkyl, or haloalkyl; and each R™ is alkyl or haloatkyl.

Another embodiment of the present invention is a compound of Formula X! or
Formula XIA wherein R’ is H, haloe, Cy5 alkyl, Cy.3 atkoxy, or cyclopropyl; RYis H,
halo, C5 alkyl, Gy alkoxy, Cag cycloalkyl, 4-6-membered heterocycloalkyl, CN,
CEOINRRY, or SONR'R®, wherein each said alkyl, alkoxy, aryioxy, heteroaryloxy,
cycloalkyl, and hetercoycloalkyl may be substituted with one or more substituents
selected from hydroxy, amino, halo, atkoxy, and aminocalkyl: and each R" and R% is
independently H, alkyl, or haloalkyl.

Another embodiment of the present invention is a compound of Formula XH or
Formuda XIIA that is a compound of Formula X of Formula XA, respectively:

R*  OR’ RY  OR”

i |
R N Q R” N G

R? NH, R? NH,

RR® R i o R R yia
wherein R is H, halo, Cy; alkyl, C.5 alkoxy, or cyclopropyl; R, R* R*  and R® are as
defined above for Formula X; and one of R™ and R™ is H and the other is H, methy,
flucromethyl, flucro, or methoxy.

Another embodiment of the present invention is a compound of Formula XH or
Formula XiIA wherein B', R® R®, and R* are independently H, F, Cl, Br, CH,, or CF3;
and one of R*™ and R™ js M and the other is H or CH..

Another embodiment of the present invention is a compound of Formula XH or
Formuta XilA wherein R’ is H; R7is H, Cl, or CHy R¥ is Hor CHy and R¥ is H, F,
CH,, or CF,.

Another embodiment of the present invention is a compound of Formula X#'
or Formula XA’ that is a compound of Formula Xit or Formula XIiA, respectively,
wherein R' is H; R¥ is H, aryialky! 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, aminog, halo, alkyl, haloatkyl, CN, alkoxy,
haloatkoxy, alkylamino, and aminoalkyl; R’ is H or alkoxy, wherein said alkoxy may
be substituted with one or more halo; and R* is H,



WO 2010/146488 PCT/IB2010/052349

Another embodiment of the present invention is a compound of Formula XiY
or Formula XIIA" wherein R® is H or benzyl.

Another embuodiment of the prasent invention is a compound of Formula Xi
or Formula XA wherein R is M.

Another embodiment of the present invention is a compound of Formula X#l
or Formula XHIA that is a compound of Formula X or Formula XA, respectively:

R*  OR® R C‘)Rﬁ

Q RS N O

NH» R®

2 NH,
Réa R Xl or

S RF O wiA
wherein R?, R°, RY, and R® are as defined herein for Formula X or Formula XA; and

~
=
N
R

one of R* and R® is H and the other is H, methyl, fluoromethyl, fluoro, or methoxy.

Another embodiment of the present invention is a compound of Formula Xiil
or Formula XJUA wherein R*, R®, and R® are independently H, F, Cl, Br, CM,, or CF3;
and one of R* gnd R™ js H and the other is H or CH,;.

Another embodiment of the present invention is a compound of Formula X}l
or Formuta XIHA wherein R, R®, R* R® and R®™ are H.

Another embodiment of the present invention is a compound selected from
Examples 1-71, 74-120, and 124-171; and pharmaceutically acceptable salts thergof,

Another embodiment of the present invention is a compound selected from
the compounds shown in Table X, below, and pharmaceutically acceplable salls
thereof.

Another embodiment of the present invention is a method for the treatment or
prevention in 8 mammal of a condition salecled from the group consisting of acute
neurological and psychiatric disorders; siroke; cerebral ischemia; spinal cord trauma;
cognitive impairment, including mild cognitive impairment; head trauma; perinatal
hypoxia; cardiac arrest; hypoglycemic neuronal damage; dementia; Alzheimer's
disease; Hunfington'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 assaciated with

schizophrenia; autism, including autism spectrum disorders; bipolar disorder;
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depression, including but not imided to Major Depressive Disorder and treatment-
resistant depression; cognitive impairment associated with depression; cognitive
impairment associated with cancer therapy; anxiety; mocod disorders; inflammatory
disorders; sepsis; cirthosis; cancer and/or tumors associated with immune response
escape; trigeminal neuralgia; hearing loss; Hinnitus; macular degeneration of the eye;
emesis; brain edema; pain; fardive dyskinesia, sleep disorders; attention
deficithyperactivity disorder; attention dsficit disorder; disorders that comprise as a
symptom a deficiency in attention and/or cognition; and conduct disorder; comprising
administering a compound selected from (35)-3-amino-7-bromo-1-hydroxy-3,.4-
dihydroquinolin-2(1H)-one, (3R»3-amino~7-bromo-~1-hydroxy-3 4-dihydroquinolin-
2{1H)-one, rac-3-amino-7-bromo-1-hydroxy-3, 4-dihydroguinolin-2(1H)-one, rac-3~
amino-8-chloro-1-hydroxy-3.4-dihydroquinolin-2{1#+}-one, rac-3-amince-7-chloro-1-
hydroxy-3,4-dihydroguinolin-2{1H}-one, rac-3-amino-7-fluoro-1-hydroxy-3,4-
dihydroquinolin-2{1H)-one, rac-3-aminoc-8-chioro-~1-hydroxy-3.4-dihydroquinclin-
2(1HY-one, rac-3-amino-5-chloro-1-hydroxy-3 4-dihydroquinolin-2{ 1 H)-ane, rac-3-
amino-6-bromo-1-hydroxy-3,4-dihydroquinolin-2(1 H}-one, rac-3-amino-8-fluore-1-
hydroxy-3 A-dihydroguinolin-2{1H}-one, rac-3-amine-1-hydroxy-4-methyl-3.4-
dihydroquinolin-2{1H}-one, {35}-3-amino-1-hydroxy-3,4-dihydroquinclin-2{1H)-one, or
{3R3-amino-1-hydroxy-3,4-dihydroguinolin-2(1H)-one, or a compound of Formula X.
Another embuodiment 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; altention defici
symptoms of Alzheimer's disease; multi-infarct dementia, alcoholic dementia or other
drug-related dementia, dementia associated with intracranial tumors or cerebral
frauma, dementia associated with Hurdington's disease or Parkinson's disease, or
AlDS-related dementia; delirium; amnestic disorder; post-traumatic stress disorder,
mental retardation; a learning disorder (e.q., reading disorder, mathematics disorder,
or a disorder of written expression); attention-deficiVhyperactivity 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-dihydroquinolin-2(1H)-one, (3R)-
J-aminc-7-hromo-1-hydroxy-3.4-dihydroguinolin-2( 1 H)-one, rac-3-amine-7-bromo-1-
hydroxy-3,4-dihydroguinolin-2{1 H}-ong, rac-3-amino-8-chloro-1-hydroxy-3,4-
dihydroquinolin-2(1H)-one, rac-3-amino-7-chioro-1-hydroxy-3,4-dihydroguinoiin-
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2(1H)-one, rac-3-amine-7 -fluoro-1-hydroxy-3,4-dihydroquinohin-2( 1 H)-one, rac-3-
amino-8-chloro~1-hydroxy-3 4-dihydroquinalin-2{ 1H)-one, rac-3-amino-b-chlore-1-
hydroxy-3,4-dihydroguinolin-2{1 H}-one, rac-3-amino-6-bromo-1-hydraxy-3,4-
dihydroguinolin-2(1H-one, rac-3-amino-6-flucro-1-hydroxy-3,4-dihydroquinolin-
2(1H)-one, rac-3-amino-1-hydroxy-4-methyi-3 4-dihydroquinolin-2{1+)-one, {35)-3-
amino-~1-hydroxy-3 4-dihydroquinolin-2{ 1H}-one, or {3R}-3-amino-1-hydroxy-3,4-
dihydroguinolin-2(1H)-one, or a compound of Formula X.

Ancther 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; spinal cord trauma;
cognitive impairmant, including mild cognitive impairment; head trauma; perinatal
hypoxia; cardiac arrest; hypoglycemic neuronal damage; dementia; Alzheimer's
disease; Hunfington'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
fremors; epilepsy; convulsions; migraine; urinary incontinence; substance tolerance;
substance withdrawal; psychosis; schizophrenia; negative symptoms associated with
schizophrenia; autism, including autism spectrum disorders; bipolar disorder;
deprassion, including but not limited to Major Depressive Disorder and treatment-
resistant depression; cognitive impairment associated with deprassion; cognitive
impairment associated with cancer therapy; anxiety; moaod 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; sieep disorders; attention
deficit/hyperactivity disorder; altention deficit disorder; disorders that comprise as a
sympiom a deficiency in altention 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 sefected from the group consisting of
dementia; cognitive deficit symptoms of 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 ot cerebral
frauma, dementia associated with Huntington's disease or Parkinson's disease, or
AlDS-related dementia; delirium; amnestic disorder; post-traumatic stress disorder,
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mental retardation; a leaming disorder (&.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 of
Formuda X

Another embodiment of the present invention is a compound of Formula XiV
or Formula XIVA that is a compound of Formula X or Formula XA, respectively:

R-I- ?RS Rs% {?RE
R3 N N O RS N N O
|
N N.
= ) NH, ) %NHZ
9] B ) 2
RRTOR XV or R BT R XIVA

wherein R' is H, halo, C..; alkyl, Cy alkoxy, or cyclopropyl, one of R® and R® is H
and the other is H, methyi, flucromethyl, fluoro, or methoxy; and R°, R*, and R® are
as defined above for Formula X or Formula XA,

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

or Formula XVA that is a compound of Formuda X or Formuda XA, respectively ;

Rd ?RS
N N_ O
|
R f & BbNH?
3
R R® R XV or XVA

wherein R" is M, halo, C4 alkyl, Cy.5 alkoxy, or cyclopropyl; one of R™ and R™® is H
and the other is H, methyl, flucramethyl, fluoro, or methoxy; and R®, R* and R® are
as defined above for Formula X or Formula XA,

Another embodiment of the present invention is a compound of Formula XV
or Farmuta XVA wherein R' is H, halo, C,.4 alkyl, G alkoxy, or cyclopropyi; one of
R% and R™ is H and the other is H, methyl, flucromethyi, fiuoro, or methoxy; and R?,
R* and R® are as defined above for Formula X or Formula XA

Another embaodiment of the present invention is a compound of Formula XV
or Formula XVA, wherein R’ and R® are 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 selected from hydroxy, amino, halo, alkyl, haloalkyl, CN,

alkoxy, haloalkoxy, alkylamino, and aminoalkyl.
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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 Formiula XA, respectively:

o
R _N_ _N_ DO R N. _N_ _.O
B B
o e
R? ) bNH; R? ) EbNHE
a g : @
rtR” R XVi or rIRT R XVIA

wherein R is M, halo, C; alkyl, C..; alkoxy, or cyclopropyl: one of R™ and R™ is H
and the other is H, methyl, flucromethyl, flucro, or methoxy; and wherein R?, R®, and
R® are as defined above for Formula X or Formula XA,

Another embuodiment of the present invention is a compound of Formula XVi
or Formula XVIA wherein R' is H, halo, C..; alkyl, Cy; atkoxy, or cyciopropyl, one of
R™ and R™ is H and the other is H, methyl, flucromethyl, flucro, or methoxy; and
wherein R?, R®, and R® are as defined above for Formula X or Formula XA.

Another embodiment of the present invention is a compound of Formula XV
or Formula XVIA wherein R? is arylalkyl that is benzyl or aryloxy, wherein said aryl
may be substittted with one or more substituents selected from hydroxy, amino,
halo, atkyl, haloalkyl, CN, alkoxy, haloalkoxy, alkylamino, and aminoalkyl: and R” is H
ar alkyl.

Another embodiment of the present invention is a compound of Formula XVi
or Farmula XVIA wherein R is arylalkyl that is benzy! or aryloxy that is phenoxy,
wherein said aryl may be substituted with one or more substituents selected from
hydroxy, aming, halo, alkyl, haloalkyl, CN, alkoxy, haloalkoxy, alkylamino, and
aminoalkyl: and R® is H or methyl.

Another embodiment of the present invention is a compound of Formula XV
or Formuta XVIA that is a compound of Formula X or Formula XA, respectively:

R4 ?Rﬁ RY ORS
R X N_ O R3 )
!
N, =
N NH, ~ NH,
R R yvi or RE RO wypaA

wherein ane of R* and R® is H and the other is H, methyl, fluoromethyl, fluoro, or
methoxy; and R®, R*, and R" are as defined above for Formula X or Formula XA,
Another embodiment of the prasent invention is a compound of Formula XVii

ar Formula XVIHA that is a compound of Formula X or Formula XA, respectively:
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NH, R2 >
R% R® VI or R R®  XVHIA

wherein one of R™ and R™ is H and the other is H, methyl, fluoromethyi, fluoro, or
methoxy; and R?, R, and R® are as defined above for Formula X or Formula XA.
Another embodiment of the present invention is a compound of Formula XiX

or Formula XIXA that is a compound of Formula X or Formula XA, respectively:
?RE‘ OR®

R® R® XX or RS CR® xixA
wherein one of R* and R¥ is H and the other is H, methyl, fluoromethyi, fluoro, or
methoxy; and R, R®, and R® are as defined above for Formula X or Formula XA.

Another embodiment of the present invention is a compound of Formula XX
or Formula XXA that is a compound of Formula X or Formula XA, respectively:

R ?RS R* ?RS
NN N_ O N No_ .0
i} il
N N .2
2 ) NH. ) NH,
33 B £z b
rIRT R XX  or g1 R R XXA

wherein R' is M, Cqs alkyl, C,.; alkoxy, or cyclopropyl; one of R™ and R™® is H and the
other is H, methyl, fluoromethyl, fluoro, or methoxy; and R* and R® are as defined
above for Formula X or Formula XA

Another embodiment of the present invention is a compound of Formula XX1
or Formula XXIA that is a compound of Formula X or XA, respectively:

?Rﬁ ?RS
a R N N Q

723 N\ N ‘ N
N N
=
NH, NH,
Rﬁa Rﬁb 2
R’ XXi or R’ XXIA
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wherein R' is H, Cia alkyl, Cr.z alkoxy, or cyclopropyl; one of R* and R® is H and the
other is H, methyl, fluoromethyl, fluoro, or methoxy; and R® and R® are as defined
above for Formula X or Formula XA

Another embuodiment of the prasent invention is a compound of Formula XXH

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

o
LN, N
]
RN N,
1 tl
r1RT R XXH or XXUA

wherein R’ is H, halo, C..; alkyl, Cy.3 alkoxy, or cyclopropyl; one of R® and R¥® is H
and the other is H, methyl, flucromethyl, fluore, or methoxy; and R? and R® are as
defined above for Formula X or Formula XA

Another embodiment of the present invention is a compound of Formula XXIii
or Formuda XXIHA that is a compound of Formuta X or XA, respectively:

XXHE or XXHIA
wherein the ring substituent A is a 5- or 6-membered aromatic, N-containing
heteroaromatic, or O-containing heterocycioalkyl ring substituent substituted by R’
and R% R’ is H. halo, Cy.a atkyl, Cy.5 alkoxy, or cyclopropyl; and R® Y, Z, R®. R*™, and
R™ are as defined above for Formula X or Formula XA.

Another embuodiment of the prasent invention is a compound of Formula XX
or Formula XXIHA wherein the ring substituent A is selected from the group of
substituents shown in Table A, below; wherein A is substituted by R' and R% and
wherein R' and RY are as defined for Formuta XXiH or Formula XXIIA, respectively.
Table A

b ]
A e e WA AT

Ko 5 LA LA
Y ANE HN) S YR | YR
s N N-NH Nmed W= \=z

Wl NOw | Now | ONOy T NGy
@fi \ !;V')I. N’ }r"‘l ﬁ \-&Tr L {: n’z%.
HMN
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Another embodiment of the present invention is a compound of Formula XXV

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

?RS (?Rs
N

: ' :Z\ N O : | :2\ Q
Af NH, ' Afp/ NH,
¢ R

R R™ xxiv o OR® O XXIVA
wherein the ring substituent X is a 5- or §-membered aromatic, N-~containing
hetercaromatic, or O-containing heterocycloalkyl ring substituent substituted by R?
and R R’ (i.e., when A is CR'} is H, hale, Cy atkyl, Cy.1 alkoxy, of cyclopropyl: and
R? RY A Z R® R®™ and R™ are as defined above for Formula X or Formula XA.

Anocther embodiment of the present invention is a compound of Farmula XXV
or Formula XXIVA wherein the ring substituent X is selected from the group of
substituents shown in Table A, above; wherein the ring substituent X is substituted by
R? and R, and wherein R* and R® are as defined for Formula XXIV.

Anather embodiment of the present invention is a compound of Formula XXV
or Formula XXVA that is a compoungd of Fermula X or Formula XA, respectively.

N
hihd ’
N
K NH, NH,
Rﬁa Hﬁh XXV or R'ﬁa RSb XXVA

wherein the ring substifuent Y is a 5- or 6-membered aromatic, N-containing
heteroaromatic, or O-containing heterocycloalkyl ring substituent substituted by R®
and R%: R' (iLe., when A is CR"} is H, halo, Gy alkyl, Cy alkoxy, or cyclopropyl; and
RY RY A, X, R*, R®, and R™ gre as defined above for Formula X or Formula XA.



WO 2010/146488 PCT/IB2010/052349
15

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 Table A, above; wherein said ring substituent Y is substituted
by R” and R*: and wherein R® and R* are as defined for Formula XXV.

Compounds of Formula X or compounds related thereto when R is M can
form a Schiff base with pyridoxal-5-phosphate (also called PLP and/or vitamin B8} in
the KAT H enzyme, fo inhibit formation of kynurenic acid. Literature reports of other
PLP-dependent enzymes (R, B. Silverman et al, J. Am. Chem. Soc. 1998, 120, 2256)
also demonstrate that an initially formed inhibitor-PLEP Schiff 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 Formula X, as defined hersin, and pyndoxai-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 Formuta X,
as defined herein, and pyridoxal-5-phosphate, wherein said Schiff base is formed in
vivo,

Prodrugs that have little or no phamacoclogical activity themselves can, when
administered into or onto the body, be converted into compounds of Formula X
having the desired activity.

Another embodiment of the present invention is a compound of Formula X or
Formula XA wherein R’ is H, halo, Cy. atkyl, Cy.s alkoxy, or cyclopropyl; R is
CEOIR®, CEOIOR®, CEOINRMR™, or (CHR'™: and R is methyl.

Another embodiment of the present invention is a compound of Formula X or
Formuia XA wherein R® is O(=0)INR¥R®,

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

o
oo RO B0 B
Formula XA wherein R® is N Nt TR N o Nt

Another embodiment of the present invention is a compound selected from
Examples 72, 73, and 121-123; and pharmaceutlically acceptable salts thereof.

Another embodiment of the present invention is (35)-3-amino-1-
{dimethylcarbamoyhoxyil-3,4-dihydroquinolin-2{1Hone {see Example 73), and
pharmaceutically acceptable salts thereof.
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Another embodiment of the present invention is a compound selected from
the compounds shown in Table Y, below, and pharmaceutically acceptable salts
thereof.

Another embuodiment of the present invention is a compound selected from
the compounds shown in Table Z, below, and pharmaceutically acceptable salts
thereof.

Anocther embodiment of the present invention is a compound of Formula XIiB,
Farmuia XiIB, Formula XIHIB, Formula XIVB, Formula XVB, Formula XVIB, Formula
XVHB, Formula XVIHB, Formula XXIB, Formula XXUB, Formula XXHIB, Formula
XXIVB, or Formula XXVB, that is a compound of Formula XIA, Formula XHA,
Formuia XiHA, Formula XIVA, Formuia XVA, Formula XVIA, Formula XVHA, Formula
XVIHA, Formula XXIA, Formula XXHA, Formuta XXHIA, Formuta XXIVA, or Formula
XXVA, respectively, wherein the right side of the molecule has the following
stereocchemistry:

réa Rt

Unless otherwise specified, for the sake of brevity, any reference herein to
compounds of Formula X shall include reference {o any compounds of the invention,
including any compounds of Formulas X, XA, X1, XiA, XiE, XHA, X, XA, XIV, XIVA,
XV, XVA, XV, XVIA, XVH, XVHA, XVI, XVIHA, XXI, XXIA, XX, XXHA, XX, XXHIA,
KXV, XXIVA, XXV, or XXVA, without specific reference o each Formula.

Unless otherwise specified, any variable not mentioned in Formulas X, XA,
Xi, XA, X, XHA, XIP, XHA", Xi, XHIA, XIV, XIVA, XV, XVA, XVI, XVIA, XVii, XVHA,
XVIH, XVHIEA, XIX, XIXA, XX, XXA, XXI, XXIA, XXH, XXHA, XXHI, XXIHA, XXV,
XOXWA, XXV, or XXVA will have the definition as provided in Formula X Furthermore,
urtless othervise specified, reference 1o a compound of any Formula disclosed
herein shall also include pharmaceutically acceptable salts thereot.
Abbreviations and Definitions

The term "alkyl” refers (o a linear or branched-chain saturated hydrocarbyl
substituent {i.g., a substifuent obtained from a hydrocarbon by removal of a
hydrogen) containing from one to twenty carbon atoms: in one embodiment from one
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to twelve carbon atoms; in another embodiment, from one {o ten carbon atoms; in
ancther embodiment, from one {o six carbon atoms; and in another embodiment,
from one to four carbon atoms. Examples of such substituents include methyl, ethyi,
propvl {including n-propy! and isopropyl}, butyl {including n-butyt, isabutyl, sec-butyl
and terf-butyl), pentyd, iscamyl, hexy! and the like.

“Alkenyt” 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 alkenyl 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 atkenyl group, may contain 2 carbon atoms, 3 carbon
atoms, efc. up to and including 20 carbon atoms). In another embodiment, itis a
medium size alkeny having 2 to 10 carbon atoms. For example, as used herein, the
term "(Co-Celalkenyl” means straight or branched chain unsaturated radicals of 210 6
carbon atoms, including, but notlimited to ethenyl, T-propenyl, 2-propenyi (ailyl), iso-
propenyl, 2-methyl-1-propenyl, 1-butenyl, 2-butenyl, and the like; optionally
substituted by 1 to 5 suitable substituents as defined ahove such as #uorp, chioro,
triffluoromsthyl, (C4-Cslalkoxy, (Ce-Chgjanyloxy, trifluoromethoxy, diffucromethoxy or
{C+-Cslatkyl. When the compounds of the invention contain a (C,-Cs)atkenyl group,
the compound may exist as the pure E {enigegen)} form, the pure Z {zusammen)
form, or any mixture thereof.

“Alkyryl” refers 1o an aliphatic hydrocarbon having at least one carbon-carhon
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 {o 20
carbon atoms {(whenever a numerical range; e.q., "2-20% is stated herein, it means
{hat the growp, in this case the alkynyl group, may contain 2 carbon aloms, 3 carbon
atoms, efc. up 1o and including 20 carbon atoms). In another embodiment, ffis a
medium size alkyny! having 2 to 10 carbon atoms. in another embodiment, itis a
lower atkynyt having 2 {o 8 carbon atoms. For example, as used herein, the term
"e-Caatkynyl” is used herein {0 mean straight or branched hydrocarbon chain
alkvnvl radical as defined above having 2 to & carbon atoms and one triple bond.

The term "cycloalky!” refers to a carbocyclic substifuent obtained by removing
a hydrogen from a saturated carbocydlic molecule and having three to fourteen
carbon atoms. in one embodiment, a cycloalkyl substituent has three o fen carbon
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atoms. Examples of cycloalkyl include cyclopropyl, cyclobuiyl, cyclopentyt and
cyclohexyl.

The term “cycloalkyl” also includes substifuents that are fused (o a Ce-Cyg
aromatic ring or to a 5-10-membered hetercaromatic ring, wherein g group having
such a fused cycloalkyl group as a substituent is bound to a carbon atom of the
cycloalkyl group. When such a fused cycloalkyl group is substituted with one or more
substituents, the one or more substituents, unless otherwise specified, are each
pbound to a carbon atom of the cycloalkyl group. The fused Cs-Cyp aromatic ring or 5-
10-membered heteroaromatic ring may be optionally substituted with halogen, Cy-Cs
alkyl, C;-Cyo cycloalkyl, or =0. A cycloatkyl may be a single ring, which typically
contains from 3 to 8 ring atoms. Examples include cyclopropyl, cyclobuty,
cyclopentyl, and cyclohexyl. Allernatively, 2 or 3 rings may be fused {ogether, such
as bicyclodecanyl and decalinyl.

The term "aryl” refers to an aromatic substituent containing one ring or two or
three fused rings. The aryl substituent may have six to eighteen carben atoms. As an
example, the aryl substituent may have six to fourteen carbon atoms. The term "aryl”
may refer 1o substituents such as phenyl, naphthyl and anthracenyl. The term “anyl”
also includes substituents such as phenyl, naphthyl and anthracenyi that are fused to
a C;-Cyp carbocyclic ring, such as a Cs- or a Ce-carbogychic ring, or to a 4-10-
meambered heterocyclic ring, wherein a group having such a fused and group as a
substituent is bound o an aromatic carbon of the aryl growp. When such a fused aryl
group is substituted with one or more substituents, the one or more substituents,
unless otherwise specified, are each bound {o an aromatic carbon of the fused aryl
group. The fused Ci-C.p carboevelic or 4-10-membered beterocydlic ring may be
optionally subsiituted with halogen, C+-Cs alkyl, T5-Cyp cycloatkyt, or =0, Examples of
aryt groups include accordingly phenyl, naphihalenyi, tetrahydronaphthalenyt (also
known as “tetralinyl”), indenyl, isoindenyi, indanyl, anthracenyl, phenanthrenyl, and
benzonaphthenyl (also known as “phenalenyl”).

The term "aralky!” or “arylatkyl” refers to an alkyl substifuent, 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.,
phenvimeathyl), phenylethyl, indenvimethyl, and naththalenylethyl.

i some instances, the number of carbon atoms in a hydrocarbyl substituent
{i.e., atkyl, alkenyi, cycloalkyl, cycloalkenyl, aryl, etc.) is indicated by the prefix “C,-C,”
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or "Cyy." wherein x is the minimum and y is the maximum number of carbon atoms in
the substituent. Thus, for example, "C+Ce alkyl and “C.s atkyl” both refer to an alicy!
substituent containing from 110 6 carbon atoms. {Hlustrating further, C;-Cs cycloalkyl
and Cas cycloalkyl refer (o saturated cycloatkyl containing from 3 to 8 carbon ring
atoms.

in some instances, the number of atoms in a cyclic substituent containing one
or mare heteroatoms (i.e., heteroaryl or heterocycloalkyl) is indicated by the prefix “X-
Y-membered”, wherein x is the minimum and y is the maximum number of atoms
forming the cyclic maoiety of the substituent. Thus, for example, 5-8-membered
heterocycloatkyl refers to a heterocycloalkyl containing from 5 1o 8 atoms, including
one or more hetercatoms, in the cyclic moiety of the heterocycloalkyl.

The term “hydroxy” or “hydroxyl” refers (o —OH. When used in combination
with another term(s), the prefix "hydroxy” indicates that the substifuent to which the
prefix is attached is substituted with one or more hvdroxy substituents. Compounds
bearing a carbon o which one or more hydroxy substituents are attached include, for
example, alcohols, enols and phenol.

The term “hydroxyalkyl” refers to an alkyt that is substituted with at least one
hydroxy substituent. Examples of hydroxyalkyl include hydroxymethyl, hydroxyethyi,
hydroxypropyl and hydroxybutiyl.

The term “cyano” {also referred {0 ag "nitrile”) means CN.

The term “carhonyl” means C{0Q) or C=0.

The term "amino” refers to NH:.

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
alkylaming substituents include monoalkyiamino such as methylamino {exemplified
by the formula NH(CH;:)), and dialkylamine such as dimethylamino {exemplified by
the formuia ~N{CH;).).

The term “halogen” refers to fluorine {which may be depicted as F), chlorine
{which may be depicted as Cl}, bromine {which may be depicted as Br), or iodine
{which may be depicted as ). In one embodiment, the halogen is chiorine. in another
embodiment, the halogen is fluorine. In another embodiment, the halogen is bromine.

The prefix *hale” indicates that the subsiituent 1o which the prefix is attached
is substituted with ong or more independently selected halogen substituents. For
example, haloalkyl refers 1o an atkyl that is substituted with at least one halogen
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substifuent. Where more than one hydrogen is replaced with halogens, the halogens
may be identical or different. Examples of haloatkyls include chioromethyl,
dichloromethyl, diffuorochioromethyl, dichloroflucromethy, trichloromethyl, 1-
bromoethyl, fluoromethyl, diffuoromethyl, tiflucromethyi, 2,2, 2-trfluorcethni,
difivoroethyl, pentaffucroethyl, diffuoropropyl, dichloropropyl, and heptafiuoropropyt.
Hlustrating further, “haloalkoxy” refers to an alkoxy that is substituted with at least one
halogen substituent. Examples of haloatkoxy substituents include chioromethoxy, 1-
bromoethoxy, fluocromethoxy, diffucromethoxy, triffucromethoxy (also known as
‘perfiuoromethyloxy™), and 2,2 2-triflucrcethoxy. 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 =Q.

The term "alkoxy” refers 1o 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 “cycloalkyloxy” refers 10 a cycloalkyl linked {0 an oxygen, which may
alse be represented as —OR, wherein the R represents the cycloalkyl group.
Examples of cycloalkyloxy include cyclopropyloxy, cyclobutyloxy, and cyclopentyloxy.

The term “heterocydioalkyl” refers o a substituent obtained by removing a
hydrogen from a saturated or partially saturated ring structure containing a total of 4
to 14 ring atoms. Al least one of the ring atoms is g heteroatom usually selected from
oxygen, nitrogen, or sulfur. A heterocycloatky! allematively may comprise 2 or 3 rings
fused togsther, 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 heterocycloalkyl substituent,
{he ring atom of the heterocycloalkyl substituent that is bound {o 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. Similarly, if
the heterocycloatkyl 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 aton may be in a different ring
from the at {east one hetercatom.
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The term “heterocycioalkyl” also includes substituents that are fused {0 a Cs-
{1 aromatic ring or to a 5-10-membered heteroaromatic ring, wherein a group
having such a fused heterocycloalkyl group as a substituent is bound to a heteroatom
of the hetercgyclocatkyl group or fo a carbon atom of the heterocycloalkyl group.
When such a fused heterocycioalkyl group is substituted with one or more
substituents, the one or more substituents, unless otherwise specified, are each
bound to a heteroatom of the heterocyclocalkyl group or to a carbon atom of the
heterocycloalkyl group. The fused Ce-Cio aromatic ring or 5-10-membered
heteroaromatic ring may be optionally substituted with halogen, C+-Cg alkyl, C3-Cyp
cycloalkyl, C-Cg alkoxy, or =0.

The term “heterocycloalkyloxy” refers to a heterocycloalkyl linked to an
oxygen, which may also be represented as —~OR, wherein the R represents the
heterocycloalkyl group. Exampies of heterocycloalkyloxy include oxetanyloxy {(such
as oxetan-3-yloxy), tetrahydrofuranyloxy {such as tetrahydrofuran-3-yloxy), and
tetrahydropyranyioxy {such as tetrahydro-2H-pyran-4-yloxy or tetrahydro-2H-pyran-3-
vloxy).

The term “heteroaryl” refers to an aromatic ring structure containing from 5 to
14 ring atoms in which at least one of the ring atoms is a hetercatom {i.e., oxygen,
nitrogen, or sulfur), with the remaining ring atoms being independently selected from
the group consisting of carbon, oxygen, nitrogen, and sulfur. A heteroaryl may be 8
singie ring or 2 or 3 fused rings. Examples of hetercary! substituents include 8-
membered ring substiiuents such as pyridyl, pyrazyl, pyrimidinyt, and pyridazinyl; 5-
membered ring substituents such as triazolyl, imidazolyl, furanyl, thiophenyi,
pyrazolyl, oxazolyl, isoxazolyl, thiazoivl, 1,2.3-, 1,2,4-, 1,2.5-, or 1,3, 4-oxadiazolyl and
isothigzolyl, 6-/5-membered fused ring substituents such as benzathiofuranyt,
isohenzothiofuranyl, benzisoxazolyl, benzoxazolyl and purinyl; and 8-/6-membered
fused rings such as quinolinyl, isoguinoliny, cinnolinyl, quinazoling, and 1,4~
benzoxazinyl. in a group that has a heteroaryl substifuent, the ring atom of the
hetercaryl substituent that is bound to the group may be the at least one hetercatom,
or it may be a ring carbon atom, where the ring carbon atom may be in the same ring
as the at least one hetercatom 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 fum
substituted with a group or substituent, the group or substituent may be bound {0 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 it the same ring as the at least one helercatom or where the
ring carbon atom may be in a different ring from the at least one heteroatom. The
term “hetercaryl® also includes pyridyl N-oxides and groups confaining a pyridine N-
oxide ring.

Examples of single ring heteroaryls include furanyl, thiophenyt (atso known as
“thiofuranyl”), pyrrolyl, imidazolyl, pyrazoiyl, triazolyl, tetrazolyl, oxazolyl, isoxazolwt,
thiazolyl, isothiazolyl, thiadiazolyl, oxadiazolyl [including 1,2, 4-oxadiazolyl {also
known as “azoximyl™), 1,2.5-oxadiazolyi (also known as “furazanyt”™), or 1,34~
oxadiazolyl], oxatriazolyl (including 1,23 4-oxalriazolyl or 1,2,3 5-oxatriazolyl),
pyridinyt (also known as “azinyl™), diazinyl [including pyridazinyt (also known as *1,2-
diazinyl™}, pyrimidinyl {also known as "1, 3-diazinyl” or "pyrimidyl”), or pyrazimy (also
known as “1 . 4-digzinyl™], and friazinyt {including s-triaziny {also known as “1,3,5-
triazinyl™), as-triazinyt (also known 1,2 4-triazinyl}, and v-tnaziny! (also known as
“1,2, 3-4riaziny!™].

Examples of 2-fused-ring heteroaryls include indolizinyl, pyrindiny, puriny,
naphthyridinyl, pynidopyridiny! {including pyrido]3,4-bi-pyridiny|, pyrido]3,2-bipyridinyl,
or pyridofd 3-blpyridinyl), and pteridinyl, indolyl, iscindolyl, isoindazolyl, phthalazinyl,
quinoxalinyl, guinazolinyl, benzoxazolyl, indoxazinyl, anthranilyl, benzoxadiazotyl,
benzofuranyl, isobenzofuranyl, benzothienyl, isobenzothienyl, benzothiazolyl,
benzothiadiazolyl, benzimidazotyl, benzotriazoiyl, benzoxaziny!, and benzisoxazinyl,

Examples of 3-fused-ring helergaryls or heterocycloalkyls include b 6-dihydro-
4H-irmidazofd 5,1-fquinoline, 4,5-dihydroimidazol[4,5,1-hiindole, 4,5,6,7-
tetrahydroimidazo{4 5,1k} 1ibenzazepine, and dibenzofuranyl.

Cther examples of fused ring heteroanvls include benzo-fused heteroaryls
such as indolyl, isoindolyi (also known as “isobenzazolyl” or “pseudoisoindoiyl™,
benzazinyl [including quinolinyt {also known as "1-benzaziny!”) or isoquinolinyt (also
known as “2-benzazinyl’}], phthalazinyl, quinoxalinyl, quinazolinyl, benzodiazinyt
{including cinnolinyl {also known as “1,2-benzodiazinyl™) or guinazoliny (also known
as “1,3-benzodiazinyl™], benzoxazolyl, indoxazinyl {also known as “benzisoxazolyl™),
benzoxadiazolyl, benzofuranyl (also known as "coumaronyl™), iscbenzofuranyi,
benzothienyl (also known as “benzothiophenyl,” "thionaphthenyl,” or
“benzothiofuranyl™), isohenzothieny! {also known as “isobenzothiopheny,”
“isothianaphthenyl,” ar “isobenzothiofuranyl”™), benzothiazolyl, benzothiadiazohy,
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benzimidazolyl, benzotriazolyl, benzoxazinyl, benzisoxazinyt (including 1,2-
benzisoxazinyi or 1,4-benzisoxazinyl), carbazolyl, and acridinyl.

The term “hetercaryl” also includes substituents such as pyridyl and guinolinyt
that are fused {0 a C.-C,; carbocydtic ring, such as a Cs or a G, carbogytlic ring, or to
a 4-10-meambered heterocyclic ring, wherein a group having such a fused aryl group
as a substituent is bound o an aromatic carbon of the hetercaryl group ortoc a
heteroatom of the heteroary! group. When such a fused heteroaryl 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 heteroaryl group or
to a hetsroatom of the heteroaryl group. The fused C-Cyp carboceyclic or 4-10-
membered hsterocyclic ring may be optionally substituted with halegen, C4-Cs atkyt,
Ca-Cio cycloalkyl, or =0.

Additional examples of hetercaryls and heterocycloatkyls include: 3-1H-
benzimidazol-2-one, {1-substituted)-2-oxo-benzimidazol-3-vi, 2-4tetrahvdrofuranyl, 3-
tetrahydrofuranyl, 2-tetrabydropyranyl, 3 tetrahydropyranyl, 4-tetrahydropyrany,
§1.3]-diexatanyl, [1,3]-dithiolanyi, {1,3]-dioxanyl, 2-tetrahydrothiophenyl, 3-
tetrahydrothiophenyl, 2-morpholinyl, 3-maorpholiny, 4-morphotinyl, 2-thiomorpholinyl,
3-thiomorphatinyl, 4-thiomorpholinyl, 1-pymolidingt, 2~pyrrolidiny, 3-pyrrofidinyl, 1-
piperazinyl, Z-piperazinyl, 1-piperichny, 2Z-piperidinyl, 3-piperidinyl, 4-pigeridiny, 4-
thiazolidinyl, 2H-midazol-2-one, 1-phthatimidinyl, benzoxanyl, benzolt, 3idioxing,
benzo[1.4]ldioxine, benhzopyrrolidiny, benzopiperiding. benzoxolanyl, benzothiolanyl,
4.5 .8, 7-{etrahydropyrazol{1,5-alpyridine, benzothianyl, pyrrolidinyl, dihydrofuranyl,
tetrahydrothienyl, dihydropyranyl, tetrahydrothiopyranyl, piperidine, morpholino,
thiomorphaoling, thioxanyl, piperazinyl, azetidinyl, oxetanyl, thietany, homeopiperidiny,
oxepanyl, thiepanyl, oxazepinyl, diazepiny, thiazepinyt, 1,2.3.6-tetrahydropyridinyl, 2-
pyrrofinyl, 3-pyrrolinyl, indolinyl, 2H-pyranyl, 4M-pyranyl, dioxanyl, 1.3-dioxolany,
pyrazolinyl, dithtanyl, dithiolanyl, dihydropyranyl, dihydrothienyl, dihydrofuranyt,
pyrazolidiny!, imidazolinyl, imidazolidiny, 3-azabicyclo[3.1.0thexany, 3-
azabicyciold. 1.0theptanyt, 3H-indolyl, guinclizinyl, pyriding, imidazalyl, pyrimiding,
pyrazolyl, triazolyl, pyraziny, tetrazolyl, furyl, thienyl, isoxazolyl, thiazolyl, oxazolyl,
isothiazolyl, pyrrolyl, guinolinyd, isoquinolinyl, indolvi, benzimidazolyi, benzofuranyi,
cinnoling, indazohyl, indolizinyl, phthalazinyl, pyridazing, trazinyl, iscindolyl,
plenidinyl, puriny, oxadiazolyl, thiadiazoly, furazanyl, benzofurazanyl,
penzothiophenyl, benzothiazolyl, benzoxazolyl, guinazolinyl, quinoxaliny,
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naphthyridinyl, and furopynidingl. The foregoing groups, as derived from the groups
listed above, may be C-attached or N-attached where such is possible. For instance,
a group derived from pyrrole may be pyrrol-1-yl (N-attached) or pyrrol-3-vt (G-
attached). Further, a group derived from imidazole may be imidazol-1-yl (N-attached)
or imidazol-2-yt (C-attached).

if & substituent is described as bsing “substituted,” a non-hydrogen
substituent is in the place of a hydrogen attached to a carbon, oxygen, sulfur or
nitrogen of the substituent. Thus, for example, a substituted alkyl substituent is an
alkyl substituent wherein at least one non-hydrogen substituent is in the place of a
hydrogen substituent on the atkyl substituent. To lllustrate, monofiuoroalkyl is atkyl
substituted with a fluoro substituent, and difluoroatkyl is alkyl substituted with two
fluoro substituents. It should be recognized that if there is more than one substitution
on & substituent, each non-hydrogen substituent may be identical or different (unless
ctherwise stated).

if a substituent is described as being “optionally substituted,” the substituent
may be either substituted or not substituted. i a carbon of a substituent is described
as being optionally substifuted 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. f a
nitrogen of a substituent is described as being oplionally substituted with cne or more
of a list of substiluents, one or more of the hydrogens on the nitrogen (to the extent
there are any} may each be replaced with an independently selecled oplional
substituent. One exemplary substituent may be depicted as ~-NR'R", wherein R’ and
R together with the nitregen atom o which they are attached, may forma
heterocyclic ring. The heterocydlic ring formed from R and R together with the
nitrogen atom o which they are altached 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, imidazolw,
pyrazolyl, triazolyl, tetrazolyl, isoxazolyl, and thiazohyl.

if a group of substituents are colleclively described as being optionally
substituted by one or more of a list of substituents, the group may include: (1)
unsubstittdable substituents, (2) substitutable substituents that are not substituted by
the optional substituents, andfor (3) substitttable substituents that are substitided by

one or mare of the oplional substituents.
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if @ substituent is described as being optionatlly substituted with up to a
particular number of non-hydrogen substituents, that substituent may be either (1)
not substituted; or (2) substituted by up {0 that particular number of non-hydrogen
substituents or by up o the meaximum number of substitutable positions on the
substituent, whichever is less. Thus, for example, f a substituent is described as a
heteroaryl optionally substituted with up 1o 3 non-hydrogen substituents, then any
heteroaryl with less than 3 substitutable positions would be optionally substituted by
up o only as many non-hydrogen substituents as the heteroaryl has substitutable
positions. To illustrate, letrazolyl {which has only one substitutable position) would be
optionally substituted with up fo 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 wilt be optionally substituted with up o 2
non-hydrogen substituents if the amine 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 8 secondary nitrogen.

A prefix attached to a multi-moiely substituent only applies o the first moiety.
To illustrate, the term “alkyicycloalkyl” contains two moieties: alkyl and cycioalkyl.
Thus, a Cy-Cq prefix on G;-C; alkylcycloalkyl means that the alkyl moiety of the
alkyleycloatkyl contains from 1 to 6 carbon atons; the C4-Cy, prefix does not describe
the cycloatkyl moiety. To Hlustrate further, the prefix *halo” on haloalkaxyalkyl
indicates that only the alkoxy moiety of the alkoxyalkyl substituent is subsiituted with
one or more halogen substifuents. If the halogen substifution may only occur on the
alkyl moiety, the substituent would be described as “alkoxyhaloalkyl.” If the halogen
substitution may occur on both the alkyl moiety and the alkoxy maoiety, the substituent
would be described as “haloalkoxyvhaloalkyl.”

i substituents are described as being “independently selected” from a group,
each substifuent is selected independent of the other. Each substituent therefore
may be identical to or different from the other substituent(s).

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 fo
include all forms of the compound of Formula X, including hydrates, solvates,
isomers, crystailine and non-Crystaliine forms, isomorphs, polymorphs, and
metabolites thereof.
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The following abbreviations are used herein:

AIBN:
APCL

BOC:
BOC:O
br:
Ch,0D:
CDCl:
d:

DCM:
dd:
DMF:
DMSO:
DMSO-ds
ELO:
EtOAC:
E1OH:
G

h
HPLC:

LOMS:

m:
M:
mCRPBA;

MeCN:
Me(H:

Isamers

2,2 -Azobisisobutyronitrile

Atmospheric pressure
chemical ionization

tert-Butoxycarbonyl
Di-tert-butyl dicarbonate
Broad

Deuterated methanoc!
Deuterated chioroform
Doublet
Dichioromethane
Doublet of doublets

N N-Dimethyiformamide
Dimethyl sulfoxide
Deuterated dimethyl sulfoxide
Diethyl ether

Ethyl acetate

Ethanol

Gram

Hours

High performance liguid
chromatography

Coupling constant

Liquid chromatography ~
mass spectrometry

Muitiplet
Motlar

meta-Chioroperoxybenzoic
acid

Acetonitrile
Methanol

mEg:
mg:
MHz:
min:
mi.:
P
mmot:
MS:
N:
NaOktEt:
NBS:
NCS:
NEty:
NMR:

PA{IOAC)::

PPNy
psi:

PYC:
q:
RT:
s

t:
-OTf:
TFA:
THF:
TLC:

PCT/IB2010/052349

Milliequivalent
Milligram

Megahertz

Minutes

Milliliter

Microliter

Mitlimole

Mass spectrometry
Normal

Sodium sthoxide
N-Bromosuccinimide
N-Chlorosuccinimide
Tristhviamine

Nuclear magnetic
resonance

Paltadium {1
acetate

Paris per million
Pounds per square
inch

Platinum on carbon
Quartet

raom temperature
Singlet

Triplet

CF:S0s-
Triftucroacetic acid
Tetrahydrofuran

Thin layer
chramatography

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 oplical isomers {(enantiomers). in one embodiment, the present invention
comprises enantiomers and mixiures, including racemic mixtures of the compounds
of Formula X. In ancther embodiment, for compounds of Formula X that contain more
thar one asymmetric center, the present invention comprises diastereomeric forms
{individuatl diastereomers and mixiures thereof) of compounds. When a compound of
Formuta X contains an atkenyl group or motety, geometric isomers may anse.

Tautomeric Forms

The present invention comprises the tautomeric forms of compounds of
Formuta 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-called valence taulomerism in compounds which contain an
aromatic moiety. It follows thatl a single compound may exhibit more than one {ype of
isomerism. The various ratios of the tautomers in solid and liquid form is dependent
on the various substituents on the molecule as well as the particudar crystallization
technique used to isolate a compound.

Salts

The compounds of this invention may be used in the form of salls derived
from inorganic or organic acids. Depending on the particutar compound, a salt of the
compound may be advaniageous due 10 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 oll. In some instances, a sall 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 palient {as opposead 1o, for
example, being used in an in vilro context), the salt preferably is pharmaceutically
acceptable. The term "pharmaceutically acceptable salt" refers to a salt 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. Pharmaceutically
acceptable salts are particularly useful as products of the methods of the present
invention because of their greater aguecus solubility relative to the parent compound.
For use in medicine, the salls of the compounds of this invention are non-toxic
“‘pharmaceutically acceptable salts.” Salis encompassed within the temm
‘pharmaceutically acceptable salts” refer 1o non-toxic salis of the compounds of this
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invention which are generaily preparsd 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 hydrochioric, hydrobromic, hydrofluornic, horie, fluorcboric, phasphoric,
metaphosphoric, nitric, carbonic, sulfonic, and sulfuric acids, and organic acids such
as acetic, benzenssulfonic, benzoic, cifric, ethanesulfonic, fumaric, gluconic, glycolic,
isothionic, lactic, lactobionic, maleic, malic, msethanesuifonic,
irffluoromethanesuifonic, succinic, toluenesulfonic, tartaric, and rifluoroacetic acids.
Suitable organic acids generally include, for example, aliphatic, cycloaliphatic,
aromatic, araliphatic, heterocyciylic, carboxylic, and sulfonic classes of organic acids.

Specific examples of suitable organic acids include acetlate, triflucroacetate,
formate, propionate, succinaie, giycolate, gluconate, digluconate, lactate, malate,
tartaric acid, citrate, ascorbate, glucuronate, maleate, fumarate, pyruvate, aspariate,
glutamate, benzoate, anthranilic acid, mesvlate, stearate, salicylate,
p-hydroxybenzoate, phenylacetate, mandeiate, embonate (pamoate),
methanesulfonate, ethanesulfonate, benzenesuifonate, pantothenate,
toluenesulfonate, Z-hydroxyethanesulfonate, sulfanilate, cyciohexylaminosuifonate,
algenic acid, B-hydroxybutyric acid, galactarate, galacturonate, adipate, alginate,
butyrate, camphorate, camphorsulfonate, cyclopentanepropionate, dodecylsulfate,
glycohepianoate, glycerophosphate, heplanoate, hexanoale, nicotinate,
Z2-naphihaiesulfonate, oxalate, palmoate, peciinate, 3-phenvipropionate, picrate,
pivalate, thiocyanate, tosylate, and undecanoate.

Furthermore, where the compounds of the invention carry an acidic moiety,
suitable pharmaceutically acceptable salts thereof may include alkali metal salts, i.e.,
sodium or potassium salts; alkaling earth metal salls, e.g., calcium or magnesium
salts; and salts formed with suitable organic ligands, e.g., guatemary ammonium
salfs. In another embodiment, base salis are formed from bases which form non-toxic
salts, including aluminum, argining, benzathine, choline, diethylamine,
diethanolamine, glycine, lysine, meglumine, ethanclamine, romethamine and zinc
salts.

Crganic salts may be made from secondary, teriiary or guatemary amine
salts, such as tromethamine, disthylamine, N N -dibenzylethylenediamine,

chioroprocaine, choline, diethanolamine, ethylenediamine, meglumine
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{N-methyvigiucamine), and procaing. Basic nitrogen-containing groups may be
quaternized with agents such as lower alkyl {C+-Ci) hatides (e.g., methyl, sthyi,
propyvl, and butyl chiorides, bromides, and iodides), diatkyt sulfates {i.e., dimathyi,
digthyl, dibutyl, and diamyl sulfates), long chain halides {.e., degyl, lauryl, myristyl,
and stearyl chiorides, bromides, and iodides}, arviatkyl hatides (i.e., benzyl and
phenethyl bromides), and others.

in one embodiment, hemisalts of acids and bases may also be formed, for
example, hemisulphate and hemicalcium salts.
Isctopes

The present invention also includes isotopically 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 alomic mass or mass number different from the
alomic mass or mass number ususlly found in nature. Examples of isotopes that can
be incorporated into compounds of the present invention include isctopes of
hydrogen, carbon, nitrogen, oxygen, phosphorous, sulfur, fluotine and chlorine, such
as "M, *H, P, C, M, BN, 0, 0, B, 8, E | and *CI, respectively. Compounds
of the present invention, prodrugs thereof, and pharmaceutically 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
isoiopically labeled compounds of the present invention, for example those into which
radipactive isotopes such as *H and ™C are incorporated, are useful in drug and/or
substrate tissue distribution assays. Tritiated, i.e., *H, and carbon-14, i.e., “C,
isotopes are particutarly preferred for their ease of preparation and detectability.
Further, substitutions with heavier isotopes such as deuterium, i.e., *H, can afford
certain therapeutic advantages resuiting from greater metabolic stability, for estample
increased in vive half-life or reduced dosage requirements and, hence, may be
preferred in some circumstances. isotopically labeled compounds of Formula X of
this invention and prodrugs thereof can generally be prepared by cartying out the
procedures disclosed in the Schemes andlor in the Examples and Preparations
below, by substititing a readily available isoctopically labeled reagent for a non-
isotopically labeled reagent.

The wvention also relates o prodrugs of the compounds of Formuda 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 nto 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, Val. 14, ACS Symposium Series (T, Higuchi and W. Stelia) 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 {o those skilled in the art as ‘pro-moieties’ as describead, 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 metabolically labile group (esters,

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

{ii} where the compound of Formuta X contains an alcohot functionality which

is functionalized into a suitably metabolically labile group (esters, carbonates,

carbamates, acetals, ketais, etc.) on the compound of Formula X; and
functionality, or an amide which is functionalized into a suitably metabolically
labile group, &.9., a hydrolyzable group (amides, carbamates, ureas,

phosphonates, suifonates, 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 Formula 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 arg
administered by any suitable route in the form of a pharmaceutical composition
adapted to such a route, and in a dose effective for the reatment intended.
Therapeutically effective doses of the compounds required {0 treat the progress of
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the medical 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 buceal or sublingual administration may be emploved 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, infrathecal, intraventricular, intraurethral, intrasternal, intracranial,
intramuscular and subcutaneous. Suitable devices for parenteral administration
include needie {including microneedle) injectors, needle-free injectors and infusion
techniques.

in ancther embadiment, the compounds of the invention may also be
administered topically to the skin or mucosa, that is, dermally or transdermally. in
another embodiment, the compounds of the invention can also be administered
intranagsally or by inhalation. In ancther embodimeant, the compounds of the invention
may be administered rectally or vaginally. in another embodiment, the compounds of
the invention may alsc be administered direcily o the eye or ear.

The dosage regimen for the compounds and/or compositions containing the
caompounds is based on a variety of factors, including the type, age, weight, sex and
medicat 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 {otal 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 ancther embodiment, fotal daily dose of the compound of the
invention is from about 0.1 to about 50 mgikg, and in another embaodiment, 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 compesitions may confain such
amounts or subrmuitiples thereo! 10 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, 8.05, 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 milkgrams 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 myg of active ingredient. intravenously,
doses may range from about 8.01 to about 10 mg/kg/minute during a constant rate
infusion.

Suitable subjects according to the present invention include mammalian
subjects. Mammals according o the present invention include, but are not timited to,
canine, feline, boving, capring, equine, ovine, porcine, rodents, lagomaorphs,
primates, and the like, and encompass mammals in tiero. 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 ancther 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.
Phammaceutical Compositions

For the treaiment of the conditions referred to herein, the compound of the
invention can be administered as compound per se. Alternatively, pharmaceutically
acceptable salts are suitable for medical applications because of their greater
agueous solubiiity relative 10 the parent compound.

i another embodiment, the present invention comprises pharmaceutical
compaositions. Such pharmaceutical compositions comprise a compound of the
invention presented with a pharmaceutically acceptable carrier. The casrier can be a
solid, & Bquid, 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 85% 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 ¢f 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 aclive compounds and
compaositions, for example, may be administered orally, rectally, parenteraily, 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 least one compound of the present
invernttion. 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 solid dosage forms, the compounds of Formula X are
ordinarily combined with one or more adjuvanis. Such capsules or tablets may
contain a controlied-release formulation. In the case of capsules, tablets, and pills,
the dosage forms also may comprise buffering agents or may be prepared with
enteric coatings.

in anocther embodiment, oral administration may be in g liquid dose form.
Liguid dosage forms for oral administration include, for example, pharmaceutically
acceptable emulsions, solutions, suspensions, syrups, and elixirs containing inert
dituents commonly used in the art {i.e., water). Such compositions also may comprise
adijuvants, such as wetling, emulsifying, suspending, flavoring (e.g., sweetening},
andfor perfuming agents.

in another embodiment, the present invention comprises a parenteral dose
form. "Parenteral administration” includes, for example, subcutansous injections,
intravenous injeclions, intraperitoneally, inframuscular injections, intrasternal
iniections, and infusion. Injectable preparations (i.e., sterile injeciable agueous ar
pleaginous 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 fransdermal paiches or iontophoresis devices, intraocular administration, or
infranasal or inhalation administration. Compaositions for topical administration also
include, for example, topical gels, sprays, ointments, and creams. A {opical
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 fransdermal device, administration will be
accomplished using a paich either of the reservoir and porous membrane type orof a
sodid matrix variety. Typical formulations for this purpose include gels, hydrogels,
fofions, solutions, creams, ointments, dusting powders, dressings, foams, films, skin
patches, wafers, implants, sponges, fibres, bandages and microemulsions.
Liposomes may also be used. Typical carriers include alcohol, water, mineral ol
fiquid petrotatum, white petrolatum, glycerin, polysthylene glycol and propylene
glycol. Penetration enhancers may be incorporated - see, for example, J Pharm Sci,
88 {10}, 855-958, by Finnin and Morgan {October 16808},

Formulations suitable for topical administration o the eye include, for
example, eye drops wherein the compound of this invention is dissolved or
suspended in 8 suitable carrier. A typical formulation suitable for ocular ar 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 ointmants, biodegradable {i.e., absorbable gel sponges,
collagen) and non-biodegradable (i.e., silicong) implants, wafers, lenses and
particudate or vesicular systems, such as nicsomes or liposomes. A polymer such as
crossed-inked polyacrylic acid, polyvinylalcohol, hyaluronic acid, a cellulosic
polymer, for exampie, hydroxypropylmethylcellulose, hydroxyethylcellulose, or methyl
cellidose, or a heteropolysaccharide polymer, for example, gelan gum, may be
incorporated fogether with a preservative, such as benzalkonium chioride. Such
formulations may also be delivered by iontophoresis.

For infranasal administration or administration by inhalation, the active
compounds of the invention are conveniently delivered in the form of a sclution or
suspension from a pump spray container thatl 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 propellant. Formulations suitable for intranasal administration
are typically administered in the form of a dry powder {either alone, as a mixture, for
example, in 3 dry blend with [actose, or as a mixed component particle, for example,
mixed with phaspholipids, such as phosphatidylcholine) from a dry powder inhaler or
as an aerosol spray from a pressurized container, pump, spray, atomizer (preferably
an atomizer using slectrohydrodynamics {0 praduce a fine mist), or nebulizer, with or
without the use of 3 suilable propeliant, such as 1,1.1,2-tetrafluorcethane or
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1,1,1,2,3,3,3-heptafluoropropane. For intranasal use, the powder may comprise a
bicadhesive agent, for example, chitosan or cyclodextrin.

in another embodiment, the prasent invention comprises a rectal dose 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 technigues of pharmagcy, 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, Formutation of drugs is discussed in, for
example, Hoover, John E., Remington’s Pharmaceutical Sciences, Mack Publishing
Cao., Easton, Pennsylvania, 1975; Liberman ef al , Eds., Pharmaceutical Dosage
Forms, Marcel Decker, New York, N.Y., 1880; and Kibbe ef &/, Eds., Handbook of
Pharmaceutical Excipients (3rd Ed.}, American Pharmaceutical Assaciation,
Washington, 1998,

Co-adminisiration

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 compound(s) of the present invention and other therapeulic agent(s) may
be may be adminisiered simullaneously {either in the same dosage form or in
separate dosage forms) or sequentially. An exemplary therapeutic agent may be, for
example, a metabotropic giutamate recepior agonist.

The administration of fwe or more compounds “in combination™ means that
the two compounds are administered closely encugh in ime that the presence of one
alters the biological effects of the other. The two or more compounds may be
administered simuitaneously, concurrently or sequentially. Additionally, simultaneous
administraion may be carried out by mixing the compounds prior {o administration or
by administering the compounds at the same point in time but at different anatomic
sites or using different routes of administration.

PLER (4

The phrases “concurrent administration,” “co-adminisiration,” "simultanecus
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 anti-psychotics such as Ziprasidone {Geodon),
Clozapine, Molindone, Loxapine, Pimozide, Risperidone, Glanzapine, Remoxipride,
Sertindole, Amisulpride, Quetiapine, Prochlorperazine, Fluphenazine,
Trifluoroperazine, Thioridazine, Haloperidel, Chiorpromazine, Flupentixo! 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 serfraline),
anti-Parkinsonian drugs (such as deprenyl, L-dopa, Requip, Mirapex, MAOB
inhibitors such as selegiline and rasagiline, comT inhibitors such as Tasmar, A-2
inhibitors, dopamine reuptake inhibitors, NMDA antagonists, Nicotine agonists,
Dopamine agonists and inhibitors of neuranal nitric oxide synthase), anti-Alzheimer's
drugs such as donepezi, tacrine, alpha2delta inhibitors, COX-2 inhibitors, gaba
pentenocids, propentofyviline or metrifonate, and antipyschotics such as PDE10Q
inhiibitors, SHT2C agonists, alpha 7 nicotinic receptor agonists, CB1 antagonists and
compounds having activity antagonizing dopamine D2 receplors.
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
cortains a first dosage form comprising one or more of the compounds of the present
invention and & 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 relates 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 svnthetic methods known in the art of organic chemistry, or
modifications and derivatizations that ave familiar {o those of ordinary skill in the art.
The starting materials used herein are commercially avallable 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-Xll {(published by Wiley-Interscience)). Preferred methods include,
but are not limited to, those described below.

During any of the following synthetic sequences it may be necessary andfor
desirable to protect sensitive or reactive groups on any of the molecules concerned.
This can be achieved by means of conventionatl 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. Wuts, Protective Groups in Organic
Chemistry, John Wiley & Sons, 1891, and T. W. Greene and P. G. M. Wauts,
Protective Groups in Organic Chemistry, John Wiley & Sons, 1899, which are hereby
incorporated by reference.

Compounds of Formula X, or their pharmaceutically acceptable salis, can be
prepared according to the reaction Schemes discussed herein below, Unless
ctherwise indicated, the substituents in the Schemes are defined as above. Isolation
and purification of the products is accomplished by standard procedures, which are
known {0 a chemist of ordinary skill.

it will be understood by one skilled in the art that the various symbols,
superscripts and subscripis used in the schemes, meathods and examples are used
for convenience of representation and/or {o reflect the order in which they are
itroduced in the schemes, and are not intended to necessarily correspond {o the
symbols, superscripis or subscripts in the appended ¢laims. 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{ 1H)-one series of compounds of this invention.
Nitration of a substituted aromatic ring gives the desired nitro compound (). in cases
where the required anidine or amincheterocycle () 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. §. Wilson ef al., J. Org. Chem. 19886,
517, 3261, or with mefa-chloroperoxybenzoic acid in oluene at refiux as described by
M. C. Pirung et al., J. Am. Chem. Soc. 2008, 127, 4609. The oxidation can also be
carried out by a modification of the procedure described in US 2006/0009508 using
sodivem perborate in glacial acetic acid. The resulting ortho-methyl-, nitto-subsiituted
aromatic compound {1V} can be brominated according to standard procedures, for
instance with N-bromosuccinimide and 2,72 -azobisisobutyronitrile in carbon



WO 2010/146488 PCT/IB2010/052349
38

tetrachioride. if the corresponding alcohol is available, it can be converted {o bromide
V with, for example, phosphorus tribromide {either from a commercial source or
formed in situ), as described by R. M. Rzasa ef al., Bioorg. Med. Chem. 2007,15,

6574,
Scheme 1 -
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in some cases, the desired aromatic ring is available more effectively via the
route shown in Scheme 2. Following the procedure of A. Ashimori et al,, Chem.
Pharm. Bull., 38, 1990, 24486, a nitropyridine such as Vi can be oxidized with meta-
chioroperoxybenzoic acid, followed by the addition of acetic anhydride and hydrolysis
o the alcohot! (IXa) with potassium carbonate in methanol, Allermatively, the desired
alcohol can be obtained via the procedure described by R. R. Tidwell et al., J. Med.
Chem. 2007, 50, 2488 wherein the initial ortho-methyl, nitro-substituted aromatic
compound H is converted {o the dimethylaminoethylene derivative (X) with N -
dimethylformamide dimethyl acetal (DMF-DMA]}, then fo the aldehyde (XI} with

sodium periodate, and is finally reduced to the alcohol (X} with sodium borohydride.

Scheme 2
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in some instances, an aromatic starting material bearing the desired R
substituent is not commercially available. The R group can be introduced into
compaounds of type XH, 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,
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Tetrahedron Lett,, 2002, 43, 6987, The resulting acid or ester (XV or Xilf} can then be
reduced by standard reduction conditions such as lithium borohydride or sodium
borohydride, activated with zing chioride if necessary, giving in both cases compound
iX. In cases where the reduction of a carbonyl-containing functional group provides
an alcohol, # can be converted {o 3 mesylate i sifu, for instance with
methanesulfonyl chloride and triethylamine in dichloromethane.

Scheme 3
9
ﬁ on 3 Edemcar s X fk ety X 08
Y“ NH,  3)Suzuk Yoy NO; 27 w0,
XH Xl X
g
R}.S,;A\ kOH Reduction < %“Ajf\OH MsCt R‘%;AQ{A‘QMS
7% N0, Y7o, ™77 no,
XV iX Xiv

There are a variety of ways to install the amino acid moiety of the cyclization
substrate. One such method invelves replacing the leaving group L {in this case Br or
{OMs) with an aminomalonate or aminoacetate, by addition of a protected version (for
instance, diethyl acetamidomalonate or ethyl N-{diphenylmethylene)glycinate) under
basic conditions, such as sodium ethoxide/sthanol {see Scheme 4), giving
compound XVI or XVIL in the case of intermediate XVI, an HCI deprotection to

compound XX is necessary beforg the final nitro reduction is carried out.
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The amino acid portion can also be added stersoselectively, using the
methods shown in Scheme § and Scheme 6.

Scheme 5
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The enanfioselective route is inspired by the work of S. Kumar and U,
Ramachandran, Tefrahedron Asymmetry 2003, 14, 2538. The desired aromatic
group can be installed using a chiral catalyst {see E.J. Corey et al., J Am. Chem.
Soc. 1997, 119, 12414-12418), 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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The nitro group ¢an be reduced via hydrogenation, through an adaptation of
the work of T.J. McCord ef a/., J. Heterocyclic Chem. 1872, 9, 118, Alternatively, a

tin{ll} chioride reduction can be used, according to the procedure of D. Shi et al.,

Synthasis, 2008, 2000. A modification of the tin{ll) chloride approach which uses

sodium acetate, from the work of D. Kuzmich and C. Mulrooney, Synthesis 2083,

1671, can aiso be employed. Cyclization occurs i situ (see Scheme 7). Most final

products can be isclated after cyclization, but some analogues may need fo be

protected {either in sifu duting the cyclization or after the reaction) in order to

facilitate pusification. Ths protection can be done according to standard procedures,

ysing di-fert-butyl dicarbonate; either HCI or triffucroacetic acid can be utilized for

subsequent deprotection,
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Scheme 8 describes an allemative route {0 the desired analogues.
Compound XXX can be synthesized starting with the appropriate substituted N-BCC
amino acid, which is first coupled with O-benzyl hydroxylamine, for example, by
reaction with BOP [{benzotriazol1-yloxy -tris{dimethylamino jphosphonium
hexafluorophosphate] and tristhylamine in dichloromethane. The cyclization to XXXI
can be cariad out using PIFA [phenyiodine(i) bis{tnifluoroacetate)l in
dichioromethane. The BOC group can be removed using boron trifluoride etherate in
tetrahydrofuran at refluix, and the benzyl group can be reductively removed, for
instance with palladium hydroxide in ethanol at reflux with t-methyl-cyclohexadiens,
to give the final product XXXIH.

Scheme 9
| Ph
7 NO, ?h Heteroaryl-OH 2 NQCy |
Yoo e or ArOH, base i Y N7Tpn
Ry | % : A D
N HetarOAr0™ AT
0\ - Q\ ~
¢ o
XxXxy > XXXV |
OBOC
- Z\ . NOZ !
HC) . I NH,  1)5nCh y Ly N0
R G R b
bu DBOCO  Hewrom0” AT T NHBOC
KXXVI AXXVH

An approach for introduction of aryloxy or heteroaryloxy substituents is shown
in Scheme 9. Treatment of p-fluoronitroaryl or p-fluoronitroheteroaryl intermediate
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XXXIV with a phenol or hydroxy-substituted heteroaryt in the presence of a base,
such as Cs:C0;, can provide infermediate XXXV. {Racemization of the o-
stereocenter has been observed under these reaction conditions.) Deprotection
under acidic conditions followed by reductive cyclization and in sitlu BOC protection
can provide intermediate XXXVH.

Scheme 10
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Scheme 10 outlines an alternate approach for introduction of aryloxy or
heteroaryloxy substituents. Acid-promoted deprotection of XXXIV folfowed by BOC
protection of the amino group can provide p-flucronitroaryl or p-flucronitrohetercaryl
intermediate XXXViHE The arvloxy 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(li) 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 BOC,0O after cyclization of XL, to provide XLI The
cyclization can also be carried out without amino group protection, to generate XLI
directly. if a BOC group is employed, acid-mediated deprotection of XL generates

compound XLEH.
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in some cases, the reductive cyclization of an activated ester, such as a
trifluoroethyl ester, provides improved access {0 cyclic hydroxamic acid derivatives
{XLV). Referring o Scheme 11, acid-promoled deprotection of XXHI provides a-
amino acid XXi, which can be converted to carbamate XLIH. Subseqguent treatment
of XLBl with 2,2,2-trifluoroethanol, using a coupling reagent such as HBTU, in DMF
can provide the carresponding 2,2, 2-frifluoroethyl ester XLIV, which can undergo
reductive cyclization {0 yield hydroxamic acid derivative XLV, Altematively, 2,2 2~
triflucrosthyt ester XLIV can be formed by reaction of intermediate XL with 2.2 2-
trifluoroethyl trifluoromethanesulfonate in the presence of a base such as
triethylamine.

Scheme 12
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The aming acid moiety can also be installed using a serine-derived zinc
reagent, as shown in Scheme 12. This approach involves madification of a published
protocol for sp®-sp” couplings of this type (see E. Moreno et al, Org. Biomol. Chem.
2008, 4, 3630-3647). Thus, o-bromonitrearyis or o-bromonitroheteroaryls XLVE can
be converted to the corresponding BOC-protected | i-aminoesters XLVIL
Intermedigles XLV can be subjected 1o reductive conditions, such as calalylic
hydrogenation using PYC in pyridine, to afford cydlic hydroxamic acid derivatives
XLV
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The compound of Formula X wherein R® is H can be converted to a
carbamate prodrug {(XLVIl, where R® is C(=0)NR¥R™) by reaction with the
appropriate carbamoy! chicride in the presence of a hase such as pyridine. it may be
advantageous to temporarily protect the free primary amine group prior to this
transformation. Simitarly, use of an acy! chioride [CIC(=0)R® or acyl anhydride
{RPC{=0)}0} provides the corresponding ester prodrug [XLVHE, where R is
C(=01R%, while a chlorcformate reactant [CIC(=0)0R®) can be used to prepare the
carbonate prodrug [XLVHI, where R® is C(=0)OR". Prodrugs of formula L, wherein
R is as defined above, can be prepared via atkylation of the compound of Formula
X or Formuda XA with a derivative XLIX (Y = MeO, Cl, Br) in the presence of a base
such as potassium carbonate.

Experimental Procedures and Working Examples

The following illustrate the synthesis of various compounds of the present
invention. Additional compounds within the scope of this invention may be prepared
using the methods ilfustrated in these Examples, either alone or in combination with
technigues generally known in the arl.

Experiments were generally carried out under inert atmosphere {(nitrogen or
argon}, particularly in cases where oxygen- or moisture-sensitive reagents or
infermediates were employed. Commercial solvents and reagents were generally
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used without further purification, including anhydrous solvenis where appropriate

I™ products from the Aldrich Chemical Company, Milwaukee,

{generally Sure-Sea
Wisconsin}. Mass spectrometry dala is reported from either Hiquid chromatography-
mass spectrometry {(LOMS), atmospheric pressure chemical ionization (APCH, or gas
chromatography-mass spectrometry (GCMS). Chemical shifts for nuclear magnetic
resonance (NMR) data are expressed in parts per miflion {ppm, d) referenced o
residual 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 wers followed by
thin layer chromatography or mass spectrometry, and subjected to work-up when
appropriate. Purifications may vary between experiments: in general, solvenis and
the solvent ratios used for eluants/gradients were chosen to provide appropriate RS
or retention times.

Example 1: Synthesis of 3-amino-i-hydroxy-3.4-dihydro-1,8-naphthyridin-2(1#)-one,

frifluorcacetate salt (8)
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3-Methyi-2-nitropyridine {2} To a solution of H.0, (120 g, 1.1 mol) in fuming
sutfuric acid (250 mbL) was added a solution of 3-methylpyridin-2-amine {1} (18 g,
0.15 mol) in concentrated sulfuric acid (50 mL) drop-wise, while keeping the reaction
temperature at 0 “C. After stirring for 3 h at 10-25 °C, the reaction mixture was
brought to pH = 11-12 by adding an agueous 40% NaQH solution at 0-5 °C. The
resulting mixture was extracted with ethyl acetate (3 x 500 mL). The combined
organic layers were washead with saturated aqueous sodium chioride solution, dried
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over Na,S0, and fitered. The solvent was removed i vacuo 10 give the desired
compound {18.2 g, 88%;) as a yeliow oil.

3-{Bromomethyl)-2-nifropyridine {3} A solution of 3-methyl-2-nitropyridine
{2y (12.4 g, 90.0 mmal), NBS (16.0 g, 80.4 mmal} and AIBN (0.5 g, 3.0 mmol} in CCL
{50 mL} was refluxed overnight. TLC {(Eluant: 20: 1 petroleum ether/ E1CAc) showed
that most of the starting material had been consumed. The precipitate was filtered off
and the filtrate was concentrated under reduced pressure 1o give a residue (12.6 g},
which was used in the next step without purification.

Ethyl 2-{diphenylmethyleneamino}-3-(2-nitropyridin-3-yl}propanoate {5}
NaH {0.9 g, 65% dispersion in mineral oil, 22 mmol) was added to DMF (100 mL}at &
°C. After 10 min, ethyl N-({diphenylmethylene)glycinate (4) (5.5 g, 20.6 mmol) was
added at 0 °C. 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 min, TLC
{Eluant: 3: 1 petroleum ether/ EtOAC) indicated that the starting material had been
compiletely consumed. The reaction was difuted with water and extracted with EtCAc
{3 »x 10G mL}. The combined organic layers were washed with saturated aqueous
sodium chlonide solution, dried over Na,50, and filtered, and the filtrate was
concentrated under reduced pressure. The residue was purified by silica gel
chromatography (Eluant: 3; 1 petroleumn ether/ EtOAC) to give the product (4.2 g,
58%); LCMS m/z 404.4 (M+1). "H NMR (400 MHz, COCl) & 1.26 (1, J=7.2 Mz, 3H),
3.38 (dd, J=13.4, 9.2 Hz, 1H), 3.58 (dd, /=13.6, 4.2 Hz, 1H)}, 4.19 {m, 2H), 4.48 (dd,
J=9.0, 4.2 Hz, 1H}, 8.68 (br d, J=6.6 Hz, 2H), 7.31-7.43 (m, 6H), 7.46 (dd, J=7.7. 46
Hz, 1H), 7.58 (m, 2H), 7.88 (br d, J=7 .5 Hz, 1H), 8.43 {dd, J=4.5, 1.5 Hz, 1H).

3-Amino-t-hydroxy-3.4-dihydro-1,8-naphthyridin-2{(1H}-one {8) To a
solution of ethyl 2-{diphenyhinethyleneamino}-3-(2-nitropyndin-3-yipropanocate (5)
{1.8 g, 4.4 mmol) in anhydrous EtOH (20 miL.) was added tin(ll} chioride dihydrate
{2.0 g, 9.6 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 ELQ (3 x 50 mi) to give
the crude product (2.5 g), which was used in the next step without purification.

tert-Butyl {1-hydroxy-2-oxo-1,2,3,4-tetrahydro-1,8-naphthyridin-3-
vhcarbamate {7} To a suspension of 3-amino-1-hydroxy-3,4-dihydra-1,8-
naphthyridin-2(1H)-one {6) (2.5 g, 4.4 mmol} in anhydrous EtOH (100 mL) was
added NEt, (5 mL) at RT. After 10 min, BOC,0 (3.0 g, 13.8 mmol} was added and
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the reaction was stured 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-dihydro-1 8-naphthyridin-2{ 1H)-one,
trifluorcacetate salt {8) A solution of tert-butyi(1-hydroxy-2-oxo-1,2 3 4-tetrahydro-
1,8-naphthyridin-3-yijcarbamate (7} (0.20 g, 0.72 mmol) and TFA (0.6 mL} in DCM (4
mbL) was stirred at 0-5 *C for 3 hr. The solvent was removed under reduced pressure,
and the residue was washed with Et;0O to give compound 8 (120 mg, 68%) as a saiid.
LCMS m/z 180.0 (M+1). "H NMR {400 MHz, DMSO-d;) & 3.07 (dd, J=15, 14.5 Hz,
1H), 3.18 (dd, J=15.1, 6.5 Hz, 1H}, 4.50 {dd, J=14.2, 6.7 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, J=4.8 Hz, 1H)}, 8.81 (br 5, 3H), 10.80
{br s, 1H); MPLC purity: 98.02%, Column: Waters XTerra, 5 um; Mobile phase: 70%
hexane (0.5% NEY,) in EtOH.

Example 2: Synthesis of 3-amino-6-fluore-1-hydroxy-3 4-dihydroquinglin-2(1H4}-one,

hydrochloride salt (15}
HN’L’G
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4-Fluore-2-methyl-1-nitrobenzene {10) To a stirred solution of agueous
nitric acid {90%, 160 mlL) was added 1-fluore-3-methylbenzene (8) (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 aquetus layer was extracted with DCM (3 x 50 mb) and the combined
organic layers were washed with saturated aqueous NaHCQO; (100 mbL), dried over
anhydrous Na,SOs, filtered and concentrated in vacuo. The residue was purified by
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silica gel chromatography (Gradient: 0.5% to 3.3% E{OAC in petroleum ether) fo
afford the product as a yellow cil {16 g, 38%). 'H NMR (400 MHz, CDCl;) 5 2.64 (s,
3H), 7.01-7.08 {m, 2H), B.07 {m, 1H).
2-{Bromomethyl-4d-fluorc-1-nitrobenzene {11} To a stirred solution of 4-
fluoro-2-methyl-1-nitrobenzene (103 (16 g, 103 mmol) in CCl. {180 mlL} was added
NBS (22 g, 123 mmol} and AIBN (2 g, 12 mmol) 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 acelate in
petrofeurn ether) to afford the product as a green ol {12 g, 50%). 'H NMR (400 MHz,
CDCl) 8 4.83 (s, 2H), 7.18 {m, 1H), 7.32 {m, 1H), 8.15 (dd, J=9.0, 5.0 Hz, 1H).
Diethyl acetamido{5-fiuoro-2-nitrobenzyljmalonate {13} To a stirred
sofution of NaOEt (3.5 g, 51.0 mamol) in EtOH {120 mb) was added diethyl
acetamidomalonate (12) (11 g, 51 mmol) at 70 °C. After 0.5 hour, 2-{bromomethyi)-4-
fluoro-t-nitrobenzene {11} (10 g, 43 mmol) was added, and the resudting midure was
stirred for 3 howrs. The reaction was quenched by adding water (100 mL}, and the
mixiure 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 sther) to afford the
product as a white solid (3.4 g, 21%). "H NMR (400 MHz, CDCl3) § 1.28 (1, J=7.1 Hz,
8H), 1.99 (s, 3H), 4.08 (s, 2H), 4.18-4.32 {m, 4H), 851 {br s, 1H), .98 (dd, J=8.0, 2.8
Hz, 1H), 7.08 {(m, 1H), 7.92 (dd, J=8.0, 5.2 Hz, 1H).
2-Amino-3-{5-fluoro-2-nitrophenypropancic acid, hydrochioride salt
{14} A stirred solution of diethyl acetamido{5-fluore-2-nitrobenzylmalonate (13) (3.4
g, 9.2 mmol) in agueous HCI (6M, 50 mL) was stirred under reflux overnight. The
solvant was removed i vacuo 1o afford the crude product, which was washad with
ELO (3 x 20 mL) to provide the product as a white solid (1.7 g, 81%). 'H NMR (400
MMz, CD:0D) 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=7.8, 7.3 Hz, 1H), 68.04-8.10 {m, 2H), 6.97 {(m, 1H).
3-Amino-6-fluoro-1-hydroxy-3,4-dihydroquinolin-2{1H}-one,
hydrochloride salt {18) A stirred suspension of 2-amino-3-(5-fluoro-2-
nitrophenytipropanoic acid, hydrochloride salt (14} (1.50 g, 6.57 mmol), PYC (5%, 0.2
g} and concentrated HCH{1.5 mbL) in MeQH {200 mbL) was hydrogenated under H, (30
psi} at RT for 3 h. After filtration of the catalyst, the solvent was remaved 7 vacuo to
afford the crude product. The solid was recrysiallized from MeQH (10 mL) {o 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, CD:0D) 8 3.17 {dd, J=18, 14 Hz, 1H), 3.28 (dd, J=14.8, 6.5 Hz, 1H), 4.36 {dd,
J=14.6, 6.5 Hz, 1H), 7.11-7.16 {m, 2H), 7.40 {dd, J=9.6, 4.8 Hz, 1H); HPLC purity:
86.67%, Column: Waters HILIC, 5 um; Gradient: water {0.1% TFA} to 80% MeCN
{0.1% TFA} in water {0.1% TFA).

Example 3: Synthesis of 3-amino-1-hydroxy-8-(triflucromethyl}-3 4-dihydroquinglin-
2{1H)-one (18}
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1-{Bromomethyl)-2-nitro-3-{trifluoromethyllbenzene {17} A mixture of 1-
methyl-2-nitro-3-{rifluoromethylibenzene (16} (5.0 g, 24 mmol), NBS (4.3 g, 24
mmot) and AIBN {0.3 g, 1.9 mmol) in CCl; (50 mL) was heated under reflux
overnight. The precipitate was removed via filtration and the fillrate was concentrated
ynder reduced pressure to give the crude product {8 g}, which was used in the next
step without further purification. "M NMR (400 MMz, CDCL) 8 4.45 (s, 2H), 7.86 (dd,
J=8, 78 Hz, 1H), 7.76 {br d, J=7.5 Hz, 1H), 7.81 (br d, J=8 Hz, 1H).

Ethyi 2-{diphenyimethyleneamino}-3-{2-nitro-3-
{trifluoromethyi}phenyl]propanoate {18} Ethyl 2-(diphenyimethyiensamino)-3-{2-
nitro~-3-(trifluoramethyliphenyiipropanocate {18} was prepared according 1o the
general procedure for the synthesis of ethyl 2-(diphenyimethylensamino-3-{2-
pitropyridin-3-yhpropancata (5} in Example 1, except that 1-(bromomethyh)-2-nifro-3-
{irifluoromethylibenzene (17) from the previous step was used in place of 3-
{bromomethyl)-2-nitropyridine (3) (Yield: 3.2 g, 28% over 2 steps).

3-Amino-t-hydroxy-8-{trifluoromethyl}-3 4-dihydroguinolin-2{1 H}-one
{19} A solution of ethyl 2-(diphenvimethyleneaming}-3-{2-nitro-3-
{trifluoromethyl)phenylipropanoate (18) (1.8 g, 3.8 mmaol) and tin{il) chionde
dihydrate (1.8 g, 7.7 mmoaol) in anhydrous EtOH {30 mL) was heated at reflux for 5 h.
The solvent was removed under reduced pressure. The residue was washed with
Et,O (3 x 50 mi} to give crude material, which was purified by recrystalfization from
EtQAC to afford the product as a solid (0.21 g, 23%). LOMS m/z 247.3 (M+1). 'H
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NMR (400 MHz, DMSQ-ds) 8 1.98 (br s, 2H), 2.78 (J=15, 14 Hz, 1H), 3.00 (dd,
Jz=15.4, 5.4 Hz, 1H), 3.59 (dd, J=13.8, 5.6 Hz, 1H), 7.21{dd, J=7.8, 7.6 Hz, 1H)}, 7.53
(d, J=7.8 Hz, 1H), 7.63 (d, J=8.2 Hz, 1H), 10.55 (br s, 1H); HPLC purity: 97 52%,
Column: Waters XTerra, 5 ym; Gradient: 0% to 60% MeCN (0.1% TFA) in water
(0.1% TFA),

Exampie 4: Synthesis of (39)-3-amino-~-1-hydroxy-3 4-dihydroguinclin-2{ 1H}-one (21}

NGy QH
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L-2-Nitrophenylaianing (20) (419.6 mg, 2.0 mmol) was dissolvad in MeQH
{23.8 mL) and water (240 yl). Concentrated HC! (2-4 drops) was added to aid
solubility. PYC (42 mg) was added and the reaction was hydrogenated on a Pary
shaker at 10 psi for 1 h, whereupon the reaction was filterad through Celite. The
catalyst was washed with a 1N solution of NH,OH in MeGH and then with MeQOH.
The filirate was concenirated 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% NH,COH) in DCM) provided the product as a solid (207 mg, 58%).
APCHEm/z 179.1 (M+1). "H NMR (400 MHz, CD.0D) 0 2.88 (dd, J=14, 15 Hz, 1H),
3.08 {dd, /=153, 6.2 Mz, 1H), 3.67 (dd, J=13.6, 8.1 Mz, 1H,) 7.06 {ddd, J=7.2. 7.2,
1.7 Hz, 1H), 7.23 (br d, J=7.5 Hz, 1H), 7.27-7.34 {m, 2H).
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Example 5: Synthesis of (3R)-3-amino-7-bromo-1-hydroxy-3.4-dihvdrogquinolin-

2{1H-one (2%
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4-Bromo-1-{bromomethyi}-Z-nitrobenzene {23) To a stirred solution of (4-
bromo-2-nitrophenyhimethanot (22) (1.00 g, 4.31 mmol) in DMF (40 mb) was added
NBS (1.6 g, 8.0 mmol} and triphenylphosphine (2.4 g, 9.2 mmol). After two minutes,
the reaction mixiure was concentrated in vacuo. The residue was partitioned
between water and DCM, and the agueous layer was extracted with additional DCM,.
The combined organic layers were concenirated and the residue was purified by
silica gel chromatography {Gradient: 0% to 20% EtOAc in heptane) {o provide the
product {880 mg, 83%). "H NMR (400 MHz, CDCly) 8 4.78 (s, 2H), 7.47 (d, J=8.2 Hz,
1H), 7.78 (dd, J=8.2, 2.1 Hz, 1H), 8.20 (d, J=2.1 Hz, 1H).

Diethyl acetamido{4-bromo-2-nitrocbenzylimalonate {24) NaQEt (95%, 182
mg, Z.54 mmol) was added 1o a solution of diethyl acetamidomalonate (12) (98%,
563 mg, 2.54 mmol) in EtOH. The resulting mixture was stirred for 30 min at RT and
ther treated with a solution of 4-bromo-1-{bromomethyt)-2-nitrobenzene (23} (508
myg, 1.7 mmob) in EIOH. After stirring overnight, the reaction was concentrated in
vacuo. The residue was dissolved in EQAc, washed with water and saturated
aqueous sodium chloride solution, dried over sodium sulfate, filtered and
concentrated under reduced pressure. Purification by silica get chromatography
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{Gradient: 0% {o 80% EtOAC in heptane) afforded the product as a white solid (540
mg, 74%). LOMS my/z 432.8 (M+1). 'H NMR (500 MHz, CDCl) & 1.28 (t, J=7.1 Hz,
6H), 1.97 (s, 3H), 4.03 {5, 2H), 4.18-4.30 {m, 4H}, 6.48 {s, 1M}, 7.16 {d, J=8.3 Hz,
1H), 7.62 (dd, J=8.3, 2.0 Hz, 1H), 7.88 (d, J=1.8 Hz, 1H).

2-Amino-3-{4-bromo-2-nitrophenyljpropancic acid, hydrochloride salt
{25} A mixture of diethyl acetamido{4-bromo-2-nitrobenzylimalonate (24) (5.5 g, 13
mimol) 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 Et,0 to give the product as a solid {2.8 g, 66%). LCMS m/z 200 .8
{M+1}.

3-Amino-7-bromo-1-hydroxy-3.4-dihydroguinolin-2{1H)-one (26} To a
sojution of 2-amino-3-(4-bromo-2-nitrophenylpropanocic acid, hydrochloride sait (25}
{343 mg, 1.06 mmol) in EtOH (10 mL) was added tin{l{) chioride dihydrate {541 mg,
2.40 mmol}, and the reaction was stirred al RT overnight. it was then quenched with
agueous avynonium hydroxide {1.5 mb), and the resulting precipitate was removed
via filtration and washed with MeQOHM. The combined filtrates were concentrated in
vacuo, and the residue was purified by chromatography on silica gel {0 provide the
titte product as a white powder (181 mg, 58%). LOMS nv/z 258.9 (M+1). 'H NMR (500
MMz, DMSO-t) 3 2.71 (dd, =154, 12.9 Hz, 1H) 2.99 {dd, J=15.8, 6.1 Hz, 1M}, 3.56
{dd, J=12.8, 6.0 Hz, 1H) 7.17-7.21 {m, 2H), 7.28 {d, J=1.7 Hz, 1H).

tert-Butyl {{3R}-7-bromo-1{{tert-butoxycarbonylioxyl-2-0xo-1,2,3.4-
tetrahydroquinolin-3-yl}carbamate (27} and tferf-butyl {{35)-7-bromo-1-[{tert-
butoxycarbonyloxyl-2-0x0-1,2,3,4-tetrahydrogquinolin-3-yl}carbamate {28} 3-
Aming-7-bromo-1-hydraxy-3,4-dihydroguinolin-2{ 1+)-one (26} {130.3 mg, 0.51
mmol) was suspended in DOM (2.5 mL). After addition of NaHCQ; (94 mg, 1.12
mmol} and BOC,0 (215 mg, 0.99 mmol), the reaction was heatad to reflux overnight.
The mixiure was filtered and the filtrate was concentrated under reduced pressure to
give a racemic mixiure of the products as an off-white glassy foam (187 mg). ARPCI
m/z 402 .5 {{M ~ tert-Bu+1]. Separation of enantiomers was carried out via chiral
chromatography {Column: ChiralPAK AD-H, 250 x 10.0 mm, 5um; Flow rate: 10
mil/min; Eluant: 80: 20 COY propanot). fen-Butyl {3R)-7-bromo-1-{{fert-
butoxycarbonyboxyl-2-ox6-1,2,3 4-tetrahydroguinolin-3-yllcarbamate {27}, which
eluted first, was obtained as a white glassy foam (58.8 mg, 25%), and its enantiomer
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tert-butyt {{38)-7-bromo-1-{(fert-butoxycarbonybioxyl-2-oxo-1,2,3,4-
tetrahydroquinalin-3-yl}carbamate (28) as a yellow glassy foam (87.8 mg, 29%). The
absolute configurations of these two compounds were assigned based on the relative
potency of the derived Examples 5 and §, in accordance with the relative activity of
Examples 4 and 14, which were prepared from enantiomerically pure starting
materials.

{3R)-3-Amino-7-bromo-1-hydroxy-3,4-dihydroquinolin-2{(1H}-one (29} fert-
Butyl {{3R)-7-bromo-1-[{tert-butoxycarbonyhoxy}-2-0x0-1,2, 3 4-tetrahydroguinolin-3-
ylicarbamate (27) {57.5 mg. 0.13 mmol} was dissolved in DCM (2.0 ml) in 3 sealed
vial, TFA {0.141 mL) was added and the reaction mixture was shaken at 50 °C
overnight. The solvent was removed under reduced pressure, and the residue was
azeoiroped three times with MeQOH, then purified by silica gel chromatography
{Gradient: 0% to 20% MeQH in DCM) o give the title product as a white powder
{13.2 mg, 40%). LCMS m/z 258.9 (M+1). 'H NMR {500 MHz, DMSO-d;) 8 2.70 (dd,
J=15.5, 12.7 Hz, 1H), 3.00 (dd, /=15.6, 6.0 Mz, 1H), 3.54 {dd, J=12.7, 6.0 Hz, 1H),
TAT-7.21 (m, 2H), 7.28 (d, J=1.5 Hz, 1H).
Example 8: Synthesis of (335)-3-amine-7-bromo-1-hydroxy-3.4-dihydroguinolin-
2(1H)-one (30}

%
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Following the procedure for the preparation of (3R)-3-amino-~-7-bromo-1-
hydroxy-3 4-dihydroguinclin-2{1H-one (29) in Example 5 but using tert-butvt {(38)-7-
bromo-1-{{terf-butoxycarbonyloxy]-2-oxo-1,2,3 4-tetrahydroquinclin-3-ylicarbamate

{28} as starting material, the tifle product was obtained as a white powder (23 mg,
82%). LCMS nvz 258.8 (M+1). 'H NMR (500 MHz, DMSO-d;) § 2.70 (br dd, J=15.8,
12.7 Hz, 1H) 2.89 {dd, J=15.6, 8.1 Hz, 1H), 3.52 (dd, J=12.7, 6.0 Hz, 1H), 7.16-7.20
{m, 2H), 7.28 {d, J=1.6 Hz, 1H}.
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Example 7: Synthesis of (35.48)-3-amino-1-hydroxy-4-methyl-3 4-dihydroguinolin-
Z{1H-ona, hydrochloride salt (353
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tert-Butyl {(25,38})-1-{benzyloxyamino)-1-oxo-3-phenylbutan-2~
yicarbamate {32) (28,39)-2-{{{ferf-Butoxycarbonyljamino}-3-phenylbutansic acid {31}
{1.0 g. 3.6 mmol) and O-benzyl hydroxylamine {0.69 mg, 4.3 mmol) were combined
in DCM (25 mi), and NEt; {6 mL, 28 mmol} and benzotriazol-1-yloxy-
tris(dimethylamino)phosphonium hexafluorophosphate (BOP, 1.58 g, 3.6 mmol} were
added. The reaction was stirred for 48 hours at RT, whereupon the solvent was
removed under reduced pressure. The residus was diluted with EtOAc, washed with
water (3 x 20 mbL}, washed with saturated aqueous sodium chioride solution, dried
over magnssium suifate, filtered and concentrated in vacuo. The residue was puritied
via silica gel chromatography {Eluant: 30% EIQAC in hexane). The residue was
crystallized by trituration of the off with ELO {o give the product as a white solid (1.30
g, 94%). LCMS m/z 385.0 (M+1). 'H NMR (400 MHz, CDCl,) 6 1.28 (br d, J=6.8 Hz,
3H), 1.34 (s, 9H), 3.36 {m, 1H), 4.12 (dd, J=8.2, 8.2 Hz, 1H}, 4.87 (s, 2H), 4.95 (br d,
J=8.4 Hz, 1H), 540 (br s, 1H), 7.20-7.38 {m, 10H).

tert-Butyl {35,48})-1-{benzyloxy)-4-methyl-2.0x0-1,2,3 4-
tetrahydroquinolin-3-yicarbamate (33) fert-Butyl {25,35)-1-(benzyloxyamino)-1-
oxo-3-phenylbutan-2-ylcarbamate (32) {0.50 g. 1.3 mmgol} was dissolved in DOM (10
mL}, in an ice-cooled flask. Phenyliodine(ill} bis{trifluoroacetate) (PIFA, 084 g, 1.8
mmol) was added in one portion and the reaction was stirred at 0 °C to RT overnight.
The reaction mixiure was diluted with DCM {20 ml.) and washed with a saturated
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agueous NaHCO; solution, then with saturated aqueous sadium chloride solution,
dried over magnesium sulfate, filtered and concentrated in vacuo. The resulting
yellow oil was purified by silica gel dhwomatography (Eluant: 30% EtOAC in hexane)
to give the progduct as a yeliow oil still containing impurities (0.50 g). APCI m/z 283.3
{(M-BOCH+1]

{38,48})-3-Amino-1-{benzyloxy)-4-methyl-3 4-dihydroquinolin-2(1H)-one
{34} tert-Butyl (35 45} 1-{benzyloxy}-4-methyl-2-oxo-1,2 3 4-tetrahydroquinolin-3-
vicarbamate {33} from the previous step (0.50 g, <1.3 mmol} was dissolved in THF
{10 mL), and BF;+EtQ (0.238 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% agueocus
NaQOH solution, and the organic fayer was washed with water, washed with saturated
agueous sodium chlonde solution, dried over magnesium sulfate, filtered and
concentrated /n vacuo. The residue was purified by silica gel chromatography
{Eluant: 30% EtOAc in hexane) {o give the product, stitl containing impurities (100
mg). LCMS m/z 283.1 (M+1). "H NMR {400 MMz, CDCls} 8 1.14 {d, J=7.2 Mz, 3H),
342 {gd, J=7.1, 5.5 Hz, 1H), 3.81 {d, J=54 Hz, 1H), 5.01 (d, J=9.2 Hz, 1H), 5.17 {4,

=02 Mz, 1H}, 7.09 (m, 1H), 7.20-7.43 (m, 6H), 7.53-7.56 {(m, 2H).

{35,485)-3-Amino-1-hydroxy-4-methyl-3 4-dihydroquinolin-2{1H)-one,
hydrochloride salt {35) (35,4 5)-3-Amino-1-(benzyloxy)-4-methyl-3 4~
dihwydroquinolin-2{1H)-one {34} from the previous reaction {100 mg, <8.35 mmol} was
dissolved in EtOH (4 mbL} and 1-methyl-1 4-cyciohexadiene (1 mbL), and treated with
Pd{OH); (10 mg, 035 mol). The reaction was refiuxed for 1 h, then filtered through a
Cslite pad, which was subssquently washed with EtQAc. Concentration of the filtrate
in vacuo provided a solid, which was purified by silica gel chromatography (Eluant:
30% MeOH in EIOAC) to afford the free base of the product. Ry = 0.3 (20% MeOH in
EQOACc). A 1N solution of HCH in ELC was used to make the hydrochloride salt (15
mg, 6% over three steps). LCMS m/z 193.1 (M+1). "H NMR (400 MHz, CD.0D) &
1.13 {4, 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, 14}, 7.22-7 37 {m, 3H}.
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Example 8: Synthesis of 3-amino-0-chloro-1-hvdroxy-8-methvi-3 4-dihvdroguinolin-
2{1Hone (42
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5-Chioro-1,3-dimethyl-2-nitrobenzene {37} To a solution of 4-chioro-2,6-
dimethylbenzenamine (36) (6.14 g, 39.5 mmal} in toluene (200 mL) was added
mCRBA {44 .2 g, 197 mmol}. The reaction was heated at reflux overnight, then
aliowed to cool at RT, washed with aqueous 1N NaOH, dried over magnesium
suifate, filtered and concentrated in vacue. The crude matlerial 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, CDCL) § 2.31 (m,
8H), 7.14 (m, 2H).

1-{Bromomethyl)-5-chioro-3-methyl-2-nitrobenzene (38) Following the
procedure for the preparation of 1-{bromomethyi}2-nitro-3-{triflucromethylbenzene
{17} in Example 3, reaction of 5-chloro-1,3-dimethyl-2-nitrobenzene (37} provided the
title compound as a solid (50%). 'H NMR (400 MHz, CDCly) 8 2.36 (m, 3H), 4.43 (s,
2H), 7.28 (m, 1H), 7.37 (m, 1H).

Diethy! acetamido{b-chioro-3-methyl-2-nitrobenzylimalonate {39)
Foliowing the procedure for the preparation of diethyl acetamido{4-tromo-2-
nitrcbenzylimalonate (24) in Example &, 1-{(bromomethyl-b-chioro-3-methyl-2-
nitrobenzene (38) was converted to the title product, which was obtained as a solid
(65%). LOMS 7z 401.0 (M+1). 'H NMR (400 MHz, DMSQ-ds} § 1.15 (t, J=7.1 Hz,
6H), 1.90 (s, 3H), 2.24 {brs, 3H), 3.53 (s, 2H), 4.10-4.17 (m, 4H), 7.05 (br d, J=2.2
Hz, 1H), 7.50 (apparent dd, J=2.3, 0.7 Hz, 1H), 8.31 {hr s, 1H).
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2-Amino-3-{§-chiore-3-methyl-2-nitrophenylipropancic acid,
hydrochloride salt {40) Foliowing the procedure for the preparation of Z-amino-3-(4~
bromo-2-nitrtophenyhipropancic acid, hydrochioride salt (25) in Example 5, diethyl
acetamido{5-chiore-3-methyl-2-nitrobenzyimalonate (39) was canverted to the tille
product, which was obtained as a solid (assumed quantitative), LCMS m/z 258.0
(M+1).

tert-Butyl {1-[{tert-butoxycarbonyljoxy}-6-chloro-8-methyl-2-ox0-1,2,3,4-
tetrahydroquinolin-3-yl}carbamate (41) To a solution of 2-amino-3-(5-chiore-3-
methyl-2-nitrophenyl)propanoic acid, hydrochloride salt (40} {8.11g, .42 mmol} in
EtOH (5 mL) was added tin(ll) chioride dihydrate {0.20 g, 0.85 mmaol). The reaction
was heated 1o 60 °C for 5 h, then cooled {o RT. Diisopropylethylamine (0.73 mL, 4.25
mmol) and BOC-0 (8.19 g, 0.85 mmol) were added and the reaction was allowed {o
stir at RT overnight. The reaction mixture was concentrated in vacuo, then pariitioned
batwaen EIOAC and water. The agueous layer was extracted with EOAc, and the
combined organic layers were dried over magnesium sulfate, fitered and
concenirated under reduced pressure. The residue was purified by silica gel
chromatography {Gradient: 0% {0 60% EIGAC in heptans}, to afford the product (40
mg, 22%), which was used directly in the next step.

3-Amino-8-chloro-t-hydroxy-8-methyl-3 4-dihydroquinotin-2(1H)-one {42)
To a solulion of fert-butyl {1-[{ter-butoxycarbonylioxyl-8-chloro-8-methyl-2-oxo-
1,2,3 A-fetrahydroquinctin-3-ylicarbamate {(41) (40 mg, 8.094 mmol) in DCM {3 mL)
was added TFA (3 mL}. The reaction was then allowed {o str at RT for 30 minutes.
The solvent was removed i vacwo, and the residue was adsorbed onto silica and
purified by silica gel chromatography (Gradient: 0% to 45% NH,OH(1): MeOH(8):
DCM (20)] in DCM) to provide the product (5.8 mg, 27%). LOMS my/z 226.9 (M+1). 'H
NMR (400 MHz, CD,0D) 0 2.46 {5, 3H), 2.84 (m, 1H), 2.93 {dd, J=15.3, 5.8 Hz, 1H},
3.62 {dd, J=13.9, 8.7 Hz, 1H}, 7.09-7.13 {m, 2H).
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Example 9: Synthesis of 3-amino-1-hydroxy-3 4-dihydro-1.5-naphthyridin-2{ 1H}-one,

dihvdrochloride salt {50}
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2-Methyi-3-nitropyridine 1-oxide {44} To a solution of 2Z-methyl-3-
pitropyridine (43} (0.86 g, 8.23 mmol) in DCM (30 ml) was added mCPBA (2.8 g,
12.5 mimol}. The reaction was then allowed to slir at RT for 6 h. Sodium thicsuifate
{900 mg) was added and the mixiure was allowed to stir overnight. The reaction
mixture was diluted with additional DCM and washed with a saturated aqueous
NaBCQ, solution. The organic layer was dried over magnesium sulfate, filtered and
concenirated in vacuc. The residue was purified by chromatography on silica gel
{Gradient: 0% to 20% MeQH in DCM) to afford the product {782 mg, 81%). LCMS
m/z 155.0 (M+1). "H NMR (400 MHz, CDCly) 8 2.73 (m, 3H), 7.30 (br dd, J=8.1,6.8
Hz, 1H), 7.72 {dg, J=8.4, 0.5 Hz, 1H), 8.48 (dg, J=6.6, 0.6 Hz, 1H).

{3-Nitropyridin-2-yimethyl acetate {45) To a sclution of 2-methyl-3-
pitropyridine 1-oxide (44) {0.78 g, 5.07 mmotl} in acetic acid at 20 “C was added
acetic anhydride (0.72 ml., 7.81 mmol}, 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 gel (Gradient:
EtOAc in heptane) to provide the product (572 mg, 57%). LCMS mv/z 196.9 (M+1). 'H
NMR (400 MHz, CDCl;) 8 2.20 {s, 3H), 5.63 (s, 2H), 749 {brdd, J=8.2, 4.7 Hz, 1H),
8.41 (dd, J=8.3, 1.5 Hz, 1H}, 8.84 {dd, J=4.7, 1.6 Hz, 1H).

{3-Nitropyridin-2-yl})methanol {46} To a solution of (3-nitropyridin-2-
yhimethyl acetate (485} (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
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at RT overnight. The reaction mixture was concentrated in vacuo 1o remove most of
the MeOH, and the resulting mixture was diluted with EXOAc and water. The aqueous
fayer was exiracied several times with EtOAcC, and the combined organic layers were
dried over magnesium sulfate, filtered and concentrated under reduced pressure {o
give an orange oil. The yield was assumed to be quantitative. LCMS m/z 1550
(M+1). 'H NMR (400 MHz, CDCly) 8 4.70 (br s, 1H), 5.17 (s, 2H), 7.54 {ddt, J=8.2,
4.7,0.8 Hz, 1H), 8.55 {dd, J=8.2, 1.5 Hz, 1H), 8.89 (dd, J=4.8, 1.5 Hz, 1H}.

Diethyl acetamido{{3-nitropyridin-2-yhimethylimalonate {47) To a solution
of {(3-nitropyridin-2-yiimethano! (46} (1.45 g, .41 mmotl} in DCM (80 mb.) and E{GH
{80 mL) at 0 “C was added NEt; {3.93 mi, 28.2 mmotl) and methanesuifony! chioride
{88%, 0.829 mL, 10.3 mmol). The reaction was allowed to stir at RT for 50 minutes,
then was washed with agueocus NaHCO; solution, dried over magnesium sulfate,
filered and concenirated in vacus. in a separate flask, a solution of diethyl
acetamidomalaonate (12) (2.25 g, 10.3 mmol} in EtOH {50 mbL)} was treated with
NaOEt {3.08M solution in EIOH, 4.58 mL, 14.1 mmol), and the reaction was allowed
to stir for 5 min. The mesylate residue was dissolved in DMF (10 mb) and added to
the solution of diethyt acetamidomalonate anion. After 2 hours, the reaction mixiure
was concentrated in vacuo 1o remove as much EiOH as possible. The mixiure was
then diluted with EtQAC 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: 8% to 100% EtOAc in
heptane} to afford the product (2.24 g, 87%). LCMS my/z 354.0 (M+1}. "M NMR (400
MHz, CDCl) 8 1.258 {t, J=7.1 Hz, 8H), 1.93 (s, 3H), 4.22-4 30 {m, 4H), 4.32 (s, 2H},
8.81(brs, 1H), 7.37 {dd, J=8.2, 4.7 Hz, 1H), 8.21 {dd, J=8.2, 1.6 Hz, 1H), 8.65 (dd,
J=4.7 1.6 Hz, 1H).

2-Amino-3-(3-nitropyridin-2-yl}propanocic acid, hydrochloride salt {(48)
Diethyl acetamide](3-nitropyridin-2-yiimethyllmalonate (47) was subjected to
conditions similar to those used for preparation of 2-amino-3-(4-bromo-2-
nitrophenylipropanoic acid, hydrochloride salt (28} in Exampie 5, {o provide the
product as a solid {94%). LCMS m/z 211.9 (M+1). 'H NMR (400 MHz, CD,0D) § 3.87
{dd, half of ABX system, J=18.2, 7.0 Hz, 1H), 3.94 {dd, half of ABX system, J=18.2,
4.3 Hz, 1H}, 4.84 (dd, J=6.9, 4.3 Mz, 1H), 7.65 (dd, J=8.3, 4.8 Hz, 1H), 8.55 (dd,
J=8.3, 1.5 Mz, 1H), 8.84 (dd, J=4.8, 1.5 Hz, 1H}.
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tert-Butyl {1-[{fert-butoxycarbonylloxyl-2-0x0-1,2,3 4-tetrahydro-1,5-
naphthyridin-3-yi}carbamate {49} To a solution of 2-amino-3~{3-nitropyridin-2-
yhpropanoic acid, hydrochloride sait {48} (0.11 g, 0.37 mmaol) in THF (10 mb)and
MeOH (10 mL) &t 0 °C was added sodium acetate tribbydrate (0.35 ok, 3.73 mimol)
and tin{ll} chloride dihydrate (G.43 g, 1.86 mimol). The reaction was then allowed o
stirat 0 °C for 6 h. NEt; {0.52 mL, 3.73 mmol) and BOC,0 (0.16 g, 0.75 mmol) were
added fo the reaction and the mixture was allowed to stir overnight. The reaction
mixture was diluted with water and E{OAc, and the aqueous layer was extracted
further with EtOAc. The combined organic fayers were dried over magnesium sulfate,
filtered and concentrated under reduced pressure. The crude reaction mixture was
purified by silica gel chromatography (Gradient: 0% to 100% EtOA¢ in heptane) to
provide the product (78 mg, 55%). LOMS m/z 380.0 (M+1).

3-Amino-1-hydroxy-3,4~-dihydro-1,5-naphthyridin-2{ 1H)-one,
dihydrochloride sait {50) To a solution of tert-butyl {1-{{tert-butoxycarbonyhoxy}-2-
oxp-1,2,3 4-tetrahydro-1,5-naphthyridin-3-vlicarbamate (49) (41 mg, 0.11 mmol) in
MeOH (3 mL} was addead concentrated HCI {1 mbL} The reaction was allowed 1o stiv
at 40 °C overnight. The mixture was concentrated in vacuo 1o give the product as an
orange solid (26 mg, 94%). LCMS mvz 180.0 (M+1). *H NMR (400 MHz, DMSO-d) 3
3.41 {dd, half of ABX system, J=15, 14 Hz, 1H), 3.50 (dd, haif of ABX system,
J=15.8, 6.9 Hz, 1H), 4.62 (m, 1H), 7.49 {dd, J=8.1, 5.0 Hz, 1H), 7.73 (br d, J=8 Hz,
1H), 8.28 (dd, J=5.1, 1.2 Hz, 1H), 8.86 (brs, 3H).
Example 10: Synthesis of 3-amino-1-hydroxy-8-(trflucromethvh)-3 4-dihydroguinolin-
2(1H)-ong, hydrochloride salt {53}
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tert-Butyl {1-[{tert-butoxycarbonyhoxy]-2-oxo-6-{trifluoromethyi}-1,2,3,4-
tetrahydroquinolin-3-yilcarbamate (52} To an ike-cooled solution of 2-amine-3-{2-
nitro-5-(triffucromethyl}phenylipropanoic acid, hydrochioride salt (81, prepared in
similar manner to0 2-amino-3-{5-fluoro-2-nitrophenyljpropanoic acid, hydrochloride
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salt (14) in Example 2, but beginning with 2-methyl-1-nitro-4-
{trifluoromethyllbenzene) (178 mg, 0.566 mmol) in THF (10 mL) and MeOH (10 mi)
was added sodium acetale trihydrate (0.778 g, 5.68 mmol} and tin(il) chioride
dihydrate (0.658 g, 2.8 mmol). The reaction was allowedto stirat 0 °C for 4.5 h. NEG
{0.788 mL, 566 mmol} and BOC,0 (0.247 g, 1.13 mmotl} were added, and the
reaction was allowed to stir at RT overnight. The mixture was concentrated /n 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 silica gel
chromatography {Gradient: 0% to 100% EOAc¢ in heptane) provided the product {83
mg, 25%). LCMS m/z 448.9 (M+1).
3-Amino-1-hydroxy-8-{triffluoromethyl}-3,4-dihydroquinolin-2{1H}-one,
hydrochloride salt {§3) To a sclution of fert-butyl {1-[{terf-butoxycarbonylioxy}-2-
oxo-G-{triflucromethyl)-1,2,.3 4-tetrahydroguinclin-3-yl}carbamate (82) (63 mg, 0.14
prnol) in MeOH (10 mL) was added concentrated HCH (3 mL.). The reaction was
heated at 40 °C until it was judged complete via LCMS analysis. The mixiure was
concentrated in vacuo 1o provide the title compound as a solid (35 my, 88%). LCMS
m/z 246.9 (M+1). "H NMR (400 MHz, DMSO-ds} § 3.17 {m, 1H), 3.35 (dd, /=154, 6.3
Hz, 1H), 4.50 (m, H), 7.44 (d, J=8.5 Hz, 1H}, 7.72 {br d, J=88 Hz, 1H), 7.79 (br s,
1H) 8.71 (brs, 2H), 11.12 {5, 1H).
Example 11: Synthesis of 2-aminc-4-hvdroxy-1.2-dihydrobenzofflguinelin-3{4Hi-one
{55)

Benzvl [4-{(benzyloxy}-3-ax0-1,2,3 4-tetrahydrobenzo{figuinolin-2-
ylicarbamate (b4, prepared from 2-aminc-3-( t-naphthybpropanoic acid according to
the general procedure for synthesis of terf-butyl (35,4 5)-1-{benzyloxy}-4-methyl-2-
oxo-1,2,3 4-tetrahydroquinolin-3-yicarbamate (33} in Example 7} (35 mg, 0.077
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mmol} was dissolved in a solution of boron trichlonide in DCM (1.0 M, 5.00 mL, 5.00
mmaol), and the reaction was heated at 50 “C for 1 h. Afler being quenched with
MeOH (10 mL), the reaction was stirred for 15 min, then treated with silica gel
impregnated with p-toluenesulfonic acid (0.68 mEq/g, 2 g, 1.36 mmaol). After 1.5
hours, the silica was filtered off and rinsed with MeOH; the silica was then slurried
with a 2N solution of ammonia in MeQOH for 20 minutes, and filtered. The solids were
rinsed with MeOH and the combined filtrates were concentrated in vacuo 1o afford a
solid, which was triturated with Et,Q to provide the product as a sofid (2 mg, 10%).
LOCMS m/z 229.0 (M+1). "H NMR (400 MHz, CD,0D) 8 3.07 {dd, J=15, 15 Hz, 1H),
3.82 {dd, J=16, 8.5 Hz, 1H), 4.00 (dd, J=14, 8 Hz, 1H), 745 (dd, J=7, 7 Hz, 1H), 7.58
{dd, J=8, 8 Hz, 1H), 7.67 (d, J=9 Hz, 1H), 7.88 {m, 2H), 8.01 (d, J=9 Hz, 1H).
Exampie 12; Synthesis of (3S)-3-aming-1-hydroxy-5-methoxy-3.4-dihydroguinelin:
2{1H)-one, hydrochloride sait (60)
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tert-Butyl N-{diphenyimethylene)-2-methoxy-&-nitro-L-phenylalaninate
{58) To a solution of tert-butyl N-{diphenvimethylenelgiycinate (56) {1.2 g, 4.2 mmol),
Z-{bromomethyl)-1-methoxy-3-nitrobenzene (57) (0.86 g, 3.3 mmol} and C-allyl-N-{9-
anthracenylmethyljcinchonidinium bromide (8.21 g, 0.33 mmol) in DOM (10 ml)
cooled at -30 °C, was added CsOH (0.84 g, 5.0 mmot). (See E.J. Corey ef af,
Journal of the American Chemical Society 1997, 1718, 12414-12415.) The reaction
was stirred at ~30 °C overnight. The mixture was warmed to 0 °C, quenched with
saturated agueous ammonium chioride solution (8 miL) and diluted with DCM (5 mlL.}).

The agueous layer was exiracted with DCM (3 x 5 mlL), and the combined organic
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fayers were washed with water, dried over Na:S0,, filtered and concentrated under
reduced pressure. The residue was purified by chromatography on silica gel
{Gradient; 0% o 20% EtOA¢ in heptane) 1o give the title compound as a yellow solid
{1.32 g, 87%). APCI m/z 461.2 (M+1). "H NMR {400 MMz, CDCL:) 8 1.41 (s, 9M), 3.49
{dd, J=13.5, 4.3 Hz, 1H), 3.55 (s. 3H}, 3.63 {dd, J=13.6, 8.6 Hz, 1H), 4.29 (dd, J=9.8,
4.3 Hz, 1H), 6.64 {br d, J=6.4 Hz, 2H), 6.88 (m, 1H), 7.20-7.34 (m, 8H}, 7.51.7.54 (m,
2H).

2-Methoxy-6-nitro-L-phenylatanine, hydrochloride sait {59} tert-Butyl N«
{diphenyimethylene-2-methoxy-6-nitro-L-phenylalaninate (58) (1.28 g, 2.78 mmol)
was taken up in THF (8 mL) and water {8 mbL), and treated with concentrated
agqueous HCI solution {8 mL). After stirring overnight, the reaction was diluted with
EtOAc (15 mlL). and the organic layer was extracted with water {3 x 10 mL). The
combined agueous layers were concenirated in vacuo {0 provide the product as an
off-white solid (750 mg, 97%). LCMS mvz 241.2 (M+1). 'H NMR (400 MHz, DMSO-
dey O 3.23 (dd, S=13.5, 6.3 Hz, 1M}, 3.33 (dd, J=13.4, 9.4 Hz, 1H), 3.87 {5, 3H}, 4.00
{br m, 1H), 7.40 {m, 1H), 7.50-7.55 (m, 2H), 8.58 (brs, 3H), 13. 6 {vibxr s, TH); e e,
94.8%,

{35)-3-Amino-1-hydroxy-5-methoxy-3,4-dihydroquinolin-2{1H)-one,
hydrochloride salt {60) 2-Methoxy-8-nitro-L-phenylalanine, hydrochloride salt {59}
was converted {0 the title product following the general procedure outlined for
syrithesis of 3-aminc-1-hydroxy-B-{riffucromethyl)-3,4-dihydroquinolin-2{1H)-one,
hydrochloride salf (83} in Example 10, The product was obtained as an off-white solid
{119 mg, 87%). LCMS m/z 209.0 (M+1). "H NMR (400 MHz, DMSO-ds) 8 2.72 (dd,
J=15, 15 Hz, 1H), 3.46 (dd, J=15.5, 8.9 Hz, 1H), 3.83 {s, 34}, 4.34 (dd, J=14.4,6.8
Hz, 1H), 8.82 (d, J=8.2 Hz, 1H), 8.92 (d, J=8.1 Hz, 1H}, 7.31 (dd, J=83, 8.3 Hz, 1H),
8.66 (br s, 3H), 10.83 {brs, 1H).

Example 13: Svnthesis of 3-amino-1-hydroxy-7-(3-methoxyphenyl}-3.4-
dihydroquinolin-2(1H)-one, hydrochloride salt {62}

OH
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tert-Butyl 1-{{terf-butoxycarbonyljoxy]-7-{3-methoxyphenyi}-2-oxo-
1,2.3,4-tetrahydroquinolin-3-ylcarbamate {61) A sealable vial was charged with
racemic terf-butyl {7-bromo-1-{{teri-butoxycarbonyioxyl-2-0xo-1,2,3 4-
tetrahydroquinolin-3-vi}carbamate (27 and 28, from Example 5) (.10 g, 8.22 mmol},
biphenyl-2-vi{di-fert-butyliphosphine {1.20 mg, 0.004 mmol}, Pd{#)}{OAc),; (0.4 mg,
0.002 mmael), KF (38 mg, 0.66 mmol} and (3-methoxyphenyliboronic acid (50 mg,
0.33 mmol) under nitrogen. THF (3 mL) was added to the mixture and the reaction
was heated at 60 °C for 20 h. The reaction mixture was difuted with EtOAc and the
organic layer was washed with water, dried over magnesium sulfate, filtered and
concentrated in vacuo. The residue was purified by chromatography on silica gel
{Gradient: 0% to 80% EtOAc in heptane) to give the product as a gum (38 mg, 37%).
LCMS m/z 485.1 (M+1). "H NMR (400 MMz, CDCl:) 8 1.49 (s, 9H), 1.57 (br s, 9H),
3.01 (brm, tH) 3.51 (brm. 1K), 3.88 (s, 3H), 4.58 {br m, 1H}, 5.60 (br s, 1H), 6.83
{ddd, J=8.3, 2.5, 0.8 Hz, 1H), 7.08 {m, 1H), 7.14 (br d, J=8 Hz, 1H), 7.28-7.33 (m,
aM), 7.37 (dd, J=8.0, B.O Hz, 1H).

3-Amino-~-1-hydroxy-7-{3-methoxyphenyi}-3,4-dihydroquinolin-2{1H}-one,
hydrochioride salt (62) Reaction of ferf-butyl 1-[(fert-butoxycarbonyhoxyl-7-(3-
methoxyphenyl)-2-oxc-1,2,3 4-tefrahydroquinolin-3-yicarbamate (61} under the
conditions described for deprotection of ferf-butyl {1-{{terf-butoxycarbonylloxy]-2-oxo~
1,2,3 4-tetrahydre-1,5-naphthyridin-3-vilcarbamate (49} in Example 9 provided the
titte compound as a solid (86%). LCMS my/z 285.3 (M+1). "H NMR (400 MHz, DMSO-
de3 0 3.13 {dd, J=14.9, 14.9 Hz, 1H), 3.25 {dd, J=15.0, 6.5 Hz, 1H), 3.82 {5, 3H}), 4.44
{m, 1H), 6.88 {br dd, J=8.2, 2.5 Hz, 1H), 7.13 (m, 1H), 7.20 {br d, J=8 Hz, 1H), 7.38-
743 {m, 3H), 7.50 {br d, /=1.5 Hz, 1H), 8.68 (brs, 3H), 10.97 (s, 1H).
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Example 66: Synthesis of {381-3-amino-1-hydroxy-8-phenoxy-3.4-dihydro-1.8-
naphthyridin-2{1Hx»one {67}
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3-Bromo-5-fluoro-2-nitropyridine (63} A flask was charged with
concentrated NSO, {30 mb) and Ka5:0: {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-3-fluoropyridin-2-amine {5 g. 30 mmol} was added in one portion. After 5
min, the ice bath was removed, and an exotherm was observed, followed by
evolution of 30, gas. The reaction mixture became a ysllow solution, which was
stirred at RT for 1 h. The reaction mixiure was diluted with ice water, E10AC (100 mL)
was added and the water layer was made basic using aqueous NH,OH solution, The
organic layer was separated and dried over Mg, 50, then filtered and concentrated
in vacyo. Purification on silica gel {Eluant: 10% EtCAc in heptanea) provided the
product as a white solid {(2.70 g, 40%). GCMS mvz 220 (M™).

3-Bromo-2-nitro-5-phenoxypyridine {64} To a solution of 3-bromo-5-flucro-
2-nitropyridine (63} (1.0 g, 4.5 mmot) in MeCN {80 mL} was added phenol (478 mg,
5.08 mmol} and Cs,C05 (326 mg, 5.43 mmol). The resulting mixture was stirred at 60
°( for 3 h. The reaction was diluted with EtOAC and washed with water. The organic
layer was dried, filtered and concentrated under reduced pressure, arxl the residue
was purified using silica gel chromatography (Eluant. 10% EtQCAc in heptane) to
provide the product a5 an oil (1.3 g, 98%). GCMS myz 204 (M"). "H NMR {400 MHz,
CDCLYS 7.10-7.14 {m, 2H}, 7.33 (br t, J=7.5 Hz, 1H), 7.49 (dd, J=8.5, 7.5 Hz, 2H},
7.58 {d, J=2.4 Hz, 1H), 8.18 (d, J=2.4 Hz, 1H}.
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Methyl N-{tert-butoxycarbonyl}-3-(2-nitro-5-phenoxypyridin-3-yi}-L-
alaninate {65} Trimethyisilyl chioride (0.348 mi, 2.74 mmol) was added to a stirring
suspension of zinc dust {888 mg, 13.7 mmol) in dry DMF {1 mL} and the mixiure was
stirred for 30 min. The slirring was stopped, and the solids were allowead 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 methyt N-{tert-
butoxycarbonyl)-3-odo-L-alaninate (prepared according to S. van Zutphen ef af.,
Tetrahedron Lett. 2007, 48, 2857-2859) (1.81 g, 5.49 mmol) in DMF (1.0 M) was
added to the dry activated zing, and the resulting suspension was stirred for 30 min
at RT. The zincate solution was transferred via syringe into a dry flask under
pitrogen. To this was seguentially added 3-bromo-2-nitro-5-phenoxypyridine (64)
{1.3% g. 4.58 mmol}, palladium(ll) acetate {51.4 myg, 0.229 mmol} and then X-Phos
{dicyclohexyl{(2' 4' &'-triisopropylbiphenyl-2-yhiphosphineg, 218 mg, 0.458 mmaol). The
resulting solution was stirred at RT for 18 b, The reaction mixture was diluted with
ELO {100 mb), washed with water {5 x 20 ml.), dried over Mg.S0O,, fillered and
concentrated in vacuo. Purification via silica gel chromatography (Eluants: 10%
E{OAc in heptane, then 15%, then 20%) afforded the product as a yellow oil (287 mg,
16% yield). LCMS m/z 418.1 (M+1). "H NMR (400 MHz, CDClL) 8 1.38 {br s, 9H),
3.14-3.21 {m, 1H), 3.5 (m, 1H, assumed; obscured by residual ELQ), 3.74 (s, 3H),
4.62-4 88 {m, 1H), 518 (br d, J=B Mz, 1H), 7.09-7.13 {m, 2H), 7.27-7.32 {m, 2H),
747 {br dd, J=8, 8 Hz, 2H}, 8.15 (br s, 1H).

tert-Butyl {{38}-1-[{tert-butoxycarbonyl}oxy]-2-ox0-6-phenoxy-1,2,3,4-
tetrahydro-1,8-naphthyridin-3-yl}carbamate {66) Methyl N-{tert-butoxycarbonyt}-3-
{2-nitra-5-phenoxypyridin-3-vi}-L-alaninate (65) {217 mg, 8.52 mmol) was dissolved
in THF {5 mL) and MeOH (5 mL}, and the resulling solution was cooled to 0 °C with
an ice-water bath. To this was added tin{li) chloride dihydrate {704 mg, 3.12 mmol)
and sedium acetate trinydrate (778 mg, 5.72 mmol}, and the reaction was allowed 1o
stir at 0 °C for 10 min and then at RY for 2 h. Al that time, NE4L {8.725 mL, 520
mmol} and BOC,0 (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 Celite and washed with EtOAc (3 x 20 ml.). The combined EtQAc
fillrates were washed with water (2 x 20 mL) and saturated aqueous NaHCO;
solution (2 x 20 mL), dried over Mg,SQ;y, filtered and concentrated under reduced
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pressure, The crude residue was purified on silica get {(Eluant: 1.1 EXOAC / heptane)
to provide the product as an oil (240 mg, 98%). LCMS m/z 472.1 (M+1). "H NMR
{400 MHz, CDCla) 6 1.47 (br s, 8MH}, 1.57 (s, 9H), 2.84-2.98 {m, 1H), 3.39-3.48 {m,
1H), 4.80-4.61 {m, 1H), 5.58-5.64 {m, 1H), 7.02 (d, J=8.0 Hz, 2H), 7.15-7.23 {(m, 2H),
7.38 (br dd, /=8, 8 Hz, 2H), 8.08 (br s, 1H).
{38)-3-Amino-1-hydroxy-6-phenoxy-3,4-dihydro-1,8-naphthyridin-2(1H)-
one {67) ter-Butyl {{(38)-1-{{fert-butoxycarbonytjoxyl-2-oxo-6-phenoxy-1,2,3,4-
tetrahydro-1,8-naphthyridin-3-yl}carbamate {66} (240 mg, 0.509 mmol) was reated
with a solution of HCHin Et:Q {2 M, 2 mL) and alfowed to stir at RT for 86 h. The
solvent was removed under reduced praessure, and the residue was dissolved in a
solution of 1:4 {1:9 NH,OH: CH;OH): dichloromethane (0.5 mL). This solution was
subjacted {0 silica gel chromatography {(Eluant: 1:4 (1:9 NH.OM: CH.OM):
dichioromethane) fo provide the product as a white solid (83 mg, §1%). LCMS mv/z
272.0 (M+1). 'H NMR (400 MHz, CD,0D) § 2.98 {br dd, J=15, 14 Hz, 1H), 3.18 (dd,
J=15.3, 8.2 Hz, 1H)}, 4.01 (dd, J=13.8, 6.1 Hz, 1H), 7.03-7.07 {(m, 2H), 7.17 {br ¢,
J=7.4 Hz, 1H}, 740 (dd, J=8.5, 7.5 Hz, 2H), 7.44-7.48 (m, 1H). 8.00 (br d, J=2 Mz,
1H).
Example 67: Synthesis of (35)-3-aming-1-hydroxy-6-{phenylsulfonyl}-3.4-
dibwdroguinolin-2(1H-one, hydrochioride salt {72}
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2-Bromo-1-nitro-4-{phenyithio}benzene {68) A mixture of 2-bromo-4-fluoro-
1-nitrobenzene (4.3 g, 20 mmol) and K,CO; (5.39 g, 38.0 mmeol) in DMF (100 mL)
was heated o B0 °C. To the mixture was added benzenethiol {2.15 g, 19.5 mmol}
and the mixture was stired at 80 °C for 1 h. The reaction mixture was quenched by

the addition of water (200 ml}, and extracted with E1OAC {3 x 400 mb). The
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combined organic layers were washed with saturated aqueous sodium chioride
solution, dried over Na,SQy, filterad and concentrated in vacuo to afford the product
as a yellow solid (6 g, 98%), which was used for the next step without further
purification.

2-Brome-1-nitro-4-{phenyisulfonyi}benzene {69) A mixture of 2-bromo-1-
nitro-4-(phenylthiojbenzene (68) (5.8 g, 18.7 mmol) and mCPBA (11.3 g, 56.1 mmol)
in DOM (120 mb) was stirred at 18 “C for 1 h. The reaction mixiure was quenched by
addition of saturated aqueous Na,30; solution {20 mL), and extracted with DCM (3 x
500 mb.). The combined organic fayers were washed with saturated aqueous sodium
chioride solution, dried over Na S0, filtered and concentrated under reduced
pressure. The residue was purified by column chromatography on silica gel (Eluant:
10:1 petroleum ether/ EIOAC) {0 give material that was then crystallized from EIOH
{100 mb). The product was oblained as a yellow solid {2 g, 30%). LCMS m/z 340.8,
342.9 (M+1). 'H NMR (400 MHz, CDCl;) § 7.56-7.82 (m, 2H), 7.85-7.70 (m, 1H), 7.88
{d, J=8.4 Hz, 1H), 7.94-8.03 {m, 3K}, 8.31 {5, TH).

Methy! N-{tert-butoxycarbonyl}-2-nitro-S-{phenyisulfonyi}-L-
phenylalaninate {70} Compound 70 was prepared from 2-bromo-1-nitro-4-
{phenyisulfonybbernzene (69) according to the general procedure for the synthesis of
methyl N-{fert-butoxycarbonyl}-3-(2-nitro-5-phenoxypyridin-3-yi)-L-alaninate {685) in
Example 66. The product was obtained as an off-white foam (250 mg, 37%}. LOCMS
m/z 483.1 (M-1).

fert-Butyl [{(35)-1-hydroxy-2-oxo-6-{phenvisulfonvi}-1,2,3,4-
tetrahydroquinolin-3-yijcarbamate {71} Ammonium formate (84.8 mg, 1.34 mmol)
was added {0 a solution of methyl N-{ferf-butoxycarbonyi)-2-nifro-5-{phenylsulfonyi)-
L-phemyalaninate (70) (125 mg, 0.269 mmol} in pyndine {2.7 mL), followed by
platinum on carbon (5%, 4 mg). The black suspension was stirred at 80 “Cfor 18 h,
then allowed to cool to RT and filtered through an Acrodisce” syringe filter (Pall Life
Sciences). The filtrate was concentrated, and the residue was purified via
chromatography on silica gsel {Gradient: 0% {0 60% EIQAC in heptans), to provide the
product as a white solid {62 mg, 55%). LCMS m/z 417.0 (M-1). 'H NMR (500 MHz,
CDCL) & 143 (s, OH)}, 2.84 (brdd, J=18, 14 Hz, 1H}, 3.37-3.45 (m, 1H), 4.45-4 53 (m,
1H), 5.38 (br d, J=8 Hz, 1H), 7.44 (d, J=8.5 Hz, 1H), 7.51-7.55 (m, 2H), 7.57-7.61 {m,
1H), 7.75 (br s, 1H), 7.80-7 85 {(m, 3H), 8.5-88 (vbrs, 1H).
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{35)-3-Amino-1-hydroxy-6-{phenyisulfonyl}-3,4-dihydroquinolin-2{1H)-
one, hydrochioride salt {72} Compound 72 was prepared from fert-butyl {{38)-1-
hydroxy-2-ox0-6-{(phenvisulfonyl}-1,2,3 4-tetrabydroquinolin-3-vilcarbamate (71)
according fo the general procedure for the synthesis of (38)-3-amino-1-hydroxy-6-
phenoxy-3 4-dihydro-1,8-naphthyridin-2{ tHj-one (67} in Example 68, except that the
neutral product {15 mg, 34%) was converted {o its hydrochloride salt by dissolution in
DCM and treatment with 2 N HCl in EL O, followed by removal of solvent in vacuo.
The product was obtained as a sofid. Characterization data was obtained on the
neutral form of the product. LOMS n/z 318.9 (M+1). 'H NMR (500 MHz, CDCI,) &
2.81-2.94 {m, 1H), 3.01-3.13 {m, 1H), 3.65-3.79 {br s, 1H), 4.3-5.1 {vbr s, 3H), 7.28-
7.35{m, 1H), 7.48-7.54 (m, 2H), 7.55-7.60 {m, 1H), 7.67 {br s, 1H), 7.73-7.78 (m
1H), 7.91 (brd, J=7.3 Hz, 2H).

Example 68: Synthesis of (38)-3-amino-6-benzyi-1-hydroxy-3 .4-dihvdroquinolin-
201 H-one, dnfluoroacetic acid salt (82)
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tert-Butyl {4-benzyiphenylicarbamate {73} Te a solution of 4-benzyianiline
{12.5 g, 88.2 mynol} in a 11 solution of dichloromethane and saturated agueous
Ng,CO,; was added (BOC),O (16.5 g, 75 mmol). The reaction was allowed o stir at
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RT for 18 h. The reaction mixture was extracted with dichloromethane (3 x 200 ml),
washed with water, dried over sodium suifate, filtered and concenirated under
reduced pressure to provide the product as a solid (14.8 g, 77%). 'H NMR (500 MMz,
CBCla} 6 1.51 (s, OH), 3.93 (s, 2H}, 641 (brs, 1H), 7.10-7.29 {m, SH).

5-Benzyl-2-[{tert-butoxycarbonyilaminoc]benzeic acid {(74) tert-Butylllithium
{1.7 M solution in pentane, 55.3 mL, 84.0 mmol} was added drop-wise to a -78 °C
sclution of fert-butyl (4-benzyiphenylcarbamate (73) {8.33 ¢, 29.4 mmol} in
anhydrous THF. The resulting mixture was aliowed to warm to -50 °C and stirred for
2 h. The reaction was carefully poured onto finely crushed dry ice (300 g}; stirfing
was continued and the reaction was allowad to warm to RT. The reaction mixture
was diluted with EtOAc (200 mL), washed with water {3 x 100 mL) and with aqueous
HCH(1 N, 3 x 100 mL). The organic layers were combined, dried over sodium suifale,
filtered, and concentrated under reduced pressure {o provide the product as a solid
{9 g, 90%). This material was laken o the next step without purfication. LCMS m/z
326.2 (M-1). "H NMR (500 MHz, CDCL,) 8 1.52 (s, 8H), 3.93 (s, 2M), 7.10-7.29 (m,
oH).

2-Amino-S-benzylbenzoic acid {75} 5-Benzyl-2-{{fert-
butoxycarbonybamineibenzoic acid (74) (9 g, 30 mmol) was dissolved ina 1:1
mixture of TFA and dichloromethane at 0 °C and stirred at RT overmnight. The reaction
was concentrated under reduced pressure, taken up in EtQOAc (150 mL), and washed
with water (3 x 200 k). The organic layer was dried over sodium sulfate, filtered,
concentrated under reduced pressure and purified by silica gel chromatography
{Gradient: 0% to 80% E{OAc in heptane} to provide the neutral product as a solid
{331 mg, 5%). 'H NMR {500 MHz, CDCl} 3 3.90 (s, 2H), 8.63 (d, J=8.5 Hz, 1H),
7.14-7.24 {m, 4H), 7.31 (dd, J=7.6, 7.6 Hz, 2H), 7.81 (brs, 1H).

S-Benzyil-2-nitrobenzoic acid {76} To a solution of sodium perborate {(1.170
g, 7.52 mmel} heated in acelic acid at 85 °C was added 2-amino-5-benzylbenzoic
acid (78) (342 mg, 1.50 mmoi). The reaction was stirred at reflux unil LCMS data
indicated that the reaction was complete. The reaction mixture was poured info 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, 46%). LCMS myvz 256.0 (M-1}. "H NMR (500 MHz, CDCls) 8 4.10 (s, 2H),
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7.19 {br d, J=7.3 Hz, 2H), 7.26-7.30 {m, 1H), 7.35 {br dd, J=8, 7 Hz, 2H), 7.45 (br dd,
J=8.3, 2.0 Hz, 1H), 7.67 {d. J=2.0 Hz, 1R), 7.82 (d, J= 8.5 Hz, 1H}.

{5-Benazyl-2-nitrophenviimethanol (77} To a solution of S-bhenzyl-2-
nitrohenzoic acid (¥6) (145 mg. .58 mmeol) in THF was added borane-THF complex
{as a solution in THF, 4 equivalents) drop-wise. The reaction was refluxed for 2 b,
then was quenched with aqusous ammonium chioride solution. After addition of
EOAc, the mixture was washed with water (3 x 50 mL) and saturated aqueous
sodium chloride solution {3 x 50 mb}, then dried over sodium sulfate and filtered.
Purification via chromatography on silica gel (Gradient: 0% to 80% EtQAc in
heptane) provided the product as a solid (105 mg, 77%). LCMS m/iz 2421 (M-1). 'H
NMR (400 MHz, CDCI;) 3 4.07 {8, 2M}, 4.94 (s, 2H), 7.17-7.20 {(m, 2H), 7.22-7.27 (m,
aM), 7.28-7.34 {m, 2H), 7.58 {(brs, 1M}, 8.04 {d, J=8.4 Hz, 1H).

4-Benzyl-2-(bromomethyi}-1-nitrobenzene {78) To a solution of (5-benzyl-
2-nitrophenymethanol (77) {103 myg, 0.42 mmol) in dichioromethane was added
friphenylphosphine {224 mg, 0.85 mmol} and carbon tetrabromide (286 mg, 0.85
mmal) and the reaction was allowed to stir at RT for 2 h. After removal of volatiles in
vacu, the residue was taken in E1CAC (50 ml), washed with water (3 % 160 mL) and
with saturated agquecus sodiun chloride solution (3 x 100 mi). After concentration
under reduced pressure, purification was effecied via silica gel chromatography
{Gradient: 0% to 80% EtOAc in heptane) to provide the product as a solid (125 mg,
86%). ‘M NMR (500 MMz, CDCL:) § 4.08 (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).

fert-Butyl 3-benzyl-N-{diphenylmethylene)-6-nitro-L-phenylalaninate {79)
4-Benzyl-2-{bromomethyi)-1-nitrobenzene (78} (130 mg. 0.42 mmol}, fert-butyl N-
{diphenyimethylene)glycinate (56} (85 mg, 0.28 mmol) and C-allybN-(8-
anthracenylmethyhcinchonidinium bromide (18.8 mg, 8.028 mmol) were mixed in a
dry vial in dichloromethane and cooled o -30 *C. Cesium hydroxide (71.4 mg, 0.42
mmaol) 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 { was concentrated
under reduced pressure, taken up in EH0Ac (100 mL}, washed with water (3 x 100
mlL) and saturated aqueous sodium chicride solution (3 x 100 mb}, then concentrated
in vacuo. Purification by silica gel chromatography (Gradient: 0% to 80% EtQAc in
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, 8H), 3.35 (dd, J=13.1, 96 Hz, 1H), 3.72 {dd, J=
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13.2, 3.8 Hz, 1H), 3.88 (s, 2H), 4.33 {dd, J=9.6, 3.7 Hz, 1H), 6.55 (br m, 2H), 8.97-
7.00 {m, 2R), 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, J= B4 Hz, 1H).

fert-Butyl {{35)-6-benzyi-1-[(terf-butoxycarbonyhoxyl-2-0x0-1,2,3,4-
tetrahydrogquinolin-3-yi}carbamate {81} To a solution of tertbutyt 3-benzyl-N-
{diphenyimethylene}-&-nitro-L-phenylalaninate {79} (150 mg, 0.288 mmol} in
dichioromethane was added triflucroacetic acid v equal volume at 8 *C, and the
reaction was allowed 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 EtQAc (3 x
50 mL). The agueous layer was concentrated under reduced pressure to provide 3~
benzyl-B-nitro-L-phenylalanine (80) as a solid {70.2 mg, 59%). LOMS mz 301.0
{M+1). This crude product (70.2 mg. 0.234 mmol) was dissclved in a 11 mixiure of
THF and MeOHM and treated with sodium acetate {325 mg, 2.34 mmol} and tn{ih)
chioride dihydrate (269 mg, 1.17 mmol} and stirred for 4 h at 0 “C. To the reaction
mixiure was added triethylamine (0.33 mk, 2.4 mmol) and (BOC):0 {132 mg, 0.585
mmol), and the reaction was aliowed to warm o RY and stir for 18 h. The reaction
mixiure was filtered, and the filirate was washed with water {3 x 100 miL}, washed
with saturated aqueous sodium chioride solution, dried over sodium sulfate, filtered,
and concentrated in vacwo. Purification via silica gel chromatography {Gradient: 0%
to 80% EtOAc in heptane) vielded the product as a solid (40 mg, 36%). 'H NMR (500
MHz, CDClLy) 8 1.47 {brs, 8H), 1.56 (br s, 8H}, 2.86-3.00 {m, 1H), 3.33-3.43 {m, 1H},
3.94 (s, 2H), 4.47-4.55 (m, 1H), 5.57 {brs, 1H), 8.9-7. 1 {vbr s, 1H), 7.04 (s, 1H), 7.11
{brd, J=8 Mz, 1H), 7.18 (d, J=7.8 Hz, 2H), 7.21-7.25 (m, 1H), 7.31 {dd, J=7.8, 7.3 Hz,
2H),

{38)-3-Amino-86-benzyl-1-hydroxy-3,4-dihydroquinolin-2{1H}-one,
trifluoroacetic acid salt (82) tert-Butyl {{38)-6-benzyl-1-[{fert-butoxycarbonylloxyl}-2-
oxo-1,2,3 4-tetrahydroguinolin-3-ylicarbamate (81) (40 mg, 0.085 mmol) was
dissolved in a 1:1 mixture of dichloromethane and friflucroacetic acid and stirred at
RT for 18 h. Removal of solvents under reduced pressure afforded the product as a
solid (18 mg, 58%). LOMS m/z 269.0 (M+1). 'H NMR (500 MHz, CD.0D) 3 3.12 {dd,
half of ABX pattern, J=14.8, 14.4 Hz, 1H)}, 3.20 (dd, half of ABX pattern, J=14.8, 8.5
Hz, 1H), 3.95 (s, 2H), 4.29 {dd, J=14.5, 8.5 Hz, 1H), 7.12 (br s, 1H), 7.15-7.28 {m,
8H), 7.31 (4, J=8.0 Bz, 1H}.
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Example 69: Synthesis of 3-amine-8-{2-chiocrophenoxyi-1-hydroxy-3.4-
dihvdroquinalin-2{1H-one, hvdrochloride sait (84)
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tert-Butyl {1-[{fert-butoxycarbonyljoxy]-6-(2-chlorophenoxy}-2-oxo-
1,2,3,4-tetrahydroguinolin-3-yl}carbamate {83) A mixiure of ferf-butyt N-
{diphenyimethylene)}-3-fluoro-8-nitro-L-phenylalaninate (which can be prepared
according fo the general method described in Example 12) (148 myg, 0.33 mmaol), 2-
chicrophendl (51 mg, 0.40 mmal}, and Cs.CO; (160 mg, 0.50 mmol} in anhydrous
MeCN (5 ml) under N: was heated fo 70 °C for 20 h. The reaction mixiure was
cocled to RT and concentrated in vacuo. The resulling residue was dissolved in
EtOAC (20 mL) and water (20 mi), and the separated aqueous phase was washed
with EtQAc (20 mL). The combined organic fractions were washed with saturated
agqueous sodium chionide solution (20 mL.), dried over Na S0, filtered, and
concenirated in vacuo to yield fert-butyl 3-{2-chlorophenoxy}-N-{diphenyimethylene)-
S-nitrophenylalaninate as a brown oil {180 mg). This residue was dissolved in a
solution of MG in dioxane (4 M, 10 mbi), and the resulling solution was heated {0 100
°C for 1 h. The reaction mixiure was concentrated in vacuo to yield 3-(2-
chiorophenoxy-8-nitrophenylalanine (79 mg) as a solid. This product was converted
to the title compound following the general procedure described in Example 9. The
praduct was obtained as a gum (51 mg, 48%). LCMS m/z 505.8 (M+1). "H NMR (400
MHz, CDCl3) & 1.46 (s, 9H), 1.56 (br s, OH), 2.94 (br dd, J=14, 14 Hz, 1H), 3.37 {v br
d, J=15 Hz, 1H), 4.48-4.58 (m, 1H), 5,60 {(br s, 1H), 68.79 (br s, 1H), 6.88-8.93 (m,
1H), 8.9-7.1 (vbrs, 1H). 7.01 {(br d, J=8 Hz, 1H), 7.13 (br dd, J=8, 8 Hz, 1H), 7.26 (br
dd, J=8, 8 Hz, 1H), 7.47 (br d, J=B Hz, 1H).

3-Amino-6-(2-chlorophenoxy)-1-hydroxy-3,4-dihydroquinolin-2{1H)-ong,
hydrochloride salt {84) fert-Butyl {1-[{ferf-butoxycarbonytioxyl}-6-(2-chiorophenoxy)-
2-oxo-1,2,3 detrahydrogquinolin-3-yilcarhamate (83) was atded 1o a solution of HCI
in dioxane (4 M, 10 mL), and the reaction mixture was stirred at RT for 16 h. The
reaction mixture was concentrated in vacuo. The resuiting white solid was washed
with ER O, filtered, and dried under vacuum at 45 °C to afiord the crude product as a
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solid (31 myg). This product was slurried with CH:Ch (1 mb), filtered, washed with
CH.Cls, and dried under vacuum at 45 °C to vield the title compound as a white solid
(16 mg, 46%). LCMS m/z 305.4 (M+1). 'H NMR (400 MMz, CD.0OD) § 3.10-3.25 (m,
2H), 4.385 (dd, J=14.1, 6.7 Hz, 1H}, 6.92-6 95 (m, 2H), 7.06 (dd, J=8.1, 1.4 Hz, 1H),
7.8 (ddd, J=7.8, 7.8, 1.5 Hz, 1H), 7.32 {ddd, J=7.7, 7.7, 1.8 Hz, 1H), 7.38 {br d, J=8
Hz, 1H), 7.52 (dd, J=8.0, 1.4 Hz, 1H).

Example 70: Svnthesis of 3-{{{335)-3-amino-1-hydroxy-2-0x0-1,2,.3.4~
tetrahvdroguinolin-6-ylloxyibenzonitrile,_hydrochioride salf (89)
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N-{terf-Butoxycarbonyl}-3-fluoro-6-nitro-L-phenyialanine {85)
Concentrated HCH (7.5 mbL) was added 1o a solution of tert-butyl N-
{diphenylmethylene}-3-fluoro-6-nitro-L-phenyialaninate (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 b. The reaction mixture was cooled {0 RT and concentrated in
vacuo o provide a solid. The solid was slurried with EtOAc (200 mL), collected by
filtration, washad sequentially with E{QA¢ and Et,Q, and dried under vacuum at 45
*C for 70 h. The resulting white solid was suspended in water (100 mbL), and
friethvlamine {10.1 wid., 72.0 mmol} and BOC,Q (4.81 g, 21.6 mmol) were added &t
RT. The reaction mixture was maintained at RT with stirring for 16 h. The reaction
mixiure was acidified to pH 5 with 10% aqueous citric acid and washed with EtOAc (2
x 100 mi). The separated organic phase was washed with water (75 mL}, dried over
Na,80,, filtered, and concentrated in vacuo to yield the title compound as a white
waxy solid (4.6 g, 77% over two steps). LOMS nve 327.0 (M-1).

N-{tert-Butoxycarhonyl}-3-{3-cyanophenoxy)-&-nitro-L-phenylalanine {88)
A mixture of N-{terf-butoxycarbonyi)-3-fluoro-6-nitro-L-phenylatanine (85) (1.6 g, 4.8
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mmot), 3-cyanophenol (1.7 g, 14.5 mmal}, and cesium carbonate (4.7 . 14.5 mmol)
in anhydrous MeCN was heated to 75 °C for 22 h. The reaction mixiure was cooled
to RT and concentrated. The resulting residue was suspended in water (40 mbL) and
1 N aqueous HClwas added at 0 “C to adjust the pH {o ~4-5. The aqueous mixiure
was extracted with E1QAc (2 x 50 mL), and the combined organic phases were dried
over Nap50,, filtered, and concentrated in vacuo. Purification of the crude residue by
silica gel chromatography {Eluant: EtOAC) provided a brown ofl that was resubjected
to column chromatography (Gradient: 8% to 50% EtOAc in hexanes) {o afford the title
compound as a white solid (1.6 g, 79%). LCMS m/z 426.1 (M-1).

3-{3-Cyanophenoxy)-8-nitro-L-phenylalanine (87) N-{fert-Butoxycarbonyi}
3-(3-cyanophenoxy)-6-nitro-L-phenylalanine {86) (1.6 g, 3.8 mmol} was dissolved in a
sofution of HC! in dioxane {4 N, 70 mb). After 1.5 h, the reaction mixture was diluted
with EtO (200 ml.) and filtered. The solid was washed with ELO and dried at 50 “C
under vacuum o afford the title compound as a white solid (1.3 g, 97%). LCMS m/&
328.1 (M+1). 'H NMR (400 MMz, CD.0D) 3 3.41 (dd, J=13.8, 7.5 Hz, 1H), 3.88 (dd,
J=138, 7.4 Hz, 1H), 4.34 (¢, 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).

tert-Butyl [(3S)-1-{{ferf-butoxycarbonyl)oxy}-6-(3-cyanophenoxy)-2-0xo-
1,2,3,4-tetrahydroquinolin-3-yijcarbamate {88) Sodium acetate trihydrate (4.9 g,
36.3 mmol} was added to a 0 °C solution of 3-(3-cyanophenoxy}-8-nitro-L-
phenylalanine {87} (1.3 g, 3.6 mmol} in THF (50 mL} and MeOH (50 mL). The mixture
was stirred until all of the salts dissolved, and tin{li) chloride dihydrate (4.2 g, 18.1
mmol} was added. The reaction suspension was stirred at § *C for 8 h. Triethylamine
{5.1 mL, 36.3 mmol) and BOC,0 (1.9 g, 8.7 mmol) were added and the mixdure was
aliowed to stir for 18 h a2t RT. The reaction mbiture was concentrated in vacuo, and
the resuding residue was slurried in EtCAc. Insoluble solids were filtered off and
washed with EtOAc, and the combined EXQAc fractions were washed with water and
concentrated /n vacuo. The resulting residue was purified by silica gel
chromatography {Gradient: 0% to 50% E{OAc in heplane) to afford the title
compound as a white solid (1.1 g, 81%). LCMS m/z 486.2 (M+1). 'H NMR (400 MMz,
CDChL) & 1.47 (s, 9H), 1.58 (br s, 9H}, 2.98 (brdd, J=14, 14 Hz, 1H), 341 {vbrd,
J=14 Hz, 1H}, 4.51-4.80 {m, 1H}, 5.59 (br s, 1H), 6.91 {br s, 1H), 8.97 {br dd, J=8.5,
28 Hz 1H), 7.0-7.2 (vbrs, 1H), 7.18-7.25 (m, 2H), 7.38-7.47 {m, 2H).
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3-{[{38}-3-Amino-1-hydroxy-2-ox0-1,2,3,4-tetrahydroquinolin-6-
ylloxy}benzonitrile, hydrochioride salt (89) tert-Buiyl [(38)-1-[(fert-
butoxycarbonyhoxyl-6-{3-cyanophenoxy}-2-oxe-1,2,3 d-tetrahydroquinelin-3-
ylicarbamate (88} was dissolved in a solution of MCI in dioxane (4 N, 70 mL). After 41
h, the reaction mixiure was concentrated to a volume of 180 mi, and the resulting
white solid was collected by filtration. The solid was washed with dioxane {3 x 10 mL)
and Et;O (3 x 10 mb) and dried under vacuum at 45 °C for 3 h. The solid was
washed again with ether (3 x 10 mL} and dried under vacuum at 50 °C for 2 h. The
washing {ether) and drying procedure was repeated three imes in order to remove
alt residual dioxane, affording the title compound as a white solid (610 mg, 84%);
LCMS m/z 298.0 (M+1). "H NMR (400 MHz, CD,0D) 5 3.18 {dd, half of ABX patiern,
J=14 8, 14.4 Mz, 1H), 3.26 {dd, half of ABX pattern, J=15.0, 8.7 Mz, 1H), 4.38 (dd,
J=14 4, 6.7 Mz, 1H), 7.07-7 12 {m, 2H), 7.28-7. 29 {m, 14}, 7.31 {ddd, J=8.2, 2.5, 1.1
Hz, 1H), 748 (d, J=8.8 Hz, 1H), 7.46-7.48 {m, 1H), 7.54 (br dd, J=8, 8 Hz, 1H).
Example 71: Synthesis of (35)-3-amino-1-hydroxy-8-phenoxy-3.4-dihydroguinolin-
2{1H)-one, hydrochloride sait {93}
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2-Bromo-1-nitro-4-phenoxybenzene (84) Phenol {11.1 g, 118 nunadl) was
added to a suspension of Cs,C0; (46.2 g, 142 mmol) in MeCN (285 mL). The
resulting solution was stirred at RY for 10 min, then 2-bromo-4-fluoronitrebenzene
{26.0 g, 118 mmol) was added, and the reaction mixture was heated to 50 *C for 65
h. The reaction mixture was cooled to RT and filtered to remove Cs.80;. The filtrate
was concentrated in vacuo, and the resulting residue was dissolved in EIQAC (150
ml.) and washed with aqueous sodium hydroxide solution (1 N, 250 mL), water (2 x
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250 mi), and saturated aguecus sodium chioride solution (250 mlL.). The separated
organic phase was dried over Na,SQq, filtered, and concentrated in vacuo.
Purification by silica gel chromatography (Eluant: heptane} provided the titie
compound as a pale yeliow oil {32.7 g, 84%). 'H NMR (400 MHz, CDCl,) 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=8.1 Hz, 1H).

Methyl N-{tert-butoxycarbonyl}-2-nitro-5-phenoxy-L-phenylalaninate (81)
Freshly distilled DMF {45 mlL) was added to Zn powder {20.0 g, 306 mmol) under Na.
Trimethyisilyl chioride (8.0 mL, ~0.2 eq.) was added at RT and the resulting
suspension was stirred vigorously for 35 min. The resulting pale crange sugernatant
was removed via syringe. The activated Zn was washed with DMF {2 x 30 mL). After
removal of the DMF, the activated zing was dried under vacuum using a heal gun.
Methyl N-{ferf-buloxycarbonyl-3-fodo-L-alaninate (37.0 g, 112 mmol) was frashly
recrystallized from petroleum ether, dried in vacue, and dissolved in freshly distilled
DMF (83 mL), and the solution was added to the activated zinc at 0 “C. After 5 min,
the cooling bath was removed. The regction mixiure was stirred for 20 minin a RT
water bath, at which time TLC analysis indicated disappearance of the starting
iodide. The grayish supernatant was transferred via syringe into a dry flask under N,
and the remaining zing metal was washed with DMF (20 mL}. To the flask conlaining
the combined DMF fractions was added seguentially a solution of 2-bromo-~1-nitro-4-
phenoxybenzene {90) (30.0 g, 102 mmol} in DMF {18 mbL), Pd{OAck (1.1 g, 5.1
mmol), then dicyclohexyiphosphing-2° 4.8 ~triisopropyi-1, 1-biphenvl (4.8 g, 10.2
mmol). The resulting brown solution was stirred at RT, and the solution turned red
within 1 h. The reaction mixture was maintained at RT for 16 h. The reaction mixiure
was poured into E1OAc (400 mL )}, and the resulling suspension was filtered through
Celite. The filtrate was washed with water {2 x 400 mi) and saturated aqueous
sodium chloride solution (400 mi), and the separated agueocus phase was washed
with EIOAC (2 x 150 mb). The combined organic exiracls were dried over Na.50;,
filtered, and concentrated in vacuo. The crude residue was purified by silica gel
chromatography {Gradient: 0% to 25% EtOAc in heptans) to provide the title
compound as a pale yeliow solid {27.9 g, 66%). LCMS m/z 415.1 (M-1). 'TH NMR
{500 MHz, CDCl;) & 1.38 (s, 9H), 3.21 {dd, J=13, 9 Hz, 1H), 3.57 (dd, J=13.3, 52 Hz,
1H), 3.73 (s, 3H), 4.85-4.72 (m, 1H), 517 (br d, J=8 Mz, 1H), 6.87-8.92 {m, 2H), 7.07-
7.10 {m, 2R), 7.24-7 .27 (m, 1H), 7.44 (dd, J=7.9, 7.9 Hz, 2H), 8.03 (d, J=8.8 Hz, 1H).



WO 2010/146488 PCT/IB2010/052349
80

tert-Butyl [{35)-1-hydroxy-2-ox0-6-phenoxy-1,2,3 4-tetrahydroquinolin-3-
yllcarbamate {92) in three equal batches, methyl N-{(terf-butoxycarbonyl j-2-nitro-5-
phenoxy-L-phenylalaninate (91) (9.33 g, 22.3 mmol) was dissolved in pyridine (250
ml) in a Paw botlle and PH/C (5% wiw dry catalyst, 4.4 g, 1.1 mmol) was added. The
reaction mixture was placed under H, 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 3681 (M-1). 'H NMR (400 MHz,
CD00D) 6 1.47 {s, 8H), 2.96-3.08 (m, 2H), 4.38 (dd, J=12, B Hz, 1H)}, 6.89-6.99 (m,
4H), 7.09 (tt, J=7.4 1.1 Hz, 1H), 7.31-7.37 {m, 3H).

{35)-3-Amino-1-hydroxy-8-phenoxy-3 4-dihydroquinolin-2(1H)-one,
hydrochloride salt (33) In two equal baiches, lerf-buty! [(3S)-1-hydroxy-2-0x0-6-
phenoxy-1,2,3 Adetrahydraquinalin-3-yljcarbamate (42} (8.6 g, 23.2 mmol} was
added to a 0 °C solution of HCl in dioxane {4 N, 100 mbL) with stirring. After 5 min, the
ice bath was removed and the reaction mixture was maintained at RT for 1 h. ELO
{800 mi) was added, the baiches were combined, and precipitate was collected by
filtration. The precipitate was washed with Et,0 and residual solvent was removed
under vacuum. The resuliing pale pink solid was slurried in cold MeOH {100 mlL) and
filtered, and the resulting solid was washed with ELD. The solid was dried under
vacuum at 45 °C for 45 h to vield the title compound as a white solid (13.1 g, 92%).
LOMS mvz 271.4 (M+1). 'H NMR (400 MHz, CD50D) 8 3.18 {br dd, J=14.8, 14.4 Hz,
1H), 3.23 (dd, J=15.0, 6.8 Hz, 1M}, 4.35 {dd, J=14.2, 6.7 Hz, 1H), 6.87-7.02 {m, 4H},
743 (%, J=7.4, 1.1 Hz, 1H), 7.33-7.40 (m, 3H).
Example 72: Svnthesis of (38)-3-amino-1-{{dimethyicarbamoylioxy}-8-phenoxy-3 4-
dihvdroguinolin-2(1H)-one (94)

Q
?H C},’fb\x N -
N PN f'N‘ -0 ‘ ( h
LY ey o
R V./l\ Py § ! §§ §
" Q e ot N H:{ \\(\‘:‘// /\O“ A \_/_/)-‘/\ i N H2
93, Example 71 84

Dimethylcarbamyl chloride {37 b, 0.3% mmol) was added {0 a solution of
{33)-3-amino-1-hydroxy-6-phenoxy-3,4-dihydroquinoiin-2{ 1H}-one, hydrochioride salt
{93, Example 71) {106 mg, 0.33 mmol} in pyridine (2 mL). The reaction mixture was
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maintained at R for 1.5 h, then concentrated in vacyo; the resulling residue was
dituted with EtOAC (20 mL) and water (10 mL). The separated organic phase was
washed with water (10 mb.), dried over MBSO, filtered, and concentrated in vacuo to
provide the title compound as an ol (72 my, 65%). LCMES m/2 253.0 {(M-dimethyl
carbamic acid)+1]. 'H NMR (400 MHz, CD,0D) 4 2.84-3.02 (m, 1H), 3.02 {br s, 3H),
3.08 {dd, half of ABX pattern, J=15.5, 8.4 Hz, 1H), 3.17 (brs, 3H), 3.78 {dd, J=13.3,
8.3 Hz, 1H), 5.90-7.00 {m, 5H), 7.11 (ddt, J=7.7. 7.1, 1.1 Hz, 1H), 7.32-7.37 {m, 2H).

Exampie 73; Synthesis of (35)-3-aming-1-l{dimethylcarbamoyljoxy}-3.4-

dibydroguinolin-2{1H)-one, hydrochloride sait {97}
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tert-Butyl [{38)-1-hydroxy-2-0x0-1,2.3,4-tetrahydrogquinolin-3-
ylJcarbamate (95} (35)-3-Amino-1-hydroxy-3,4-dihydroquinolin-2(1H)-one (21,
Example 4) (1.023 g, 5742 mwmol} was suspended in THF (16 mbL) and water (16
ml). After addition of sodium carbonats (1.21 g, 14.4 mmol) and BOC,0 (2.76 g,
12.8 mmotl), the reaction was allowed to siir for 18 hat RT. BOC.0 (089 g, 3.2
mmol) was again added o the reaction; after 1 h, the mixiure was partitioned
between EtOAc (20 mb) and water (10 mL), and the aqueous layer was extracted
with EtCAc {3 x 15 mlL). The combined organic layers were dried over sodium
sulfate, fitered and concentrated in vacuo. The resylling vellow oil was dissolved in
THF {18 mL), treated with water {18 ml.) and acetic acid (1.3 mlL., 23 mmel} and
heated {o 50 °C for 66 h. Alter cooling to RT, the reaction mixiure was diluted with
water and extracted with EtOAc. The combined organic layers were washed with
water and saturated aqueous sodium chloride solution, then dried over magnesium
sulfate, filtered and concentrated under reduced pressure. The product was abtained
as a light pink solid {1.00 g, 63%), LCMS m/z 277.5 (M-1). 'H NMR {400 MHz,
CDCl) 8 1.47 (s, OH), 2.80 (br dd, /=15, 14 Hz, 1H), 3.35-3.48 {m, 1H), 4.46-4.57 {m,
1H), 5.47 (brs, 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 {br s, 1H).
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tert-Butyl {{38)-1-{{dimethylcarbamoyljoxy}-2-0x0-1,2,3,4-
tetrahydroquinolin-3-yi}carbamate {98} A solution of fert-butyt [(38)-1-hydroxy-2-
oxae-1,2,3,4-tetrahydroquinolin-3-yilcarbamate (85) (201.3 mg, (.723 mmol} in
acetone {2 mi) was treated with potassium carbonate (150 mg, 1.08 mmol} and
dimethyicarbamy! chioride (88%, 0.102 mL, 1.09 mmol}. The reaction was stivred at
70 °C for 42 h, then cooled and concentrated in vacuo. The residue was partitioned
between EtOAC (5 mL), and water (5 mbL}, and the aqueous layer was extracted with
EtOAc (3 X 5 mL). The combined organic lavers were washed with water {5 mbL},
dried over sodium suifate, fillered and concentrated in vacuo. Purification by
chromatography on silica gel {Gradient: 0% to 45% EtQAC in heptane) provided the
product {112.6 mg, 45%). APCI m/z 372.0 (M+Na). 'H NMR (400 MHz, CDCl;) § 1.48
{s, 9H), 2.96-3.06 (v brm, 1H), 3.03 (br s, 3H), 3.18 (br s, 3H), 3.38-3.47 (m, 1H),
4.53-4.62 {m, 1H}, 5.54 {brs, 1H), 6.93-7.03 (v brs, 1H), 7.08 {br dd, J=7.6, 76 Hz,
1H), 7.21-7.28 (m, 2H).

{35)-3-Amino-1-{{dimethylcarbamoyijoxy]-3 4-dihydroquinolin-2{1H)-one,
hydrochloride salt {97} terf-Butyl {{38)-1-[{dimethylcarbamoyloxy}-2-0x0-1,2,3,4-
tetrahydroquinolin-3-yl}carbamate {98) was deprotected using the conditions
described for synthesis of 3-{{(3S)-3-amino-1-hydroxy-2-ox0-1,2,3,4-
fetrahydroquinolin-G-yljoxylbenzanitrile, hydrochioride salt (88} in Example 70. The
product was cbiained as a solid, which by NMR contained residual 1.4-dioxane
{107 .0 mg, assumed quantitative). LCMS m/z 161.3 {{M ~ dimethylcarbamic acid}+1].
H NMR (400 MHz, CD,0D) 8 3.03 (br 5, 3H), 3.12 {brs, 3H), 3.57-3.80, 3.64-3.69
and 3.72-3.76 {multiplets, total 2H), 4.45-4.51 {m, 1H), 7.10 {v br 5, 1H)}, 7.19 {ddd,
J=7.5, 7.5, 1.0 Hz, 1H), 7.35-7.41 {m, 2H).
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Example 74: Synthesis of {381-3-amino-1-hydroxy-8-(morpholin-4-vimethyl}-5 . 4-

dihvdroquinolin-2(1H-one, trifluprcacetic acid salt {104)
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Methyl 3-formyl-2-nitrobenzoate (98} M, N-Dimethyiformamide dimethyl
acetal (10 g, 84 mmaol} and methyl 3-methyl-2-nitrobenzoate {8.0 g, 41 mmol} were
combined and heated to 120 *C for 42 h. After cogling, the mixiure was concenirated
under reduced pressure {o provide methyl 3-{{£)-2-(dimethylaminovinyl}-2-
pitrobenzoate (9.0 g, 88%), which was dissolved in a 1:1 mixture of water and THF.
After addition of sodium pericdate (99%, 23.3 g, 108 mmal), the reaction was allowed
to stir for 18 h, then was filtered. The filtrate was washed with water and with
saturated agueous sodium chloride solution, then dried over sodium sulfate. Filtration
and removal of solvent under reduced pressure provided a residue, which was
purified using silica gel chromatography (Gradient: 0% to B0% EQAG in heplane) to
provide the product as a solid {2.2 g. 28%). "H NMR (500 MHz, CDCls) 5 3.96 (s,
3M), 7.78 (ddd, J=7.8, 7.8, 0.6 Hz, 1M}, 818 (dd, J=7.8, 1.5 Mz, 1), 8.29 (dd, J=7.8,
1.6 Hz, 1H), 9.99 (d, J=0.5 Hz, 1H).

Methyt 3-(morpholin-4-yimethyl}-2-nitrchenzoate (99) Morpholine {1.03
mi., 11.8 mmol) and a few drops of acetic acid were adderd to a solution of methyt 3-

formyl-2-nitrobenzoate (98) {1.34 g, 6.41 mmol) in 1,2-dichloroethane, and the
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mixiure was stirred for 4 h. Sodium triacetoxyborchydride (5.72 g, 25.8 mmol) was
added, and the reaction was aliowed 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 saluraled agqueous sodium chioride sciution, and
concentrated under reduced pressure to provide the product as a gum (1.4 g, 78%3.
LOCMS myz 280.8 (M+1). H NMR (500 MMz, CDCls) & 2.38-2.43 (m, 4H), 3.56 (s, 2H),
3.64-3.68 (m, 4H), 3.90 (s, 3H}, 7.53 {dd, J=7.8, 7.7 Hz, 1H), 7.73 {br d, J=7.7 Hz,
1H), 7.80 (dd, J=7.8, 1.3 Hz, 1H).

[3-{Morpholin-4-yimethyl)-2-nitrophenyllmethanol (100) A solution of
methyl 3-(morpholin-4-yimethyl}-2-nitrobenzoate (99) (1.6 g, 5.7 mmol) in THF was
added to a 0 °C suspension of lithium borohydride (691 mg, 28.5 mmol) in THF,
followed by sufficient MeOH to provide a 1.6 ratio with the THF. The reaction was
aliowed to warm fo RT and stir for 18 h, at which time it was quenched with agueous
amimonium chioride solution and extracted with EtOAcC. The combined organic layers
were washed with waler and with saturated aqueous sodium chiaride solution, then
concenirated in vacuo. Silica gel chromatography (0% {o 80% EtOAC in heptane)
provided the product as a gum (1.3 g, 90%). LOCMS m/z 253.0 (M+1). 'H NMR (500
MMz, CDCl3) 8 2.38-2.41 {m, 4H), 3.62 {s, 2H), 3.62-3.66 (m, 4H), 4.68 (5, 2H), 7.40
{brd, J=7.3 Hz, 1H), 7.46 (dd, J=7.7, 7.6 Hz, 1H), 7.52 (br d, J=7.6 Hz, 1H).

4-[3-{Bromomethyl)-2-nitrobenzylimorpholine {101} [3-{Morpholin-4-
yimethy)-2-nitrophenyllmethano!l (100} was converted to the title product using the
method described for bromination of (5-benzyl-2-nitrophenylimethanol {77} in
Example 68, The product was obtained as g gum (3.33 mmol, 68%). LCMS m/z
316.9 (M+1). "H NMR (500 MMz, CDCls)  2.38-2.42 (m, 4H), 3.80 (s, 2H), 3.63-3.66
{m, 4H), 4 50 {s, 28}, 7.42.7 48 {m, 3H).

fert-Butyl N-{diphenyimethylene)-3{morpholin-4-yimethyl-2-nitro-L-
phenylalaninate (102} 4-[3-(Bromomethyl}-2-nitrobenzyllmorpholine (101) was
converted to the product using the method for preparation of fert-butyl N-
{diphenyimethylene}-2-methoxy-6-nitro-L-phenylalaninate (58} described in Example
12. The product was obtained as a thick semi-solid {1.12 g, 78%). LOMS mvz 530.3
(M+1). "H NMR (500 MHz, CDCly) 5 1.44 (8, 8H), 2.30-2.38 {m, 4H), 2.18-3.26 (m,
2H), 3.41 (4, J=14.8 Hz, 1H), 3.56 (d, J=13.7 Hz, 1H), 3.58-3.68 {m, 4H}, 4.22 (dd,
J=8.5 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-yimethyl)-2-nitro-L-phenylalanine {103} Deprotection of
tert-butyl N-{(diphenylmethylene)-3~-{morpholind-yimethyl}-2-nitro-L-phenylalaninate
{102) was effected in the same way as that described for terf-butyl 3-benzyl-M-
{diphenyimethylens)-6-nitro-L-phenvialaninate (78} in Example 68. The product was
cbiained as a solid (620 mg, 85%). LCMS m/z 310.0 (M+1).

{35)-3-Amino-~1-hydroxy-8-{morpholin-4-yimethyl}-3 4-dihydroquinolin-
2{1H)-one, triflucroacetic acid salt {104) 3-(Morpholin-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-methyl-2-nitrophenylipropanoic acid,
hydrochloride salt (40} to 3-amino-6-chloro-1-hydroxy-8-methyl-3 4-dihydroguinolin.
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). LOMS my/z 278.1 (M+1). 'H NMR {500 MHz, CDs0OD) 4 3.22 {br dd, half of
ABX pattem, J=15, 14 Hz, 1H}, 3.28 {dd, half of ABX pattern, J=14.8, 6.1 Hz, 1H,
assumed, partially obscured by solvent peak}, 3.32-3.46 {br s, 4H), 3.78-4.04 (br s,
4H), 4.36 (dd, J=14 .4, 8.4 Hz, 1H), 4 67 {AB quanet, Jig=13.2 Hz, A 4s=72.3 Hz,
2H), 7.26 (dd, J=7.8, 7.6 Mz, 1H), 7.45-7 48 (m, 2H)}.
Exampie 75; Synthesis of (38)-3-aming-8-benzyi-1-hydroxy-7-methoxy-3 4~
dihydroguinolin-2(1H)-one, hydrochloride sait {109)

48
M

7N

. : [ ,O Rt 4
T S (N v A N 8]
D S A
3 e, -

5-Benzyl-4-methoxy-2-nitroaniline {(105) Benzyizinc chloride (0.5 M solution
in THF, 16.1 mi, 5.05 mmal) was added 1o a suspension of S-bromo-4-methoxy-2-
pitroaniling (see L. A. Hasvold ef al, Bioorg. Med. Chem. Lett. 2008, 18, 2311-2315)
{1.26 g, 5.10 mmol), palladium(il) acetate (47.1 mqg, 0.210 mmot} and 2-
dicyclohexylphosphino-2' 6'-dimethoxybiphenyt (172 mg, 0.420 mmol} in THF (4.2
ml ) that had been stirred for & min. The resulting solution was stirred for 18 h at RT.
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After addition of saturated aqueous ammaonium chioride solution (20 mL), the mixiure
was exiracted with EtOAc (3 x 3 mL}, and the combined organic layers were dried
over sodium sulfate, filtered and concentrated in vacuo. Silica gel chromatography
{Gradient; 0% to 50% EtOAg in heptane) provided the product as an orange solid
(940 mg, 71%). 'H NMR (500 MHz, CDCL) 4 3.83 (s, 3H), 3.93 (s, 2H), 5.84 (br s,
2H), .42 (s, 1H), 7.20 (br d, J=7 4 Hz, 2H), 7.23-7.27 {m, 1H), 7.32 (br dd, J=7.6, 7.1
Hz, 2H), 7.52 (s, 1H).

1-Benzyi-5-bromeo-2-methoxy-4-nitrobenzene {106) fert-Butyl nitrite {557
myg. 5.40 mmol) was added to g solution of copper{ll) bromide (1.77 g, 7.92 mmol} in
MeCN {8 mL) and the mixture was heated to 60 “C. A solution of 5-benzyl-4-
methoxy-2-nittoaniiine {105) {930 mg, 3.80 mmol) in MeCN {12 mi) was added drop-
wise, and the reaction was stirred for 10 min. it was then poured intc aqueocus
hydrochloric acid (2 N, 100 mbL) and extracted with E{OAc (2 x 100 mL). The
combined organic layers were washed with saturated agueous sodium chigride
solution (200 mb), dried over sodium sulfate, filtered and concentrated in vacuo.
Purification via silica gel chromatograghy (Eluant. hexanes) provided the product as
a white solid (1.06 g of roughly 80% purity as assessed by 'H NMR, estimated yield
55%). 'H NMR (500 MHz, CDCl:) § 3.90 (s, 3H), 3.98 (s, 2H), 7.19 (br d, J=8 Hz,
2H), 7.23-7.27 {m, 18), 7.32 (br dd, J=7.5, 7.5 Hz, 2H)}, 7.37 (s, 1H), 7.41 (s, 1H)}.

Methyt 3-benzyl-N-{terf-butoxycarbonyl}-O-methyl-6-nitro-Ltyrosinate
{107} 1-Benzyi-5-bromo-2-methoxy-4-nitrobenzene (108) was converted {o the
product using the method described for conversion of 3-bromo-2-nitre-5-
phenoxypyridine (64) o methyt N-{ferf-butoxycarbonyl}-3-(2-nitro-5-phenoxypyridin-3-
yi}-L-alaninate (88} in Example 66, The product was obtained as a gum {368 mg,
44%). LCMS m/z 445.0 (M+1). 'H NMR (800 MHz, CDCl3) & 1.38 (br s, 9M), 3.18 (dd,
J=13.5, 8.0 Hz, 1H), 3.43 (dd, J=13.7, 5.6 Hz, 1H), 3.65 (s, 3H), 3.88 (br s, 3H), 3.98
{br s, 2H), 4.58-4.85 (m, 1H), 512 (br d, J=8.2 Hz, 1H), 7.02 {brs, 1H), 718 (br d,
J=8 Hz, 2H), 7.20-7.24 (m, 1H), 7.29 (br dd, J=7.8, 7.2 Hz 2H), 748 (br s, 1H).

tert-Butyl [{38)-8-benzyl-1-hydroxy-7-methoxy-2-ox0-1,2,3,4-
tetrahydroquinolin-3-yljcarbamate (108) Using the method described for
preparation of tert-butyt [{3S)-1-hydroxy-2-oxo-6-{phenyisulfonyi)-1,2,3 4~
tetrahydroquinolin-3-yljcarbamate (71) from methyl N-{fert-butoxycarbonyl)}-2-nitro-5-
{phenyisulfonyii-L-phenylalaninate (70} in Example 87, methyl 3-benzyl-N-(tert-
butoxycarbony)-O-methyl-B-nitro-L-tyrosinate (107} was conwverted to the product,
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which was obtained as a light purple solid (86 mg, 27%). LCMS m/z 399.1 (M+1). 'H
NMR (500 MHz, CDCH;) 3 1.45 {s, 8H), 2.75 (br dd, J=18, 14 Hz, 1H), 3.21-3.29 (m,
1H), 3.87 (s, 3H), 3.92 {AB quartet, J,g=15.3 Hz, A71,5=10.6 Hz, 2H), 4424 51 {m,
1H), 5.42 (br s, 1H), 6.85 {5, 1H}, 6.91 (3, 1H), 7.18-7.22 {m, 3H), 7.27-7.31 (m, 2H),
8.78 (brs, 1H).

{38)-3-Amino-6-benzyl-1-hydroxy-7T-methoxy-3.4-dihydroquinolin-2{1 H)-
one, hydrochioride salt (109) The free base of the title product was synthesized
from tert-butyl [{35)-6-benzyl-1-hydroxy-7-methoxy-2-oxo-1,2,3 4-tetrahydroquinolin-
3-yijcarbamate (108) using the deprotection procedure employed in the final step of
the synthesis of (38)-3-amino-1-hydroxy-6-phenoxy-3.4-dihydro-1,8-naphthyridin-
2(1H)-one (67} in Exampie 66. Preparation of the hydrochloride salt was carried out
by miding the free base of the product with dichioromethane (2 ml) and adding
MeOH (2 drops). To this solution was added a solution of hydrogen chioride (2 N in
diethyl ether, 3 miL); solvents were removed under reduced pressure {0 yield the title
product as a solid {60 mg, 85%). Characterization data was obtained on the neutral
compound. LCMS m/z 209.0 (M+1). "H NMR (500 MHz, CDCL) § 2.58-2.91 {brm,
2H), 3.45 (br s, 2H), 3.4-3.88 (br m, 1H), 3.82 {br 5, 3H), 6.68-8.81 (br m, 2H), 7.13-
7.20 {m, 3H), 7.22-7.26 (m, 2H).
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Example 76: Synthesis of {381-3-amino-1-hydroxy-8-{methyl{phenyliaminolmethyl)-
3 4-dihydroguinalin-2{1Hcne (1186}
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tert-Butyl N-(tert-butoxycarbonyl)-3-[{1£)-3-ethoxy-3-oxoprop-1-en-1-yli}-
é-nitro-L-phenylalaninate {111} Tetrkis{triphenyiphosphine)paliadium(B} (1.0 g) was
added to g mixture of tert-butyl 3-bromo-N-{tert-butoxycarbonyl }-6-nitro-1.-
phenylalaninate (110} {prepared from 4-bromo-2-{bromomethyl})-1-nitrocbenzene
using the method described for preparation of terf-butyt M-(diphenvimethylene}-2-
methoxy-6-nitro-L-phenylalaninate {58) in Example 12, followed by removal of the
diphenylmethyiene group with 1 N agueous citric acid, then by reprotection of the
amino group through reaction with BOC;0 and triethylamine in dichioromethane; the
dibrominated starting maternial was derived from 5-bromo-2-nitrobenzoic acid using
chaemistry analogous to that emploved in the conversion of S-benzyi-2-nifrchenzoic
acid {76) 1o 4-benzyl-2-(bromomethyl»-1-nitrobenzene (78} in Example 68} (10 g,
22.5 mmol), ethyl acrylate (2.25 ¢. 22.5 mmol} and {riethylamine (8.0 g, 79 mmol) in
DMF {150 mL), and the reaction was slirred at 80 °C for 18 h. The reaction mixiure
was difufed with water (750 mi.) and extracied with EtOAc (4 x 300 mL). The
combined organic layers were dried over sodium sulfate, filtered and concentrated in
vacuo. Purification by silica gel chromatography (Eluant: 20:1 petroleum ether:
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E{OAC) provided the product (4.0 g, 38%). LCMS vz * (M+1). 'H NMR (400 MHz,
CDCl) 8 1.34 (brs, 8H), 1.36 (, J=7.2 Hz, 3H), 1.43 (s, 8H}, 3.18 (dd, J=14, @ Hz,
1H), 3.56 (dd, J=14, 5 Hz, 1H), 4.30 {q, J=7.1 Hz, 2H)}, 4.55-4.63 {(m, 1H), 518 {d,
J=8 Hz, 1H), 6.54 (d, J=15.8 Hz, 1H), 7.50-7.55 {m, 2H), 7.865 (d, J=16.1 Hz, 1H),
8.00 (br d, J=9 Hz, 1H}.

tert-Butyl N-{terf-butoxycarbonyl}-3-formyi-6-nitro-L-phenylalaninate
{112) Ozone was bubbled into a -78 °C solution of tert-butyl N-{fert-butoxycarbonyl)-
3-[(1£)-3-sthoxy-3-oxoprop-1-en-1-yl}-6-nitro-L-phenvialaninate (111) (8.0 g, 17
npunot) in dichloromethane (400 mb) untll 2 blue coler appeared, and TLC analysis
indicated consumption of the starting material, Nitrogen was then bubbled through
the reaction for 38 min, during which time the solution became veliow.
Triphenylphosphine {4.51 g, 17 mmol} was added, and the mixture was stirred at RT
for 18 h. The reaction mixtura was washed with water {3 x 150 ml), dried over
sadium sulfate, filtered and concentrated i vacuo. Purification by silica gel
chromatography (Eluant: 20:1 pelroleum ether: EtOAC), followed by chiral HPLC,
pravided the product (7.09 g, assumed quaniitative). LCMS m/z * (M+1). 'H NMR
{400 MMz, CDCLY 8 1.33 (s, 9H), 1.45 (s, 8H), 3.20 (dd, J=14, 8 Hz, 1H), 3.61 {dd,
J=14, 8 Hz, 1H), 4.56-4.63 (m, 1H), 5.18 {br d, J=8 Hz, 1H), 7.88-7.94 {m, 2H), 8.06
{d, J=8 Hz, 1H}, 10.08 {s, 1H).

fert-Butyl N-{terf-butoxycarbonyl)-3-{{methyi{phenyllamino]methyi}-6-
nitro-L-phenylalaninate {113} To a sclution of terf-butyl N-(terf-butoxycarbonyi}-3-
formyl-6-nitro-L-phenylalaninate (112) (1.0 g, 2.5 mmal} in 1,2-dichloroethane (15
mil.) 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 mmol} was added to the reaction mixiure,
and the reaction was allowed to stir overnight at RT. The reaclion was concentrated
under reduced pressure, taken up in E1OAc {10 mb), and washed with water (1 x 10
mL) and saturated aqueous sodium chioride solution (1 x 16 miL}. Silica get
chromatography (Gradient: 0% to 80% EIOAC in heptane) provided the product as a
gum {900 mg, 70%). LCMS m/z 486.1 {(M+1). "H NMR (500 MHz, CDCly) § 1.37 {br s,
aH), 1.43 (s, BH), 3.05 (5, 3H), 3.21 {dd, J=13, 9 Hz, 1H), 3.49 {dd, J=13.7. 54 Hz,
1H), 4.52-4.57 {m, 3H), 5.15 {br d, J=8 Hz, 1H}, 8.73-6.86 (m, 3H), 7.23-7.32 {m, 4H),
7.92 {d, J=8 Hz, 1H}.
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3-{{Methyl{phenyllamino]methyl}-6-nitro-L-phenylalanine {114) ferf-Buiyl
N-{tert-butoxycarbonyl}-3-{Imethyl{phenyiamino}methyi}-&-nitro-L-phenylalaninate
{113} (800 mg, 1.8 mmob) was dissolved in a 1:1 mixture of TFA and DCM (12 mb)
and stirred overnight at BT, Afler solvents were removed under reduced pressure,
the reaction was taken up in EtOGAc {50 mbL) and washed with aqueous NaOH (1 N, 2
x10 mL}. The organic layer was dried over sodium sulfate, filtered, and concentrated
under reduced pressurs {0 provide the product as a gum {540 mg, 89%). LCMS m/z
330.0 (M+1). 'H NMR (500 MHz, CD.0D) 5 3.07 (s, 3H), 3.38 (dd, J=13.8, 7.4 Hz,
1H), 3.81 (dd, J=13.9, 74 Hz, 1H), 429 {dd, J=7 .4, 7.4 Hz, 1H}, 4.65 (s, 2H), 8.71-
8.75{m, 1H), 878 (brd, J=8 Hz 2H), 7.17-7.21 (m, 2H), 7.38-7.40 {m, 1H), 7.42 {br
d, J=8.3 Hz, 1H}, 8.08 {d, /=83 Hz, 1H).

tert-Butyl [(358)-1-{{fert-butoxycarbonyljoxy}-6-
{{methyl{phenyllamino]methyi}-2-ox0-1,2,3 4-tetrahydroquinolin-3-yljcarbamate
{115} Sodium acetate trihydrate (414 mg, 3.04 mmol) and tin(il) chioride dihydrate
{98%, 350 mg, 1.52 mmol) were added to a 0 *C solution of 3-
{imethyi(phenyhaminojmethyl}-8-nitro-L-phenylalanine (114} (100 myg, 0.30 mmol) in
a 1:1 mixture of THF/ MeQH {8 mL). The reaction was allowed fo stir 3t 0° C untdl
L.CMS analysis showed conversion to the cyclized product, LOMS m/z 298.0 (M+1).
Triethylamine {0.43 mi., 3.64 mmol) and BOG;Q (87%, 171 myg, 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 MeQH (10
mlL.). The combined filtrates were washed with water {3 x 30 mlL) and saturated
agueous sodium chioride solution (30 ml.), dried over sodium sulfate and
concentrated under reduced pressure 1o provide the crude product as an off-white
solid (22 mg, 14%). The product was used in the next step without additional
purification. LCMS nmvz 408.1 (M+1).

{38)-3-Amino-1-hydroxy-8-{{methyl{phenyllaminolmethyl}-3,4-
dihydroquinolin-2{(1H)-one (116} fer-Butyl [(3S)-1-[(terf-butoxycarbonyljoxy}-6-
{{methyl{phenyllamincimethyl}-2-0x0~1,2 3 4-tetrahydroquinolin-3-yijcarbamate {115)
{22 mg, 0.044 mmol) was dissolved in a 1:1 mixture of TFA/ dichloromethane (4 mL)
and stirred for 18 h at RT. The reaction was concentrated in vacuo, treated with
agqueous NaQOH {1 N, 5 mL) until the pH reached approximately 7, and extracted with
EIQAC (20 mi). The organic layer was concentrated under reduced prassure, and
the residue was adsorbed on silica gel (2 gm) and chromatographed {Gradient; 0% to
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20% [10% ammeanium hydroxide/MeOH] in dichloromethane), to provide the product
as an off-white solid (8.5 mg, 50%). LCMS m/z 298.0 (M+1). "H NMR (500 MHz,
C,00) 6 2.90-2.98 (m, 1H}, 3.00 (br s, 3H), 3.05-3.11 (m, 1H), 3.85-3.91 {m, 1H),
4.50 {br s, 2H), 6.62-8.87 (m, 1H), 8.72-8.77 (m, 2H), 7.10-7.22 (m, 4H), 7.26-7.31
{m, 1H}.

Examples 14 ~ 37 and Examples 77 ~ 130

The structures of Examples 14-37 and Examples 77 ~ 130 are shown in Table

1. which also gives characterization data and preparative information for these

Examples. Each of these Examples was prepared in a similar manner to the Example

or Method (see Methods below) referenced in the third column ("Method of

Preparation™) of Table 1.

Table 1
Ex. | Structure and Method | 'H NMR®, Mass spectrum’
No. | JUPAC Name of Prap
14 OH Ex. 4 2.82 (m, 1H), 311 {dd, 4=15.1. 8.2
% N0 Hz, 1H), 3.76 (dd. J=13.8, 6.1 Hz,
@; T 1H) 7.07 {ddg, J=72, 7.2, 1.7 Hz,
FN M, 1H) 7.24 (brd, J=7 .4 Hz, 1H) 7.28-
(BR}—S—aminﬂ—‘i—hydmxy—‘aﬂ— 7.36 (m, 2H); APCY 1782 (f\ﬂ*’}}.
dilwdroquinalin-2{1 M)-one
15 OH Ex. 2 2.84 (m, 1H), 3.09 (dd, /=15.3, 8.1
o N__.O Mz, 1H), 3.88 (dd, J=13.6, 6.3 Hz,
\T)\T T 149), 7.05 {dd, J=B.0, 2.1 Hz, 1H),
‘\f TN 7.2% {hr d, J=8 Hz, 1H), 7.31 (4,
3-amino-7-chioro-1-hydroxy-3,4- J=2.1 Hz, 1H) 213.1 (M),
dihydroquinolin-2{1H}-onga
18 GH Ex. 2 2.87 (m, 1H), 3.08 {dd, J=156, 6.1
A N0 Hz, 1H), 3.67 (dd, J=13.8, 6.2 Hz,
jg\/ T\j 1H), 7.27 {m, 1H), 7.30 (s, 2H);
J-amino-6-chiora-1-hydroxy-3.4-
dihwdroquinolin-2{1H}-ons
17 OH Ex.2' | 234 (s, 3H), 2.81 {brdd, J=14, 14
e N0 Hz, TH), 3.03 {dd, J=15.1, 6.2 Mz,
[\j\j 14, 3.62 {dd, J=13.5 6.2 Hz, 1H),
# “NH; 6.88 (brd, J=7.6 Hz, 1H), 7.10 {1,
Z-amino-{-hydroxy-7-methyl-3,4- Jz’i‘.s Hz. 1H). 7.16 {br s, 1H);
dilydroquinolin-2{1H}one 193.1 (M+1).
18 OH Ex. 2 2.35 (s, 3H), 2.94 (br dd, J=15, 14
N0 Hz, 1H), 3.11 (dd, J= 15.0, 8.3 Hz,
’@\j 1H), 3.80 (dd, /=14.0, 6.3 Hz, 1H).
e NH, 8.91 (br d, J=7.8 Hz, 1H), 7.13 (¢,
3-aming-1-hydroxy-8-methyl-3.4- FZ'S‘ Hz, 1H), 7.19 {br s, 1H).
dihydroquinalin-2{1H)-one 193.2 (M+1).
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Ex. | Structure and Method | 'H NMR®, Mass spectrum®
No. | IJUPAC Name of Prep
19 o OH Ex. 8 H NMR {500 MHz, CD.OD) 8 2.49
N0 (s, 3H), 3.07 (d, J=9.7 Hz, 2H),
m :/E 4.08 {br dd, J=1Q, 10 Hz, 1H), 7.05
i, (dd, J=7.5, 7.5 Hz, 1H), 7.1 (q,
3-amino-1-hydroxy-8-methyl-3,4- J=T Hz, 1H), 716 (d, J=7.5 Hz,
difydroquinolin-2{1H}-one, 1H); 1831 (M+1).
hydrochioride salt
20 CFy ‘?H Ex. 1277 | 'H NMR (400 MHz, DMSO-dg) 8
JTN =0 290 {dd, J=15, 15 Hz, 1H), 3.08
E ) I {dd, J=15.5, 5.6 Hz, 11), 3.86 {dd,
T NH, J=14.0, 5.6 Hz, 1H), 4.868 (v bir 5,
(35)*3~amiﬂ0~1*hydmxy*sv 3H}, 7.24 {ﬂd, J=7.8, 7.8 Hz, 1H},
(trifluoromethy!)-3, 4-dihvdroguinatin. 7.57 {d, J=7.4 Hz, 1H), 786 (d,
2(1H-one, hydrochlaride sait J=T 8 Hz, 1H), 1071 (vir s, 1HY:
246.9 (M+1).
21 Ex. 12° | "H NMR (500 MHz, CD.OD) § ppm
NH; 0.86 (m, 2H), 0.96 {m, 2H), 1.90
(m, 1H), 3.14 (dd, J=14.7, 14.7 Hz,
NG 11), 3.25 {dd, J=14.9, 8.2 Hz, 1H),
OH 4,30 {dd, J=14.7. 8.2 Hz, 1H}, 7.02
3-amino-6-cyclopropyl-1-hydroxy-3,4- {br's, 1H), 7.09 (br d, J=8.2 Hz,
dilwdroquinolin-2{1H}-one, 1HY, 7.26 {d, J=8.3 Hz, 1H); 218.0
hydrochioride salt (M1},
22 ?H Ex. 12 "M NMR {400 MHz, DMSO-d;) &
SN © pprn 2.98 (dd, J=15, 15 Hz, 1H),
; 3.53 (dd, J=15.5, 6.7 Hz, 1H), 4.50
= NH, {dd, J=14.5, 6.6 Hz, 1H), 7.25 {dd,
o ’ J=8.0, 1.1 Hz, 1H), 7.28 {d4q,
(35)-3-amino-5-chioro-1-hydroxy-3.4- J=8.2, 1.1 Hz, 1H), 7.3 {br dd,
ditdroquinalin-2{1#}-one. J=B, 8 Hz, 1H), 8.83 (br s, 3H),
hydrochioride salt 11.02 (s, TH); 212.8 {(M+1).
23 CF; O Ex 8T TH NNIR (800 Mz, CD.0D) § ppm
NP L 2.94 (dd, J=15, 15 Hz, 1H), 3.08
{cled, J=15.8, 5.6 Hz, 1H), 3.77 {dd,
o NH, J=14.2, 5.6 Hz, 1H), 7.57 (br s, 1
3-aminc-6-chioro- 1-hydroxy-8- H}), 7.88 {d, J=2.3 Hz, 11}, 280.9
(trifiuoromethyi}-3,4-dihydroguinotin- {(M+1).
2(1H»ane
24 CFy OH Ex. 12°% | 3.2-3.3 (m, 2H, assumed, partially
J\TN 0 obscured by solvent}, 4.43 (dd,
/E J=14.4, 6.3 Hz, 1H), 7.80 {br s,
N Ve N 1H), 7.89 {br d, J=2 Hz, 1H); 326.8
(38)-3-amino-6-bromo-1-hydroxy-8- (M+1).
{trifflucromethnd )-3 4-dibydroguinolin-
2(1HY-one, hydrochionds sailt
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Ex. | Structure and Method | 'H NMR®, Mass spectrum®
No. | IJUPAC Name of Prep
28 ‘\[/ OH Ex 12 1.32 {d, J=6.0 Hz, 6H), 3.06 (ddd,
O & o J=14.8, 14.6, 1.1 Hz, 1M}, 3.18
TE/ ‘\T ‘i (dd, J=14.8, 8.5 Hz, 1H), 4.29 {dd,
N J=14.6, 6.5 Hz, 1H), 4.61 {septet,

g NHp J=6.0 Hz, 1M), 6 67 (dd, J=8.3, 2.5
(38}-3-amino-1-hydroxy-7-isopropoxy- Hz, 1H), 6.93 (d, J=2.4 Mz, 1H),
3,4-d:hydrc_)q‘,nn‘oi‘m-zmH}o‘ne. 748 (br d, J=8.3 Mz, 1R); 2372
hydrochioride salt (M+1),

76 NH; Ex. 120 | 1.24 (L J=7.8 Hz, 3H), 2.67 (q.
=7 .6 Hz, 2H), 311 {dd, /=14 8,

NG 14.6 Hz, 1H), 3.2 {m, 1H), 4.30

S {dd, J=14.8, 8.0 Hz, 1H), 6.89 {dd,
3-amino-7-ethyl-1-hydroxy-3,4- =17 15 Hz 1R, 7.20(d, J=7.7
ditydroquinalin-2{1H)-one, Hz, 1H), 7.26 (d. /=14 Hz, 1H);
hydrochioride salt 207.0 (M+1).

a7 ?H Ex. 12 'H NMR (400 MHz, DMSO-dg) O

P NWD 294 {dd, J=14.7, 14.7 Hz, 1H),

| 342 (dd, J=15.1, 6.5 Hz, 1H), 4.47
= NHa {cddd, J=14.2, 8.5 Hz, 1H), 7.00 {br

K : dd, J=8.7, 8.7 Hz, 1H), 7.13 (d,
(38)-3-amino-5-fuoro-1-hydroxy-3,4~ J=8.2 Hz, 1H), 7.38 {ddd, J=8.2,
ditydrogquinolin-2{1H)-one, 8.2, 6.3 Hz, 1H), B.76 {br s, 3H),
hydmchioride salt 11.02 {s, TH}, APCI, 196.8 (M+1 3

28 G o Ex. 247 | 3.00 (dd, J=14.9, 4.9 Hz. 1H),
£ X f‘N‘\fO 3.20 (dd, J=15.5, 5.7 Mz, 1H), 3.77
Ay {dd, J=14.3, 5.7 Hz, 1H), 7.78 {br
,E : d, J=B8.3 Hz, 2H), 7.85-7.88 {m,
FOT 3H), 7.85{d, J=2 Hz, THY: 391.0
{38)-3-amino-1-hydroxy-8- (M+1),
{triffuoromethyl}-6~j4~
{trifluoromethyl phenyl]-3.4-
dihydroquinolin-2{1H)}-one
29 (?H Ex. 12 3.07 {dd. J=14.6, 14.6 Hz, 1H),
O N0 .20 {dd, J=14.8, 8.5 Hz, 1H), 5.81
YJ’\ I (s, 3H), 4.29 (dd J=14.6, 6.4 Hz.
NN NH, 1), 6.70 {dd, J=B.3, 2.4 Hz, 1H),
3-amino- 1-hydrexy-7-methoxy-3,4- 6.96 (d, J=2.3 Hz, 1H}, 7.20 (d,
dihydroguinolin-2{ 1H}-ane, J=8.5 Hz, 1H).
hydrochioride sall
30 Py NS Ex. 127 | 'H NMR {500 MHz, CDs0D) 8
L/i 0.67-0.70 {m, 2H), 0.95-1,02 (m,
\// N 2H), 1.95(t, J=8.4, 50 Hz, 1H).

v S 3.10 (ddd, J=14.8, 14.6, 0.9 Hz,
3-amino-7-cyclopropyl-1-hydroxy-3.4- 1H), 3.21 (dd, J=14.7, 6.4 Hz, 1H),
dihydroquinolin-2{1H)-one, 4.29 (dd, J=14.8, 6.5 Hz, 1H), 6.86
hydrochioride salt {dd. J=7.8, 1.7 Hz, TH}. 7.11 {d,

J=1.7 He, 1M}, 716 {br d, J=7.8
Mz, 1H); 219.0 (M+1).
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Ex. | Structure and Method | 'H NMR®, Mass spectrum®
No. | IJUPAC Name of Prep
31 F (?H Ex. 12 1 'H NMR {500 MHz, CDOD) &
o N0 3.18-3.26 (m, 2H), 4.39 (dd,
@\’\I J=13.1, 7.5 Hz, TH), 7.22 {m, 1H),
o = NH. 7.30 (dd, J=11.8, 22 Hz, 1H}
: : . 230.9 (M+1).
{35»3-amino-8-chioro-8-Rucro~1-
hydroxy-3 4-dihydroquinolin-2{1H}-
one, hydrochloride salt
33 TH Ex 12713350 (ad, J=14.6, 14 6 Mz, 1H),
N \;,O 3.33 {m, 1H, assumed, partially
Eo | obscured by solvent), 4.40 (dd,
g \f’“‘m-;.,j J=14.7, 6.5 Hz, 1H), 7.30-7.33 {m,
{35)-3-amino-1-hydroxy-6- 2HY 7.47 (d, J=8.8 Hz, 1H); 261.0
{triflucromethoxy)-3.4-dihydroquinotin- (M-,
2{1 H}-anet hydrochioride salt
33 | Ex. 1" "H NMR {400 MHz, DMSO-d;) 8
i 3.16 {dd, J=15, 15 Hz, 1), 3.27
(dd, J=15, 6 Hz, 1H), 4.47 (dd,
QI J=14.8, 8.3 Hz, 1H), 7.23 (dd,
NH, J=7.8, 7.6 Hz, 1H), 7.65 (d, J=7.3
3-aming-1-hydroxy-2-oxo-1,2,3 4- g'&;ﬁ‘{“gi fé‘;’;ﬁ ;’f;;:z ;zé ’m;
tetrahydroqumoime -8-carbanitrite, 2&)4 A {M;ﬂ EALS( »IHE
hydrochioride salt ) -
34 ez Ex. 127 | 'H NMR (400 MHz, DMSO-dg) &
. | 2.98 {dd, J=14.8, 14.8 Hz, 1H)
| ?H 3.13 (dd, J=15.0, 8.5 Hz, 1H), 4.33
o N._.O (dd, J=14.4, 6.5 Hz, 1H), 5.12 {5,
/'E OH), 6.74 (dd, J=8.3, 2.5 Hz, 1H),
~ NH, 6.90 (d, =25 Hz, 1H}, 7.22 {br d,
(38)-3-amino-7-{benzyloxy1- =81 Hz, 1HY, 7.33 {m, 1H), 7.37-
hydroxy-3,4-dibydroquinolin-2(1H)- 7,46 (m, 4H), 8.57 (b s, 3H), 10.9
one, hydrochioride salt {vbrs, 1H); 2851 (M+1).
35 CFy O Ex. 127 | 'H NMR {500 MHz, CD,0D) 5 3.22
) {dd, J=15.1, 14.5 Hz, 1H), 3.28
{dd, J=15.1, 6.2 Hz, 1H), 4.41 {dd,
ci N, J=14.4, 6.2 Hz, 1H), 7.86 {br s,
{38)-3-amino-B-chioro~1-hydroxy-8- 1H), 7.76 (d, J=2.3 Hz, 1H), 280.9
(triffuoromethyl)-3 4-dihydroguinofin- (M+1).
2(1HY-one, hydrochioride salt
36 f.: OH Ex. 12 | '"H NMR {400 MHz, DM30-d;) &
AN0 2.09 ¢br s, 2H), 2.78 (dd, J=15, 14
L/LI Hz, 1H), 2.96 (dd, J=15.4, 5.8 Hz,
SN NH; 1H), 3.58 {dd, /=134, 5.6 Hz, 1H),
{38)-3-amino-8-flucro-1-hydroxy-3.4- 7.02-7.14 (m, 3H), 10.42 {br's,
dihydroquinolin-2(1H)-one 1H), 196.9 (M+1).
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Ex. | Structure and Method | 'H NMR®, Mass spectrum®
No. | IJUPAC Name of Prep
37 F;;C\O oM Ex. 127 | 'H NMR (400 MHz, DMSO-dg) &
; 3.10-3.22 {m, 2H), 4.46 (dd, J=13,
A N0 7 Hz, 1H), 7.25 (dd, J=8.2, 7.7 Hz,
i \:[ 143, 7.36 (br d, J=8 Mz, 1H), 7.41
- NH {brd, J=7.7 Hz, 1H), 8.58 {(br s,
(38)-3-amino- 1-hydraxy-8- 33, 10.94 (s, 1H); 263.4 (M+1).
{trifluoromethoxy)-3 4-dihydroguinolin-
2{1Hyone, hydrochloride salt
77 fl\\\ Method 'H NMR (400 MHz, DMSO-dg) &
i P AN 3.12-3.25 {m, 2H), 4.42 (dd,
g oH J=13.4, 8.8 Hz, 1H). 6.91-6.96 (m,
,é\ ,‘N\‘,,,,O 3H), 7.07 {brt, J=7.4 Hz, 1H),
i 7.13-7.20 {m, 2H), 7.34 {dd, J=B.7,
S ’A"NH;‘, 7.4 Mz, 2H), 8.75 {br s, 3H), 10.57
(38)-3-amino- 1-hydraxy-8-phenoxy- {s, 1H); 270.9 (M+1};
3,4-dihydroquinalin-2{1 H-one,
hydrochioride salt
78 Ex. 70 3.15 (dd, half of ABX pattemn,
OH J=14.8 14,1 Hz, 1H), 3.23 {dd,
e . N o half of ABX pattern, J=15.0, 8.8
T s o Hz, 1H), 3.77 (s, 3H), 4.35 (dd,
~a ‘\'~"=\o SN "\'an J=14.3, 8.8 Hz, 1M}, 6.53-6.56 (m,
23, 6.70 (ddd, J=8.3, 2.3, 0.7 Hz,
{38)-3-amino-1-hydroxy-6-{3- 1H), 6.08 (brd. J=2.5 Hz, 1H)
methaxyphenoxy -3, 4-dihydroquinoin. 7 O:é {br dd Jwé 8 ;‘;5 Hi ?‘H}
2{1Hyone, hydrochioride sailt ?:25 { dd J;8 6. ’8 ’5 82 1 H) 7f39
{d, /=8.8 Hz, 1H} 301.1 (M+1},
79 OH Ex. 66 3.18-3.3 (m. 1H), 3.368-3.45 (m,
1H), 4.49-4.58 (m, TH), 7.32-7.38
1 {m, 2H}, 7.51 {br d, J=8 Hz, 1H),
Q\ $ , e ]\f ~ 7.82 (br dd, J=8, 8 Hz, 1H), 7.73
FsC” {brs, 1H), B.15 (brs, 1H); 340.0
(33)~3*ammo 1-hydroxy-8- [3»- (M+1),
{triffuoromethyliphenoxy}-3 4-dihydro-
1,B-naphthyridin-2{1H)-one,
hydrochioride salt
80 OH Ex. 68 2.99 (hr dd, J=15, 14 Hz, 1H), 3.18
N :{t {br dd, J=15, 6 Hz, 1H), 3.78 {5,
= i 3H), 4.02 rdd, J=14, & Hz, 1H),
A /.E\_ Al A 8.57-8.62 {m, 2H), 6.75 {dd, J=8.3,
SR L 2.0 Hz, 1H), 7.28 (dd, J=B.2, &.1
(35)-3-amino-1-hydroxy-B~(3- Hz, 1H), 7.45 (br s, 1H), 8.00 {br d,
methoxyphenoxyj-3,4-dihydro-1,8- J=2 Hz, 1H); 302.0 (M+1).
naphthyridin-2{1H}-one, hydrochloride
salt
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No. | IJUPAC Name of Prep
31 Ex. 71 | "H NMR (500 MHz, CD,0D) § 3.03
;™ OH {br dd, J=14, 14 Hz, 1H), 3.13 (br
O Nz dd, J=14, 5 Hz, 1H}, 3.39 (ddd,
S J=16.4, 10.0, 6.8 Hz, 1H), 3.55-
\""‘\‘-/\‘v”k‘NHg 363 {m, 1H), 4.16-4 .23 {m, 1H),
{38}-3-amino-1-hydroxy-3.4.8,9- 4.47-4.53 {m, 1H), 4.54-4.80 (o,
tetrahydrofurof2, 3-Algquinolin-2(1H)- 1H), 6.50 {(d, J=7.9 Hz, 1H), 7.0
one {d, J=7.8 Hz, 1H).
82 Ex. 89 3,18 {dd. J=14.7, 14.4 Hz, 1H},
N OH 3.25-3.3 {m, 1H, assumed;
,;\v,’f? RN NP partially obscured by solvent
{ A peak), 4.39 (dd, J=14.4, 8.5 Hz,
\\f\of*\:f SN 1H), 6.98 (d, J=8.4 Hz, 1H), 7.11-
2-{(3-amino-1-hydroxy-2-0x0-1,2,3,4- 718 (m, 2H), 7.27 {dad, J=7 6,
tetrahydroquinolin-6- Zg} %85227 gggm?‘m }{d? *;'";géde
yhioxylbenzonitrile, hydrochioride salt J=7.8, 1.6 bz, 1H): 2961 (M+1),
a3 e Ex. 78% | "H NMR {500 MHz, CD,0D) 5 3.07
PESNEN g \/0 {dd, J=14.8, 14.6 Hz, 1H), 3.18
_,‘\ A \ {cd, J=14.8, 6.5 Hz, 11), 3.85 (s,
R - 3H), 4.00 {AB quartet, J,3=14.8
N Mz, A ae®13.4 Hz, 2H), 4.30 (dd,
\V‘ J=14.8, 8.5 Hz, 1H), 7.03 (s, 1H),
“CFy 7.10 (s, 1H), 7.41-7.48 (m, 4H);
{38)-3-amino-1-hydroxy-7-methoxy-6- 3671 (M+1),
[3-{trifluoromethylDbenzvil-3,4- )
dihydroquinolirn-2{1H-one,
hydrochioride salt
84 OH Ex. 89 347 {dd, J=14.8, 14.8 Hz, 1H),
g 3.24-3.3 {m, 1H, assumed;
H(’\fﬁ S N0 partially obscured by solvent
e L b I peak), 4.36 (dd, J=14.8, 6.4 Hz,
O Y T NNy 16), 7.01 (d, J=9.6 Hz, 1H), 7.07-
3-amino-1-hydroxy-8-{(6- T4 {m, 2HY, 742 {d, J=8.7 Hz,
hydroxypyridin-3-yloxy}-3.4- 1H}) 7.72 (brd, J=3.0 Hz, 1H}.
dihydroquinalin-2{ 1H)-one. 7.87 (dd, J=8.7, 2.8 Hz, 1H); 288.1
hydrochioride sait (M+1). '
85 OH Ex. 69 3.14 {br dd, half of ABX pattern,
o J=14.8, 14.6 Hz, 1H), 3.22 (dd,
- \\ e half of ABX pattern, J=15.1, 8.8
L\,\,\f, A Hz, 1H)43«4gdc}d1436?Hz
ST UNH, 1H), 8.93-7.03 (m, 3H), 7.12-7.22
{m, 2H}, 7.37 {d, J=8.8 Hz, 1H}
3 ammonB (2 4-difluorophanoxy)-1- 307.0 (M+1).
hydroxy-3 4-dihydroquinalin-2{1+)-
one, hydrochioride sall
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No. | IJUPAC Name of Prep
88 | N Method | "H NMR {400 MHz, DMSO-ds) &
L AY 10.83 {s, 1H), 8.74 (s, 3H), 7.37
e "o {m, 2H), 7.18 {d, J=6.4 Hz, 1H),
,- x Jo 7.12 (m, 1H), 8.98 (d, J=7.86 Hz,
L 2Hy, 6.83 (m, 1H), 4.43 (m, 1H},
£ NNy 34T {m, 2H), 288.3 (M1}
3-ammo-6 fuorg- ‘i hydmxy—a—
phenoxy-3,4-dihydroguinolin-2{1H)-
one
87 oH Ex. 69 2.81 {s, 3H), 3.21 {brdd, /=14 .8,
. N 14.6 Hz, 1H), 3.34 {dd, /=15.1,8.5
ff e “ X S Hz, 1H, assumed; partially
L\ 1 l K obscured by solvent peak), 4.42
e {dd, J=14.6, 6.4 Hz, 1H), 7.22.7.26
3-amino- 1~hydmxy~’6 {{2* {m, 2H), 7.52 (d, J=8.3 Hz, 1H),
mathylpyridin-3-yhoxy}-3,4- 7.82 {dd, J=8.8, 5.8 Hz, 1H), 7.91
dihydroguinolin-2{1+H»0ne, {dd, J=8.6, 1.2 Hz, 1H), 8.44 {dd,
hydrochioride salt J=58, 1.3 Hz, 1H); 288.1 {(M+1).
a8 OH Ex. 68 2.76 (s, 3H), 3.21 {br dd, J=14.8,
. N o 14.6 Hz, 1H), 3.34 (dd, J=15.0, 6.4
N R g Hz, 1H, assumed, partiaily
A ' - obscured by solvent peak), 4.41
g N NH, {dd, J=14.7, 8.5 Mz, 1H), 7.22-7.26
3-amino-1-hydroxy-6-{{6- {m, 2H3, 7.51 (d, J=8.5 Mz, 1H},
methylpyridin-3-yioxy}-3.4- T.88 {d, J=0.0 Hz, 1H), 8.12 {dd,
dihydroquinalin-2{ 1H}-one, J=3.0, 2.7 Hz, 1H), 8.49 (d, J=2.8
hydrochioride salt Mz, 1H); 288.1 (M+1).
89 Ex. 69 3,16 {br dd, half of ABX pattern,
OH J=15.0, 14.4 Hz, 1H), 3.25 (dd,
By N half of ABX pattern, J=15.1,6.8
[; Ei | L ( Hz, 1H), 4.36 (dd, J=14.4, 6.6 Hz,
FN g AN “NH; 1H), 6.86 (ddd, J=8.1, 8.5, 3.0 Hz,
3-amino-6-(2 S-diftuorophenaxy-1- 1H), 6.90-6.87 (m, 1H), 7.02.7.08
hydroxy-3 4-dihydroquinolin-2{1H}- {m, 2H), 7.27 (ddd, J=10.2, 9.1,
one, hydrochioride salt 5.2 Hz, 1H). 7.41 (br d, J=8 Hz,
14y 307.1 (M+1).
a0 NSy Methad | 3.24 (br dd, J=14.7, 147 Hz, 1H),
M At 3.3-3.36 (m. 1H, assumed;
FiC \" QH partially obscured by solvent
o \\(,N =0 peak). 4.50 (dd. J~14.4, 8.2 Mz,
! A 1H), 7.31 {ad, =7 8, 7.6 Hz, 1H},
T NH, T43-T47 {m, 2H), 7.74 {d, J=8.0
(38}~3-aminm—1-hyfjroxy-a-{z Hz, 1H), 7.77 {d, J=7.8 Hz, 1H),
{triffluoromethylpyridin-3-yl}-3 4. 8.07 (dd, /=78, 7.8 Hz, 1H),
dihydroguinolin-2{ 14)-one, 324.5 {(M+1).
hydrochioride salt
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No. | IJUPAC Name of Prep
a1 Ex. 69 2.87 {dd, half of ABX pattemn,
OH J=15, 14 Hz, 1H), 3.02 (dd, half of
SO N0 ABX paftern, J=15.3, 6.1 Hz, 1H}.
L i E} 1 3.71{dd, J=13.5, 65 He, 1H), 3.79
Sy TN N {s, 3H}, 6.82-8.88 {m, 2H), 6.80-
3-amino- {-hydroxy-8-(4- 6.96 im 44}, 7.28 {(d, J=8.86 Hz,
methoxyphenoxy)-3 4-dihydroguinolin 1H).
2{1H})-one, hydrochloride salt 269.1 (M-1).
92 Ex. 89 3.21 {br d, J=15, 15 Hz, 1H), 3.28-
OH 3 {m, 1H, assumed; parially
PN . ‘\vﬂ* e obscured by solvent peak), 4.40
S {dd. J=15, § Hz, 1H), 7.10 (d,
Mg AFF S NH, J=B2 Hz, 1H), 7.21-7 .25 {m, 2H),
3-amino-1-hydroxy-6-(pyridin-2-yloxy)- 7.29-7.34 {m, 1H), 7.49 (d, J=0 Hz,
3 4-difydroquinolin-2(1H)-one, 1#), 8.04-8.09 (m, 1H), 8.26 (d,
hydrochioride sait J=5 Hz, TH) 2724 (M),
a3 on Ex. 69 3.47 {(dd, half of ABX pattemn,
J=18, 15 Mz, TH}, 3.25 (dd, half of
./\* «*N ABX pattern, J=15, 7 Mz, 1H), 4.38
/(H l ,3\ A (dd, J=14, 7 Hz, 1H), 7.06-7.12 {m,
~ N 2H), 7.21-7.28 (m, 2H), 740-7 47
3 ‘%mmo 1- hydmxs« B-{3- {m, 2H), 7.56 (dd, J=8, 8 Hz, tH);
{trifluoromethyliphenoxy]-3 4- 330.5 (M+1).
dilwdroquinolin-2{1H}-one,
hydrochloride salt
84 - Ex. 69 3.18 {dd, half of ABX pattern,
P J=14.8, 14.8 Hz, 1H), 3.27 (ad,
%20 T et half of ABX pattern, J=15.0,6.7
F.Scho_k\\t, AL NN ,,,\ J\,NH Hz, 1H), 4.38 (dd, J=14.4, 6.7 Hz,
3 amino-t-fvd 813 2 14), 8.87 {br s, 1H), 6.98 {ddd,
~amino-1-hydroxy-8-{3- J=8.3, 2.3, 0.8 Hz, 1H), 7.01-7.11
{trifioromethoxyshenoxy}-3,4- {m. 3H), 7.41-7.47 (m, 2H); 355.5
dihwdroquinolin-2{1+)one, (MH) e ’ ’ ' )
hydrochioride salt ’
g5 Ex. 68 3.23 {dd, half of ABX patiemn,
OH J=14.8, 14.8 Hz, 1H)}, 3.35 (dd,
N r‘\z o half of ABX pattern, J=152, 8.5
et ./'/:\\\,-\v’ - .
L [l ﬁ Y Mz, 1H), 4.43 (dd, J=14.5, 6.4 Mz,
Sy o e N 1HY, 7.26-7.29 (m, 2H), 7.51-7 .54
_ k3 {m, 1H), B.05 (ad, J=8.8, 5.5 Hz,
J-aming-1-hydroxy-6-(pyridin-3-yvioxy)- 1H), 8.21 (ddd, J=8.8, 2.7, 1.1 Hz,
3,4-dihydroquinalin-2(1H)-one, 1H), 8.81 (brd, J=5.8 Hz, 1H),
hydrochioride salt 8.88 (d, J=2.8 Mz, 1M}, 272.5
{M+1).
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No. | IJUPAC Name of Prep
j2i4] Method | 3.18-3.21 {m, 2H), 4.31 (dd,
£C70 OH AY J=12.3, 8.0 Hz, 1H), 4.56-4.63 (m,
A N O 2HY, 7.04-7.07 (m, 1H), 7.15-7 .23
[ N 1 {m, 2HY: 277.4 (M+1).
SN,
{35)-3-amino-1-hydroxy-8-(2,2,2-
trifluoroethoxy -3 4-dihydroguinolin-
2{1Hrone, hydrochioride sait
o7 -~y Ex. 20 3.18-3.36 {m, 2H, assumed;
Q P partiafly obscured by solvent
" OH peak), 4.48 {dd, J=14, 6 Hz, 1H),
I\ N O 7.20-7.27 {m, 2H), 7.28-7.39 (m,
l “*;"’“ j: GH). 253.0 (M-1).
_,,-/.t\\ e
N NH.,
(35)-3-amino-1-hydroxy-8-phenyi-3,4-
dildroquinalin-2{ 1TH)}-one,
hydrochloride salt
98 Ex. 89 2.32 {s, 3H). 3.09-3.23 {m, 2H),
OH 4.34 {dd, J=14.0, 7.0 Hz, 1H), 6.88
P o o {d, J=8.5 Hz, 2H), 6.92-6.98 (m,
AW 2H), 7.18 (d, J=8.3 Hz, 2H), 7.36
Ny ’ “NH, {d, J=8.8 Hz, TH) 2855 (M+1).
J-amino-1 ~hydr0xy~6 4~
methylphenoxy)-3,4-dihydroquinolin-
2{1H}one, hydrochioride sait
99 Ex. 68 3.14-3.29 {m, 2H), 4.39 (dd,
N oM J=14.4, 8.7 Hz, 1M}, 7.08 {d, J=8.0
%.\:\, N D Mz, 2H}, 7.10-7.16 {m, 2H), 7.47
R (4. J=8.7 Hz, 1H}, 7.72 {d, J=0.0
SN oy N N, Hz, 2H); 298.4 (VM+1),
4-{{3-amino-1-hydroxy-2-oxo-1,2,3 4~
tetrahydroquinolin-6-
vhioxylbenzonitrile, hydrochioride salt
100 Ex. 69 3.25-3.34 {m, 1H, assumed;
OH partially obscured by solvent
P e MO peak}, 348 {dd, J=15.2, 6.4 Hz,
Uy 00T 1H), 4.49 (dd, J=14.8, 6.5 Hz, 1H),
oy N “NH, 741 {d, J=7.6 Hz, 2H}, 7.65 {d,
3-amino-1-hydroxy-B~(pysidin-4-yloxy}- J=8.6 Hz, 1H), 7.71-7.76 (m. 2H),
3 4-dihydroquinolin-2{1H)-ona, 8.81 (d J=7.5 Hz, 2H} APCI m/z
hydrochioride salt 2720 (M1},
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101 Ex. 69 3.17 (br dd, half of ABX pattern,
on J=15, 14 Hz, 1H), 3.25 (dd, half of
A ABX pattern, J=15.0, 6.7 Hz, 1H),
E‘" h j “}" “” 4.37 (dd, J=14.3, 6.7 HE, TH}, 6.93
A (ddd, J=8.2, 2.3, 0.8 Hz, H), 6.97
3-amino-6-(3-chiorophenoxy)-1- (brdd, J=2, 2 Hz, 14, 7.03-7.09
hydroxy-3 4-dihydroquinolin-2(1H}- {m, 2H), 7.12 {ddd, J=8.1, 1.9, 0.8
A Hz, tH), 7.34 {dd, J=8.1, 8.1 Hz,
one, hydrochioride salt 1H), 7.43 (d, J=8.7 Mz, 1H); 305.4
M1,
102 on Ex. 69 3.18 {br dd, half of ABX pattern,
e . N O J=14. 8, 14.8 Hz, 1H), 3.26 (dd,

N e T half of ABX pattern, J=15.0,8.6
st AL Hz, 1H), 4.38 (dd., J=14.4, 6.6 Hz,
RO L 1H), 7.08-7.14 {m, 4H), 7.46 (4,

S-amino-1-hydraxy-8-{4- J=8.7 Hz, 1H), 7.66 (br d, J=8.8
{tniflucromethylphenoxy}-3,4- Mz, 2M): 3395 (M+1).
dihydroguinolin-2{1H}-one, )
hydrochioride salt
103 Ex. 69 3.16 {br dd, half of ABX patlern,
J=15, 15 Mz, 1H), 3.23 {dd, half of
ABX pattern, J=15, 7 Hz, 1H), 4.36
{dd, J=14.3, 8.8 Hz, 1H), 7.02-7.10
. m, 2H), 7.06 (d, J=9.2 Hz, 2H),
3-amina-1-hydroxy-6-{4- {?.28 {b?— d J=§{i Mz, 2H) 7.42 (d).
{triflucromethoxy)phenoxyl]-3,4- J=8.8 Mz qu) 355 4 (M+1} '
dihydroguinolin-2{1H)-one, - T ) )
hydrochioride salt
104 M Ex. 1277 | 2.90 (dd, J=14.8, 14.8 Hz. 1H),
. i 3.62 (dd, /=150, 6.6 Hz, 1H), 3.83
il S (s, 3H), 4.36 (dd, J=14.5, 6.6 Hz,
Ui 1H), 6.83 (d, J=2.4 Hz, 1R), 6.95
T 7 NH {d, J=2.4 Hz, 1H}; 241.1 {M-1).
i
(358)-3~-amino~-5-chioro-~1-hydroxy-7 -~
methoxy-3 4-dihydroquinolin-2{ 1H)~
one, hydrochioride salt
105 Ex. 69 315 {br dd, half of ABX pattern,
OH J=15, 14 Hz, 1K}, 3.23 (dd, half of
Chai~ N0 ABX patiern, J=15.0, 8.8 Hz, 1H),
T1 13 4.35 (dd. J=14.2, 6.8 Hz, 1H), 6.98
SN N (d, J=8.9 Hz, 2H), 6.99-7.01 (m,
3-amino-8-{4-chiorophenaxy)-1- 1H). 7.04 (brdd, J=8.8, 2.7 Hz.
hydroxy-3 4-dibydroquinolin-2(1H)- 1H), 7.35 (d, J=9.0 Hz, 2H), 7.41
one, hydrochioride salt (d, J=8.7 Hz, 1H}); 305.4 (M+1).
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106 Ex. 69 3.17 (br dd, half of ABX pattern,
J=15, 15 Hz, 1H), 3.26 (dd, half of
QH ABX pattern, J=15.1, 8.7 Hz, 1H).
- / N N0 4.37 (dd, J=14.4, 6.7 Hz, 1H), 6.72
;\ PR {dad, J=104, 2.4, 2.4 Hz, 1H},
F’ R 6.80 {br dd, J=8.3, 2.2 Hz, 1H),
3-aminoe-6-{3-fluorophenoxyi-1- 6.88 (dddd, J=B.4, 8.4, 2.4, 0.5 H=,
hydroxy-3 4-dihydroquinalin-2{1H)- 1H3, 7.04 {br g, J=2 Mz, 1H), 7.07
one, hydrochioride sait {brdd, J=6.8, 26 Mz, 1H}, 7.35
{ddd, J=8.3, 8.3, 6.7 Hz, 1H), 7.43
{d, /=8.7 Hz, 1H). 2885 (M+1},
107 on Ex. 8% 3.44 {br dd, half of ABX pattern,
g J=15, 14 Mz, 1H), 3.21 (dd, half of
PN ABX pattern, J=14.9, 6.8 Hz, TH),
N NN 4.34 (dd, J=14.2, 6.8 Hz, TH),
COOT T YT N 6.94-6.98 (m, 2H), 7.10-7.28 {m,
o 4H), 7.36-7.39 {m, 1H); 2884
F-aming-g-{2-flucrophenoxy)-1- (M+1),
hydroxy-3 4-dihydroquinolin-2{ 1H)~
one, hydrochioride salt
108 Ex. 869 3.14 {br dd, half of ABX pattern,
(;H J=15, 14 Mz, 1H), 3.21 {dd, half of
e el ABX paltern, J=15, 7 Hz, 1H), 4.34
i T {dd, J=14.2. 6.8 Hz. 1H), 6.95-6.97
“\f “”*\ ~ " NH, {m, 1H), 6.98-7.04 {m, 3H}, 7.11
3-amino-G- {4~ﬂuomph9mxy)~1* {dd, J=9.1,8.2 ‘Hz, 2H), 7.38 (d,
hydroxy-3 4-dihydroquinolin-2(14)- J=8.8 Hz, TH) 280.5 (M+1).
one, hydrochioride salt
108 ¢t OH Ex. 1277 | 2.99 (dd, J=14.9, 14.9 Hz, 1H),
{ N o 3.44-3.50 {m, tH), 4.41 (dd,
T J=8.9, 84 Lz, 11, 7.48 (644
P =8.8, 8.4 Hz, 1H), 7.45 (ddd,
NN, J=3.1.5.5, 0.8 Mz, 1H); 231.3,
F 233.3 (M+1).
{38)-3-amino-8-chioro-5-ffuoro-1-
hydroxy-3 4-dihydroguinalin-2{ 1H)-
one, hydrochioride sall
110 ] _ Method | 'H NMR (400 MHz, CD;0OD) 3 7.15
™ OH A% {my, THY, 7.04 {m, 2M), 4.17 {m,
/i\\\\ ,N‘V,g ), 3.05 (m, 2H), 2.81 {m, 2M),
Q [ 1.46 (1, J=7.2 Hz, 3H): 207.0
) \‘,5_’/\\’,_/ NH; {M‘*‘)
{33)-3-amino-8-athyl-1-hydroxy-3 .4~
dihydrogquinalin-2{1H)-one,
hydrochloride salt
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No. | IJUPAC Name of Prep
kN Ot Ex.12% | 'H NMR (400 MHz, DMSO-ds) 5
R N O 3.03 (hr dd, J=18, 18 Hz, 1H), 3.46
ZERN Ay g {dd, J=15.2, 8.6 Hz, 1H). 4.48 {dd,
&,L\ j\ ,,L I J=14.2, 6.4 Hz, 1H), 6.96-7.00 {m,
0T YT T TNH 2H), 7.10-7.14 (m, 2H), 7.18 {dd,

F J=B8.8, 8.4 Hz, 1H), 7.37 {(dd,
(35)-3-amino-5-fuoro-1-hydroxy-6- J=8.8, 7.4 Hz, 2H), 8.82 {br s, 3H),
phenoxy-3,4-dihydroguinolin-2{1H)- 11.08 {br s, 1H); 280.4 (M+1).
ane, hydrochioride sall

112 OH Ex. 12 | 1.72-1.83 (m, 4H), 2.73-2.82 (m,
el N. O 1H), 2.86 {br dd, /=15, 14 Hz, 1H),
§ T 3.07 {dd, J=15.2, 6.0 Hz, 1H},
e AN AN 3.52-3.59 (m, 2H), 3.63 {ad,
[ T N J=13.5, 6.1 Hz, 1H), 4.01-4.06 {m,
O~ 2H), 713 (brs, 1M}, 7.18 (br dd,
(38)-3-amino-1-hydsoxy-6-(tetrahydro- J=B.4, 1.8 Hz, 1H), 7.27 (d, J=5.4
2H-pyran-4-yl}-3 4-dihydroquinolin- My, 1H); 263 .0 (M+1).
2{1H)-one
113 Ex. 127 | "+ NMR {400 MHz, DMSO-do) 5
et OH 11.0 (s, 1H), 8.98 (s, 3H), 7.55 (d,
,\} N g 0 J=E2.4 Hz, 1HY, 7.80 {d, J=2.0 Hz,
it \ 1H), 4.37 {m, 1H), 3.16-3.27 {m,
o NN NH, 2H), 246.9, 248.9 (M+1),
{38)-3~amino-6,8-dichioro-1-hydroxy-
3 4-dihydroguinolin-2{1Hone,
hydrochioride salt
114 GH Ex. 12 | 2.99 (br dd. J=15, 15 Hz, 1H), 3.57
{dd, J=15.3, 6.6 Mz, 1H), 4.42 (dd,
N 2O J=14.5, 6.6 Hz, 1H), 7.21 (ddd,
J\ ,,‘\ JI J=82 4.1, 1.7 Hz, 1H). 7.31 {br
S ddd, J=8, 8, 9 Hz, 1H); 2151
F M+1).
{358)-3-amino~-5, 6~-diflucro~1-hydroxy-
3, 4-dihydroquinolin-2{1Hone,
hydrochioride sait
115 Ex. 12°° | '+ NMR (400 MHz, DMSO-d;) &
OH 11.20{s, 1H), 8.78 (s, 3H), 7.71 {5,
Cf-\,«‘\\ /N~ «0 1), 7.40 {5, 1H), 4 .44 {dd, J=14 4,
! 6.4 Hz, 1H), 3.28 (dd, /=158, 8.4
or AN NH? Hz, 1H), 3.13 (m, 1H); 247.2
( 38}~3-ammm-s,?‘-dlchiom-’i hydroxy- (W+1).
34-dihydroquinolin-2(1H)}-one,
hydrochioride salt
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116 O Ex. 12 | 0.88-0.73 {m, 2H), 0.6-1.01 (m,
; 2H), 2.01-2.08 {m, 1H), 2.94 {dd,
Ry \{;,O J=14.9, 14.9 Hz, 1H), 3.58 (dd,
j\ e J=15.2, 6.7 Hz, 1H), 4.37 {dd,
\;‘7’ T - NH; J=14.8, 6.6 Hz, 1H), 699 {dd,
F J=8.2, 8.1 Hz, 1H), 7.12(d, J=8.7
{38)-3-amino-B-cyclopropyl-S-fluoro-1- Mz, 1H); 237.4 (M+1).
hydroxy-3 A-dihydroquinolin-2{ 1) '
ohe, hydrochioride salt
117 OH Ex. 12% | 2.99 {(br dd, J=15.2, 14.6 Hz, 1H),
N6 3.56 {dd, J=15.2, 6.7 Hz, 1H), 442
o ‘\k\_f ~F (dd, J=14.5, 6.6 Hz, 1H). 7.23 (dd,
/\E\ N J=B.9, 1.5 Hz, 1H), 7.49 (ddd,
CmoyT Y NH J=B.8, 7.9, 1.0 Hz, tH), 2281 (M-
F 1)
{35y 3-gmina-B-chioro-5-Ruoro-1- )
hydroxy-3 4-gdihydroquinolin-2{1H)-
one, hydrochioride salt
118 Method | 3.13 (dd, half of ABX pattem,
C} DH AF J=14.8, 6.2 Mz, 1H), 3.20 (br dd,
half of ABX pattern, J=15, 14 Hz,
f 1H), 3.80 (s, 3H), 4.26 (dd, J=14.0,
N 6.2 Mz, 1H), 6.91 {br d, J=7.4 Hz,
- armine-1-Nvdroxy-8-mathoxy-3.4- 1H), 7.08 thrd, J=B.4 Hz, 1H},
.am" @-1-YGROXY-C-METOXY-2, 7.20 (dd, J=8.3, 7.6 Hz, 1K) 200.0
dihydroguinclin-2(1H)-one, (M+1)
hydrochioride salt T
118 Ex. HH NMR (500 MHz, CD,0D) 5 3.21
Fi-F oH 129 hr dd, half of ABX pattern, J=15,
l 14 Hz, 1H), 3.27 {dd, haif of ABX
[ \‘\}’\ f pattern, J=14.8, 8.2 Mz, 1H), 4.38
5 NH, {dd, =14 .4, 6.2 Hz,_"!H}, 7‘.28:,!(_:&1,
(38)-3-amino-8-{difluoromethyt)-1- J=1.8, 7.8 Hz, 1H). 7.44 {1, V=05 7
hvdirosy-3 d-difvd inolineoi1 M- Hz, tH), 7.46 (br d, J=7.3 Hz, tH)},
yaroxy-3,4-dihyGroquinain-2(15) 7.69 (br d, J=8.0 Hz, 1H), 220.0
one, frifluoroacetic acid salt ‘
(M1
120 Ex, "H NMR (500 MHz, CD.0D) &
1279 1 3.19-3.29 (m, 2H), 4.39 (dd,
J=13.0, 7.6 Mz, M), 7.01 {(br d, J=
8 Hz, 1H), 7.07 {ddd, J=12.0, 8.9,
2.7 Hz, 1H); 215.0 (M+1).
(38)-3-amino-6,8- dn‘ voro-1-hytdroxy-
3. 4-dihydroguinalin-2{1H)-one,
hydrochioride sait
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121 L J Ex. 72 1.18-1.24 {m, 3H), 1.34 {brt, J=6.8
N Hz, 3H), 2.99 {br dd, half of ABX
A pattern, J=15, 14 Mz, 1H}, 3.08
CED” K {dd, half of ABX pattern, J=15.3,
AN N0 6.3 Hz, 1H), 3.35-3 .44 {m, 2H),
3.49-3.58 {m, 2H), 3.75-3.82 {m,
I T T 1H), 8.91-7.00 (m, 5H). 7.11 (br t,
(35)-3-amino-1- J=7 4 Hz, 1ML 7.35{dd, /=B 4,76
[(disthyvicarbamoyfloxy}-8-phenaxy- Mz, 2H} 3701 (M+1).
3. 4-dihydroguinolin-2{1H}-ohe
122 N Ex 72 1.84-1.75 (m, 6H), 2.98 (br dd, half
i P of ABX pattern, J=15, 14 Hz, 1H),
e 3.08 {dd, half of ABX patiern,
@*’”&“O J=155, 8.2 Hz, 1H), 3.44-3.57 (b
N e RO s, 2H), 3.63-3.73 (brs, 21}, 3.78
“ ){" ST 4 {dd, J=13.2, 8.4 Hz, 1H), 5.90-6.97
N g g {m, 3H), 8.98 {ad, J=8.7, 1.0 Mz,
, 4 AT 2HY, 711t J=T.4, 1.0 Hz, 1H),
(35)-3-amino-B-phenoxy-1-{{piperidin- 7.35 (dd, J=8.6, 7.5 Hz, 2H); 382.4
T-yicarbonyhoxy]-3 4-dihydroguinolin- (V1) ' ‘ ' '
2{1H)one ‘
123 { Ex. 72 1.92-2 07 {m, 4H), 2.88 (br dd, half
S of ABX pattern, J=15, 14 Hz, 1H),
A 3.08 (dd, half of ABX pattern,
0" “(? =154, 8.3 Hz, 1H), 3.43-3.50 (m,
NGt e 2H), 3.62-3.68 (m, 2H), 3.80 (dd,
o J=13.3, 6.4 Hz, 1H), 6.90-7.03 {im,
D A R BH), 7.11 {it, J=T .4, 1.0 Mz, 1H),
{(38}-3-amino-8-phenoxy-1-{{pyrrolidin- 7.35{dd, J=8.8, 7.4 Hz, 2H) 253.4
-yicarbonyhoxy]-3.4-dihydroquinolin- {M ~ pyrrolidine-1-carboxylic
2(1H)-one acidj+1].
124 OH Ex. 86" | 3.18 (br dd, J=15, 15 Hz, 1H), 3.3-
Cho o~ AN N0 3.37 {m, TH, assumed; partially
1 N L obhscured by solvent peak), 4.48
NGNS Y, {dd, J=14 8, 8.5 Hz, 1H), 7.06 (d,
(35)-3-amino-6-{4-chiorophenaxy)-1- J=8.9 Hz, 2H), 7.40 (d. J=9.0 Hz,
hydroxy-3,4-diydro-1,8-naphthyridin- 2H), 7.85 {brs, 1H), 8.08 (br s,
2(1Hy-one, hydrochioride sait TH); 305.9 (M+1).
128 ] Ot Ex. 78 *H NMR {500 MHz, CD:0D) § 2.75
2y O i N0 (br dd, J=14, 14 Hz, 1H), 2.95 (dd,
o | P J=15.0, 8.3 Hz, 1H), 3.61 {dd,
TR NN TN, J=13.8, 8.3 Mz, 1H), 3.74 (s, 3M),
{38)-3-amino-1-hydroxy-7-methoxy-6- 3.83 {5, 3H), 3.86 (AB gquariet,
(3-methoxybenzyl)-3.4- Jye=14.8 Hz, 87155126 Hz, 2H),
dihydroguinolin-2{1H)one, 8.70-8.77 {m, 3H), 8.93 {5, 1H),
hydrochioride salt 6.96 (s, 3AH}, 7.14 (dd, J=7.8, 7.7
Hz, tH)."
329.0 (M+1;
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126 Ex. 66 H NMR {500 MHz, CD,0D) 8 2.78
OH (or dd, J=15, 14 Hz, 1H), 3.00 (dd,
L NN J=15.1, 6.1 Hz, 1H}, 3.64 (dd.

J=13.6, 6.3 Hz, 1H), 3.82 (s, 3H),
3.95 (AB quartet, Ju=14.9 Hz,
Afe=12.2 Hz, 2H), .98 (s, 1H),
7.04 (s, 1H), 7.42 (dd, J=8.3, 8.0
Hz, 1R), 7.50-7 53 {m, 3H)."
324.0 (M+1);

H N H i N
A, =
TR o TN TN o

N "s13s)-
3-amino-t-hydroxy-7-methoxy-2-oxo-~
1,2.3 . 4-tetrahydroquinolin-&-
viimethylibenzonitrile, hydrochloride

salt

127 OH Ex. 75° | "H NMR {500 MHz, CD.0D) 5 2.83
N N N0 {brdd, J=15.4, 13.7 Hz, 1H), 3.07
L’ i /l\ J\ \L (dd, J=15.6, 6.2 Mz, 1H), 3.68 (dd,
R N L N, J=13.5, 6.2 Hz, 1H), 3.96 (s, 2H),
{38)-3-amino-6-benzyl- 1-hydroxy-3 4- ;_3 8"_; gf’ }g‘t 3%;'}:_‘ ?g ;;,3 ?}3 {m.
ditydro-1,8-naphthyridin-2(1 H)-one. m)j o (;f; } ) 841 (brs,
hydrochioride salt 2 ) >

128 OH Ex. 127 | 'H NMR (500 MHz, CD,OD) & 2.42

e SN NL O {s, 3H}, 2.84 (br dd, J=15, 14 Hz,
C1 0 T l 1¥, 3.06 (dd, J=15.4, 6.2 Mz, 1H),
RN N L ey, 5 3.78 {dd, J=13.7, 6.2 Hz, 1H}, 3.99
(38)-3-amino-8-benzyl-1-hydsoxy-7- {8, 2H). 7.14 (br d, J=8 Hz, 2H),
methyi-3, 4-dihydro-1,8-naphthyridine g g %i%r t,:? ";_;; ggz’?iﬁ}' {z%{?&(}br

. . ! . - . WL, B s £ [ I
2(1Hyone, hydrochioride salt 284.0 (M1),

128 OH Ex. 86 | 3.20 (br dd, J=15, 15 Mz, 1H),
Ny N0 3.33-3.39 {m, 1H), 4.49 (dd,
QWP 1§ J=14.4, 8.4 Hz, TH), 7.57-7.42 (m,

Nz;’f’ ST T N 2H), 7.51-7.82 {m, 3H), 8.14 (br d,
3-{{(6S)-6-amina-8-hydroxy-7-0xo- J=2 Hz, 1H) 296.8 (M+1).
58,7 8-tetrahydro-1,8-naphthyridin-3-
yoxyibenzonitrile, hydrochioride salt
130 Ex. 86" | 3.53(dd, J=18, 15 Hz, 1H), 3.73

{dd, /=164, 8.2 Hz, 1H}, 4.65 (dd,

O
e N D J=14.3, 6.5 Hz, 1H}, B.04 {d, J=5.5
N7y Hz, 1H), 8.59 (br d, J=5.5 Hz, 1H),
LA 8.78 {br s, 1H); 180.0 (M+1).

NHz (33)-3-amino-1-
hydrory-3,4-dihydro-1,7-naphthyridin-
Z2(1H-one, hydrochiaride salt

3 T NMR: 400 MHz, CD,0D {(unless otherwise indicated): observed peaks, & (ppm).

® Mass spectrum: LOMS, observed ion mvz {uniess otherwise indicated).

* The benzyt bromide was prepared from (4-methyl-2-nitrophenylmethanol via treatment with
NBS and triphenylphosphine.

“ In this case, the SnCl; reaction was carmried out at 6 °C.
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* The benzy! bromide reagent was derived from the appropriate 2-aminobenzoic acid via
sodium perborate oxidation {see A McKillop and J. A. Tarbin, Tetrahedron 1987, 43, 1753-
1?58) followed by borane reduction of the carboxylic acid and bromination using PBrs,

*The benzyl bromide was prepared via palladium-mediated reaction of cyclopropytboronic
acid with the appropriate brominated methyl 2-nitrobenzoate, followed by ester reduction with
fithium borohydride/zine chioride. Bromination was effected with triphenyiphosphine and
carbon tetrabromide.
®The benzyl bromide was prepared via NCS chiorination of the appropriate 2-aminobenzoic
acid, followed by treatment as in footnote 3.
¥ The benzyt bromide was prepared via NBS bromination of the appropriate 2-aminobanzoic
acid, followed by treatment as in footnote 3.

F Ethyl 4-hydroxy-2-nitrobenzoate was alkylated with the appropriate alkyl or benzyl halide.
Ester hydrolysis and reduction with borane was followed by PBr: bromination of the resulting
aleohal.

A Suzuki reaction with ethyiboronic acid was carried out on methyl 4-bromo-2-nitrobenzoate;
the aster was redused with lithium borohydride and converied to the bromide.

* The BOC precursor to Ex. 24 was subiected to a Suzuki reaction with {4~
{tnﬁuammethy!)phenyt]bommc acid, followed by deprotection.

R*Amfna-ﬁ«{mﬂua;omeihaxy)benmic acid was converted 1o the ester, then oxidized to the
pitro compound with mCPRA. Lithium borohydride reduction followed by PBr, freatment
?IOWQP{} the benzyl bromide.

The benzyl bromide reagent was derived from 3-methyl-2-nitrobenzoic acid via conversion
of the acid {o a nitrile, followed by bromination with NBS.

2 * See Example 3 for general approach to benzyt bromide preparation,

> Data was obtained on the neutral matarial.

Svnthes:zed from 2-aming~3-fluorobenzoic acid; the phenoxy group was introduced using
cesxum carbonate as base, just prior to formation of the 2,2, 2-trifluoroethyt ester.

* 2.3-Dihydro-t-benzofuran-4-amine was converted to S-bromo-4-nitro-2, 3-dihydro-1-
?:)'Fesnzofuran by treatment with NBS followed by sodium perborate oxidation.

* Preparation of infermediate 4-methoxy-2-nitro-5-{3-{triflucromethybibenzyllaniline began
with the reaction of 3-(irifluoromethybhibenzaldehyde with 2-methoxyphenyimagnesium
bromide. After palladium-calalyzed hydrogenolysis of tha rasulting sacondary alcohol,
nitration provided t-methoxy-4-nitro-2-[3-{triftucromethylibenzvilbenzene. Raney nickal
reduction, followed by acetylation of the new amino group, gave N-i4-methoxy~-3-{3-
{trifluoromethylibenzyliphenyllacetamide, which was nitrated 10 provide N-{4-methoxy-2-nitro-
5-{3-{trifluoromethybbenzyllphenvilacelamide. Hydrolysis of the acaetamide moisly afforded
the requisite intermediate.

7 The requisite substrate for cyclization was prepared from 3,5-difluorobenzoic acid: nitration,
followed by borane reduction of the carboxylic acid and bromination with carbon tefrabromide
and triphenyiphosphine, provided 1-(bromomethy)-3,5-diflucro-2-nitrobenzene. This was
reacted with ferf-butvi N-{diphenyimethylene)glycinate (56) and casium hydroxide, followed by
fluoride displacament with phenol, using cesium carbonate as base, to generate tert-butyl N-
gdxphenyimethyiene} -3-flugro-G-nitro-S-phenmiyphenyialaninate.

The eyolization precursor was synthesized from 1-bromo-3-methyl-2-nitrebenzene, via
bromination with NBS followed by conversion to ter-butyl 3-romo-N- {dzphenylmethyiene} -3-
nitro-L-phenyialaninate using the procedure described in Example 12, A Suzuki reaction with
the appropriate boronic acid, catalyzed by [1.1-
bis{diphenyiphosphino ferroceneldichioropalladium{li}-dichioromethane complex in the
preseﬂce of cesium fluoride, provided the requisile intermediate.

¥ Methyl 3-hydroxy-2-nitrobenzoate was converted {o intermediate methyl 2-nitro-3-(2.2,2-
frifluoroethoxy)benzoate using the method described by F. J. Lopez ef af, Bioorg. Med.
Chem. Lett. 2003, 13, 1873-1878.

2. ~-Chioro~4-methoxy-8-nitrobenzoic acid was synthesized using a modification of the
method reported by M. Kilagawa ef g/, Chem. Pharm. Bull. 1991, 39, 2400-2407 . Conversion
o the alivl ester was effecied using alivl bromide and potassium carbonate, and the ester was



WO 2010/146488 PCT/IB2010/052349
107

reduced to the primary alcohol with lithium borchydrnde. Phosphorus tribromide reaction then
affordec! the requisite intermediate 2-{bromomethyl}- {-chloro-5-methoxy-3-nitrobenzene.

** 2-Amino-8-fluorobenzeic acid was chiorinated with NCS to provide 2-amino-3-chioro-6-
fluorobenzoic acid, which was converted to the appropriate benzyl bromide using the
chemistry described within the preparation of ferf-butyl N-{diphenyimethylene}2-nitro-3-
gmﬁunmmethaxy) L-phenvialaninate {118} in Method A

2-Amino-3-bromobenzoic acld was subijected to oxidation with sodium parborate followead
by ester formation to provide methyl 3-bromo-Z-nitrcbenzoate. This was reacted with
ethylboronic acid in a Suzuki reaction, followed by lithium borohydride reduction of the ester
to afford (3-ethwl-Z-nitrophenyhimethanol. Conversian to the requisite bromide was effected
wsth friphenylphosphine and carbon tetrabromide.

B -(Bromomethyl)-3-fluoro-1-nitro-d-phenoxybenzene was prepared from {6-amino-2,3-
diffuarophenyhimethanol via mCPBA oxidation of the amino group, followed by displacerment
of luoride by phenoxide and conversion of the primary alcohol to a bromide by reaction with
tnphenyiphcsphme and carbon tetrabromide.

A Suzuki reaction between S-bromo- ~2-nitrobenzaldehyde and 4-(4 4,5 5-tetramethyl1.3,2-
dioxaborolan-2-yl)-3 8-dihydro-2H-pyran {which can be prepared using chemistry described
by M. V. Patel ef &/, J. Med Chem. 20086, 49, 7450-7485) provided 5-{3,8-dihydro-2H-pyran-
4-yiy-2~-nitrobenzaldehyde. Conversion of the aldehyde to the requisite primary bromidde was
carried out via sodium borchydride reduction followed by reaction with phosphorus tribromide.
The gyclization step in this case was carried out by hydrogenation over platinum on carbon;
thl&‘ also reduced the double bond of the dihydropyran ring.

* 2-Amino-3 5-dichlorobenzoic acid was oxidized to the nitro analogue by reaction with
hydrogen peroxide, then convertad {0 the corresponding methyl ester, Sodium borohydride
reduction o the primary alcohal, followed by reaction with triphenyiphosphine and carbon
tetrabromide, provided 1-{bromomethyh)-3,5-dichioro-2-nitrobenzene. In this case, the Sall;
cychzatmn was carried out at 30-35 °C.

* The requisite benzy! bromide can be prepared in a manner similar to that described in
foomme 22, except that the Suzuki reaction is not carried oul.

o 4 -{Bromomathyl)-1.2-dichiorobenzane was converted o 1-(bromomaethyi)-4,5-dichioro-2-
nitrobenzene by reaction with nitronium tetrafluoroborate.
= Bromination of 2-aminc-8-fluorobenzoic acid with NBS provided 8-amino-3-bromo-2-
fluorobenzoic acid, which was converted to methyl 3-cyclopropyl-2-fluoro-8-nitrocbenzoate in a
manner analogous 1o that describad within footnote 22. Ester hydrolysis, followed by borane
reduction and conversion of the resulting primary alcohol to a bromide with
triphenyiphosphine and carbon tetrabromide, provided 2-{bromomethyli-4-cyclopropyl-3-
fluaro-1-nitrobenzene.

* Chlorination of 2-amino-8-fluorobenzoic acid with NCS provided 8-amino-3-chioro~-2-
Huorohenzoic acld, which was subjected o sodium perborate oxidation, followed by borane
reduction of the carboxylic acid and phosphorus tribromide~-mediated conversion to 2-
{bmmemethy!} -4-chioro-3-fluore-1-nitrobenzene.

' The benzyi bromide alkylation partner was prepared by NBS bromination of the
corresponding methyltbenzene derivative. The alkylation in this case was carmied out with
sadmm hydride, without a chiral catalyst.

R Methyl 3-formyl-2-nitrobenzoate {98) was convertad {o methyl 3-{difluoromethyi)-2-
nitrobenzoate with (diethylaminosulfur triflucride. Ester reduction with lithium borohydride,
followed by reaction with phosphorus tribromide, afforded {-{bromomethyl}-3-{diflucromethyl)-
zvmtmbenzene

2 1ny this case, the Snll; reaction was carried out af reflux.

* Nitration of 3,5-diffuorobenzoic acid provided 3,5-difluoro-2-nitrobenzoic acid, which was
raduced with borane and then reacted with phosphorus tribromide to afford 1-(bromomaethyl)-
?,&diﬂua;‘o*&nitmbenzene,

“* In this case, the SnCl; reaction was carried out at RT.

~ Palladium{ll) acetatef2-dicyclohexylphosphing-2' .6 -dimethoxybiphenyl-mediated reaction of
banzylzine bromide with 8-bromopyridin-2-aming, followed by bromination with bromine,
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provided S-benzyl-3-bromopyridin-2-amine. Oxidation 1o 5-benzyl-3-bromo-2-npifropyridine
was carried using the procedure of K. Krohn et al, J. Prakt. Chemie 1997, 338, 335-338.
* 4-Chioro-3-nitropyridine was converted 1o 4-iodo-3-pitropyridine with sodium lodide and
aceione.

Examples 38 — 85; Synthesis of 3-amino-7-aryl/hetercaryl-1-hydroxy-3 4-

dihydrogquinolin-2{ 1 H-ones_ frifluoroacetate salt

QPH

N
N ﬁYO Aeret’B\G*H SN ’INH?,
BK/QP;ID o ' Armet’@z\r o
0.0 OH

27128 j;g/

The boronic acid (0.112 mmol) was treated with biphenyl-2-yi{di-tert-
butyliphosphine {0.45 mg, 0.0015 mmal), Pd(lI}OAc); (0.2 mg, 0.0008 mmot), 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 fert-butyl {7-bromo-1-{{fert-
butoxycarbonylloxy}-2-ox0-1,2 .3 4-tetrahydroquinolin-3-yl}carbamate {27728} (34.3
mg, 8.075 mmol) 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 80 °C for
18 h. The reaction was concentrated, then partitioned between water (1.5 mbL} and
EOAc (2.5 mL), vortexed, and the aqueous layer was extractad twice with EtOAc.
The organic exiracts were dried by passage through a solid phase exiraction {SPE)
cariridge charged witht sodium suifate, then concentrated in vacuo. The residus 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 {Silicycte, 8 mL, 1 g). The
product was rinsed with MeOH, then eluted with a TN solution of NEb in MeOH (7.5
mlL.). After concentration in vacuo, the product was dissolved in DMSO (1 ml) and
purified by preparative HPLC (Column: Waters Sunfire Cys, 18 x 50 mm, 5 um;
Gradient: 95:5 to 5:95 water (containing 0.05% TFA). MeCN (containing 0.05% TFA}
over 6 min; flow rate: 25 mi/min).

The structures of Examples 38-6G are shown in Table 2, which also shows

characterization data for Examples 38-65.
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Table 2
RTINS0
OH
Ex. | R IUPAC Name HPLC MW | ms°
No. Retention
Time {min.)°
38 £, C’G""f—’;’\‘ 3 3-amino-1-hydroxy-7-{3- 203 338.08 | 330.0
i\ f {trifluoromethoxy)phenvll-3,4-
Ry dilwdrogquinalin-2{1H}-one,
trifluoroacetate salt
39 X 3-aming-1-hydroxy-7-{(4- 1.84 268.12 | 269.1
methylphenyl)-3 4-dihydroquinolin-
TN 2(1H-one, triflucroacetate salt
40 A 3-amina-7-{2 3-diffuorophenyi)-1- 1.%7 280,00 { 2810
f E hydroxy-3,4-dihydroquinalin-2{ 14}-
Ry g one, kiflucroacetate salt
F
41 Fgcxo J-amino-1-hydroxy-7-{2- 1.83 338.08 { 338.0
L. {triflucromethoxy)phenyi}-3,4-
F{’\ S dihydroguinolin-2{1+)-one,
i \?,;,5 trifluoroacetate salt
42 | X 3-amino-1-hydraxy-7-phenyl-3,4- 1.68 254,11 | 255.0
[//Ef( dihydroquinolin-2{1H)-one,
X triflucroacetate salt
43 SN e 3-amming-7-{2,5~-dichlorophenyl}-1- 1.87 3220313228
K\,J\ hydroxy-~3 4-dihydrogquinolin-2{ 1+~
R O one, influoroacetate salf
44 N 3-amino-7-(3 4-difluorophenyl)-1- 1.82 280.09 | 221.0
] hydroxy-3 4-dihydroquinolin-2{1H)}-
gy one, frifluoroacatate salt
E
45 AN 3-aming-7-(2-chlorophenyl)-1- 1.78 288.07 | 288.0
[ { hydroxy-3,4-dihydroguinolin-2{1H)-
Rl one, tifluoroacetate salt
48 F.C /.,\T:‘\;’ J-amino-1-hydroxy-7-{3- 1.87 322,29 | 323.0
(/;: {trifluoromethylipheny]-3 4-
o dihydroguinolin-2{1+})-one,
friffucroacetate salt
47 AN 3-amino-7-(2,3-dimethviphenyl-1- | 1.93 282.14 | 283.1
r\ﬁi/ hydroxy-3, 4-diydrogquinalin-2{ 14}~
ﬁ/"x one, triflucroacetate salt
48 3-aming-7-{6- 2.02 298.14 | 2991
N{’\?’{ (dimethylamino pysidin-3-yil-1-
‘\«N/L%/ hydroxy-3,4-dibydroguinolin-2{ 14}~
i one, trifluorocacetate salt
49 SNy S-amino-7 «{3-fluorop-4- 1.68 302,11 | 303.0
i mathoxyphenyl-t-hydroxy-3 4~

dihydroquinolin-2{1+)-one,
trifluorocacetate salt
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Ex. | R
No.

IUPAC Name

HPLC
Retention
Time {min.}°®

Mw®

Ms*

50

3-amino-7-{2,5-diffucrophenyi)-1-
hydraxy-3,4-dihydroquinglin-2{ 1+
oneg, ifluorcacetate salt

1.77

280.09

281.0

51

J-amino-7-{2-furyi}- 1-hydroxy-3,4-
dihydroguinolin-Z{1H)-one,
triftuoroacetate salt

1.48

24408

2451

52

3-aming-7-{3-chlorophenyl)-1-
hydroxy-3,4-dihydroquinglin-2{1H}-
one, frifluoroacetate salt

1.88

288.07

2849.0

J-amino-1-hydroxy-7-{4-
{trifluoromethyliphenyi]-3.4-
difwdroquinolin-2{1H-one,
trifluoroacetate salt

2.01

322.09

323.0

84

J-amino-~7 -{5-chioro-2~
fluorophenyl)-1-hydroxy-3,4~
dihydroguindlin-2{ 1H)}one,
triffucroacetate salt

1.88

306.08

3G7.0

55

J-amino-1-hydroxy-7-(4-
isoprepyiphenyl)-3,4-
dihydroguindlin-2{ 1H}-one,
rifluorcacetate salt

2.12

286,15

287.0

56

J-amino-1-hydroxy-7-{4~
methoxyphenyl 3,4~
dihydroguinolin-2{1H)-one,
trifluorocacetate salt

1.69

284.12

285.0

57

3-amino-7 -{Z-ethoxyphenyi)-1-
hydroxy-~3,4-dihydroguinclin-2{ 1)
ong, triflucroacetate salt

1.84

268.13

2081

58

3-aming-7-(3,5-dichlorophenyl)-1-
hydroxy-3,4-dihydroguinolin-2{1H}-
one, fifluoroacetate salt

2.08

322.03

322.9

59

J-amino-7-{5-fluoro-2-
methoxyphenyl)-t-hydroxy-3,4~
dihydroquinolin-2{1+)-one,
trifuoroacetats salt

30211

303.0

60

J-aming-1-hydroxy-7-(4-
isopropoxyphenyl}-3,4-
dibwdrogquinolin-2{1+)-one,
rifluoroacetate salt

1.97

313.0

&1

3-aming-1-hydroxy-7-{4-
(triffuoromethoxyiphenvil-3,4-
dilwdroquinalin-2{1H}-one,
tifiuoroacetate salt

2.07

338.09

338.0
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Ex. | R IUPAC Name HPLC Mw® | Mg’
No. Retention
Time {min.}°®
a2 N 2-{ 3~aming-~1-hydroxy-2-~0xo- 1.59 2791 280.0
H 1,2.3 4-tetrahydroquinolin7-
vibenzonitrile, iriflucroacetate salt
a3 J-amino-1-hydroxny-7-{3~ 1.85 268.12 | 2681
methylphenyl)-3 4~-dihydroguinolin-
2{1H-one, friflucroacstaie sait
& 3-amino-1-hydroxy-7-(4-methoxy- 1.88 288.13 | 2869.0
3-methylphenyt)-3.4-
dihydroguindlin-2{ 1H}-one,
frifuorcacetate salt
65 3-amino-7-(2,3-dihydro-1- 1.68 296.12 | 287.0
benzofuran-5-yi¥ 1-hydroxy-3,4-
dihydroguinolin-2{1H}0one,
trifluoroacetate salt

* HPLEC Method: Column: Waters Sunfire Oy 3.5 um, 4.8 x 50 mm; Mobile phase A: 0.05%
TFA in water; Mobile phase B: 0.05% TFA in MaCN; Flow rate 2.0 mi/min,

{Gradient:

O minutas 5% B

4 minuies 895% B
4-5.5 minutas 100% B

* Catculated Exact Molecular Weight.
“ Mass spectrum: observed ion m/z (M+1).

Method A: Trifluorosthyi ester synthesis and cyclization

Ph o
i O
e ke HNL i\
E"""’\\\\\\ HOG - : ‘\;:/ o OH
o ; . e ?\ o B aeaaer oo x Pt ny
BocHN" \‘ff? BocHN ‘*:f” P L)
oc Fs QCF,
147 118 N 119
(j}\ D
CF 3c:; OH BocHN e OCHCF bG»HN /»\ O
\\T/ [ S f\\r/ \}\x " E '\ﬁ“ ,\‘\t\
\ E2AN S 3 .L:
. /“)\'NHBGL NO.’ ‘\\ s NO; \g/
OCF, QUE,
¥ 121 ° 120 3

2-[{tert-Butoxycarbonyllamino]-3-{trifluoromethoxy)benzoic acid (117} A
sotution of fert-butyl [2-{trifluoromethoxy)phenylicarbamate (139 g, 0.50 mol) in dry
THF (900 mL} was cooled to -78 °C. A ferf-Buli solution {1.8 M in pentane, 800 mi,
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1.28 mol) was added drop-wise. After compietion of the addition, the mixture was
stirred at -50 °C for 1 h. The clear sclution was added fo solid carbon dioxide, and
the mixture was left overnight. Water (800 mb) was added and the layers were
separated. The aguecus layer was extracted with ELO (500 mL) followed by
acidification to pH 1 with agueous 1 N HCL The mixture was extracted with Et;Q (2 x
500 mi), and the combined extracts were dried over Na,SQ;, filtered and
concentrated in vacuo. Trituration with pentane vielded the title compound as a white
solid (128 g, 79%). 'H NMR (300 MHz, CDCI5) & 1.51 (s, 9H), 7.26 {(dd, J=8.1, 8.1 Hz,
1H), 7.47-7.53 (m, 18), 7.74 (br s, 18}, 7.93 {dd, J=7.9, 1.5 Hz, 1H).

fert-Butyl N-{diphenyimethylene)-2-nitro-3-{trifluoromethoxy}-t.-
phenylalaninate (118} Trifluoroacetic acid (8 mi, 80 mmol) was added to a solution
of 2-{(tert-butoxycarbonyliaminel-3-{triflucromethoxyibenzoic acid (117) (7.254 g,
22.58 mmol) in dichioromethane (40 mbL). The mixture was stimed at RT for 2 h. The
volatiles were removed in vacuo (o pravide 2-amino-3-{trifluoromethoxyibenzaoic agid,
which was dissolved in triflucroacetic acid (30 mL). After addition of NaBQ3+4H,;0
{18.3 g, 113 mmal}, the mixture was stirred and heated af reflux for 18 h. The
regction mdure was gooled to RT, poured into water and extracted with EiQ. The
combined exiracts were dried, filtered and concentrated in vacuo o yield 2-nitro-3-
{trifluoromethoxybenzoic acid, which was then dissolved in THF (8.5 mi.) and cooled
to 0 °C. Sodium borohydride (89%, 2.40 g, 62.8 mmol) was added in two portions;
after gas evolution had subsided, boron friffuonde dimethyl etherate (88%, 5.89 miL,
82.9 mmol} was added drop-wise at 0 "€, and the reaction mixture was stirred for 30
miry at 0 °C. The reaction was allowed to warm to RT over 18 h, then recooled in an
ice bath and treated with saturated agueous ammonium chioride solution untl 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 28
mL). The combined organic layers were washed with saturated aquecus sodium
chicride solution, dried over sodium sulfate, filtered and concentrated in vacuo to
provide [2-nitro-3-{kriffucromethoxyphenylimethanol. This crude residue was
dissolved in ELO (150 mL). The mixture was cooled to Q °C and phosphorus
tribromide {87%, 3.68 mi., 37.8 mmol} was added. The mixture was allowed to warm
to RT over 18 h, then poured onto ice water. The layers were separated and the
agueous layer was extracted with ELO. The combined extracts were washed with
water, dried, filtered and concentrated /n vacuo to yielding 1-{bromomethyi)}-2-nitro-3-
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{iriffuoromethoxyibenzenea. This crude residue was converted {o the title compound
using the general procedure outlined in Example 12 to afford the product as a yeliow
oil (3.87 g, 32%). LCMS m/z 515.5 (M+1). 'H NMR (400 MMz, CDCL:) 8 1.44 (s, 9H),
3.20-3.31 {m, 2H), 4.23 {dd, J=8.2, 5.1 Hz, 1H), .68 (br d, J=7.2 Hz, 2H), 7.25-7.43
{m, 9H}, 7.89-7.62 (m, 2H).

2-Nitro-3-{trifluoromethoxy)-L-phenylalanine, hydrochloride sait {119}
Trifluoroacetic acid (30 mlL) was added to a solution of tert-butyl N-
{diphenylmethylene}-2-nitro-3-{triflucromethoxy)-L-phenylalaninate {118) {3.661 g,
7.118 mmol) in dichloromethane (16 mb.), and the reaction was allowed to stir for 18
h. Volatiles were removed in vacuo, and the residue was diluted with concentrated
HCH{12 mL) and washed with EtOAc {10 mL). The EtCAc tayer was extracted with
water (5 x 18 mb}, and the combined agueous layers were concentrated in vacuo to
give the product as a solid (2.183 g, 92%). LCMS my/z 2054 (M+1). 'H NMR {400
MHz, CD,;0OD) & 3.20 {dd, half of ABX pattern, J=14 .8, 7.6 Hz, 1H), 3.34 (dd, half of
ABX paftern, J=14.7, 7.3 Hz, 1H, assumed; parlially obscured by solvent peak}, 4.28
{dd, J=7.5, 7.5 Hz, 1H), 7.56-7.62 (m, 2H), 7.72 (dd, J=B.4, 7.9 Hz, 1H).

2,2 2-Trifluoroethyl N-(tert-butoxycarbonyl)-2-nitro-3-{trifluoromethoxy)-
L-phenylalaninate {121) 2-Nitro-3-{trifluoromethoxy)-L-phenylalanine, hydrochioride
sait {119) (250.6 myg, 6.758 mmol} was suspended in dioxane (3.5 mL) / water (3.5
mb} and the mixture was cooled {o 0 “C. Triethylamine (0.368 mL, 2.85 mmol} was
added, resulting in a solution. BOC,0 (199 mg, 0.910 mmol} 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 agqueous ammonium chioride solution was added unti the pH was lowered
to ~3. The mixture was diluted with EtOAc (10 mL), and the aqueous layer was
extracted with EtOAc (3 x 15 mb). The combined extracts were dried over sodium
sulfate, fitered and svaporated in vacuo to give N-(fert-butoxycarbonyh)-2-nitro-3-
{irifluoromethoxyphenylalanine (120), which was dissolved in dichloromethane (7
mb}. 1-[3-(Dimethylaminc)propyl}-3-ethyicarbodiimide hydrochioride (98%, 0.185 mL,
0.874 mmol), N, N-dimethylpyridin-4-amine (87%, 45.7 mg, 0.363 mmol) and 2,2,2-
trifluorosthanol (99%, G.108 mlL, 1.46 mmol) were added and the resulting mixture
was stirred for 18 h at RT. The reaction mixture was washed with saturated agueous
sodium chloride solution, and the aqueous layer was exiracted with dichloromethane
{3 x5 mL). The combined organic layers were dried, filtered and concentrated in
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vacuo. Purification using silica gel chromatography (Gradient: 0% to 30% EtOAcC in
heptane} provided the product as a white solid {(170.3 mg, 47% over 2 steps). LOMS
m/z 475.4 (M-1). "+ NMR (400 MHz, DMSO-de} § 1.33 (s, 9H), 3.01-3.12 (m, 2H),
4.32-4.38 {m, 1H), 4.88-4.79 {m, 2H), 7.57-7.66 {m, 3H), 7.74 (dd, J=8.2, 8.2 Hz, 1H).
tert-Butyl [{3 S)-1-hydroxy-2-oxo-8-{{rifluoromethoxy)-1,2,3,4-
tetrahydroquinolin-3-yljcarbamate {122) Platinum black {68.6 mg, 0.351 mmaot)
was added to a solution of 2,2 2-frifluoroethyl N-{terf-butaxycarbonyt)}-2~-nitro~3-
{triftuoromethoxy)-L-phenylalaninate {121} (167.3 mg, 0.351 mmol} in pyridine (20
ml.). The mixture was shaken on a Pasr shaker at 30 psi hydrogen for 3 b, at which
time the reaction was filtered through Celite and the filtrate was concentrated in
vacuo. Purification via silica gel chromatography (Gradient: 0% to 45% EtQAcin
heptane) afforded the product {79.7 mg, 83%). LOMS nm/z 381.5 (M-1). TH NMR (400
MMz, CDCL)Y 8 1.45 (s, OH), 2.81 (brdd, J=14.7, 14.7 Mz, 1H), 3.34 {br dd, /=15, 5
Hz, 1H), 4.44-4 .55 {m, 1H), 5.66 (br d, J=4.5 Hz, 1H), 7.12-7.17 (m, 2H), 7.22-7.26
{m, 1H).
Method B: Preparation of 6-substituted (38)-3-amine-1-hydroxy -3 4-dihydroquinotin-
2(1H)-ones

A
0 ~ (?H
A B OH
o o RN ¢
B X NH RETR NH,
o0
PN

The appropriate boronic acid {0.112 mmal} was reacted with feri-butyl {38)-
B-bromo-1-[{teri-butoxycarbonyl oxyl}-2-oxo-1,2,3,4-tetrahydroquinolin-3-ylicarbamate
as described for the preparation of Examples 38-65. tert-Butyl {{38)-8-bromo-1-{{tert-
hutoxycarbonyhoxyl-2-oxo-1,2 .3, 4-tetrahydroquinolin-3-yilcarbamate 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 Sunfire Ty 19x100, 5 um; Mobile phase A: 0.05% TFA in water
{viv}; Mobile phase B: 0.05% TFA in MeCN (v/v); Gradient: 5% B to 100% B).
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Method C: Preparation of 8-arvioxy and 8-heteroarvioxy (38)-3-amino-1-hydroxy -

3 4-dihvdroguinolin-2{1H-ones

‘ O
e e
AN o — —— AN

>‘ h\ [arvifhetercaryll _

5 QO NH;

3

Q
o

The requisite phenol or hydroxy-substitited heteroaryl {0.225 mmal} was
dissolved in THF (0.2 mL), treated with a solition of potassium tert-butoxide in THF
{1 N, 0.225 ml, 0.225 mmol), and shaken at RT for approximately 10 min. A solution
of methyl N-{fert-butoxycarbonyl}-3-fluoro-6-nitro-L-phenytalaninate (51 mg, 0.15
mmol) {prepared from 2-bromo-4-fucro-1-nitrobenzene using the method described
for conversion of 3-brame-2-nitro-5-phenaxypyridine (64) to methyl N-{test-
butoxycarbonyl}-3-{2-nitro~-&-phenoxypyridin-3-yi}-L-alaninate {65) in Example 66} in
THF (0.3 mbL) was added, and the reaction was shaken at 80 °C for 17 h. I{ was then
partitioned between water (1.5 mbl) and EtCAc {2.5 ml.) with vortexing. The organic
jayer 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% tnfluoroacetic acid in
dichloromethane {1 mL}, and the reaction was shaken at RT for 4 h. After removal of
solvent, the residue was {reated with a solution of tin(ih) chioride (45 mg, 0.2 mmol} in
E{OH (0.5 mbL). This was shaken at RT for 3 h, then subjected to paditioning, drying
and repeated extraction as described above. Centrifugation was required in some
cases 1o break up emulsions. The solvent was removed, and the residue was
dissolved in DMSO (1 mL) and filtered through a Waters Oasis® filter plate, then
purified by reversed-phase HPLC using one of the following methods: 1) Column:
Waters Sunfire G 19%x100 mm, 5 ym; Mobile phase A: 0.05% TFA in water (viv),
Mobile phase B: 0.05% TFA in MeCN (viv); Gradient: 5% B to 100% B, linear; 2)
Colurny Waters XBridge € 18100 mm, um; Mobile phase A: 0.03% NH.OH in
water (v/v); Mobile phase B: 0.03% NH,GH 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
Ex# | R IUPAC Name Meth | HPLC | MW | MS°
Of Retf'n
Prep | Time
{min)
(38)-3-amino-1-hydroxy-6-[3-
‘ N (triffuoromethoxy) phenyi]-3.4-
431 | BCTNFE | dinydroquinelin2(1H)-one, 5 081" | 338.00 | 447.4°
‘ R tfrifluoroacetate salt ) ) '
FaCMD {351-3-amino-1-hydroxy-6-{2-
Lo {trifluoromathony} phenyl]-3,4- 1 ‘
132 ? \T}‘l dihydroguinolin-2(1H}-one. B 0.77° | 338.09 | 3395
N trifiioroacetate salt
F {38)-3-amino-6-{2,5-
;,L\ ) diftuorophenyl)-1-hydroxy-3.4- i
133 { | dihydroquinalin-2{15}-one, B 087" 200.09 | 366.3°
*\\‘Ff‘ triflucroacetate satt
E
s {38)-3-amino-1-hydroxy-6-(4-
, YR methoxy-3-meathyiphenyl)-3 4~ IR RPN
134 \«ka,j dihydroquinolin-2(1H}-one. B (073 1298133775
rifluoroacetate sall
. (35)-3-amino~1-hydroxy-8-(2-
N methyiphenyl}3 4~ : 5
135 | {7 YIEnenyly-S, B a7t {26812 | 347.4°
\";\,,, B dihydroguinolin-2{ 1H}one, ) : o
™ riffuoroacatale salt
PN {38)-3-amino-6-(2-fluorcphenyl}-
13 || t-hydroxy-3 4-dihydroquinolin- | g 065 1272101 3514°
Ry, E Z{1Hy-one, trifluoroaceiate salt
{35 -3-amino-1-hydroxy-8-(4-
,',,é\ }\; methoxy-2-methyiphenyl}-3,4~
137 \f dihydroquinolin-2{1H}-one, B 070" | 298.13 | 377.4°
O.J\\K/k‘ trifluoroacetate sall
!
D {38)-3-amino-8-(2,3-dihydro-1-
| /I’J\T'{ benzofuran-5-yl)- 1-hydroxy-3,4- 1
138 X dihydroquinolin-2{1H}-one, B 064" 1296123754
Q trifiuoroacetate salt
\t
~ 2 (38)-3-amino-8-(3-fluorophemyl-
= d ) A
g/ F'( 1-hydroxy-3 4-dihydroquinolin- ol
139 | =y~ 2(1H)y-one, triffluoroacetate saft | B 0.66 27210 | 351.4°
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Ex# | R

IUPAC Name

Meth
Of
Prep

HPLC
Ret'n
Time
{min)

Mw

mst

140

{38}-3-amino-6-(4-
chiorophenyl)-1-hydroxy-3,4-
dihydroquinolin-2{1H)-one,
triflucroacetate salt

0.74"

288.07

367 3%

141

{3S)-3-amino-6-(2-
ethoxyphenyl-1-hydroxy-3,4-
dihydrogquinolin-2{ 1H}-one,
trifluoroacetate sali

085

298.13

377 5

142

{335)-3-amino-B-{(4-fuorophenyl)-
1-hydroxy-3 4-dihydroquinolin-
Z{1H-one, triffuorogeetate sait

27210

351.3

143

{3S)-3-amino-6-(3-
chiorophenyl}-1-hydroxy-3,4-
dihydroquinolin-2{1~}-one,
trifluoroacetate salt

288.07

367 4

144

{38)-3-amino-1-hydroxy-6-{3-
{triflucromethyl)phenyi]-3,4-
dihydroquinolin-2{1~}-one,
riffuoroacetate sall

322.09

401.4°

145

(38)-3-amino-6-{2,3-
dichiorophenyl}-1-hydroxy-3.4-
dihydroguinolin-2{1H}-one,
riflucroacetate salt

Q.78

32203

401 .4°

146

{38)-3-amino-1-hydroxy-6-3~
methylphenyl)-3,4-
dihydroguinolin-2{1H}-one,
frifflucroacetate salt

0.865'

26812

347 .5

147

{38)-3-aming-6-(2 4-
diftuorophenyi)-1-hydroxy-3, 4-
dihydroguinolin-2{1H}one,
friflucroacetate salt

0.68°

290.09

369.4°

148 I&T
S ;

{38)-3-amino-6-(2,6-
diftuorophenyt)}-1-hydroxy-3,4-
dihydroquinolin-2{1H)-one,
trifflucroacetate salt

0.85

220.09

291.4

{38)-3-aminc-8-(2-athviphenyt}-
1-hydroxy-3 4-dihydrogquinolin-
Z{1H})-one, trifluoroaceiate salt

o.78"

282.14

361.4°

AN 4
150 ||
\\\\\\/

{(35»J-amino-1-hydroxy-6-
phenyi-3 4-dihydrogquinolin-
2{1H-one, hrifluoroacetate salt

0.64’

254.11

333.3"

/b\‘
151 ﬁ 1
s S

(38)-3-amino-1-hydroxy-8-(2-
methoxypyridin-3-y1)-3 4-
dihydroquinolin-2{14}-one,
irifluoroacatate salt

Q.54

28511

364.4°
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Ex# | R IUPAC Name Meth | HPLC | MW’ | ms®
Of Ret'n
Prep | Time
{min)
Cl {38}-3-amino-6-{2-chioro-5-
A }z;’ fluorophenyi}-1-hydrony-3,4-
TN dihydroquinolin-2(1H)-one, 3 5
152 | L triffucroacetate salt B 072 306.06 | 385.4
F
. {(35y3-amino-T-hydioxy-8-(4-
/&\‘“"’% rethoxyphetyl)
] yphenyl}-3,4- 3 5
158 | ,“\,/f dihydrogquinolin-2(1H}-one, B 084 128472 3036
. e
O riftuoroacetats sall
PN {(35»3-amino-B-{2~
154 N chiorophenyl}-f-hydroxy-3,4- g 070" | 28807 | 367 1°
o dihydroquinolin-2{1+}-one, : : -
C triffuoroacetate salt
O (38)-3-amino-1-hydroxy-6-(3-
TN Ry methoxyphenyl}-3.4- 3 o als 5
1585 '\‘,;j dildroguinalin-2{1H}-one, B 0.85 284.12 | 3634
- iriffucroacetate salt
{(38)-3-amino-B-{3-chiorn-4~
Foo o fucrophenoxy-1-hydroxy-3.4~
158 ha l dihydroquinolin-2{ 1H)}-one, o o5 | 32005 | 9231
o S \OZ triflucroacetate salt ' ' '
~_F (35)-3-amino-6-(2,5-
gl diffuoraphenoxy)-1-hydroxy-3 4- 2 ‘
157 fLQ/%»\ % dihydroquinolin-2{1H)-one, ¢ 2.1 306.08 | 307 1
F O triffluoroacetate salt
EFS (38)-3-aminc-§-f4-chioro-3-
Cle {trifluoromethybiphenoxyl-1~ 5 ‘
158 i J\ | hydroxy-3,4-ditydroguinolin- C 25807 1372055730
SeNgt | 2(1H)one, tifluoroacetate salt
jiF's {35 1-3-amino-8-J4-fluoro-3~
S {triflucromethylphenoxyl- - 2
159 ]"’” ﬂ | hydroxy-3.4-dihydroquinolin- C 239 35008 3571
Sy ’\Dﬁ‘g 2(1Hone, fifluorcacetaie salt
(35}-3-amino-6-{2-fluoro-3-
CFy {trifluoromettyhiphenoxyl-t-
! F hydroxy-~3,4-dihydroguinchin- .
180 rﬁ“ 2{1H1-one, triffuoroacetate salt C 237 356.08 | 357.0
i \O.?e;
Fe E,-fa\\ﬂ {38)-3-aminc-6-(2-chioro-4-
.. P fluorophanoxy)-t-hydroxy-3,4- 5 N
161 hd o dihydroquinalin-2(1H-one, € 222 322.05 1 3231
Cl iriffuorcacetate salt
e (3S}-3-amino-6-(3,4-
B diftuorophenoxy - 1-hydroxy-3,4- 2. ,
162 IJ,L % | dihydroquinolin-2{1H}-one, c 2.18 306.08 | 3071
F O trifluoroacetate salt
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Ex#

IUPAC Name

Meth
Of
Prep

HPLC
Ret'n
Time
{min)

Mw

mst

{38)-3-amino-6-{3 4~
dichtorophenoxy’-1-hydroxy-3.4-
dihydroquinolin-2{1H)-one,
triflucroacetate salt

2.41°

338.62

338.0

164

4-{i{35)-3-amino-1-hydroxy-2-
oxo-1,2 3. 4-tetrahydroguinolin-g-
viioxyr-2-
{(trifluoromethybibenzonitrile,
iriflucroacatate salt

363.08

364.0

{38)-3-amino-6-(5-Aucre-2-
methylphenoxy)- -hydroxy-3,4-
dihydroguinolin-2{ 1THyone,
friflucroacetate salt

302.11

3031

{38)-J-amine-6-[3-fluorg-5-
{triftuoromethybphenoxy}p-i-
hydroxy-3,4-dihydroguinolin~
2(1Hh-one, trifluoroacetiate salt

2.41%

356.08

3571

167

{38)-3-amino-6-{4-chioro-3-
fluorophenoxy}-1-hydroxy-3,4-
ditvdroquinalin-2{1H}-one,
riflucroaceiate salt

2.2¢°

32208

3231

188

{38)-3-amino-B~{3-chioro-5~
fluorophenoxy1-hydroxy-3.4~
dihydroguinolin-2{1H}-one,
rifflucroacetate salt

2277

32205

168

{35)-3-amino-1-hydroxy-6-{3-
{triflucromethoxy jphenoxy}-3.4-
dihydrogquinolin-2{ 1H}-one,
trifluoroacetate salt

2.35%

354.08

3551

170

M.

A

NN

kY

{(35»3-amino-8-J{ S-chioropyridin-
S-yhoxyl-1-hydroxy-3 .4~
dihydrogquinolin-2{ 1H}-one,
ammonium salt

C

1.83°

30806

306.0,
308.0

* HPLC method: Column: Waters Acquity HSS T3; 1.8 pm, 2.1 x 50 mm: Mobile phase A:
0.08% TFA inwater (viv), Mobile phase B: 0.08% TFA in MeCN (viv); Gradient; 5% B
o 88% B, linear over 1.8 min, hold al 85% B to 2.0 min; Flow rate 1.3 mb/min.

* HPLC method: Column: Waters Aflantis dCqy; & um, 4.8 x 50 mum; Mobile phase &

0.058% TFA inwater (viv);, Mobile phase B: 0.08% TFA in MeCN (viv); Gradient: 5% B

t0 95% B, linsar over 4.0 min, hold at 85% B to 5.0 min; Flow rate 2.0 mbi/min.

? Catcuiated Exact Motecular Weight,
Maas spectrum: observed ion Mz (M+1).
{{M+ BMSO+1]
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Table 4
OH
R2T NN N,
Ex. | R° IUPAC Name Method | HPLC mw | mst
No. of Prep | Ret'n
Time
{min)
o, N S-amino-1-hydroxy-6-}{6-
G methoxypyridin-3-yhoxy]- 3 " il
171 .\\Wﬁ\ﬁ B g-dihomauinoin oLy | EX.69 | 1.80 301.11 | 302.2
one, ammonium salt

" Purification of this compound was carried out using reversed-phase HPLC (Column:
Waters XBridge Cq, 5 uimy Mobile phase A §.03% NH,OH in water {v/v); Mobile phase

B 0.03% NH,OH in MeCN (viv); Gradient: 10% to 100% 8.

“ HPLC method: Column: Waters Allantis dCis; § um, 4.6 X 50 mm; Mobile phase A
0.05% TFA in water (v/v}; Mobile phase B: 0.05% TFA in MaCN {v/v), Gradient: 5% B

10 95% B, finear over 4.0 min, hold at 95% B to 5.0 min; Flow rate 2.0 mL/min.

¥ Cateulated Exact Motecular Weight.

* Mass spectrum: observed ion nvz (M+1),

The compounds shown in Table X, below, and their pharmaceutically
acceptable salls may be prepared according to the procedures describad herein,
making non-crifical changes well known to those of ordinary skill in erganic synthesis.
Table X

Ex. | HIPAC Name
No,

172 | (35)-3-amino-56-(2 3-dihydro- 1H-nden-4-yloxy-1-hydroxy-3 4-dihydro-1 8-naphthyridin-
2{1H)-one

173 | 2-{63G-aminn-8-hydroxy-7-0x0-5,8,7 8-letrahvdro-1.8-naphthyridin-3-yljoxy}-5-
methoxyhenzonitrile

174 | {38)-3-amine-1-hvdroxy-6-(2-methoxyphenoxy)-3 4-dibydro- 1. 8-naphthyridin-2{ 1 H)-one

175 | (3Sr3-aming-1-hydroxy-6-(4-methoxyphenoxy)-3,.4-dihydro~- 1 8-naphthwidin-2{ 1H)-one

176 | (33)-3-amino-6-(3 4-dichiorophenoxy)-1-hydroxy-3 . 4-dihydro-1,8-naphthyridin-2{ 1 H}-
ong

177 | (35)-3-amino-6-{2-fluorophenoxy)-1-hydroxy-3,4-dihydro~-1 8-naphthyridin-2{ 14}-0one

178 | (38)-3-amino-6-{3-chlora-5-fluorophenoxy)- 1-hydroxy-3,4-dihydro-1 B-naphthyridin-
201H)-one

179 | (35)-3-aming-G-{4-fluoro-2-methoxyphenaxy - 1-hydroxy-3,4-dihydro-1,8-naphthyridin-
2{1H)-one

180 | (38)-3-amino-6-(3-chicrophenomiv)-1-hydroxy-3,4-dihydro-1,8-naphthyridin-2{1H)-one

181 | (38y3-amino-1-hydroxy-8-phenoxy-3.4-dihydro- 1, 8-naphthyridin-2{ 1 H-oneg

182 | (38}-3-amino-6-(5-fluore-2-methylphenoxy)-1-hydroxy-3 4-dibiydro-1 B-naphthyridin-
2(1H)-one

183 | (33)3-amino~-1-hydroxy-8-{2-(methyisulfonyl)phenoxy]-3 4-dihydro-1,8-naphthyridin-
2(1H)-one

184 | 2-{{{85)-6-aminc-B-hydroxy-7~-0x0-5,8,7 8-tetrahydro~1,8-naphthyridin-3-
yilaxylbenzonitrile
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Ex. | UPAC Name

No.

185 | 3-{{{8S)-6-aminc-8-hydroxy-7-0x0-5,6,7 8-tetrahydro-1 8-naphthyridin-3-
yloxyibenzonitrile

186 | 4-{{{8S)-6-amine-8-hydroxy-7-0x0-5,6,7 8-1atrahydro-1,8-naphthyridin-3-
yiloxylbenzonitiile

187 | (35)-3-amino-6-(2 3-dihytro-1H-inden-5-yloxy - 1-hydroxy-3 4-dihydro-1.8-naphthyridin-
2{1H)-one

188 | {38)-3-amino-8-{4d-chiorophenoxy)-1-hvdroxy-3 4-dihydro-1,8-naphthyridin-2{ 1 H)-one

189 | {38)-3-aming-1-hydroxy-6-{3-(rifluoromethyliphenoxy]-3,4-difvydro-1 S-naphthyridin-
2{1H)-one

180 | (35p3-amino-B-{3-ethylphenoxy)-1-hydroxy-3,4-dihydro-1, 8-naphthyridin-2{1H)-one

191 | (35)-3-amino-6-{2-chlorophenoxy)-1-hydroxy-3,4-dihydro-1 8-naphthyridin-2{ 1 H)-one

192 | (35)-G-amino-8-{2 3-dimethylphenoxy - 1-hydroxy-3 4-dihydro-1,8-naphihyridin-2{1 H)-
ane

143 | (38F3-amino-6-(2-fluoro-5-methyiphenoxy - 1-hydroxy-3,4~dihydro-1 8-naphthyridin-
201H)-one

184 | (35)3-amino-G-{4~-chloro-2-methyiphenoxy }-1-hydroxy-3,4-dihydro-1,8-naphthyridin-
2(1H)-one

185 | (35)-3~-amino-G-{2-chloro-d-methylphenoxy)-1-hydroxy-3 4-dihydro-1, 8-naphthyridine
2{1H}one

186 | (38)-3-amino-6-{3,5-diflucrophenoy i-1-hydroxy-3,4-dihydro-1,8-naphthynidin-2{ 1 H)-
one

197 | 5-{{6S8)-B-amino-§-hydroxy-7-0x0-5,8,7 8-tetrahydro-1, 8-naphthyridin-3-vijoxy}-2-
fluorobenzonitrile

198 | {33)-3-amino-1-hydroxy-642-{rifluoromethyhphenoxy]-3.4-dihydro-1,8-naphthyridin-
201H-one

189 | (35r3-aming-6-(2-chloro-4-fluorophenoxy - 1-hydroxy-3.4-dihydro-1,8-naphthyridin-
2{1H}-one

200 | (35)-3-aminc-8-(3-chicro-4-fludrophenoxy)-1-hydroxy-3, 4-dihydro-1,8-naphthyridin-
2{1H}-one

201 | (38»3-amino-6-(3 4-difluarophenoxy)-1-hydroxy-3,4-dihydro-1,8-naphthyridin-2{ 1 H)-
ang

202 | {33)-3-aming-0-(2 8-difluorophenoxy - -hydroxy-3 4-dihydro-1,8-naphthyridin-2( 1 H}-
one

203 | (3S5r3F-aming-G-{4-fluaro-Z-methylphenoxy)- t-hydroxy-3,4-dihydro-1.8-naphthyridin.
2{1H-one

204 | 3-aming-6-{4-chloro-3-fluoropheanoxy)-1-hydroxy-3, 4-dihydro-1, B-nhaphthyridin-2{ 1H}-
one

205 | 3-amine-8-{2, 3-difluorophenoxyi-1-hydroxy-3 A-dihvdro-1, 8-naphihyridin-2{1H}-one

206 | 3-amino-6-{2-cyclopropyl-4-fluarophenoxy)-1-hydroxy-3,4-dihydro-1,8-naphthyridin-
2{1Hone

207 | -6 56-amino-B-hydroxy-7-0x0-5,8,7 8-tetrahydro~1,8-naphthyridin-3-yjoxy}-5~
fluarobenzonitrile

208 | 4-{[(65)-G-amino-8-hydroxy-7-0x0-5,6,7 B-tetrahydro-1,8-naphthyridin-3-yfjoxy}-3-
fluorobenzonitrile

208 | 4-{{{63)-6-amino-8-hydroxy-7-ox0-5,8,7 B-letrahydro-1,8-naphthyridin-3-yioxy}-2-
chiorcbenzonitiila

210 | (38)-3-amine-6-(2-chioro-8-fluorophenoxy)- 1-hydroxy-3 4-dihydro- 1 B-naphthyridin-
2{1H)-one

211 | (3833-amino-6-(3-chloro-2-fluorophancxy)-1-hydroxy-3, 4-dihydro-1, 8-naphthyridin-
2{1H)-one

212 | {35)-3-amino-1-hydroxy-6-[2-{tetrahydrofuran-2-yliphenoxy]-3,4-dihydro-1,8-
naphthyridin-2(1H-one
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Ex.
No

IUPAC Name

574

{38)-3-amino-6-{anilinomethyl)-1-hydroxy-3.4-dihydroguinolin-2(1H)-one

214

{35)-3-amino-1-hvdroxy-8-[(letrahydro-2H-pyran-4-ylaniino ymethyil-3,4-dihydroguinolin-
2(1H-one

215

(38)-3-amino-1-hydroxy-8-{morpholin-4-yimethyh)-3 . 4-dihydroquinolin-2{ 1 M)-one

218

{3 S)-F-amino-1-hydroxy-8-{piperidin- T-yimethy-3 4-dihvdroquinolin-2{ 1 H}-one

217

{3&3-amino-1-hydroxy-8-{[( 1-methyl-1 H-pyrazol-&yhaminolmethy}-3,.4-
dihydrogquinolin-2{ 1#+)-one

218

{3 5)-3~-amino-1-hydroxy-8-{{methvi{phenyhaminoimethyl}-3 4-dihydroguinolin-2{1H)-
one

219

{38)-3-amino-1-hydraxy-8-{{methvi{pyridin-2-yhaminolmethyl)- 3, 4-dihydroguinolin-
2{1H)-one

220

{35)-3-amino-1-hydroxy-8-{{methyl{d-methylpyrimidin-2-yh aminolmathyl}-3 4~
dihydroguinolin-2{1H}-one

221

{38}-3-amino-1-hydroxy-G-{{methvi{3-{trifluoromethoxyiphenyilaminolmethyl -3 4~
dihvdroguinolin-2{1H}-one

222

3-HI{383-amino-1-hydroxy-2-0x0-1,2,.3.4-tetrahydroquinohn-6~
yiimethvlidmathyhamine]- 1H-pyrazole-4-carbonitiile

{35)-3-amino-1-hydroxy-8-{{methy{{ 3-methylisoxazol-5-yhaminomethyi}-3 4-
dihydroguinofin-2{1H)-one

224

{(38¥-3-amino-1-hydroxy-6-{imethyi{3-{rifluoromethyliphenyllaminoimethyi-3.4-
dihydroguinofin-2{1H)-one

225

{33»3-amino-B-{foycliobhutyi{methyhaminoimethyl}- t-hydroxy-3 4-dihydroguinolin-2{ 1 H)-
one

226

2-HI33) 3-amino-1-hydroxy-2-0x0- 1, 2,3 4-felrahydroquinolin-g-
yimathymethvhaminalbenzonitrile

227

{35)-3-amino-~1-hydroxy-8-{{methyl{-methyipyridin-3-yljaminoimethyl}-3 4~
dibydroguinolin-2{ 1H}-one

228

{38)-3-amino-8-{[{ 1, 3-dimethyl-1H-pyrazob-S-vi methyilaminomethyl}-1-hydroxy-3 4-
dinvdroguinalin-2{1H}-one

229

{33+3-amino-1-hydroxy-8-{imethyif2-(rifluoromethoxyiphenyilaminolmethyi)-3 4~
dibydroguinolin-2{1Hrone

230

{38}-3-aming-1-hydroxy-G-({methylid-{trifflucromethoxyphaenyllaminoimethyl)-3 4-
dihydroguinolin-2{1H}-one

231

438 3-aming- T-hydroxy~2-0xo-1, 2,3 4-1etrahydrogunoin-G-
yiimethvimethwhaminobenzoniirie

232

(38)-3-amino-1-hydroxy-8-{{methwvi{ {-methyi- { H-pyrazol-3-yhaminolmethyl}-3 4~
dihydroguinofin-2{1H)-one

233

2-H{3 5% 3-amino-1-hydroxy-2-0xo-1, 2,3, 4-tetrahydroguinolin-&-
yiimethyli{methyhaminol-4-chiorobenzonitrile

(3S)-3-aming-1-hydroxy-6-{[methyi{pyridazin-3-yhaminajmethyl)- 3, 4-dihydroguinolin-
201H)-one

{35)-3-amino-1-hydroxy-8-{[isoxazol-3-yi{methyllaminoimethyl3,4-dihydrogquinolin.
2{1H-one

{35)-3-amino-1-hydroxy-8-{{{2-methoxyphenviimethyDaminolmethyi}-3,4-
dibydroguinolin-2{1H}-one

237

(35)-3-amino-8-{[{ 3-chiorophenvimethyllamino]methyl}- 1-hydroxy-3,4-dihydroquinotin-
2(1H)-one

238

{38)-3-amine-6-{J(2 8-difluorophenyi{methyhaminolmethyl}-t-hydroxy-3,4-
dihydroguinolin-2{1H)-one

238

3-H{{(38)F3-aminoc-1-hydroxy-2-oxo-1,2,3 4-tetrahydroquinolin-g-
viimethylimathyhaminolbenzonitrile
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Ex.
No

IUPAC Name

540

{38)-3-amino-6-{[(3,5-difluorophenylX methyhaminclmethyl}-1-hydroxy-3,4-
dihydroguinolin-2(1H}one

241

{38}-3-amino-1-hydroxy-6-{[methyi{ 5-methylpyridin-2-yhaminoimesthyl}-3,4-
dihvdroquinolin-2{ 1Hj-ons

242

(38)-3-amino-1-hydrony-6-{{{4-methoxyphenvi{methylJaminolmethyll-3 4-
dihydroguinolin-2{ 1H-one

243

{38)-3-amino-1-hydroxy-8-{{methyvii8-methylpyridin-2-yhaminoimethyl)-3,4-
diydroquinolin-2{1Hrong

244

{38}-3-amine-6-{{(d-chiorophenyii(methyhamino]lmethyl}- 1 -hydroxy-3, 4-dilydroquinolin-
2(1H)-one

245

{35)-3-amino-6-{{{ 2-chiorophenyl{methyllamino]methyll- t-hydroxy-3 4-dihydroguinolin-
2{1H)-one

(35)3~amino-~1-hydroxy-6-{[methyl{ 3~-methylpyridin-2-yl Jaminojmethyi}-3,4-
dihydroguinolin-2{1H)-one

247

{38)-F-amino-6-{J{ 3 4-dichiorophenyli{meathyllaminojmethyl}-1-hydroxy-3.4-
dihydroguinalin-2{1H}-one

248

{38)-3-amino-6-{{4-fluorophenyl{methyvijaminceimethyi}- 1 -hydroxy-3 4-dihydroguinolin-
2{1Hrone

248

{35}-3-amino-6-{{{ 3-chioro-4-flucrophenyli{methylaminolmethyl}-1-hydroxy-3,4-
dihytroquinolin-2{1H}-one

280

{3 5)-3~aming-8-{{{4-chioro-2-fluorophenyli{methyvhaminojmethyl}-1-hydroxy-3,4-
dihvdroquinolin-2{ 1Hj-ons

251

{35)-3-aminc-8-{[(3-chioro-2-Ruoraphenyly{methyllamincimethyl}-1-hydroxy-3.4-
dilydroguinolin-2{1H)-one

252

{38)-Z-amino-6-{[{3-fluoropheny{methyhiaminoimethyil-1-hydroxy-3, d-dihydroguinotin.
2{1Hrone

253

{3S8})-3-aming~1-hydroxy-6-{[isoxazol-4-yi{methyljaminoimethyl)-3,4-dibydroguinolin-
2{1H)-one

254

{38)3-amino-1-hydroxy-8-{{methyl{5-methyipyrimidin-2-yhaminojmethyi}-3.4-
dihvdroquinolin-2{ 1Hj-ons

255

{38)-3-aminoc-6-{[(2, 3-diffluarophenyl¥methyljaminoimethyi}-t-hydroxy-3.4-
dihydroguinolin-2{ 1H}-one

256

{38)-3-amino-6-{[{2-chioro-4-fucrophenyli(methyvllaminolmethyl}-1-hydroxy-3 .4~
diydroquinolin-2{1Hrong

257

{38} 3-aming-1-hvdroxy-6-{{methviiZ-{triffluoromethylphenyllaminoimethyl}-3,4-
dihvdroguinolin-2{1H}-one

258

{3 5)-3~amine-8-{{{ 2-chioro-&-fluorophenyli{methyvhaminojmethyl}-1-hydroxy-3,4-
dihydroguinolin-2{1H}-one

259

(35)-3-amino-1-hydroxy-6-{{methyi(1-methyl- { H-pyrazol-5-yliaminolmethyl}-3.4-
dibydroquinolin-2{1H)-one

260

3-amine-6-{1, 3-benzoxazol-2-vioxy)-1-hydroxy-3 4-dihvdroquinolin-2{ 1 H}-one

2861

3~amino-1-hydroxy-8-{{&-methoxy-1,3-benzoxazol-2-yloxy]-3 4-dihydroquinchin-2{ 1 H)-
one

262

8-{{3-amino-1-hydroxy-2-oxo-1,2 3 4-tetrahydrogquinolin-8-yhoxy-Z-methylnicotinonitrile

263

2-[{3-amino-{-hydroxy-2-oxo-1,2,3 4-tetrahydroguinolin-6-vljoxyl-4-methyinicotinonitrile

204

3-amine- 1-hydroxy-8-(quinoxalin-2-yloxy)-3 4-dibwydroquinolin-2(1H-one

285

2-[(3-amino-1-hydroxy-2-oxo-1,2, 3 d-letrahvdroguinolin-8-yhoxyl-6-methyinicotinonitrile

266

3-amino-1-hydroxy-6-(1H-pyrazolol3 4-djpyrimidin-4-vioxy}- 3, 4-dihydrogquinolin-2(1 H)-
one

267

S-aming-1-hydroxy-8-(guinazolin~4-yloxy)-3,4-dihydroquinolin-2{ 1 Hj-one

268

3-amino-6-1(3-chloropysidin-2-ylioxyl-1-hydroxy-3 A-diydroquinolin-2(1 H)-one

269

methyl 8-(3-amino-1-hydroxy-2-0x0-1,2,3 4-tetrahvdroguinolin-8-vhoxylnicotinate
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Ex.
No

IUPAC Name

575

J-amino-1-hydroxy-6-{pyrimidin<d-yvioxy)-3 4-dihydrogquinolin-2(1H)-one

271

J-amino-1-hydroxy-8-[{8-methylpyrimidin-4-yhoxyl-3 4-dihydroquinciin-2{(1H)-one

272

J-amino-1~hydrogy-G-{{d-methylpyrimidin-2-yhoxy}-3 4-dihvdroquinolin-2{ 1H)-one

273

I-amino-G-{{8-ethyipyrimidin-d-yhoxyl-1-hydroxy-3 4-dihyvdrogquinolin-2{1H-one

274

3-amino-8-{{5-chioro-8-athyipyrimidin-d-yloxy}-t-hydroxy-3 4-dihydroquinolin-2( 1 H)-
one

275

2-[{3-amino-1-hydroxy-2-ox0-1,2 3. 4-tetrahydroguinolin-g-yhoyl-4,6-
dimethyinigotinonitrile

276

3-amino-1-hydroxy-6-{[4-{triffuoromeathylipyrimidin-2-yloxy}-3 4-dihydroquinolin-2{ 1H)-
one

277

3~-amino-1-hydroxy-6-(quinazolin-2-yloxy}-3 4-dihydroquinolin-2{1+)-one

278

J-amino-T-hydroxy-8-[{2-methylpyrazolo[ 1, 5-alpyrimidin-S-vyhoxy]-3 4-dihydroguinoline-
2(1Hone

275

J-amino-t-hydroxy-8-{5-methyl-7 H-pyrrolol2, 3-dipyrimidin-4-yhoxy}-3.4-
dihvdroguinolin-2{ 1Hone

280

3-amino-1-hydroxy-6-{ 7 H-pyrroio] 2, 3-dipyrirnidin-d-yloxy -3, 4-dihydroquinolin-2{1 H)-
ong

281

3-amine-1-hydroxy-6-(pyrazolol 1, 5-alpynmidin-7-yioxy}-3 4-dihydroguinolin-2{ 1 H)-one

282

3-amino-1-hydroxy-8-4{8-methyl-8M-purin-8-yhoxyl-3 4-dihvdrogquinolin-2( 1 M)}-one

283

J-armino-8-{{2 S-dimsthylpyrimidin-d-yhoxyl 1-hydroxy-3 4-dihydroguinolin-2{ 1 H)-one

284

S-amino-6-{{4, 8-dimethylpyrimidin-2-yhoxy}-1-hvdroxy-3,4~dihvdroguinolin-2(1H)-one

285

3-aminoe-1-hydroxy-6-{{3-mathyiguinoxalin-2-yljoxyl-3 4-dihydroguinolin-2{ 1 H}-one

288

3-amino-~1-hydroxy-8-{[3-(trifluoromethylipyridin-2-vijoxy}-3 4-dihydroguinolin-2(1 M)-one

287

J-amino-6-{(3, 5-dichloropyndin-Z-yhoxyl-1-hydroxy-3 4-dihydroguinolin-2{ 1 H)-one

288

S-amino-6-{5-fuoropyrimidin-2~yhoxy} I-hydroxy-3 4-dihydroguinolin-2{ 1Hyone

288

3-aminoe-1-hydroxy-6-(pyridol2, 3-dpyrimidin-4-yvloxy -3, 4-dihydrogquinolin-2{ 1 H}-one

240

3-amino-B-{{S-Hucropyridin-2-yhoxyl-1-hydroxy-3 4-dihydrogquinolin-2{1 M-one

2

3-amino-6-{{7 -flugroquinazalin-d-yhoxyi-1-hydroxy-3 4-dihytdroquinolin-2{ 1 4}-one

202

3-amino-6-{{8-flucroguinazolin-d-yl Joxy}-1~hvdroxy-3,4~dihvdroguinolin-2{1H)-one

293

3-amine-8-{{7 -flucroguinazolin-2-yhoxyl-1-hydroxy-3 4-dihydroguinolin-2(1H}-one

294

3-amino-B-{{S-ethyipydmidin-2-hoxyl-1-hydroxy-3 4-dihydroquinolin-2{ 1M)-one

295

B-AMINO-1-hydroxy -B-{ Py Nt 2, 3-dlpyimidin-a-yioxy -3 4 -dinyaroqunolin-2{ 1 H-one

206

3-amino-6-{({5-chioropyrimidin-2-yl joxy}-1-hydroxy-3 4-dihydroquinolin-2( 1 H)-one

297

3-aminoe-1-hydroxy-6-{{3-mathylisoxazolofd, 5-dipyrimidin-7-yhoxy}-3,4-dihydroquinolin-
2(1H)-one

298

3-amino-1-hydroxy-6-[{6-methyi] 1.2 4 triazolo] 1, 5~-a]pyrimidin-7-yoxy}-3.4~
dihydroguinolin-2{ 1TH»one

299

J-amino-1-hydroxy-8-[{&-methylpyrimidin-4-yhoxyl-3 4-dihvdroquinaiin-2(1H)-one

300

S-amino-8-{{5-ethyipyrimidin-d~yhoxy}- 1-hydroxy-3, d-dihydrogquinolin-2( 14}-one

301

3-amino-8-{{5-fluora-2-methylpyrimidin-4-yhoxyl-1-hydroxy-3 4-dihydroguinolin-2{ 1H)-
oneg

302

3~-amino-8-{{2-athyi-S-fluoropyrimidin-d-yhoxy} 1-hydroxy-3,4-dihydroguinolin-2{ 1H}-one

303

J-amino-1-hydroxy-8-{imidazol1,2-alpyridin-5-vioxy)-3 4-dihydroguinelin-2{1H)-one

304

4-[{ 3-amino-1-hydroxy-2-ux0-1,2. 3 4-letrahydroguinolin-G~yhoxylguinoline-8-carbonilrile

308

3-amino-1-hydroxy-8-(imidazol1, 2-blpyridazin-3-vioxy 3 4-dihydroguinolin-2(1M)-one

308

S-anmine-1-lwdroxy-B-{pyrazin-2~yloxy 3, 4-dihydroguinolin-2{ 1Hong

307

3-amino-8-{{3.6-dimethyipyrazin-2-yhoxyl-1-hydroxy-3 4-dihydroquinolin-2(1H)-one

308

3-amino-1-hydroxy-8-[{1-methyl- 1H-benzimidazol-2-yhoxyl-3.4-dihydroquinolin-2{ 1 H)~
one

309

3-amino-1-hydrory-8-f{ 2-methyvipyridin-d-yhioxy}-3,4-dihydrogquinolin-2( 1 H)-one

310

3~amino-1-hydroxy-6-{1H-1,2 4-triazob-3-vloxy)-3,4~-dihydrogquinolin-2(1H)-one

311

3-amino-8-{(1, 3-dimethyl-1H-pyrazol-5-yhoxy]- 1-hydroxy-3 4-dihydroquinolin-2{1H}-ona
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Ex.
No

IUPAC Name

315

3-amino-8-{6,7-dihydro-5H-cyclopentalblpyridin-Z-yloxy)-1-twdroxy-3 . 4-diydroguinolin-
2{1H-one

313

J-amino-1-hydroxy-8-{{ 3-isopropylpyrazin-2-vhioxyl-3 4-dihydroquinolin-2( 1H}-one

314

3-amino-1-hydroxy-8-(6H-pyrrolof2, 3-clpyridin-7-vioxy)- 3. 4-dihydroquinolin-2(1 Mi-one

315

F-amino-G-{{5-cyclopropylpyridin-2-yoxy} 1-hydroxy-3, 4-dibhydroguinolin-2{ 1 H}-one

316

J~amino-1-hydroxy-8-{[3-(trifluoromethylipyridin-d-ylloxy}-3. 4-dihydroguinolin-2(1H)-one

317

J-amino-1-hydroxy-6-{({3-methyl-1H-1,2.4-riazol-5-yhoxyl-3 4-dihydrogquinolin-2(1H}
one

318

(38)-3-amino-1-hydroony-7-{2-methoxyethoxy)- 3, 4-dihvdroquinolin-2{1H)-one

319

{38)-3-amino-1-hydroxy-7-{oxetan-3-yioxy -3, 4-dihydroguinolin-2{1H)}-one

320

{35})-3-amino-1-hydroxy-7-(tetrahydro-2H-pyran-4-vioxy)-3 4-dihydroquinolin-2{ 1 H}-one

321

{3S)-3-aming-1-hydroxy-7-l{ 3R Hetrahydrofuran-3-yvioxyl-3 4-dihydroguinolin-2{1 Hy-one

322

{35)-3-amino-1-hydroxy-7-{{38tetrahydrofuran-S-yloxy}-3 4-dihydroquinolin-2{ 1H)-one

323

{35)-3-amino-7-{cyclopenivioxy - 1-hydroxy-3, 4-dihydroguinolin-2(1H-one

324

{35} I-amine-7-{cyclopropyloxy)-1-hvdroxy-3 4-dihydroquinolin-2{1 H)-one

325

(38 )-3-aming-1-Nyaroxy-7-{[(1 R 1-me hyipropy Joxyl-3, 4-Ginydroquinolin-2{ 1 Hi-one

326

{35)-3-amine-1-hydroxy-7«{[{15}1-methyipropyl]oxy}-3,4-dihydroquinolin-2{ 1 H)-one

327

{35)-F-amine-7-{cyciohaxyioxy)-1-hydroxy-3 4-dinydroguinolin-2( 1H-one

328

{38} I-amine-7-{(diflucramethoxy)- 1-hvdroxy-3 4-dihydroguinolin-2( 1 M)}-one

329

{35 -3-amino-7~(cyclobulyioxy)-1-hydroxy-3,4-dihyvdroguinolin-2{ 14}-one

330

{35)-3-amino-7-{cyclopropyioxy)-1-hydroxy-3 4-dihydroguinolin-2{ 1 H}-one

331

(75)-7-amino-2-benzyl-5-hydroxy-7,8-dihydropyrido]3, 2-dipyrimidin-6(5H)-one

33z

{7 S)-T-aming-5-hvdroxy-2-phenoxy-7,8-dihvdropyrido[3. 2-dipyrimidin-6{5H)-one

333

(7 S)-7-aming-5-Nydroxy-2-phenoxy-7 . o-ainyaropyridol2 a-blpyrazin-6(5H)-one

334

{7 5)-7-amino-2-benzyh-S-hydroxy-7, §-dihydropyrido]2, 3-bipyrazin-6{&H-one

335

(35)-3-amino-8-henzvl-S-fluorc-1-hydroxy-3 4-dihydroguinolin-2{1H)-one

338

{35} 3-aming-1-hvdroxy-6-{phenvisulforyl)-3 4-ditvydro-1 B-naphihyridin-2{1 H)-one

337

(38)-Banmino-7-cyclobutyl-1-Ryaroxy-3 A-Gihyaroquinoin-2( 1 Hy-one

338

{35)-3-amino-1-hydroxy-2-oxo-1,2,3 4-tetrghydroquinoline--carbonitrile

339

(35)-3-amino-B-cyclobutyl-1-hydraxy-3 4-dihydrogquinolin-2( 1 Hy-one

340

{3S)-3-aminn-6-cyclopentyl-1-hydroxy-3 4-dihydroguinolin-2(1H-one

341

(38) 3 aming- 1 nydroxy-7- retnyisulfonyl -3, 4-Ciydroquinolin-2t 1 H1-one

342

{35)-3~amino-~1-hydroxy-B-{methyisulfonyl)-3,4-dihydroguinclin-2{1H}-one

343

{35)-3-amino-1-hydroxy-7-(irifluoromethyh)-3 4 -dihydro-1,8-naphthyridin-2{(1H)-one

344

{35)-3-amino-1-hydroxy-7-methyl-3.4-dihydro-1, 8-naphthyridin-2{ 1H}-one

345

{33)-3-amino-7-cyclopropyl-1-hydroxy-3 4-dihydro-1,8-naphthyridin-2{ 1 H)-one

3486

{35)-3-amino-7-cyclobutyl-1-hydroxy-3 4-dilwdro-1 8-naphthyridin-2{ 1+)-one

347

(35)-3-Aamino-1-hydraxy-b-(irfluaromethyii-a A-ginydro-1, 8-naphihynidin-2( 1 Hy-one

348

{38)-3-amine-6-chioro-1-hydroxy-3.4-dihydro-1.8-naphthyridin-2{1H}-one

348

{33)-3-aminoe-1-hydroxy-6-methyl-3 4-dihydro-1 8-naphthyridin-2{1H)-one

350

(35)-3~-aminc-G-cyclopropyl-i~-hydroxy-3 d-dihydro-1,8-naphthyridin-2{1 H)-one

351

(35)-3-amino-B-cyClobutyl-1-hydroxy-3.4-dihydra-1 8-naphthyridin-2{ 1 H)-one

352

{38)-3-amino-1-hvdroxy-7-{triffuoromethoxy -3, 4-dihydro-1 8-naphthyridin-2{ 1 H)-one

353

{35)-3-amino-7-{iriflucromethylil-1-hydroxy -3, 4-dihydroguinolin-2(1H-ona

The compounds shown in Table Y, below, and their pharmaceutically

acceptable salis may be prepared according to the procedures described herein,

making non-critical changes well known 1o those of ordinary skill in organic synthesis.
TableY

| Ex. | IUPAC Name
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354

{35} I-amine-1-iimethvicarbamoyhoxy-8-phanoxy-3 4-dihydroguinolin-2{ 1 M)-one

355

{35)-3-amino-1-[{ethyicarbamoyhoxy]-8-phenoxy-3 4-dihydroguinolin-2{ 1 H)-one

356

(353-3~-amino~1{isopropylcarbamoyboxyl-8-phenoxy-3 4-dihydroquinolin-2{1H}rone

357

(35)-3-amino-1-{{oyciopropyicarbamoylhioxy]-6-phenoxy-3 4-dihvdroquinalin-2( 1H)-one

358

{35} 3-amine-1-[{fert-butvicarbamoviioxyl-8-phenoxy-3 4-dihydroguinolin-2( 1 M)-one

359

(35)-3-aminc-1-l{imorphoiin-d-yvicarbonyljoxyl-6-phenoxy-3 4-dihydroguinolin-2{ 1 H}rone

360

(353~amino~1-{[{4-methylpiperazin-i1-yhoarbonytloxy}-G-phenoxy-3 4~-dihydroguinoiin-
2{1H}-one

361

{33¥3-amino-1-{{dimethylcarbamoyhioxyl-7 -isopropoxy-3 4-dihydroguinolin-2{ 1H-one

38z

{35)-3-amino-1-{{dimethyicarbamaytiory]-7-(rifluoromethoxy)-3 4-dihydroguinolin-
2(1H)-one

363

{35)-3-amino-8-banzyi-1-f{dimethylcarbamoyhoxyl-7-methoxy-3 4-dihydroquinoclin-
2{1H}-one

364

3-{{{35)-3-amino~1-{{dimethyicarbamoyhoxy]-T-methoxy-2-0x0-1,2 3,4~
tetrahydrogquinalin-G-ylimethyhbenzonitrile

365

{33+3-amino-B-benzyi-1-[{dimsthylcarbamoyijoxyl-7-methyl-3 4-dihydro-1,8-
naphthyridin-2(1H)-one

The compounds shown in Table Z, below, and their pharmaceutically

acceptable salts, were prepared as described below.

Table £

Ex. | WUPAC Name Synthesis

No.

3686 | (38-3-amino-1-{henzyloxy}3,4- | Synthesized by treatment of fert-butyl {3831~

dihydroquinaolin-2{1H}one hydroxy-2-oxo-1,2 3 4-tetrahvdroguinolin-3-
vijearbamate (95) with benzyl alcohol, di-ferf-butyi
arodicarboxylate, and triphenyiphosphine in GHCly
at 50 °(, followed by treatment of the resultant
crude product with TFA

367 | (353-amino-1-{pyndin-2- Synthasized similarly to Example 366, using pwridin-
vimethoxy -3 4-dihydroguinolin- | 2-yl methanol.
201H-one

368 | (3Sr3-amino-1+{Z.2- Synthesized simiarly to Exampie 73 by reaciion of
dimethylpropanoyhoxy}-3.4~ {95) with nimethviacetyl chioride and tnethylamine
dihydroquinolin-2{ 1Hj-ons in acetonitrile and subsequent BOC removal using

TFEA in dichloromethane.

369 | (35)-3-amino-1-{{5-meathyl-2- Synthesized simitarly to Examples 366 and 368

axo-1,3-tdioxol-4d-yhmethoxyl- using 4-hydroxymethyi-5-methvi-{1,3]dioxol-2-one.

3 d-dihvdroguinalin-2{1H})-one

KAT i inhibition specira assay

Formation of kynurenic acid (KYNA} is indirectly assessed by a decrease in

light absorbance at 370 nm (OD370) as the L-kynurenine (KYN) substrate is
converted by the human KAT i (hKAT i) enzyme into KYNA. An inhibitor would
therefore inhibit the decrease in QD370

The protocol was performed by placing the following reagents into a Costar

384 well black plate (30 ylb total assay volume/well):
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» 10 pl of 3x concentrated compound;

= 10 ul 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
it 150 mM Tris Acetate (Sigma K2010); and 210 uM pyridoxal S-phosphate

{(PLP} in 150 mM Tris Acetate (Sigma 9255)); and

PCT/IB2010/052349

» 10 pl of 3x concentrated enzyme (15 nM enzyme in 150 mM Tris Acetate

with 0.3% bovine serum).
Plates were sealed and incubated at 37 °C for 15-20 h before reading OD370

on a SpectraMax Plus plate reader. 1G58 were generated by comparing the efficacy

of compounds across a concentration range to inhibit a reduction in the QD370 value

relative to assay wells with DMSO added in place of concentrated compound.

Biological data for the Examples may be found in Tables 5 and 6.

Table &

Ex. No. | KATH iCs (nh) Ex. No. | KATH ICx, (nM) Ex. No. | KATH IC, (n)
1 s2.7 23 85.3" 45 235
2 234 24 50 48 128
3 204 25 48.4 47 118
4 37.5° 26 88> 48 523
5 131*% 27 51.9 48 105
g 254" 28 1330 50 103
7 3280 29 10.5 51 101
8 608" 30 23.7 52 138
g 2230 31 49.7 83 206
10 73.7F 32 358 54 137
11 121 33 33 55 141
12 379 34 35.6 56 91.1
13 57.3 35 49.2* 87 102
14 275" 36 79.3 58 174
15 1.4 37 34.1 59 158
18 22,7 38 133 G0 161
17 95.1 39 136 a1 162
18 135" 4Q 122 §2 135
12 3040 41 257 63 113
20 127 42 101 84 141
21 46.2 43 133 &5 155
22 45.2 44 118

* 1Csp value represents the geometric mean of 2-8 Gy, determinations.

T 1Cy value represents the geometric mean of 74 10y, determinations.

Table 8

Ex. No. | KATH ICs, {(nM) Ex. No. | KATHIC {niV) Ex. No. | KATH IG5 (nM)
66 23.1% 760 24 .6* 74 151
67 42 1% 71 227" 75 352
G8 427" 72 NIA 78 346
89 433" 73 1080 77 80.1
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Ex. No. | KATH ICy (nM) Ex. No. | KATH ICs, (n) Ex. No. | KATH ICx, (nM)
78 17.3° 116 S83 142 102*
78 25 5% Rk 452 143 860
80 31.1° 112 49.3 144 145
81 212" 113 301* 145 179
83 411 114 37,00 148 788
83 357 115 537 147 75.68
84 411 116 51.9° 148 76.1
85 39.9° 117 53.7° 149 118
56 B5.0° 118 13757 150 56,77
&7 40.9° 118 TRE 151 83.6°
88 20.9° 120 61.9° 152 94.0
83 36.4° 121 NiA 153 162
90 355+ 122 NIA 154 96.5
91 36.2 123 N/A 155 136°
92 R 124 38 156 86,7
93 35.6° 125 7.2 157 68.5%
94 130 138 309 58 126°
95 35.9% 127 28.2 158 109°
96 49 6° 128 28 5 180 101
97 393° 129 491 161 54.0°
98 3G 36 573 62 N
95 19.8" 131 246 163 80.0°
100 103° 132 124 184 42.2°
101 36.7° 133 86.6° 165 96.65
102 58.6° 134 195 168 128
103 77.5% 135 116 167 1057
704 367 136 129 168 By A
105 88.1° 137 68.0 169 25
106 49.2° 138 158 170 28.9%
107 56.7% 139 66.1 171 428
108 704 140 385

100 288* 141 283

* {Csp value represents the geometric mean of 2-3 ICy, determinations.
Y {Css value represents the geometric mean of 4-9 1Csx, determinations.

Frodrug in vivo data
Dogs

Test substances {(Examples 4 and 71-73) were administered by otal gavage

o groups of fwo dogs. Example 71 was also administered intravenously. The

characteristics of the test animals are given in Table 7.

Table 7. Characteristics of experimental dogs used in study

Species Dog

Type Beagie

Number and sex Z males

Approximaie age 4-8 years

Approx. Body weight | 9~ 12 kg at start of treatment
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Source

] Marshall Farms

Bloed sampiles were {aken at various fimes after adminisiration and submitted

to analysis for the parent drug (Example 71) and pro-drug (Examples 72 and 73}

ysing an LC-M3-MS assay. 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 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
Cinan (DEML) 254 15.4 204
Tenax (1) 0.25 0.25 0.25
T () 0.438 0.269 0.369
AUC {ng=himL} 10.3 12.2 1.3
AUC Extrap {ng-h/ml) 10.7 12.5 1.6
% AUC Extrap 3.44 2.3% 2.9

F (%) 1.0 13 1.2

“zalculated using AUC of 247 ng=h/milL., exposure of Example 71 in dogs following intravenous
adminisiration of Example 71 at 0.5 mg/kg.

Table €. Pharmacokinetics of Example 71 in dogs after oral administration of

Exambple 72 {1 mu/kg active)

Parameter Subject: Dog 1 Subject: Dog 2 Mean
Cunax {NGIMLY 125 17.2 14.9
e () 0.5 1.0 0.75
Tio () 1.60 1.58 1.59
AUC (ng-himi.) 3G.0 46.3 38.2
AUC Extrap {ngh/mb)} 315 49.0 40.3
% AUC Extrap 4 .80 5.48 514
F (%)’ 8.4 9.8 8.1

*calculated using AUC of 247 ng-h/ml, exposure of Example 71 in dogs foliowing intravenous
adminisiration of Example 71 at 0.5 mg/kg.

Table 10, Pharmaceokinatics of Example 72 in dogs after oral adminisiration of

Example 72 {1 malkg active)

Parameter Subject: Dog 1 Subject: Dog 2 Mean
Conar (NG/ML) 142 248 185
T (1) 0.5 1 0.75
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Tz (h) 2.31 1.94 2.13
AUC {ng-himL.} 402 721 582
AUC Extrap {ng+himb) 455 780 623
%% AUC Extrap 11.7 8.77 10.2
F{3)° 38 54 46
“calcutated using AUC of 497 ngeh/ml., exposure of Example 72 in dogs following intravenous
administration of Example 72 at 0.47 mo/ka.

Table 11, Pharmaccokinetics of Example 4 and 73 In dogs {n = 2} after oral

administration

Ex. No. Dose (Ex. 4 eq} AliGidose AUC increase vs. oral Ty ()
{mglkg) {ngshimL} administration of Ex. 4
4 1 27.8 1.0 0.5
73 1 1130 41 2.7
Monkeys

Test substances {Examples 4 and 71-73) were administered by oral gavage
to groups of two monkeys. The characternistics of the test animals are given in Table
12.

Table 12. Characteristics of experimental monkeys used in study

Speoies Monkey

Type Cynomolgus

Number and sex 2 males

Approximate age 3 years

Approx. Body weight | 3.5 ~ 8.1 kg at start of treatment
Source Charles River Labs -BRF

Blood samples were taken at various times afler administration and submitted
o 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 determinad 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. Pharmaceokingtics of Example 71 in monkeyvs after oral administration of

Example 71 (3 ma/kg active)

| Parameter | Subject: | Subject: | Mean
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Monkey 1 Monkey 2
Cmax (DOML) 44 62.8 53.4
T (1) 0.25 8.5 0.38
T (h) 104 2.724 0.882
AUC {(ng=h/mL.) 555 134 84.8
AUC Extrap (ngeh/ml) 587 134 85.4
% AUC Extrap 2.18 0.368 1.28
F (%) 2.2 4.2 3.2
“calculated using AUC of 478 ngehimL, plasma exposure of Example 71 in monkeys following
ntravenous administration of Example 71 at 0.5 mgfkg.

Table 14. Pharmacokinetics of Example 71 in monkevs after oral administration of

Example 72 {3 mu/kg active)

Parameter Subjsct: Subject: Mean
Monkey 1 Monkey 2
Conax {nGfmL) 306 835 471
Fonan {1) 1 1 1
T (h) 1.00 0.794 0.898
AUC (ng-h/imi.) 440 836 538
AUC Extrap {ng-h/mb) 444 837 541
Y% ALIC Extrap 0.85 0.189 0.568
F{%) 16 22 19
“calculated using AUC of 476 ng-h/miL, plasma exposure of Example 71 in monkeys following
intravenous administration of Example 71 at 0.5 mig/kg.
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Tahle 15. Pharmacokinstics of Example 4 in monkeys after oral administration of

Example 4 (10 ma/kg active)

Parameter Subject: Subject: Subject: Subject: Mean
Monkey 1 Monkey 2 Monkey 3 Monkey 4
Cone (NGMILY 200 340 208 133 220
Fona £ 1.0 0.25 0.5 1.0 0698
Taun () 0.78 0.82 (.68 0.63 073
AUC (ngrhimL) 184 239 141 159 181
m’&éiﬁgﬁ""p 188 247 144 163 186
% AUC Extrap 228 3.05 1.96 2.58 2.46
F (%) 2.1 28 1.6 1.8 2.1

“calcutated using AUC of 265 ngehiml, plasma exposure of Example 4 in monkeys following

intravenous adminisiration of Example 4 gt 0.3 mgfkg.

Table 18. Pharmacckinetics of Exampie 4 in monkeys after oral adminisiration of

Example 73 {10 moa/kg aclive)

Parameter Subject: Subject: Mean
Nonkey 1 Monkey 2

Crnae (NGML} 2340 1810 2130
T e (11 1.0 1.0 1.0
T (W) 1.0 1.04 0.24
AUIC {ng*h/mL) 4450 3650 4050
AUC Extrap {(ng-h/ml.) 4470 3680 4080
% AUC Extrap 0432 0.95 0.6
F (%) 50.6 418 46

*ealcutated using AUC of 265 ng-h/ml. plasma exposure of Example 4 in monkeys following

intravenous administration of Example 4 at 0.3 ma/kg.

Rats

Test substances {Examples 4, 73, and 366-389) were administerad by oral

gavage ¢ groups of three rats. The characteristics of the test animals are given in

Table 17.

Table 17. Characteristics of experimental monkeys used in study

Species Rat

Type Wistar-Han
Number and sex 3 males
Approximate age 7-9 weeks
Approx, Body weight | 220-240 g

Source

Charlas River Labs -BRF
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Blood samples were taken at various fimes after adminisiration and analyzed
for the parent drug (Example 4} and prodrugs (Examples 73 and 368-369) using an
LC-MS-MS assay. Pharmacokinetic parameters derived from the plasma analytical
data were determined using YWatson LIMS version 7.2.003 (Thermo Fisher Sclentific,
Waltham, MA). The results are given in Table 18.

Table 18. Pharmacokinetics of Example 4 in rats after oral administration of prodrugs

Ex.No, | Dose(Ex.d4eq | AUC/dose AUC increase vs, oral T ()
{mg/kg) {ngeh/mL} administration of Ex. 4
4 10 18 1.0 248
73 1 425.0 24.0 1.04
3e6 10 29 0.2 1.08
367 7 3.3 .2 0.45
388 2 13.8 08 025
369 6 7.7 0.4 0.66

When introducing elements of the present invention or the exemplary
embodimeni(s) therecf, the arlicles "a,” *an,” “the" and "said” are intended {0 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 slements. 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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CLAIME
1. A compound of Formula X:
OR°
L N. 0
¥R
]
X 22
A NH,
RS& Rﬁb X
whereirn:

A XY, and Z are defined as foliows:

{i}

(ii}

{iit)

{iv)

AisNorCR', XisNorCR? YisNorCR® and Zis N or CR, provided
that no more than two of A, X, Y, and Z are N;

A and X together form a 5~ or 6~-membered aromatic, N~containing
hetercaromatic, or O-containing heterocycloatkyt ring fused to the ring
containing A and X, Y is N or CR® and Z is N or CR?, wherein the 5- or
8-membered aromatic, N-containing hetercaromatic, or O-containing
heterocycloalkyl ring is substituted by R' and R¥;

X and Y together form a 5- or §-membered aromatic, N-containing
heteroaromatic, or O-containing heterocycloatkyt ring fused to the ring
containing X and ¥, Ais N or CRY, and Z is N or CR*, wherein the 5- or
6-membered aromatic, N-containing hetercaromatic, or O-containing
heterocycloalkyl ring is substituted by R® and R>; or

Y and Z together form a 5- or 8-membered aromatic, N-containing
heteroaromatic, or O-containing heterccycioalkyl ring fused o the ting
containing Y and Z, Ais N or CR', and X is N or CR?, wherein the 5- or
6-membered aromatic, N-coniaining hetercaromatic, or Q-containing
heterocycloatkyl ring is substituted by R® and R*;

R’ is M, halo, alkyl, alkoxy. or cyclopropyl;

R*, R’ and R are independently K, halo, alkyl, aryl, aralkyl, heteroaryl,

alkoxy, cycloalkyloxy, alkoxyaryl, aryloxy, aratkyloxy, heterocycloalkyloxy,

heteroaryloxy, cycloatkyl, alkylaryloxy, alkytheterocycloatkyt, alkylheteroaryloxy,
heterocycloalkyl, CN, CH:NR'R®, NR'R?, C(=O)NR'R®, SO.NR'R®, SOR™
NRSO.R™ and NR'C{=0)R™®, wherein each said alkyl, aryl, aralkyl, heteroaryl,
alkoxy, cycloalkyloxy, alkoxyaryl, aryvloxy, aralkyloxy, heterocycloalkyloxy.,
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heteroaryloxy, cycloalkw, alkylaryloxy, alkytheterocycloatkyt, alkylheteroaryloxy,
heterocycloalkyl may be substituted with one or more substituents selected from
hydroxy, amtino, halo, atkyl, haloalkyl, CN, altkoxy, haloaikoxy, atkytamino, and
aminoalkyl;

R®is H, C(=0)R?, C(=0)OR®, C(=OINR™R™ or (CH,IR';

R™ and R™ are independently H, methyl, halomethyl, fluoro, or methoxy;

each R and R? is independently H, alkyl, haloalkyl, aryl, or heteroary!;

each R™ is independently alkyl, haloalkyl, aryl, or hetercaryt;

R¥is alkyl, aryl, heteroaryl, or cycloalkyl, wherein each said atkyl, aryl,
heteroaryl, and cycloalkyl may be substituted with one or more substituents selected
from hydroxy, amino, halo, alkoxy, and aminoatkyi;

each R™ and R® is independently H, alkyl, aryl, heteroaryl, or cycloalkyl,
wherein each said alkyl, aryl, hetercaryl, and cycloalkyl may be substituted with ong
or more substituents selected from hydroxy, amino, halo, alkoxy, and amincalkyl, or,
when R® is C{=OINR™R™ R and R™, together with the nitrogen atom {o which they
are attached, form a 5- or 6-membered N-containing heterocyelic ring;

8]

O/LLO
R¥is %’HR“ .

R' s M, atkyl, aryl, heteroaryl, or cycloatkyl, wherein each said alkyl, aryi,
heteroaryl, and cycloalkyl may be substitided with one or more substituents selected
from hydroxy, amino, halo, alkoxy, and aminoalkyl;

and pharmaceutically acceptable salts thereof;

provided that the compaound of Formula X is not (38)-3-amino-7-bromo-1-
hydroxy-3 4-dihydroguinolin-2{1H)-one; {3R)-3-amino-7-tromo-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-2{ 1 H)-one; rac-3-
amino-7-chloro-1-hydroxy-3,4-dihydroquinolin-2{ 1 H)-one; rac-3-amino-7-fuoro-1-
hydroxy-3 4-dihydroguinolin-2{1 H}-one; rac-3-amino-6-chloro-1-hydraxy-3 4-
dihydroquinolin-2{1H)-one; rac-3-amino-5-chioro-1-hydroxy-3,4-dihydroquinolin-
2{1H)-one; rac-3-amino-8-bromo-1-hydroxy-3, 4-dihydroguinolin-2( 1 H)-one; rac-3~
amino-8-fluoro-1-hydroxy-3 4-dihydroguinolin-2( 1 H}-one; rac-3-amino-1-hydroxy-4-
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methyl-3 4-dihydroquinolin-2(1H)-one; (35)-3-amino-1-hydroxy-3.4-dihydroguinolin-
2{1Hyone; or {(3R)}-3-amino-1-hydroxy-3,4-dihvdroquinolin-2( 1 H}-one.

2. A compound according o claim 1 wherein:

R is H:

A X, Y, and Z are defined as follows:

(i} AisNorCR' XisNorCR® YisNor CR’, and Z is N or CR*, provided
that no more thantwo of A, X, Y, and Z are N;

{i} A and X together form a &- or 8-membered aromatic or N-containing
heteroaromatic ring fused to the ring containing A and X, Y is N or CR®,
and Z is N or CR®, wherein the §- or 6-membered aromatic of N-
containing hetsroaromatic ring is substituted by R’ and R?;

(iy XandY together form a 5- or 6-membered aromatic or N-containing

heteroaromatic ring fused o the ring containing X and Y, Ais N or CRY,
and Z is N or CR*, wherein the 5- or 6-membered aromatic or N-
containing heteroaromatic ring Is substituted by R? and R or

Y ang Z together form a 5- or 6-membered aromatic or N-containing
heteroaromatic ring fused to the ring containing Y and Z, Ais N or CR",
and X is N or CR®, wherein the 5- or 8-membered aromatic or N-

containing heteroaromatic ring is substituted by R° and R*;

R', R® R® and R* are independently H, halo, alkyl, aryl, aratkyl, heteroanyl,

alkoxy, alkoxyaryl, aryloxy, aralkyloxy, heleroarvioxy, cycloalkyl, atkviaryioxy,
alkylhetercaryloxy, heterocycloalkyl, CN, NR'R?, C=OINR'R? SONR'R?,
NR'SO,R®, and NR'C{=O}R™ wherein each said alkyl, aryl, aralkyl, heteroaryi,
alkoxy, alkoxyaryl, arvioxy, aratkyloxy, heteroarvioxy, cycloalkyl, aikylaryioxy,

alkylheteroaryloxy, and heterocycioalkyl may be substifuted with one or more

substituents selected from hydroxy, amino, halo, alkoxy, and aminoatkyi;

R® and R™ are independently H, methyi, halomethyl, fluoro, or methoxy:

each R™ and R® is independently H, alkyl, haloalkyl, aryl, or hetercaryl;

and pharmaceutically acceptable salts thereof.

3. A compound according to claim 1 wherein:
R® is C(=O)R™, C(=0)NR™R™, or (CH,)R™
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each R™ and R¥ is independently H, alkyl, aryl, heteroaryl, or cycloatkyt,
wherein each said alkyl, aryl, heteroaryi, and cycloalkyl may be substifuted with one
or more substituents selected from hydroxy, aming, halg, alkoxy, and amincalkyl, or,
when R is C(=0INR¥RY, R™ and R™ together with the nitrogen atom to which they
are attached, form a 5- or 8-membered N-containing heterocyelic ring;
Q

X

o Q

R s &Hﬁﬁ;

R' is KB, alkyl, aryl, heteroaryl, or cycloatkyt, wherein each said alkyl, aryi,
hetercaryl, and cycloalkyl may be substituted with one or more substituents selected
from hydroxy, amino, halo, alkexy, and aminoalky;

{iy AisNorCR', XisNor CR® YisNor CR® and Z is N or CR*, provided

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

{il A and X together form a 5- or 6-membered aromatic, N-containing
heteroaromatic, or O-containing heterocycloatkyl ring fused to the ring
containing A and X, Y is N or CR®, and Z is N or OR*, wherein the 5- or
6-membered aromatic, N-containing hetercaromatic, or O-containing
heterocycloalkyl ring is substituted by R' and R,

{iity X and Y together form a 5 or 6-membered aromatic, N-containing
heteroaromatic, or O-containing heterocycloalky! ring fused to the ring
containing X and Y, Ais N or CR’, and Z is N or CR*, wherein the 5- or
B-membered aromatic, N-containing heteroaromatic, or O-containing
heterocycloalky! ring is substituted by R* and R”; or

{iv} Y and Z together form a 5- or 6-membered aromatic, N-containing
hetercaromatic, or O-containing heterocycloatkyl ring fused to the ring
containing Y and Z, Ais N or CR’, and X is N or CR®, wherein the 5- or
8-membered aromatic, N-confaining heteroaromatic, or O-containing
heterocycloalkyl ring is substituted by R® and R*;

R'is M, halo, alkyl, alkoxy, or cyclopropyl;

R%, RS, and R* are independently H, halo, alkyl, aryl, aralkyl, heteroaryl,

alkoxy, cycloalkyloxy, alkoxyaryl, aryloxy, aralkyloxy, heterocycioalkyloxy,
hetercaryloxy, cycloalkyl, atkylaryloxy, atkylheterocycloalkyl, alkylhetercaryloxy,



WO 2010/146488 PCT/IB2010/052349
138

heterocycloalkyl, ON, CH.NR'RE, NR'RY, C(=0INR'R®, SONR'R®, SOR™,
NR'SO:R™, and NR'C(=0)R™, wherein each said alkyi, aryl, aralkyl, heteroaryl,
alkoxy, cvcioalkyloxy, alkoxyanyl, aryloxy, aratkyloxy, heterocycloalkyloxy,
hetercaryloxy, cycloalkyl, alkyiaryloxy, atkyiheterocycloalkyl, alkylhetercarvioxy,
heterocycloatkyl may be substituted with one or more substituents selected from
hydroxy, amino, halo, alkyl, haloalkyl, CN, alkoxy, haloatkoxy, alkylamino, and
aminoalkyl;

R* and R™ are independently H, methyl, halomethyl, fluoro, or methoxy; and

each R and R® is independently H, alkyl, haloalkyl, aryl, or heteroaryl;

each R™ is independently alkyl, haloalkyl, aryl, or heteroary:

and pharmaceutically acceptable salts thereof.

4. A compound according 1o claim 1 wherein:

X is CR%

Y is CR;

Zis CRY

R'is M;

R? is H, arylatkyl that is benzyl, aryloxy that is phenoxy, or heteroaryloxy,
wherein said aryl or hetercaryt may be substituted with one or more substituents
selected from hydroxy, amino, halo, atkyl, haloalkyl, CN, alkoxy, haloalkoxy,
alkylamine, and aminoalkyl;

R® is H or alkoxy where alkyl may be substituted with one or more halo;

R*is H: and

R® R% and R™ are as defined in claim 1;

and phiarmaceutically acceptable salls thereof.

5, A compound according fo claim 4 wherein R? is H or benzyl, and
pharmaceutically acceptable salts thersof.

8. A compound according to claim 5 wherein R® is H, and pharmaceutically
acceptable salts thereof.

7. A compound according to claim 1 of Fornula XVA;
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wherein:

R'is M;

R is arylalkyl that is benzyl, aryloxy that is phenoxy, or heteroaryloxy,
wherein said arvl or hetercaryl may be subsiituted with one or more substituents
selected from hydroxy, amino, halo, atkyl, haloalkyl, CN, alkoxy, haloalkoxy,
alkylamino, and aminoalkyl;

R*is H:

one of R* or R™ is H and the other is H, methy!, fluoromethyl, fluoro, or
methoxy, and

R®is as defined in claim 1;

and pharmaceutically acceptable salis thereof.

8. A compound according fo claim 1 of Formula XVIA:

wherein:

R? is arylalkyl that is benzyl or aryloxy, wherein said aryl may be substituted
with one or more substituents selected from hydroxy, amino, halo, alkyl, haboalkyl,
CN, alkoxy, haloalkoxy, alkviamine, and aminoatkw; and

R® is K or alkyl;

and pharmaceutically acceptable salts thereof.

8. A compound according to claim 8 wherein R? is H or methyl; and
pharmaceutically acceptable saits thereof.
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10. A compound according o claim 3 wherein R¥ is C(=ONR¥R®, and
pharmaceutically acceptable salts thereof,

9 Q
E‘J\‘N’” ' i,_{lL N/D
11. A compound accerding fo claim 10 wherein R is N Nt
O Fama O g
5 / \
i Y :} N b
2 , oF ./ and pharmaceutically acceptable salts thereof.

12. A pharmaceutical composition comprising a compound according 1o any one
of claims 1 to 11, or a pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable carrier.

13. A method for the treatment or prevention in 8 mammat of a condition selected
from the group consisting of acute neurclogical and psychiatric disorders; stroke;
cerebral ischemia; spinal cord trauma; cognitive impairment, including mild cognitive
impairment; head frauma; perinatal hypoxia, cardiac arrest; hypoglycemic neuronal
damage; dementia; Alzheimer's diseass; Huntington's Chorea; amyotrophic {ateral
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,; unnary
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-resisiant depression; cognitive impairment
associated with depression; cognilive 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
dyskinesia, sleep disorders,; attention deficithyperactivity disorder; attention deficit
disorder; disorders that comprise as a sympiom a deficiency in attention and/or
coghition; and conduct disorder; comprising adminisiering a compound according o
any one of claims 1 to 11, or a compound selected from (33)-3-amine-7-bromo-1-
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hydroxy-3 4-dihydroguinolin-2{1H-one, (3R)-3-amino-7-bromo-1-hydroxy-3 4~
dihydroquinolin-2(1H)-oneg, rac-3-amino-7-bromo-~1-hydroxy-3.4-dihydroquinolin-
2{1H)-one, rac-3-aming-8-chiore-1-hydroxy-3,4-dihydroquinolin-2(1 H-one, rac-3-
amino-7-chlore-1-hydroxy-3,4-dihydroquinolin-2{ 1Hi-one, rac-3-amino-7-flucro-1-
hydroxy-3,4-dihydroguinolin-2{1+}-one, rac-3-amino-6-chloro-1-hydroxy-3,4-
dihydroquinolin-2(1H}-one, rac-3-amino-5-chioro~1-hydroxy-3 4-dihydroguinolin-
2(1H)-one, rac-3-amino-8-bromo-1-hydroxy-3 4-dihydroquinolin-2{1H}-one, rac-3-
amino-6-fluoro-1-hydroxy-3,4-dthydroguinolin-2(1 H)-one, rac-3-amino-1-hydroxy-4-
methyl-3 4-dihydroguinolin-2{1 H)-one, (38)-3-amino-1-hydroxy-3 4-dihydroguinolin-
2{1H)y-one, or (3R)}-3-amino-1-hydroxy-3,4-dihydroquinglin-2(1H}-one, or a
pharmaceutically acceptable salt thereof.

4. A method according ¢ claim 13 wherein said compound is a compound
according to any one of claims 1 to 11, or a pharmaceutically acceptable salt thereof.

15. A method according 10 claim 14 wherein the condition is dementia; cognitive
deficit symptoms of Alzheimer's disease; attention deficit symptoms of Alzheimer's
disease; multi-infarct dementia, alcohaolic dementia or other drug-related dementia,
dementia associated with intracranial tumeors or cerebral rauma, dementia
assogiated with Huntington's disease or Parkinson's disease, or AlDS-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-deficitVhyperactivity disorder; age-related
cognitive degline; cognitive deficits associated with psychoses; or cognitive deficits

associated with schizophrenia.



