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BICYCLIC AND TRICYCLIC COMPOUNDS AS KAT Il INHIBITORS

FIELD OF THE INVENTION

The present invention relates to the treatment of cognitive deficits associated

with schizophrenia and other neurcdegenerative and/or neurclogical disorders in

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

tricyclic inhibitors of the KAT [ 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.
Newrochem., 57, 533-540, 1881, KYNA is an effective excitatory aming acid (EAA)
receptor anfagonist with affinity for the givane modulatory site of the N-methyl-0-
aspariate (NMDA) receptor complex (M. Kessler et al., J. Neurochem., vol. 52, pp.
1319-1328, 1988). As a naturally occurring brain metabolite, KYNA probably serves
as a negative endogenous modulator of cerebral ghitamatergic funciion (R, Schwarez
af al., Ann. NY. Acad. Sci., vol. 648, pp. 140-153, 1882).

EAA receptors and in particular NMDA receptors are known o play a central
role in the function of the mammalian brain {(J. C. Watkins and G. L. Collingridge,
Eds., The NMDA Receptor, Oxford University Press, Oxford, 1988, p. 242). For
example, NMDA receptor activation is essendial for cognitive processes, such as, for
example, learning and memary (Watkins and Collingridge, supra, pp. 137-151%
Therefore, reducing KYNA synthesis by inhibiion of s synthelic enzyme may
enhance EAA signaling and improve cognitive processes, espeacially in disease
states where NMDA hypofunction is anticipated. Thus, there is a need for
compounds which act as KAT I inhibitors {o reduce KYNA synthesis within the brain
o improve cognitive dysfunction in human disease siates.

SUMMARY OF THE INVENTION
The present invention is directed to compounds of Formuda X:
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Ads Nor CR', Xis Nor CR? Y is N or CR’, and Z is N or CR®, provided
that no more thantwo of A, X, Y, and £ are N,

A and ¥ together form a 5- or 6-memberad aromatic, N-containing
hateroaromatic, or O-containing heterocyeiaatky! ring fused to the ring
containing A and X, Y is N or CR®, and Z is N or CR®, wherein the 5- or
B-membered aromatic, N-containing heteroaromatic, or O-containing
heterocycloalkyl ring is substituted by R' and R*

X and Y together form a 5- or 8-memberad aromatic, N-containing
heteroaromatic, or O-containing heterocycioalky! ring fused to the ring
containing X and Y, Ais N or CRY, and Z is N or CR*, wherein the 5- or
g-mambered aroamatic, N-containing hetercaromatic, or Q-containing
heterccycloalkyl! 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 heterocycloatky! ring fused to the ring
containing Y and Z, Ais N or CR', and X is N or CR®, wherein the 5- or
E-mambered aromatic, MN-containing heteroaromatic, or O-containing
heterocycloalkyl ring is substituted by R* and R

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

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

glkoxy, cyaioalkvioxy, atkoxyaryl, arvioxy, aratkyloxy, heterocycloalkyvioxy,

hetarcaryloxy, cycloalkyl, akkyiaryloxy, alkylheterocycloalkyd, alkylhetercaryloxy,
heteracycloatkyl, CN, CHNR'R®, NRTR?, C(=OINR'R®, SO.NR'R®, SO.R™,
NR'SO,R™, and NR'C{=0IR™, wherein each said alkyl, aryl, aralkyl, heteroaryi,
alkoxy, cycioalkyloxy, alkoxvaryl, amviowy, aratkyioxy, heterooycioalkyloxy,

heteroarvioxy, oycloaik, alkviandoxy, alkytheterocycloalikyl, alkyliheteroardoxy,

heterocycloaliyt may be substifuted with one or more substituents selected from

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

aminoalkyl;

R® is H, C=0IRY, CE=OIOR®, C(=0INR™R™ or (CHR™;
R® and R® are independently H. methyl, halomethyl, fluoro, or methoxy:

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

each R' is independently alkyl, haloatkyl, aryl, or heteroaryt;



WO 2010/146488 PCT/IB2010/052349

R is alkyl, arvl, hetercaryl, or cycloalkyl, wherein each said alkyl, aryl,
heteroaryl, and cycloalkyl may be substituted with one or more substifuents selected
from hydroxy, aming, halo, alkoxy, and amingalioyt:

each R™ and R™ is independently H, alkyl, aryl, heteroaryl, or cycloalkyi,
wherein sach said alkyi, aryl, heteroaryd, and cycioalkyl may be substituted with one
or more substituents selected from hydroxy, amino, halo, atkoxy, and aminoalkyl, or,
when R’ is C{=OINRMR™ R™ and R™, together with the nitrogen atom to which they
are attached, form a 5- or 6-membered N-containing heterocyclic ring;

O

N

Q 6()
R s ﬁ}"HR”;

R™ is M, atkyl, aryl, heteroaryl, or cycloalkyl, 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;

provided that the compound of Formula X is not (38)-3-aminoe-7-bromo-1-
hydroxy-3,4-dihydroguinolin-2{1H}-one; (3R)-3~amino-7-bromo-T-hydroxy-3,4-
dinydroguinolin-2(1Hyone; rac-3-amino-7-bromo-T-hydroxy-3, 4-dihydroguinglin-
2(1H-one; rac-3-amino-8-chioro-1-hydroxy-3,4-dihydroquinolin-2(1 Hy-one; rac-3-
amino-~7-chloro-1-hydroxy-3,4-dihydroguinolin-2{ 1H)-one; rac-3-amino-7-fluoro-1-
hydroxy-3 4-dihydroguinolin-2{1H)-one; rac-3-amine-6-chlore-1-hydroany-3 .4-
dihydroquinolin-Z( tH)-one; rac-3-amino-5-chioro-1-hydroxy-3 4-dihydroquinolin-
2{1HY-one; rac-3-amino-6-bromo-1-hydroxy-3,4-dihydroguinolin-2(1H)-one; rac-3-
arrino-G-fluoro-1-hydroxy-3 4-dihvdroguinolin-2(1Mi-one: rac-3-amino-1-hydroxy-4-
methyl-3 4-dihydroguinoiin-2{ 1H-one; (35)-3-amino-1-hydroxy-3 4-dihydroguinolin-
2(1H-one; or (3R)3-amino--hydroxy-3,4-dihydroquinctin-2{1H}one.

This invention also includes pharmaceutically acceptable salts, hydrates,
solvaies, isomers, orystaliine and non-crystalline forms, isomorphs, polymorphs, and
metabolites of compounds of Formula X. This invention also includes alt tautomers
and stereocchemical isomers of these compounds.

This invention alsa is directed, in part, to a method for treating a KAT i
mediated disorder in a mammai. Such disorders include cognitive deficils associated
with schizophrenia and other neurcdegenerative andfor neurclogical disorders. The
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method comprises admmistering a compound of Formula X or a pharmaceutically
acceptable salt thereof, to the mammal in an amount that is therapeutically effective
to treat the condition,

BRIEF DESCRIPTION OF THE DRAWINGS

FiGs. 1 describes in vivo plasma exposure of Example 71 in dogs following

dosing of Example 71 (IV or PO) or Example 72 (PO}. The line indicated by "¢
represents plasma exposure of Example 71 following infravengous 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 mgikg. The
line indicated by "-u." represents plasma exposure of Example 71 following
administration of Example 72 by oral gavage at a dose equivalent to 1 mg/fkg 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 to
3 migrkg Example 71, The line indicated by "-¢-" rapresents plasma axposwre of
Example 71 following oral administration of Example 72 1o subject 1. The ling
indicated by “-#-"represents plasma exposure of Example 71 following oral
administration of Example 72 to subject 2. The line indicated by "-&-" represents
plasma exposure of bxample 71 following oral adminisiration of bxample 71 o
subject 3. The Hine indicated by “-B8-"represenis plasma exposure of Example 71
foliowing oral administration of Example 71 1o subject 4.

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

described above.
Another embodiment of the presaent invention is a compound of Formula XA
or Formula XB:

?R:‘ L})F{b
AL N O L N O
i 1
Ko = ) .
\A*L\ NH, ST < UNH
R%‘a f:{ab XA or g.;:f::i = XB

wherein A, X, Y, Z, R°, R® and R™ are as defined herein for Formula X.
Another embodiment of the present invention is 8 compound of Formula Xi or

Formuia XiA that is a compound of Formula X or Formula XA, respectively, whereim
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AL XY, and £ 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 £ are N;

{iiy A and X together form a8 5 or 6-memberad aromatic or N-cortaining
hetercaromatic ring fused o the ring containing A and X, Y is N or CR®,
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

{ii}) Y and £ together form a 5- or 8-membered aromatic, N-containing

heteroaromatic, or O-containing heterocycioalky! ring fused to the ring
containing Y and 7, Ais N or CR', and X is N or CR?, wherein the 5- or
S-mambered aromatic or N-containing hetercaromatic ring is substituted
by R® and R

R', ®%, R, and R* are independently H, halo, alkyl, aryl, aratkyl, heteroaryl,
alkoxy, aryloxy, aratkylioxy, heterocycloalkyloxy, heteroaryloxy, cycloalkyl,
alkyiheterocycloatkyl, heterceycioalkyl, CHNRTR® and SO,R™, whereain each said
aryt, aratikyl, hetercaryl, atkoxy, arvioxy, aralkyloxy, heterocysioatkyloxy,
heteroarvioxy, cycloalky, alkyiheterocycioalkyl, and heterocycloalkyl, 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 H or methyl;

sach R’ and R? is independently alkyl or aryl;

sach R™ is independently atkyl, haloatkyl, aryl, or heteroaryt; and
pharmaceutically accaeptable salts.

Another embodiment of the present invention is a compound of Formula Xior
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 M, halo, Cea alkyl, Gy alkoxy. or cyclopropyl.

Another embodiment of the present invention is a compound of Formula Xi or
Forrnula XIA wherein R’ is H, halo, Cy4 alkyl, Cy.; alkoxy, or eyclopropyt: R* is M,
halo, G alkyl, Cus alkoxy, Csg cycloalkyl, 4-6-membered heterocycioalkyl, CN,
NR'RE, C(=OINR'R®, SONR'R® NRTSO.R®, and NR'C{(=0IR™®, whersin each said
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alkyl, alkoxy, arvioxy, heterocycloalkyloxy, heteroaryloxy, cycloatkyl, and
heterocycloalkyl may be substifuted with one or more substituents selecled from
hydroxy, amino, halo, atkoxy, and amincalkyl: each R and R® is independentiy H,
alkyt, or haloalkyl: and each R™ is alkyl or haloalkyl.

Another embodiment of the present invention is a compound of Formula Xt or
Formula XIA wherein R’ is H, halo, Cy alkyl, G5 alkoxy, or eyclopropyt; R*is H,
halo, Cq alkyl, G5 alkoxy, Css cycloalkyl, 4-6-membered heterocycloalkyl, CN,
CE=OINRRY, or SONR'R?®, wherein each said atkyl, alkoxy, arvioxy, heteroaryloxy,
cycloalkyl, and heterocycloalkyl may be substituted with one or more substituents
selected from hydroxy, amino, halo, atkoxy, and aminoalkyl; and each R" and R% is
independeantly H, alikyl, or haloalkyl.

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

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

§ Rﬁsa RS&)

XA

wherein R is H, halo, Cy alkyl, Cy5 alkoxy, or cyclopropyl: RY, R® R* | and R® are as

or

defined above for Formula X; and one of R™ and R™ is M and the other is H, methyl,
flucromethyl, flucro, or methoxy.

Another embodiment of the present invention is a compound of Formula XH or
Formula XI1A wherein R, R%, B°, and R gre independently H, F, Cl, Br, CH,, or CF4;
and one of R*™ and R™ is M and the other is H or CH..

Another embodiment of the present invention 1s a compound of Formula X or
Formula XiIA wherein R' is H; R is H, Cl, or CHy, R is H or CHy and R is H, F,
CHs, or OF 4

Another embodiment of the present invention is a compound of Formula X
or Formula XHA that is a compound of Formula XH or Formula XA, respectively,
wherein R' is H; R? is H, anylalky! that is benzyl, aryloxy that is phenoxy, or
heterparyloxy, wherein said aryl or heteroaryl may be substituted with one or more
substituents selected from hydroxy, amino, halo, alkyl, haloatkyl, CN, alkoxy,
haloatkoxy, alkylamino, and aminocalkyl; R® is H or atkoxy, wherein said alkoxy may
be substituted with one or more halo; and R* is M,
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Another embodiment of the present invention is a compound of Formula Xi
or Formula XIIA' wherein R® s H or benzyl,

Ancther embodimeant of the present invention is a compound of Formula Xi
or Formuta XUA whersin R is H.

Another embodiment of the present invention is a compound of Formula X#|
or Formuta XIHA that is a compound of Formula X or Formula XA, respectively:

=3 {%}RS (?Rﬁ
R _Aw N0 N.__O
X )¢
RN “NH; | L< ~NH,
R R® i or R R XA

wherein 1%, R, RY, and R® are as defined herein for Formula X or Formuia XA; and
ane of R™ and R®™ is H and the other is H, methyl, fluoromethyt, fluoro, or methoxy.

Another embodiment of the present invention is a compound of Formula X
or Formula XIHA wherein R?, R”, and R are independenily M, F, Cl, Br, CHa, or CF5;
and one of R™ and R™ s M and the other is H or CH,.

Another embodiment of the present invention is a compound of Formula Xl
ar Formula XA 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 thereof,

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

Another embodiment of the present invention is a method for the treatment or
prevention in 8 mammal of 8 condition selecled from the group consisting of acute
nsurological and psychiatric disorders; siroke; cerebral ischemia; spinal cord trauma;
cognitive impairment, including mild cognitive impairment; head trauma; perinatal
hypoxia; cardias arrest, hvpoglveemic neuronal damage; dementia; Alzheimer's
disease: Huntington's Chorea; amyotrophic lateral sclerosis; ocular damage;
retinopathy; cognitive disorders; idiopathic and drug-induced Parkinson's disease;
muscular spasms and disorders associated with muscular spasticity including
tremors; epilepsy,; convulsions; migraine; urinary incontinence; substance tolerance;
substance withdrawal; psychosis; schizophrenia; negative symptoms associated with

schizophrenia, autism, including autism spectrum disorders; bipolar disorder;
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depression, including but not hnnded to Major Depressive Disorder and treatment-
resistant depression; cognitive impairment associated with depression; cognitive
impairment associated with cancer therapy, anxiely; moaod disorders; inflammatory
disorders,; sepsis; cirrhosis: cancer and/or tumors associated with immune responss
escape,; trigeminal neuralgia; hearing loss: Hnnitus; macular degeneration of the eye;
emeasis; brain sdema; pain; tardive dyskinesia, sleep disorders; attention
deficit/hyperactivity disorder; attention deficit disorder; disorders that comprise as a
symptom a deficiency in attention and/or cognition; and conduct disorder; comprising
administering a compound selected from (35)-3-amino-7-bromo-1-hydroxy-3,4-
dihydroquinolin-2(1H)}-one, (3R}-3-amino-7-bromo-1-hydroxy-3 4-dihydroquinglin.
2{1HY-one, rac-3-amino-7-bromo-1-hydroxy-3,4-dihydroguinolin-2(1H)-one, rac-3-
amino-8-chioro-1-hydroxy- 3 4-dihydroquinolin-2{1H-one, rac-3-amino-7-chinro-1-
hydroxy-3,4-dihydroguinolin-2{1 H-one, rac-3-amino-7-flucro-1-hydroxy-3,4-
dihydroguinolin-2(1Hrone, rac-3-aminc-8-chioro-1-hydroxy-3 4-dihydroquinolin-
2(1H-one, rac-3-aming-S-chioro-1-hydroxy-3 4-dihydroquinoiin-2{ 1 M-one, rac-3-
amino-g-bromo-1-hvdroxy-3 4-dihvdroquinolin-2(1 H)-one, ras-3-amino-8-fluorg-1-
hydroxy-3 4-dihydroguinolin-2{1 Hrone, rac-3-amino-t-hydroxy-4-methyl-3 4-
dihydroquinolin-2{1H)}-one, {(35)3-amino-{-hydroxy-3,4-dihydroquinociin-2{1H)-one, or
{3R3-amino-1-hydroxy-3, 4-dihydroguinolin-2(1H-one, or a compound of Formula X
Ancther embodimeant of the present invention is a method for the treatment or
prevention in @ mammal of 3 condition selected 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 or cerebrat
frauma, dementia associated with Huntington's disease or Parkinson's disease, or
AlDS-related dementia; delinum, 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; cognifive deficits associated with psychoses; or cognitive
daficiis associated with schizophrenia, comgprising administering a compound
selected from (38)-3-amino-7-bromo-1-hydroxy-3 4-dihydroquinolin-2(1H}-one, (3R)-
J-amine-7-hromo-1-hydroxy-3 4-dihvdroguinolin-2(1H)-one, rac-3-amine-7-bromo-1-
hydroxy-3 4-diydroguinolin-2{1 Hy-ong, rac-3-amino-8-chioro-1-hydroxy-3 .4~
dihydrogquinolin-2(1H-one, rgc-3-amino-7-chiore-t-hydroxy-3,4-dihydroguinolin-
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2{1H)-one, rac-3-amino-7 -fluoro-1-hydroxy-3,4-dihydroguinolin-2( 1 H)-one, rac-3-
amine-8-chloro-1-hydroxy-3 d-dihydroquinolin-2{1Hyone, rge-3-amino-5-chiore-1-
hydraxy-3 d-dihydroguinolin-2{1 H-one, rac-3-aming-8-bromo-1-hydroxy-3,4-
dihydroguinolin-2(1 Mi-one, ras-3-amino-8-fucro-1-hydroxy-3,4-dihydroquinolin-
2(1H)-one, rac-3-amino-1-hydroxy-4-methyl-3 4-dihydroguinolin-2{ 1 H}-one, {35)-3-
amino~1-hydroxy-3 4-dihydroquinelin-2{ 1 H}-one, or {3R}-3-amino-1-hydroxy-3,4-
dihydroguinolin-2(1 Hy-one, or a compound of Formula X

Another embodiment of the present invention is a method for the treatment or
prevention in a mammal of a condition selected from the group consisting of acute
neurological and psychiatric disorders; stroke; cerebral ischemia; spinal cord trauma;
cognitive impairmant, including mild cognitive impairment; head trauma; perinatal
hvpoxig, cardiac arrest; hypoglycemic neuronal damage; dementia; Alzheimer's
disease; Huntington's Chorea; amyaotrophic lateral sclerosis; ocular damage;
retinopathy; cognitive disorders; idiopathic and drug-induced Parkinson's disease;
muscular spasms and disorders associated with muscular spasticity including
tremaors; epilepsy; convalsions; migraine; urinary incontinence; substance iolerance;
substance withdrawal; psychosis; schizophrenia; negative symploms associated with
schizophrenia; autism, including autism spectrum disorders; bipolar disorder;
depression, including but not limited to Major Depressive Disorder and treatmaent-
rasistant depression; cognitive impairmen associated with depression; cognitive
impairment assogiated with cancer therapy; amdety; moad disorders; inflammatory
disorders; sepsis; cirrhosis; cancer and/or tumors associated with immune response
escape; trigeminal newralgia; hearing loss; tinnitus; macular degeneration of the eye;
emesis; brain edema; pain, tardive dyskinesia; sleep disorders; aitention
deficithyperactivity disorder; attention deficit disorder; disorders thal comprise as a
symplom a deficiency in attention andior cognition; and conduct disorder; comprising
administering a compound of Formula X

Another embodiment of the present invention is a method for the treaiment or
pravantion in a mammal of a condition selected from the group consisting of
damantia; cognifive deficit symploms of Alzheimer's disease; altention deficit
symptoms of Alzhelmer's disease, multi-infarct dementia, alcoholic dementia or other
drug-related dementia, dementia associated with intracranial tumors o cerebrat
frauma, dementia associaled with Hundinglon's disease or Parkinson's disease, or
AlDS-related dementia; delinum, amnestic disorder; post-traumatic stress disorder,
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mental retardation; a leaming disorder (.4, reading disorder, mathematics disorder,
or a disorder of written expression), attention-deficityhyperactvity disorder; age-
related cognitive decline: cognitive deficils associated with peychoses; or cognitive
deficits associated with schizophrenia, comprising administering a compound of
Formuda XU

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'  OR® R e:gmf'

. H
;-'-zfﬁT S NG
i I
N
}‘5"’“ ) NH,
¥o) 393
R RTOR XV or

wherein R' is H, halo, T, alkyl, Cy5 alkoxy, or cyclopropyl; one of R® and R™ is H

and the other is H, methyl, flucromethyl, fluore, 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 Formuia XA, respectively ;

R OR® R*  OR®

, [aba Bk
r1R? R XV or XVA

wherein R' s M, halo, C5 alkyl, Cy.z alkoxy, or cyclopropyl: one of R™ and R™ is H
and the other is H, methyl, 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 Farmula XVA wherein R is H, halo, C,.4 alkyl, 5 alkoxy, or cyclopropyl; one of
R and R™ js H and the other is M, methyl, fluoromethyl, fiuoro, 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, wherein R’ and R* are H: R® is arylalkyl that is benzyl, aryloxy that
is phenoxy, or heteroaryloxy, wherein said aryt or heteroaryl may be substituided 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 1s a compound of Formula XV
or Formula XVIA that is a compeound of Formula X or Formula XA, respectively:
OR® OR >

)¢
<7 O NH,

8b é‘z 5&:.
R XVl rRIRT R XViA

wherein R’ is M, halo, C.5 alkyl, Co; alkoxy, or cyclopropyl: one of R™ and R* is H

R'f‘ R&Ea

and the other is H, methyi, flucromethyl, flucro, or methoxy; and wherein R?, R®, and
R® are as defined above for Formula X or Formula XA

Ancther embodiment of the present invention is a compound of Formula XVI
or Formula XVIA wherein R' is H, halo, C. 5 alkyl, C1.5 alkoxy, or cyclopropyl one of
R™ and R™ is H and the other is H, methyl, fluoromethyl, flucro, or methoxy; and
wherein k%, 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 arvialkyl that is benzyl or aryioxy, wherein said aryl
may be substiluted with one or more substituents selected from hydroxy, amino,
halo, alkyl, 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
ar Farmula XVIA wherein R® is arylatkyl 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, atkoxy, haloaltkoxy, allkylaming, and
aminoatkyl and R’ is H or methyl.

Another embodiment of the present invention 1s a compound of Formula XV
ar Formuia XVHA that is a compound of Formula X or Formula XA, respectively:

= DR” = ?Rﬁ
Ni
TN NH.
REs RG*’ xwx or RE R wyha

wherein one 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 present invention is a compound of Formula XVl

or Formula XVIHA thatis a compound of Formula X or Formula XA, respectively:
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> NH, .
R R® vyt or XVHIA

wherein one 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 present invention is a compound of Formula XX
or Formuda XIXA that is a compound of Formula X or Formula XA, respectively:
?RE’ OR®

=8 E R‘I N\ N fﬂ}
R : R2 N;L< ~NH,
XiX or RS R XIXA

wherein one 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 present invention is a compound of Formula XX
ar Formula XXA that is a compound of Formula X or Formula XA, respectively:

st g = {:{}RE
I‘{jl/'g Nfo
N e
Y T S e
\‘:-h i3] b
R RS R or R R xxa

wherein R’ is H, Ces alkyl, Cra 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 Formuda X or Formula XA

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

5 OR 5
Rﬁ? A Rﬁi PF& Rﬁh
R? or R“I
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wherein R' is H, Cia atkyl, Cos alkodty, 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
ahove for Formula X or Formula XA,

Ancther embodimeant of the present invention is a compound of Formula XXH
or Formula XXHA that is a compound of Formula X or Formula XA, respectively:
N, N0

, pabw Sh
rIRT R XXH or XXUA

wherein R’ is H, halo, Cs alkyl, O alkoxy, or cyclopropyl; one of R™ and R¥ is M
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 presant invention is a compound of Formula XX
or Formuda XXIHA that is a compound of Formuta X or XA, respectively:

NN
|
S XXHt or XXHIA

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

Ancther embodiment of the present invention is a compound of Formula XX
or Formula XXIHHA 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 Formula XXiH or Formula XXIIA, respectively.

Table A
4 *x}#% (\& ‘M}f” S HNf \\\fl‘* H?\E 7/2% HN\/ \{}/’V‘a_
N NH N--NH Nzl N =N
s v-b-,:_‘\, - _,.;. e mﬂrgx\: N-:u-.,,-
Wl Ny N3 N % N we
ST IN TS AR RYE
HN— - = N— NN
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Another embodiment of the present invention is a compound of Formula XXIV
or Formula XXIVA that is a compound of Formula X or Formula XA, respectively:

0 p Z N0
GIL T T
> f/
CNH i
R xxiv or RS RE0 XXIVA

wherein the ring substituent X is a 5 or 6-membered aromatic, N-containing
heteroaromatic, or O-containing heterocycloalkyl ring substituent substituted by R*
and R R’ {i.e., when A is CR"}is H, halo, Cy alkyl, Cy.2 alkoxy, or cyclopropyl: and
R? RY A Z 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 XKV
or Formuda XAV A 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 RY; and wherein R? and R® are as defined for Formula XXIV.

Another embodiment of the present invention is a compound of Formula XXV
ar Formula XXVA that is 3 compound of Formula X or Formula XA, respectively:

i
Y
N
‘\ "G
X
7 NH,

R%  R™®  xxv  or © XXVA
wherein the ring substifuent Y is a 5 or 6-membered aromatic, N-containing
heteroaromatic, or O-comtaining heterocycloalkyl ring substituent substituted by R®
and R" R' (Le., when A is CR"}is M, halo, Gy alkyl, Gy alkoxy, or cyclopropyl; and
R® RY A, X, R®, R™, and R™ are as defined above for Formula X or Formula XA,
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Another embodiment of the present invention 1s 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.

Compaunds of Farmula X or compounds related thereto when R® is H 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, 22586)
also demonsirate that an initially formed inhibitor-PLEP Schiff base can undergo base-
induced tautomerization 1o an isomeric ketimineg, 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-promoled isomerization thereof, formed between
a compound of Formula X, as defined herein, and pyridoxal-5-phosphate.

Another embodiment of the presant invention is a Schiff base, or the product
of hase-promoted isomerization thereof, formead between a compound of Formuia X,
as defined herein, and pyridoxal-S-phosphate, wherein said Schiff base is formed in
wivo,

Prodrugs that have litle or no pharmacological activity themselves can, when
administered into or onto the body, be converted into compounds of Formula X
having the desired aclivily,

Another embodiment of the present invention is a compound of Formula X or
Formuia XA wherein R is H, halo, C,. atkyl, Ci.2 alkoxy, or cyclopropyl R® is
CEOIR®?, CEOIOR®, CEOINRSR™, or (CHR'™: and R is methyl.

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

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

O
r b N "gL 3 H i 7 ,?Z;LLWMN: /O
Formula XA wherein R® is . Nt T N o TR N

Another embodiment of the present invention is a compound selected from

f‘f 9 o~ T
NG o ey cylﬂﬁgxg’ \

Examples 72, 73, and 121-123, and pharmaceulically acceptable salis thereof
Another embodiment of the present invention is (35)-3-amino-1-
{dimethyicarbamoyhoxyl-3 d-dihydroquinolin-2{ 1H-one (see Example 73), and

pharmaceutically acceptable saits thareof.
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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.

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

Another embodiment of the present invention is a compound of Formula XIB,
Faormuia XHB, Formula XHB, Formula XIVE, Formula XVB, Formula XVIB, Formula
KWVHEB, Formula XVHIB, Formula XXIB, Formuda XXHB, Formula XXHB, Formula
XXIVB, or Formula XXVB, that is a compound of Formula XIA, Formulta XUA,
Formuia XIHA, Formulda XIWA, Formuia XVA, Formuta XVIA, Formula XVEA, Formula
XVIHIA, Formula XXIA, Formula XXHA, Formula XXHIA, Formuta XXIVA, or Formula
XXVA, respectively, wherein the right side of the molecule has the following
sterecchemistry:

km ;:,{13
. N,
pha R

Linless ctherwise specified, for the sake of brevity, any reference herein o
compounds of Farmula X shall include reference {0 any compounds of the invention,
ncluding any compounds of Formulas X, XA, Xi, XIA, X, XHA, XHI XA, XIV, XIVA,
XV, XVA, XV, XVIA, XVH, XVHA, XV, XVHIA, XX OAA, XK, JOGEA, XOAH, XXHIA,
KAV, GOVA, XXV, or XOXVA, without specific reference o each Formula.

Linless otherwise specified, any vanable not mentioned in Formulas X, XA,
XE,XIA, X XHA, XIP, XHA, X3, XHIA, XIV, XIVA, XV, XVA, XVI XVIA, XV, XVEA,
XV, XVHEA, XIX, XIXA, XX, XXA, X0, XXHA, XXH, XXHA, XXHE XXIHA, XX,
FOOWA, XXV, or XXVA will have the definition as provided in Formula X Furthermore,
urtless otherwise specified, reference 1o a compound of any Formula disclosed
herein shall also include pharmaceutically accepiable salls thereot.

Abbreviations and Definitions

The term "alkyl” refers to a linear or branched-chain saturated hydrocarbyl
sabstituent (.e., 8 substituent 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
another embodiment, from one {0 six carbon atoms,; and in another embodiment,
from ane 1o four carbon atoms. Examples of such substituents include methy, ethyl,
propyl {including n-propy! and isopropyl, buty {including n-butyl, isabubtyvl, sec-butyl
and ferf-butyl), pentyl, isoamyl, hexyl and the like.

“Alkenyt” refers to an aliphatic hydrocarbon having at least one carbon-carbon
double bond, including straight chain, branched chain or eyclic 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 alkeny! 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-Celalkeny!” means straight or branched chain unsaturated radicals of 210 6
carbon atoms, including, but not limited to ethenyt, T-propenyl, 2-propenyt (alhv), iso-
propenyl, Z-methyl-1-propenyl, 1-butenyl, Z-butenyl, and the like; optionally
substituted by 110 5 suitable substituents as defined above such as Huoro, chioro,
trifluoromethvl, {C-Calalkoxy, (Ce-Crglaryloxy, triflucromethoxy, diffucromethoxy or
{C-Cylalkyl. When the compounds of the invention contain a (C,-Cs)alkenyl group,
the compound may exist as the pure E (enigegen} form, the pure Z {zusammen)
form, or any miture thereof,

“Alicynvl” refers 10 an aliphatic hydrocarbon having at least one carbon-carbon
friple bond, including straight chain, branched chain or cydlic groups having at least
oné carbon-carbon triple bond. In one embodiment, the alkynyl group has 2 {0 20
carbon atoms (whanever a numerical range; e.g., "2-20%, is stated herein, it means
that the group, in this case the alkynyl group, may contain 2 carban atoms, 3 carbon
atoms, efc. up 1o and including 20 carbon atoms). In another embodiment, itis a
medium size alkynyl having 2 to 10 carbon atoms. in another embodiment, itis a
lower aliynyt having 2 o 8 carbon atoms. For example, as used herein, the term
"a-Ugiatkynyl” is used herein 1o mean straight or branched hydrocarbon chain
alkvnvi radical as defined above having 2 10 8 carbon atoms and one triple bond.

The term "cycloalkyl” refers to a carbocyclic substituent obtained by removing
a hydrogen from a saturated carbooyaiic molecule and having three to fourteen
carbon atoms. in one embodiment, g cycloalkyl substituent has three o ten carbon
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atoms. Examples of oycloalkyl include cyclapropyl, cyclobulyl, cyclopentyt and
cvclohexyl.

The term “cycloalkyl” also includes substituents that are fused to a Ce-Cyp
gromatic ring or io a 5-10-membered helercaromatic ring, wherein g group having
such a fused cyclaalkyl group as a substituent 1s bound 1o a carbon atom of the
cycloatkyt group. When such a fused cycloalkyl group is substituted with one or more
substituents, the one or more substituents, unless otherwise specified, are each
bound to a carbon atom of the cycloalkyl group. The fused Cs-Cypy aromatic ring or 5-
10-membered heteroaromatic ring may be optionally substituted with halogen, Cy-Ce
alkyl, Cx-Cyp cycloaliyl, or =0, A cycloatkyl may be a single ring, which typically
containg from 3 to 6 ring atoms. Examples include cyclopropyl, cyclobuty,
cyclopentyl, and cyclohexyl. Allermatively, 2 or 3 rings may be fused {ogether, such
as bicyclodecanyl and decalinyl.

The term "aryl” refers to an aromatic subsitituent containing one ring or two or
three fused rings. The ary! substituent may have six to eighteen carbon atoms. As an
example, the aryl substituent may have six to fourtean carbon atoms. The term "argl®
may refer {0 substituents such as phenyl, naphthyl and anthracenyl. The term “anl”
also includes substituents such as phenyl, naphthyl and anthracenyi that are fused to
a G Uhe carbocoyclic ring, such as a Cs- or 8 Ce-carbocyolic ring, or to a 4-10-
mmermberad heterocyclic ring, wherein a group having such afused arigroup as a
substituent is bound to an aromatic carbon of the aryl group. When such a fused aryl
group is substituted with one or more substituents, the one or more subsiifuenis,
unless otherwise specified, are each bound {o an aromatic carbon of the fused aryl
group. The fused Ci-Cqp carbooyclic or 4-10-membered heterooychic ring may be
optionatly substituted with halogen, C«-Cg alkyl, Ts-Cyp cycloatkyt, or =0, Examples of
aryt groups include accordingly phenyl, naphthatenyi, tetrahydronaphthalenyt (also
known as “fetralinyl”), indenyl, iscindenyl, indanyl, anthracenyi, phenanthrenyl, and
henzonaphthenyl (also known as “phenalenyl™).

The term "araikyl” or “arvlatkyl” refers 1o an alkyl substifuent, as defined
harein, substituted by an aryl substitusnt, as defined herein. Aralkyl substifuents may
have from seven to 24 carbon atoms. Examples of aralkyl groups include benzyl {i.e.,
ghenvimathyh), ghenviethyl, indanvimethyl and naththalenyiethvl

i some instances, the number of carbon atoms in 2 hydrocarby! substituent
{i.e., atkyl, alkenyl, cycloalkyl, cycloalkenyl, aryl, etc.) is indicated by the prefix “C,-C,”
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of "Cy." wherein x is the minimum and y is the maximum number of carbon atoms in
the substituent, Thus, for example, “CCs alkyl and “C..s atky!” both refer to an alkyl
substifuent containing from 1 40 6 carbon atoms. Hustrating further, C;-Cs cycloalkyl
and Css ovcloalkyl refer 10 saturated cycloatkyl containing from 3 to 8 carbon ring
atoms.

in some instances, the number of atoms in a cyclic substituent containing one
or more heteroatoms {i.e., heteroaryl or heterocycloatkyl) is indicated by the prefix "X-
Y-membered”, wherein x Is the minimum and y is the maximum number of atoms
forming the oyclic moiety of the substituent. Thus, for example, 5-8-membered
heterocycloatkyl refers 1o a heterocycloalkyl containing from 5 1o 8 atoms, including
one or more heteroatoms, 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 to which one or more hvdroxy substifuents are attached include, for
gxample, gicohols, encls 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 hydroxybutyl,

The term “gyano” {also referred 10 ag "nitrila”) means ON.

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

The ferm "aming” refers to NH..

The term “alkylaming” refers to an amino group, wherein at least one alkyl
chain is bonded to the aming nitrogen in place of a hydrogen atom. Examples of
alkyvlaming substituents include monoalkyiamino such as mathylaming (exemplified
by the formula NH(CH;:)), and dialkylamino such as dimethylamino {exemplified by
the formula ~N{CH;):).

The term "halogen” refers to fluorine {which may be depicted as F), chiorine
{which may be depicted as C), broming {which may be depicied as Br), or iodine
{which may be depicted as ). In one ambodiment, the halogen is chlorine. In another
embodiment, the halogen is fluorine. In ancther embodiment, the halogen is bromine.

The prefix “halo” indivates that the substiluent to which the prefix is attached
is substituted with ong or more independently selecied halogen substituents. For
axample, haloalky! refers 1o an altkyl that is substituled with at least one halogen
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substiuent. Where more than one hydrogen is replaced with halogens, the halogens
may be identical or different. Examples of haloatkyls include chioromethyl,
dichloromethyl, difluorochioromethyl, dichlorofluorometind, trichloromeathyl, 1-
bromoethyi, fluoromethyd, diffuoromethyl, tifluoromethyi, 2.2, 2-rifuorcethyi,
diffuoroathyl, pentafiuorosthyl, diflucropropyl, dichioropropyl, and heptafiuorepropyl.
Hustrating further, “haloalkoxy” refers to an alkoxy that is substituted with at least one
halogen substituent. Examples of haloatkoxy substituents include chioromethoxy, 1-
bromoethoxy, flucromethoxy, diffuoromethoxy, tnfluoromethoxy (also known as
‘perfiuoromethyloxy™), and 22 2-trifluorcethoxy. it should be recognized that if a
substituent is substituted by more than one halogen substituent, those halogen
substituents may be identical or different (unless otherwise stated).

The term “oxo” refers to =0,

The term "alkoxy” refers 1o an alkyl inked to an oxygen, which may also be
reprasented as ~OR, wherein the R represents the alkyl group. Examples of alkoxy
include methoxy, ethoxy, propoxy and butoxy.

The term “cyvcinalkyioxy” refers 10 a cycloalkyl linked 1o an oxygen, which may
also be represented as —-0OR, wherain the R represents the cycloalkyl group.
Examples of cycloalkyloxy include cyclopropyloxy, cyclobutyloxy, and cyclopentyloxy.

The term “heterocycioalkyl” refers 1o a subshituent oblained by removing a
hydrogen from a saturated or partially saturasted ring structure containing g total of 4
0 14 ring atoms. Al least one of the ring atoms is g heterogiom usually selected from
oxygen, nitrogen, or sulfur. A heterocycloaltkyl allematively may comprise 2 or 3 rings
fused togsther, wherein at least one such rning contains a heteroatom as a ring atom
{l.e., nitrogen, oxygen, or sulfur). In 3 group that has a heterocycloalkyl substituent,
the ring atom of the heterocveivaikyl substituent that is bound lo the group may be
the at least one heteroatom, or it may be a ring carbon atom, where the ring carbon
atom may be in the same ring as the at least one heteroatom or where the ring
carbon atom may be in a different ring from the at least one hetercatom. Similarly, if
the heterocycloatikyl substituent is in turn substituted with a group or substituent, the
group oF substituent may be bound 1o the at least one hetercatom, 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 heferoatom or where the ring carbon atony may be in a different ring
from the at least one heteroatom.
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The term “heterocycloaliyl” also includes substituents that are fused o a Cs-
o aromatic ring or to a 5-10-membered hetercaromatic ring, whereain a group
having such g fused heterocyrloalkyl group as a substituent is bound to a heleroatom
of the heterogyclocalky! group or to a carbon atom of the heterocyoloalkyl group.
When such a fused heterocycloalkyl group is substituled 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
heterocycloatkyl group. The fused Ce-Cio aromatic ring or 5-10-membered
hetercaromatic ring may be optionally substituted with halogen, C:-Cs atkyl, C3-Cyg
eycloalkyl, Ci-Cs alkoxy, or =0.

The term “heterocycloalkyloxy” refers to a heterocycloalkyl linked to an
oxygen, which may aiso be represented as ~OR, wherein the R represents the
heterocycloalky! group. Exampies of heterocycloalkyioxy include oxetanmyoxy (such
as oxetan-G-ylowy), tetrahydrofuranyioxy (such as tetrahvdrofuran-3-vioxy), and
tetrahydropyranyioxy (such as tetrahydro-2H-pyran-4d-yloxy or tetrahydro-2H-pyran-3-
vloxy ).

The term “hetercaryl” refers 1o an aromalic ring structure containing from &1o
14 ring atoms in which at least one of the ring atoms is a heteroatom {i.e., oxygen,
nitrogen, or sulfun), with the remaining ring atoms being independently selected from
the group consisting of carbon, oxygen, nitrogen, and sulfur. A heteroaryl may be g
singie ring or 2 or 3 fused rings. Examples of hetercanyl substituents include 8-
memberad ring substiiuents such as pyridyl, pyrazyl, pyrimiding, and pyridazinyl; 5-
membered ring substituents such as tnazolyl, wadazolyl, furanyl, thiophenyl,
pyrazolyl, oxazolyl, isoxazolyl, thiazobyl, 1,2.3-, 1,24~ 1,2.5-, or 1,3 4-oxadiazolyl and
istthiazoivl 6-/5-membered fused ring substituents such as benzothiofuranyt,
isohenzothiofuranyt, benzisoxazolyi, benzoxazolyl and purinyl; and 8-/6-membered
fused rings such as quinolinyl, isoquinoliny, cinnolinyl, quinazolingl, and 1 4-
henzoxazinyl. in a group that has a hetercaryl subsiifuent, the ring atom of the
hetercaryt substituent that is bound 10 the group may be the at least one heteroatom,
or it may be a ring carbon atom, where the ring carbon atom may be in the same ring
as the at least one heteroatom or where the ring carbon atom may be in a different
ring from the at least one heterpatom. Similarly, if the heteroaryl substituent is in fum
substituted with a group or subsiituent, the group or substituent may be bound 10 the
at least one hateroatom, or it may be bound 10 a ring carbon atom, where the ring
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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, The
term “hetercaryl” also includes pyridyl N-oxides and groups condaining a pyridine N-
oxice ring.

Examples of single ring heteroaryls include furany, thiophenyt (also known as
“thiofuranyl”), pyrrolyl, imidazolyl, pyrazoiyl, triazolyl, tetrazolyl, oxazolyl, isoxazolyl,
thiazolyl, isothiazolyl, thiadiazolyl, oxadiazolyt [including 1,2 4-oxadiazolyl {also
known as “azoximyl™), 1,2 5-oxadiazoelyt (also known as “furazanyl”™), or 1,3.4-
oxadiazohyl], oxatriazohd {including 1,23 4-oxatriazolyl or 1,2,3 5-oxatriazolyl),
pyridinyl (also known as “azinyl™), diaziny! [including pyridazinyt (also known as *1,2-
diazinyl™}, pyrimidinyl {also known as 1, 3-diaziny” or "pyrimidyl™), or pyraziny (also
known as “1 4-digzinyd™], and azinyt including s-triazinyd {also known as “1,3,5-
triazinyl”), as-nazinyt (also known 1,2 4-friazinyl}, and v-inaziny! (also known as
1,2 3-Ariaziny!™).

Examples of 2-fusad-ring hetercaryls include indolizinnd, pyrindinyl, puriny,
naphthyridingd, pyridopyriding (including pyrido]3 4-bl-pyridiny!, pyridol3,2-5lpyridinyl,
or pyridofd 3-bloyndinyl), and pleridinyl, indolyl, iscindoyl, isoindazolyl, phthalaziny,
quinoxalinyl, quinazolinyl, benzoxazolyl, indoxazinyl, anthranilyl, benzoxadiazolyl,
bhenzofuranyl, isobenzofuranyd, benzothieny!, isobenzothienyl, benzothiazolyl,
benzothiadiazolyl, benzimidazoiyl, benzotriazobyl, henzoxazinyt, and benzisoxazinyl.

Examples of 3-fused-ring hetargarys or heterocycioalkyls include 5 6-dibvdro-
dH-imdazold 5 1-fauinoline, 4, 5-dihwdroimidazol[4,5,1-hiindole, 4,5,6,7-
tetrahydroimidazoid 5,19kl 1ibenzazepine, and dibenzofuranyl.

COther examples of fused ring heteroarnvls include benzo-fused heteroaryls
such as indolyl, soindoly {also known as “isohenzazolvl” or “pseudaisaindoiyl™,
benzaziny! [including quinohnyt (also known as "1-benzaziny?™) or isoquinolinyt (also
known as “2-benzazinyl™}], phthalazinyl, quinoxalinyl, quinazolinyl, benzodiazinyt
{including cinnolinyl {also known as “1,2-benzediazing!™) or guinazolinyt (also known
as “1,3-benzodiazinyl™)], benzoxazolyl, indoxaziny (also known as “bengzisoxazoiyl™,
banzoxadiazolyl, benzofuranyt (also known as "coumaronyl™), iscbenzofuranyl,
benzothienyl (also known as “benzothiophenyl,” “thionaphthenyl,” or
“benzothiofuranyl™), isobenzothienyl {also known as “isobenzothiophenyl,”
“isothianaphthenyl,” or Sisobenzothicfuranyl™), benzothiazolyl, benzothiadiazobyl,
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benzimidazolyl, benzotriazolyl, benzoxazinyl, benzisoxaziny! (including 1,2-
benzisoxazinyt or 1,4-benzisoxazinyl}, carbazolyl, and acridinyl.

The term "heteroaryl” also includes substituents such as pyridyl and guinoling
that are fused {0 a C,-Cyy carbogeyciic ring, such as a Cs or a G; carbocyclic ring, or to
a 4-10-membered heterocyahic ring, wherein a group having such a fused aryl group
as a substifuent is bound to an aromatic carbon of the hetercaryl group orto a
heteroatom of the heteroary! group. When such a fused heteroanyl group is
substituted with one or more substituents, the one or more substifuents, uniess
otherwise specified, are each bound to an aromatic carbon of the heteroaryl group or
to a hetsroatom of the heteroaryl group. The fused Cs-Cyp carboceyclic or 4-10-
membered hsteracydlic ring may be optionally substituted with halegen, C.-C;s alkovl,
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-etrahvdrofuranyt, 3-
tetrahydrofuranyl, 2-tetrahydropyranyl, 3 tetrahydropyranyl, d-tetrahydropyranyt,

1. 3]-dioxatanyl, [1,3]-dithiclanyt, [1,3]-dioxamyl, 2-tetrahydrothiophenyl, 3-
tetrahydrothiophenyl, 2-morpholinyl, 3-morpholing, 4-morpholinyl, 2-thiomorpholing,
3-thiomorphotlinyl, 4-thiomorpholinyl, 1-pymoliding, 2-pyrrolidiny, 3-pyrrofidinyl, 1-
piperazinyl, Z-piperazinyl, t-piperiding, Z-piperidinyl, 3-piperidiny, 4-pigeriding, 4-
thiazolidinyl, 2MH-Imidazol-2-one, 1-phithalimidinyl, benzoxanyl, banzolt 3kdioxine,
banzo[ 1. 4idioxine, benzopyrrolidinyl, benzopiperidinyl, benzoxotanyl, benzothiolanyl,
4,58, 7-tetrahydropyrazoi{ 1 S-alpyridine, benzothianyl, pyrrolidinyl, dihydrofuranyl,
tetrahydrothienyl, dihydropyranyl, tetrahydrothiopyranyl, piperidine, morpholino,
thiomorpholing, thioxanyl, piperaziny, azetidiny, oxetanyl, thietamd, homepiperidiny,
oxepanyl, thiepanyl, oxazepiny, diazepiny, thiazepiny, 1,2,3.6-tetrahydropyridinyl, 2-
pyrradingl, J-pyrroling, indolingd, 2H-pyranyl, 4H-pyranvi, dioxanyl, 1.3-dioxolanyl,
pyrazolingl, dithianyt, dithiclanyl, dihydropyranyl, dihydrothienyl, dihydrofuranyt,
pyrazolidiny, imidazolinyl, imidazoliding, 3-azabicyclo{3.1.0lhexany, 3-
gzabicyciofd. 1.0theptanyt, 3H-indolyl, guinclizinyl, pyridinyl, imidazolyl, pyrimiding,
pyrazotyl, riazolvi, pyrazinyl, tetrazobyl, furyl, thienyl, isoxazolyl, thiazolyl, oxazoivl,
isothiazolyl, pyrrolyl, quinoliny, isoquinolinyl, indolvl, benzimidazoly, benzofuranyl,
cinnoling, indazohyl, indolizingl, phthalazinvl, pyridazing, razinvl, iscindoivl,
ptendiny, puring, oxadiazolyl, thiadiazoll, furazanyl, benzofurazanyl,
benzothiophenyl, benzothiazolyl, benzoxazolyl, quinazolinyl, quinoxaling,
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naphthyridinyl, and furopyndinyl. The foregoing groups, as derived from the groups
listed above, may be C-altached or N-attached where such is possible. For instance,
a group dertved from pyrrole may bea pyrrob-1-y {(N-attached) or pyrrol-3-v (G-
ghtached). Further, a group derived from imidazole may be imidazol-1-yl (N-attached)
ar imidazol-2-yt (C-attached).

if a substituent is described as being “substituted,” a non-hydrogen
substituent is in the place of a hydrogen altached to a carbon, oxygen, sulfur or
nitrogen of the substituent. Thus, for example, a substituted alkyl substituent is an
alkyl substiiuent wherein at least one non-hydrogen substituent is in the place of a
hydrogen substituent on the alkyl substituent. To Hllustrate, monofiuoroalkyl is atkyl
substituted with a fluore substituent, and difluoroatkyl is alkyl substituted with two
fluore substituents. it should be recognized that if there is more than one substitution
on a subshtuent, each non-hydrogen substituent may be dentical or different {unless
otherwise stated).

¥ 2 substuent is described as being “optionally substituted,” the substiiuent
may be either substituted or not substituted. ¥ a carbon of a substituent is described
as being oplionally substituted with one or more of a list of substituents, one or more
of the hydrogens on the carbon (fo the exient there are any)} may separately and/or
logether be replaced with an independently selected optional substituent. f a
slrogen of a substituent is described as being oplionally substituted with one or more
of a list of substitants, one or more of the hydrogens on the nitragen (1o the extent
there are any} may each be replaced with an independently selecied optional
substituent. One exemplary substituent may be depicted as ~-NR'R", wherein R' and
R* together with the nitrogen atom (o which they are aftached, may form a
heterocyelic ring. The heterocyelic rng formed from R and R iogether with the
nitrogen atom o which they are attached may be partially or fully saturated. In one
embodiment, the heterocyclic ring consists of 4 to 7 atoms. In another embodiment,
the heterocyclic ring is selected from the group consisting of pyrrodyl, imidazoly,
pyrazolyl, triazolyl, tetrazolyl, isoxazoly, and thiazohyl.

i & group of substituents are collectively described as being optionatlly
substituted by one or more of a list of substituents, the group may include: {1}
unsubstitidable substituents, (2) substitutable substituents that are not substituted by
the oplional substituents, andfor (3} substitutable substituents that are substituded by

one or more of the optional substituents.
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if @ substituent is described as baing optionally substituted with up to a
particular number of non-hydrogen substituents, that substituent may be either (1)
riot substituted; or (2} substituted by up to that particular number of non-hydrogen
substituents or by up o the maximum number of substitutable positions on the
substituent, whichever is less. Thus, for example, i a substituent is described as a
hetercaryl optionally substituted with up 1o 3 non-hydrogen substituents, then any
heteroaryl with less than 3 substitutable positions would be oplionally substituted by
up to only as many non-hydrogen substituents as the heteroaryl has substitutable
positions. To illustrate, tetrazolyl (which has only one substitulable position) would be
optionally substituted with up fo one non-hydrogen substituent. To llustrate further, if
an amino nifrogen is described as being optionally substituted with up to 2 non-
hyvdrogen substityents, then the nitrogen will be optionally substituted with ypto 2
non-hydrogen substituents if the amine nitrogen is a primary nitrogen, whereas the
armino nitrogen will be optionally subshtuted with up 1o only 1 non-hydrogen
substituent if the amino nirogen is a8 secondary nitrogan.

A prefix attached 1o a multi-moiely substituent only applies o the first moiety.
To Hlustrate, the srm “alkyicycloalicd” conlains two moieties: alkyl and cycloalkyl.
Thus, a Ci-Cy prefix on Ci~Cs alkylcycloalkyl means that the alkyl moiety of the
alkyloycioatky! contains from 1 10 & carbon atoms; the C-Ce prefix does not describe
the cycloaltkvl molety. To Hustrate further, the prefix "halo” on haloalkoxyatkyl
indicates that only the alkoxy moilety of the alkoxyalkyl substituent is subsiituted with
cne or more halogen substituents. If the halogen substitution may only occur on the
alkyl moiety, the substituent would be described as “atkoxyhaloatkyl.” If the halogen
substitution may ocour on both the altkyl moiety and the alkoxy maoiety, the substituent
wouid be described as “haloalkoxvhaloalkyl.”

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

As ysad herein the term "Formulag X™ may be referred to as “a compound of
the invention” or as “compounds of the invention.” Such terms are also defined o
include alf forms of the compound of Formuda X, including hydrates, solvates,
isomers, crystailine and non-orystaliine forms, lsomorphs, polymorphs, and
metabolites thereof.
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The following abbreviations are used herein:

DMF:
DMSO:

QMSQ*dg

EeO:
EtOAC:
ELOH:
O

he
HPLC:

LOMS:
e

M
mCRBA

MelN:
MellH:

lsomers

2,2 -Azobisiscbutyronitrile

Atmospheric pressure
chemical ipnization

tert-Butoxycarbory
Dicfertbutyl dicarbonate
Broad

Deuterated methano!
Deuterated chioroform
Doublet
Dichioromethane
Doublet of doublets

N N-Dimethylformamide
Dimethyl sulfoxide
Deuterated dimethy! sulfoxide
Diethyl ether

Ethyl acetate

Ethanol

Gram

Hours

High performance liguid
chromatography

Coupling constant

Liguid chromatography -
mass spectrometry

Muitiplet
Molar

meta-Chioroperoxybenzoic
acid

Acatonitrile
Methanol

mEg:
mg:
fiHz:
i
.
bl
mmol;
MS:
N:
NaOEt:
NBS:
NCS:
NEt:
NMR:

PA(IOAC)::

ppmy
DSt

PYC:
a;
RT:
s

b
-OTf
TFA:
THEF:
TLC:

PCT/IB2010/052349

Milliequivalent
Milligram

Megahertiz

Minutes

Milliliter

Microfiter

Mitlimole

Mass spectrometry
Normal

Sodium sthoxide
N-Bromosuccinimide
N-Chlorosuccinimide
Trigthviamine

MNuciear magnetic
resonance

Paliadium {1
acetate

Faris per million
Pounds per square
inch

Platinum on carbon
Quartet

room emperature
Singlet

Triplet

CF80;-
Triftuoroacetic acid
Tetrahydrofuran

Thin layer
chromatography

When an asymmeliic center is present in a compound of Formuda 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 ane embodiment, the present invention
comprizses enanbomers and mudures, including racemic midures of the compounds
of Formula X, In another embodiment, for compounds of Formula X that contain more
thar one asymimetnic center, the present invention comprises diastercomeric forms
{individuat diastersomers and midures thereof) of compounds. When a compound of
Formuta X contains an atkenyl group or motely, 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 caompounds of Formula X containing, for example, an imino, keto, or
oxime group, or so-called valence taulomerism in compounds which contain an
aromatic moiaty. It {oliows that a single compound may exhibit more than one type of
isomerism. The various ratios of the tauiomers in solid and liquid form is dependent
on the varous substituents on the mplecule as wall as the particuar crystatlization
tachnique used o 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 particular compound, a salt of the
compound may be advaniageous due to one or more of the salt's physical properties,
such as enhanced pharmaceutical stability in differing temperatures and humidities,
or g desirable solubility in water or 0il. In some instances, a salt of a compound aiso
may be used as an aid in the isolation, pusification, and/or resolution of the
compound,

Where g salt is intended {0 be admimnsterad 10 a palient {as opposad to, for
example, being used in an in vitro context), the salt preferably is pharmacautically
acceptable. The term "pharmaceutically acceptable salt" refers to a salt prepared by
combining a compound of Formuda X with an acid whose anion, or a base whose
cation, is generally considerad sultable for human consumption. Pharmaceutically
acceptable salls are particulary useful as products of the methods of the present
nvention because of their greater aguecus solubility relative to the parent compound.
For use in medicine, the salts of the compounds of this invention are non-toxic
“‘pharmaceutically acceptable salls.” Salls encompassed within the term
“‘wharmaceuiically acceptable salts” refer 1o non-toxic salis of the compounds of this
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invention which are generaily prepared by reacting the free base with a suitable
organic or inorganic acid.

Sigitable pharmaceutically accepiable acid addition salls of the compounds of
the present invention when possible indlude those derived from inorganic acids, such
as hydrochioric, hydrobromic, hydrofluorie, horie, fluorehoric, phasphoric,
metaphosphoric, nitric, carbonic, sulfonic, and sulfuric acids, and organic acids such
as acetic, benzenssulfonic, benzoie, cifric, ethanesulfonic, fumaric, gluconic, glycolic,
isothionic, lactic, lactobionic, maleic, malic, methanesulfonic,
iriffluoromethanesuifonic, suctinic, lusnesulfonic, tartane, and rifluorcacetic acids.
Suitable organic acids generally include, for example, aliphatic, cycloaliphatice,
aromatic, araliphatic, heterocyciylic, carboxylic, and sulfonic classes of organic acids.

Specific examples of suitable organic acids include acetate, frifluoroacetate,
formate, propionate, succinate, giycolate, gluconate, digluconate, lactate, malate,
tartanc acid, citrate, ascorbate, glucuronate, maleate, fumarale, pyruvate, aspartate,
glutamate, benzoate, anthranilic acld, mesvlate, stearate, salicylate,
p-hydroxybenzoate, phenylacetate, mandsiate, embonate (pamoate),
methanssulfonate, ethanesulionate, benzenesulfonate, pantothenate,
toluenesulfonate, 2-hydroxyethanesuifonate, sulfanilate, cyclohexylaminosuifonate,
algenic acid, S-hydroxybulyric acid, galactarate, galacturonate, adipate, alginate,
butyrate, camphaorate, camphorsulfonate, cyclopentanepropionate, dodecyisulfate,
ghycoheptancsate, glycerophosphate, heplanoate, hexanoale, nicotinate,
Z-naphthaslesulfonate, oxalate, palmoate, peclinate, 3-phenvigropionate, picrate,
pivalate, thiocyanate, tosylate, and undecanoate.

Furthermore, where the compounds of the invention carry an acidic molaty,
suitable pharmaceutically acceptable salts thereof may include alkali metal salts, L.e.,
sodiym or potassium salls, alkaline earth metal salls, e.g., calcium or magnesium
salts; and salts formed with sultable organic ligands, e.g., guatemary ammonium
salts. In another embodiment, hase salis are formed from bases which form non-foxic
satts, including aluminum, argining, benzathine, choline, disthylamine,
disthanolamine, glycing, lveine, meglumine, ethanolamine, fromethamine and zinc
salls.

Crganic salts may be made from secondary, terftary or quatemary amine
salts, such as tromethamine, disthvlamine, M dibenzylethvienediamine,

chioroprocaine, choline, digthanclamine, ethvienediamine, meghunine
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{N-methyvigiucaming), and procame. Basic nitrogen-containing groups may be
quaternized with agents such as lower alkyl {C+-Cs) halides (e.g., methyl, ethyi,
propyvl, and butyl chilorides, bromides, and iodides), dialkyt sulfates {i.e., dimethyi,
digthyi, dibutyl, and diamyl sulfates), long chain halides (e, deayl, laurvl, myristyl,
and steary! chiondes, bromides, and iodides), aryialion 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.
Isclopes

The present invention also includes isotopically tabeled compounds, which
are identical 1o those recited in Formula X, but for the fact that oneg or more atoms are
raptaced by an atom having an atomic mass of mass number different from the
atomic mass or mass numbper usually found in nature. bxamples of isctopes that can
be incorporated into compounds of the present invention include isclopes of
hydrogen, carbon, nitrogen, oxvgen, phosphorous, sulfur, Suotine and chiorine, such
as "M, M, TC, e, M, N, PO, YO, TR, S, e and P01, respectively, Compounds
of the present invention, prodrugs thereof, and pharmaceutically acceptable salis of
said compounds or of said prodrugs which contain the aforementioned isolopes
andfor other isotopes of other atoms are within the scope of this invention. Certain
isotopically labeled compourds of the praesent inverttion, for example those info which
radioactive isolopes such as "M 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, substitution with heavier isotopes such as deuterium, i.e., *M, can afford
ceriain therapeutic advantages resulting from greater metabolic stability, for esample
increased in vivo half-life or reduced dosage requirements and, hence, may be
preferred in some circumstances. isofopically labeled compounds of Formula X of
this invention and prodrugs thereof can generally be prepared by carrying out the
procadures disclosed in the Schemes andlor in the Examples and Preparations
balow, by substitting a readily available isctopically labeled reagent for a non-
isotopically labeled reagent.

The invention also relates to prodrugs of the compounds of Formula X, Thus
cerfain 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 wnto 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 Noval Delivery
Systems, Vol 14, ACS Symposium Series (T, Higuchi and W. Stella) and
Bioreversible Carriers iny Drug Design, Pergamon Press, 1887 (Ed. E. B. Roche,
American Pharmaceutical Association).

Prodrugs in accordance with the invention can, for exampls, be produced by
replacing appropriate functionalities present in the compounds of Formula X with
ceriain moteties known 1o those skilled in the art as ‘pro-moieties’ as described, for
example, in Design of Prodrugs by H. Bundgaard (Elsevier, 1885).

Some non-limiting examplas of prodrugs in accordance with the invention
mnclude:

{i) where the compound of Formuia X contains a carboxylic acid funclionality

which is funclionalized into a switably metabolically labile group {esters,

carbamates, ei¢.) on the compound of Formula X;

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

is functionalized into a sullably metabolically labile group {esters, carbonates,

carbamates, acetals, ketals, etc.} on the compound of Formula X; and
funclionatity, or an amide which is functionalized into a suitably metabalically
labile group, 8.4., a hvdrolyzable group (amides, carbamates, ureas,

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

Further exampiles 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 freat a condition as described herein. The compounds of the invention arg
administered by any suitable route in the form of a pharmaceutical composition
adapted 1o such a route, and in 3 dose effective for the treatment intended.
Therapsutically effective doses of the compounds required 1o 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 invendion may be administered orally. Oral
administralion may involve swallowing, so that the compound enters the
gastrointestinatl tract, or buccal 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 internat organ.
Sutable means for parenteral administration include infravenous, intraarterial,
intraperitoneal, infrathecal, infraventricular, intraurethral, intrasternal, intracranial,
intramuscudar and subcutaneous. Suitable devices for parenteral administration
inchude needle {including microneedle) injectors, needle-free injectors and infusion
techniques,

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

The dosage regimen for the compounds and/or compositions containing the
compounds s based on g variety of faciors, including the type, age, weight, sex and
medical condition of the patient; the severity of the condition; the route of
administration; and the activity of the particular compound employed. Thus the
dosage regimen may vary widely. Dosage levels of the order from about 0.01 mg to
about 100 mg per kilogram of body weight per day are useful in the treatment of the
above-indicated conditions. In one embodiment, the {otal daily dose of a compound
of the invention {administered in single or divided doses} is typically from about 0.04
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 meikg, and in another embaodiment, from
about 0.5 to about 30 mg/kg (Le., myg 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 mgfkgfday. Dosags unit compositions may contain such
amounts or submuitiples thereof 0 make up the daily dose. In many instanceas, 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). Muitiple doses per day typically may be used to increass
the total daily dose, if desired,

For oral administration, the compositions may be provided in the form of
tablets containing 0.01, 0.05, 0.1, 0.5, 1.0, 2.5, 5.0, 10.0, 15.0, 25.0, 50.0, 75.0, 100,
125, 150, 175, 200, 250 and 500 milkgrams of the active ingredient for the
symptomatic adjustment of the dosage to the patient. A medicament typically
containg from abowt 0.01 mg to about 500 mg of the active ingredient, or in another
embodiment, from about 1 mg to about 100 my of active ingredient. Intravenously,
doses may range from about 0.01 to about 10 mgkg/minute during a constant rate
infusion.

Suitable subjects according to the present invention include mammalian
subjects. Mammals according o the present inveniion include, but are not timited to,
canineg, feline, bovineg, capring, equine, ovine, porcine, rodents, lagomorphs,
primates, and the like, and encompass mammals in tdero. In oneg embodiment,
humans are sultable subjects. Human subjects may be of either gender and at any
stage of development.

Use in the Preparation of a Medicament

in ancther embodimant, 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 herain.
Pharmaceuticat Compoesitions

For the treatment of the conditions referred o herein, the compound of the
invention can be administered as compound per se. Alternatively, pharmaceutically
acceptable salls are suitable for medical applications because of their greater
agueous solubiity relative 10 the parent compound.

i another smbodiment, the prasent invention comprises pharmaceautical
compaositions. Such pharmaceutical compositions comprise a compound of the
invention presented with a pharmaceutically acceptable carrier. The carrier can be a
sotid, @ lquid, 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 carmers. Other pharmacologically active substances can
algo be present.
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The compounds of the present invention may be administered by any suitable
route, preferably in the form of g pharmaceutical compaosiion adapted to such &
route, and in g dose effective for the treatment infended. The aclive compounds and
compositions, for example, may be administered orally, recially, parenterally, or
topicatly.

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 {ablets, each
containing a predetermined amount of at least one compound of the present
invention. In another embodiment, the oral administration may be in a powder or
granule form. In another embaodiment, the oral dose form is sub-ingual, such as, for
example, a lozenge. in such solid dosage forms, the compounds of Formula X are
ordinarily combined with one or more adjuvants. Such capsules or tablets may
contain @ 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.

tn another embodiment, oral administration may be in g liguid dosea form.
Liguid dosage forms for oral administration include, for example, pharmaceutically
acceptable emulsions, solutions, suspensions, syrups, and elixirs containing inert
dituents commonty used in the art {i.e., water). Such compositions also may comprise
adjuvants, such as wetlting, emulsifying, suspending, flavoring (e.q., swestening),
andfor perfuming agents.

in another ambodiment, the present invention comgprises a parenteral dose
form. “Parenteral administration” includes, for example, subcutaneous injections,
intravenous injections, infrapenitonesally, inframuscular injections, intrasternal
mections, and infusion. Injectable preparalions {i.e., sterile injeciable aqueous or
oleaginous suspensions) may be formulated according to the known art using
suitable dispersing, wetling agents, and/or suspending agents.

in another embodiment, the present invention comprises a topical dose form.
"Topicatl administration” includes, for example, transdermal administration, such as
via ransdermal patches or iontophoresis devices, intraocular administration, or
infranasal or inhalation administration. Compositions for topical administration alsc
include, for example, topical gels, sprays, ointments, and creams. A topical
formulation may include g compound which enhances absorption or penetration of
the aclive 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 patch either of the reservoir and porous membrane type orof a
solid matrix variety, Typical formulations for this purpose include gels, hydrogels,
iofions, solutions, creams, ointments, dusting powders, dressings, foams, films, skin
patches, wafers, implants, sponges, fibres, bandages and microemulsions.
Liposomes may also be used. Typical carrers include alcohol, water, mineral oil,
tiquid petrolatum, white petrolatum, glycerin, polysthylene glycol and propylene
glycol. Penetration enhancers may be incorporated - see, for example, J Pharm Sci,
88 (10}, 955-058, by Finnin and Morgan {October 1888).

Formulations suitable for topical administration o the eye include, for
example, eye drops wherein the compound of this invention is dissolved or
suspended in a suitable carrier. A typical formudation suiftable for ocular or aural
administration may be in the form of drops of a micronized suspension or solution in
isotonic, pH-adjusted, sterile saline. Other formulations suitable for ocular and aural
administration include ointments, biodegradable {i.e., absorbabie gel sponges,
cotlagen) and non-bigdegradable (.e., siliconeg} implants, wafers, lenses and
particulate or vesicular systems, such as nicsomaes or liposomes. A polymer such as
crossed-inked polyacrylic acid, polyvinylalcohol, hvaluronic acid, a cellulosic
polymer, for example, hydroxyoropylimethylcellulose, hydroxyethyleelluose, or methyl
collidase, or a heteropolysaccharide polymer, for example, gelan gum, may be
incorporated fogether with a preservative, such as benzalkonium chioride. Such
formulations may also be deliverad by ionfophoresis.

For infranasal administration or administration by inhalation, the active
compounds of the invention are gonveniently delivered in the form of a solution or
suspension from a pump spray container that is squeezed o pumped by the patient
or as an aerosol spray presentation from a pressurized container or a nebulizer, with
the use of a suitable propeliant. 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 lactose, or a3 a mixed component particle, for example,
mixed with phospholipids, such as phosphatidylcholing) from a dry powder inhaler or
as an aerosol spray from a pressurized container, pump, spray, atomizer (preferably
an atomizer using stecriohydrodynamics (0 produce a fine mist), or nebulizer, with or
without the use of a suilable propsiiant, such as 1,1.1,2-tetrafiuorosthane 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 present invention comprisas a rectal dose form.
Such recial dose form may be in the form of, for example, a suppository. Cocos
butter is a traditonal 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 pharmacy, such as effeclive
formulation and administration procedures. The above considerations in regard to
effective formulations and administration procedures are well known in the art and
gre described in standard textbooks, Formulation of drugs is discussed in, for
axample, Hoover, John E., Remington's Pharmaceutical Sciences, Mack Publishing
Co., BEaston, Pennsyivania, 1975; Liberman ef al | Eds., Pharmaceutical Dosage
Forms, Marcel Decker, New York, N.Y ., 1880; and Kibbe of ¢/, Eds., Handbeook of
Pharmaceutical Excipients (3rd Ed.), American Pharmaceutical Association,
Washington, 1989,

Co-administration

The compounds of the present invention can be used, alone or in combination
with other therapeutic agents, in the reatment of various conditions or disease
states. The compound(s) of the present invention and other therapeulic agent(s} may
be may be administered simultaneously {either in the same dosage form or in
separate dosage forms) or sequentially. An exemplary therapeutic agent may be, for
example, a metabotropic giutamats receptor agonist,

The administration of two or more compounds “in combination” means that
the two compounds are adminisiered closely enough in ime that the presence of one
alters the biological effects of the other. The two or more compounds may be
administered simuitanecusly, concurrently or sequentially. Additionally, simultaneous
administration may be carried out by mixing the compounds prior to administration or
by administering the compounds at the same point in fime but at different anatomic
sites or using different routes of administration.

The phrases “concurrent administration,” “co-administration,” "simultaneous
administration,” and “administered simultaneousty” mean that the compounds are

adminisiered 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, Olanzapine, Remowdipride,
Sertindole, Amisulpride, Quetiapine, Prochlorperazine, Fluphenazine,
Trifluoroperazine, Thioridazine, Haloperidel, Chiorpromazine, Flupentixol 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-Farkinsonian drugs (such as depreny|, L-dopa, Requip, Mirapex, MAOE
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 donepezil, tacrine, alpha2delta inhibitors, COX-2 inhibitors, gaba
pentenoids, propantofviiine or metrifonate, and antipyschotics such as PDE10
inhibifors, SHTZ2C agonists, aipha 7 nicotinic receptor agonists, CB1 antagonists and
compounds having activity antagonizing dopamine D2 receptors,
Kits

The present invention further comprises kits that are suitable for use in
performing the methods of treatment describad above. In one embodiment, the kit
cortaing a first dosage form comprising one or more of the compounds of the present
invention and a container for the dosage, in guantities sufficient 1o carry out the
methods of the present nvention.

in another embodiment, the kit of the praesant invention comprises one or
more compounds of the invention.
Intermediates

in another embodimant, the invention relates to the novel intermediates usehi
for preparing the compounds of the invention
General Synthetic Schemes

The compounds of Formula X may be prepared by the methods described
balow, together with svnthetic methods known in the art of organic chamistry, or
modifications and derivatizations that ave familiar to those of ordinary skill in the art.
The starting materials used herein are commercially available or may be prepared by
routine methods known i the art {such as those methods disclosed in standard
reference books such as the COMPENDIUM OF ORGANIC SYNTHETIC
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METHCDE, Vol X (published by Wilsy-Interscience)}. Preferred methods include,
but are not imited to, those described below,

During any of the following synthetic sequences it may be necessary andfor
desirgble to protect sensitive or reactive groups on any of the molecules concerned.
This can be achieved by means of conventional protecting groups, such as those
described in T. W. Greene, Protective Groups in Organic Chemistry, John Wiley &
Sons, 1981, T. W. Creene and P. G. M. Wuts, Protective Groups in Organic
Chemistry, John Wiley & Bons, 19891, and T. W. Greene and P. G. M. Wuts,
Protective Groups in Organic Chemistry, John Wiley & Sons, 1888, which are hereby
incorporated by referencs.

Compaounds of Formula X, or their pharmaceutically acceptable salts, can be
prepared according (o the reaction Schemes discussed herein below, Unless
atherwise indicated, the substituents in the Schemes are defined as above. Isolation
and purikcation of the products is accomplished by standard procedures, which arve
known 0 a chemist of ordinary skill

# will be understood by one skilled in the art that the various symbols,
superscripts and subscripts used in the schemes, methods and examples are used
for convernience of representation and/or {o reflect the order in which they are
itroduced in the schemes, and are not intended 0 necessarily correspond to the
symibols, superscripls or subscripts i the appended claims. The schemes are
rapreseniative 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-dihydroguinolin-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 aminoheterocycle {(HE 15 commercially availabls or
known in the literature, it can be oxidized with hydrogen peroxide in sulfuric acid, by a
modification of the procedure described by W. S, Wilson ef &/, J. Org. Chem. 18886,
51, 3261, or with mrefa-chioroperoxybenzoic acid in oluene at refiux as described by
M. C. Pirung et al., J. Am. Chem. Soc. 2008, 127, 46808. The oxidation can also be
carrted out by a modification of the procedure described in US 2006/0009508 using
sodivm perborate in glacial acetic acid. The resulting ortho-methyl-, nitre-substituted
aromatic compound {1V} can be brominated according to standard procedures, for
instance with N-bromosuccinimide and 2,2 -azobisisobulyronilrile in carbon
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tetrachioride. if the corresponding alcohol 1s available, it can be converted {o bromide
V with, for example, phosphorus tribromide {either from a commercial source or
formed in sity), as described by B. M. Rzasa ef al | Bicorg. Med. Chem. 200715,

8574,
Scheme 1 .
RY“*‘»\ Iitration - v Zy _NO,
Kot S ( J’\

AT X g

* B
WZ\ e Coridation Y Lo N2 Bromination v Lo N0y
K"ﬁ:"? e, X\A"} \\ }\“K:;) \=

#r
i W y

in some cases, the desired aromatic ning is available more effectively via the
route shown in Scheme 2. Following the procedure of A. Ashimori et al,, Chem.
Fharm. Bufl, 38, 1990, 2448, a nitropyridine such as Vi can be oxidized with mefa-
chioroperoxybsnzoie acid, followead by the addition of gcetic anhydride and hydrolysis
to the alcohol (IXa) with potassium carbenate in methanol. Alternatively, the desired
alcohol can be obiained via the procedure described by R, R Tidwell ef al., J. Med.
Chem. 2007, 50, 2468 wherein the initial ortho-methyl, nitro-substituted aromatic
compaound H is converted to the dimethylaminoethylene derivative (X with N V-
dimethyiformamide dimethyt acetal (DMF-DMA), then {o the aldehyde (XI} with

sodium periodate, and is finally reducad to the alcohol (IX) with sodium borohydride.

Scheme 2
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In some instances, an aromatic starting material bearing the desired R
substituent is not commaercially avallable. The R group can be Introduced inle
compaunds of type XHI, 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, 8987, The resulting acid or ester (XV or Xill) can then be
reduced by standard reduction conditions such as lithium borohydride or sodium
bBorohydride, activated with zing chioride if necessary, giving in both cases compound
1X. In cases where the reduction of a carbonvi-containing functional group provides
an alcohol, # can be converted 10 a mesylate i sifu, for instance with
methanesulfonyd chloride and triethylamine in dichloromethane.

Scheme 3
M 1) Oxidation of aniine A M . A
)"AW’ O 2) Esterification of acid X Q7 Reduction Xy OH
By i L U w Ry
Yoy ? NH; 38uzuki ~ET NG, ~7TTNG,
XH Kl X
C}H Reduction xe»‘% o M5Ol NG
— Ry - R.‘,{.;_ ‘,i
NO, 2o, ~Z7No,
Xy ix iV

There are & vanely of ways 1o install the amino acid moiety of the cyclization
subsirate, One such method invobres 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/ethangl {(see Scheme 4), giving
compound XV or XViE I the case of infermediate XVI an HC! deprotection to

compound XX 15 necessary before the final mtro reduction is carried out.
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Scheme 4
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The amino acid portion can also be added stersoselectively, using the

methods shown in Schame 5 and Scheme &,
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The enanfioselective route is inspired by the work of S, Kumar and UL

Ramachandran, Telrahedron Asymmetry 2003, 14, 2538, The desired sromatic

group can be installed using a chiral catalyst (see E.J. Corey et al, J Am. Chem.
Soc. 1997, 118, 1241412418}, to give, afler further manipulation, intermediate XXI
or XXVE Once the intermediata is in hand, oyclization can be effected by the routes

shown in Scheme 7 or Schems &,
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The nitro group can be reduced via hydrogenation, through an adaptation of
the work of T.J. McCord et &, J. MHetarocyclic Chem. 1872, 8, 118. Alternatively, a
tin{l1} chioride reduction can be used, according to the procedure of D. Shi ef al.,
Synthasis, 2008, 2000. A modification of the tin{ll) chioride approach which uses
sodium acetats, from the work of D Kuzmich and C. Mulroonay, Synthesis 2003,
1671, can aiso be employed. Cyclization occurs i situ (see Scheme 7). Most final
products can be isclated afier cyclization, but some analogues may need {o be
protected {either in sifu during the cyclization or after the reaction) in order to
facilitate pusification. The protection can be done according to standard procedures,
using di-ferf-buty dicarbonate; either MO or frifluoroacetic acid can be utiized for
subsaquent deprotection,
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Scheme 8 describes an alternative route {0 the desired analogues.
Compound XXX can be synthesized starting with the appropriate substituted N-BOC
amino acid, which is first coupled with O-benzyt hydroxylamine, for example, by
reaction with BOP [{benzotriazol-1-yloxy-tris{dimethylaminophosphonium
hexafiuorophosphate] and ethylamine in dichloromethane. The cyclization to XXX
can be carried out using PIFA [phenviodine(l) bisttrifluorcacetate)l in
dichioromethane. The BOC group can be removed using boron trifluoride atherate in
tetrahydrofuran at reflux, and the benzyl group can be reductively removed, for
instance with patladium hydroxide in ethanol at reflux with t-methyl-cyclohexadiene,
to give the final product XXX

Scheme 8
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An approach for introduction of arvioxy or heteroaryloxy substituents is shown
in Scheme 9. Treatment of p-fluoronitroaryl or p-fluoronitroheteroaryl intermediate
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XXXV 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-
sterpocenter has been observed under these reaction conditions.) Beprotecton
under acidic conditions followed by reductive cyclization and in sity BOC protection

can provide intermediate XXXVH

Scheme 10
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Scheme 10 outlines an alternate approach for infroduction of arvioxy or
heteroaryloxy substituents. Acid-promoted deprotection of XUV followed by BOC
protection of the amino group can provide p-flucronitroaryl or p-flucronitrohetercaryl
intermediate XXXVHE The arvioxy or hatercaryioxy group can be installed under
basic conditions o 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(h) chloride, or via platinum- or palladium-catalyzed
hydrogenation. Opticnal protection of the amino group as a BOC derivative can be
carried out in situ by reaction with BOC,O after cyclization of XL, 1o provide XLIE The
cyclization can also be carried out without amino group protection, to generate XL
directly. If 3 BOC group is employed, acid-mediated deprotection of XLI generates

compound XLHE.
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In some cases, the reductive cyclization of an activated ester, such as a
triflucroathyi ester, provides improved access {0 cyclic hydroxamic acid derivatives
{(XLV). Referring o Scheme 11, acid-promotied deprotection of XX provides a-
amino acid XX, which can be converted to carbamate XLIH. Subssguent treatment
of XL with 2.2, 2-tffluorcethansl, using a coupling reagent such as HBTU, in DMF
can provide the carresponding 2.2, 2-riflucroethyl ester XLV, which can undergo
reductive cyclization {0 yield hydroxamic acid derivative XLV, Altematively, 2,2 2-
trifluorosthyt ester XLV can be formed by reaction of intermediate XL with 2.2.2-
triflucrosthyl friffucromethanesulfonate in the presence of a base such as

triethviamine.

Scheme 12
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The aming acid moiely can also be installed using a serine-derived zing
reagent, as shown in Scheme 12. This approach involves modification of a published
protocol for sp™-sp” couplings of this type (see E. Moreno et al, Org. Biomol. Chem.
2006 4, 3683836474 Thus, o-bromonitroaryls or o-bromonitrohateroarvis XLVE can
be converted to the corresponding BOC-protected | i-aminocesters XLVIE
Intermedigtes XLV can be subjected o reductive conditions, such as calalvlic
hydrogenation using PHC in pyridine, to afford cyclic hydroxamic acid derivatives
XLV,
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The compound of Formula X wherein R® is H can be converted to a
carbamate prodrug (XLVIH, where R® is C(=0)NR¥R™) by reaction with the
appropriate carbamoy! chionide in the presence of a base such as pyridine. it may be
advantageous o temporarily protect the free primary amine group paor to this
transformation. Simitarly, use of an acyt chloride [CIC(=0YR® or acyl anhydride
{R*C(=0)}:0} provides the corresponding ester prodrug [XLVI, where R is
C(=0)R%, while a chloroformate reactant [CIC(=0I0OR® 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 XLBUY = MeQ, Cl, Br) in the presence of a base
such as potassium carbanate.

Expernimental 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 iffustrated in these Examples, either alone or in combination with
techniques generally known in the art.

Experiments were generally carried out under inert atmosphere {nifrogen or
argon}, particutarly in cases where oxygen- or moisiure-sensitive reagents or
intermediates were employed. Commercial solvents and reagents were generally
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used without further purification, mcluding anhydrous solvents where appropriate
{generally Sura-Seal ™ products from the Aldrich Chemical Company, Milwaukee,
Wisconsing. Mass speclromelry data is reported from either Hguid chromatography-
mass speciromelrny (LOMS), atmospheric pressure chemical lonization (APCH, or gas
chraomatography-mass spectrometry {GCMS). Chemical shifts for nuclear magnetic
rasonance (NMR) data are expressed in parts per mithion {ppm, &} 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 were followed by
thin layer chromatography or mass spectrometry, and subjected to work-up when
appropriate. Purifications may vary between experiments: in general, solvents and
the solvent ratios used for eluantsfgradients weare chosen to provide appropriate Bs
or retention times.
Example 1: Synthesis of 3-amino-1-hydroxy-3.4-dihvdro-1.8-naphthyridin-2( 1+-one

triflucroaceiate sait (8)
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3-Methyl-2-nitropyridine (2} To a solution of H.0, (120 g, 1.1 mol) in fuming
subfuric acld (250 mbL} was added a solution of 3-methyipyridin-2-amine {1) (16 g,
0.15 mol} in concentrated sulfuric acid (50 mL) drop-wise, while keeping the reaction
temperature at 0 “C. ARter stirring for 3 h at 10-25 °C, the reaction mixture was
brought to pH = 11-12 by adding an agueous 40% NaOH solution at 0-5 °C. The
resulting mixture was extracted with ethyl acetate (3 x 500 ml). The combined
organic layers were washed with saturaled aqueous sodium chioride solution, dried
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over Na,50, and filtered. The solvent was removed i vacuo 1o give the desired
compound {(18.2 g, 88%) as a yeliow oil,

3-{Bromomethyh-2-nitropyridine {3} A solution of 3-methyl-2-nitropyridine
2y (12.4 g, 90.0 mmaol), NBE (18.0 g, 80.4 mmab and AIBN (0.5 g, 3.0 mmali in CCL
{50 mL) was refluxed overnight. TLC {(Eluant: 20: 1 pelroleum ether/ EtOAC) showed
that most of the starting material had been consumed. The precipitate was filtered off
and the filtrate was concentrated under reduced pressure to give a residue (12.6 g},
which was used in the next step without purification.

Ethyl 2-{diphenyimethyleneamino)-3-(2-nitropyridin-3-ypropanoate {8}
NaH {0.9 g, 65% dispersion in mineral oil, 22 mmol) was added to DMF (100 mL}at &
°C. After 10 min, ethyl M{diphenylmethylenelglycinate (4) (8.5 g, 20.6 mmol) was
added at 0 °C. After 1 h, a solution of 3-{(bromomethyh-Z-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
completely consumed. The reaction was difuted with water and exiracied with EtGAc
{3 x 100 mL}. The combined organic layers were washed with saturated aqueous
sodium chionide solution, dried over Na,50, and filtered, and the fillrate was
concentrated under reduced pressure. The residue was purified by silica gel
chromatography (Eluant: 3. 1 petroleum ether/ EXOAC) fo give the product (4.2 g,
58% ) LOMS mv/z 404.4 (M+1). 'H NMR (400 MHz, CDCL) & 1.26 (1, J=7.2 Hz, 3H),
3.38 (dd, /=134, 9.2 Hz, 1H), 3.58 (dd, /=13.6, 4.2 Hz, TH), 4.19 {m, 2H), 4.45 (dd,
J=9.0, 4.2 Hz, TH}, 6.68 {(br d, J=6.6 Mz, 2H), 7.31-7.43 (m, 6H)}, 7.46 (dd, J=7.7,. 4.6
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).

J-Amino-thydroxy-3,4-tihydro-1, 8-naphthyridin-2(1 Hy-one {8} To a
sotution of ethyl 2-{diphenyimethylensamine-3-(2-nitropyndin-3-yhpropanoate {5)
{1.8 g, 4.4 mmol) in anhydrous EtOH (20 mi.) was added tin(ll} chioride dihydrate
{2.0 g, 9.6 mmal) at RT. After stirring for 1 h, TLC (Eluant: 1: 1 petroleurn ether/
EtOAC) showed complete consumption of starting material. The solvent was removed
ynider reduced pressure, and the residue was washed with £E£0 (3 x 50 mb) o give
the crude product (2.5 ¢), which was used in the next step without purification.

tert-Butyl {1 -hydroxy-2-oxo-1,2 3, 4-tetrahydre-1,8-naphthyridin-3-
vhoarbamate (7) To a suspension of 3-amino-1-hydroxy-3,4-dibydro-1,8-
naphthyridin-2(1H)-one {6) (2.5 g, 4.4 mmol} in anhydrous EOH (100 mL} was
added NEt; (5 mL) at RT. After 10 min, BOC,0 (3.0 g, 13.8 mmaol) was added and
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the reaction was stirred overnight. The solvent was removed under reduced
pressure, and the residue was purified by preparative TLC to give the product (0.20
g, 5%}

J-Amino-1-hydroxy-3,4-dihydro-1, 8-naphthyridin-2{1H)-one,
triffuorcacetate sall {8) A solution of fert-butyi{1-hydroxy-2-oxc-1,2 3 4-tetrahydro-
1,8-naphthyridin-3-yljcarbamate (7) (0.20 g, 0.72 mmol) and TFA (0.6 mL) in DCM (4
Ly was stirred at 0-5 °C for 3 hr. The solvent was removed under reduced pressurs,
and the residue was washed with ELO to give compound 8 (120 mg, 68%) as a solid.
LCMS mdz 180.0 (M+1). 'H NMR (400 MHz, DMSO-d;) 8 3.07 (dd, J=15, 14.5 Hz,
TH), 3.18 (dd, J=15.1, 6.5 Hz, 1H), 4.50 {dd, J=14.2, 6.7 Hz, 1H), 7.156 {dd, J=7.3, 8.0
Hz, 1H), 7.79 (br d, J=7 .0 Hz, 1H)}, 8.32 (br d, J=4.8 Hz, 1H), 8.81 {(br s, 3H)}, 10.80
{br 5, 1H) MPLC purity: 99.02%, Column Waters XTearra, 5 um; Mobile phase: 70%
hexane (0.5% NEL) in EtOH.

Example 2: Synthesis of J-amino-S-fluore-1-hyvdroxy-3 4-dihvdroguinolin-2{ 1 H-one

hvdrochlonde salt (15}
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4-Fluoro-2-methyl-1-nitrobenzene {10) To a stirred solution of agueous
nitric acid {80%, 100 mbL) was added 1-Huore-3-methylbenzenes (8} (30 g, 273 mmol}
drop-wise at 0~5 °C. The resulting mixiure was stirred for 0.5 h then poured onto ice-
water, The aqueous laver was extracted with DM (3 % 50 mbl) and the combined
arganic layers were washed with saturated aqueous NaHCO; (100 mi), dried over

anhydrous Na,S0;, filtered and concentrated in vacuo. The residue was punfied by
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silica gel chromatography {Gradient: §.5% to 3.3% E{OAC in petroleum aether) {o
afford the product as a yellow il {16 g, 38%). 'H NMR (400 MHz, CDCI) § 2.64 (s,
M), 7.01-7.08 {m, 2H), B.OT {m, 1H).
2-{Bromomethybi-d-fluoro-t-nitrobenzene {11) To a stirred solution of 4-
fluora-2-methyl-1-nitrobenzene (10} (16 g, 103 mmol) in CCl: {180 mb} 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 residus was
purified by chromatography on silica gel {Gradient: 1% to 20% ethyl acetate in
petrofeum ether) to afford the product as a green oif {12 g, 50%). "M NMR (400 MHz,
COCHY S 4.83 (s, 2H), 718 {m, 1H), 7.32 {m, 1H), 8.15 (dd, J=9.0, 5.0 Hz, 1H).
Diethyl acetamido{5-fluoro-2-nitrobenzylimalonate {13} To a stirred
sotution of NaOEt (3.5 g, 51.0 mmol) in B1OH {120 mb) was added diethyl
acetamidomalonate (12) (11 g, 51 mmol) at 70 °C. Alter 0.5 hour, 2-(bromomethyl)-4-
fluoro-t-pitrobenzene {11} (10 g, 43 mmol) was added, and the resulting miklure was
stirred for 3 howrs. The reaction was quenched by adding water (100 mb}, and the
mixiure was extracted with DCM (3 x 100 mL). The combined organic layers were
concenirated under reduced pressure. The residus was purified by silica gel
chromatography (Gradiant, 2% to 33% EtOAc in petroleum sther) to afford the
product as a white solid {3.4 g, 21%). "H NMR (400 MHz, CDCl) § 1.28 (1, J=7.1 Hz,
BH), 1.99 (s, SH), 4.08 (s, ZH), 4.18-4.32 {m, 4H), 851 {br s, 1H), 6.98 (dd, 4=8.0, 2.8
Hz, 1H), 7.08 (m, 1H), 7.92 {dd, J=8.0, 5.2 Hz, 1H).
2-Amino-3-{5-fluorp-2-nitrophenviipropanocic acid, hydrochioride salt
{14} A stirred solution of diethyl acetamido!{5-flucro-2-nitrobenzyhimalonate (13) (3.4
g, 9.2 mmel) in agueous HCH{BM, 50 mL) was stirred under reflux overnight. The
sobvant was removed i vacuo to afford the crude product, which was washed with
EL0 {3 x 20 mL) to provide the product as a white solid (1.7 g, 81%). 'H NMR (400
Mz, CD0D) 8 2,15 (dd, J=14.1, 7.6 Hz, 1H), 2.41 {dd, J=14 .1, 7.2 Mz, 1H), 3.10
{dd, J=7.5 7.3 Hz, 1H), 8.04-6.10 {m, 2H), .97 {(m, 1H).
3-Aminoe-&-fluore-1-hydroxy-3 4-dihydroquinolin-2{1H-one,
hydrochloride salt {18) A stirred suspension of Z-amino-3-{5-fluoro-2-
nitrophenytipropanoic acid, hydrochloride salt (14) (1.50 g, 8. 57 mmol), PYC (5%, 0.2
g} and concentrated HOH(L.S mi) in MeOM (200 mb) was hydrogenated under M, (30
psiy at RT for 3 h, After filtration of the catalyst, the solvent was remaved &7 vacuo 1o
afford the crude product. The solid was recrysiallized from MeQOH (10 mL) fo obtain
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the product as a white solid (700 mg, 58%). LCMS myz 197.2 (M+1). 'H NMR {400
MHz, CD:0D) 8 3147 {dd, J=15, 14 Hz, TH}, 3.28 {dd, J=14.8 6.5 Hz, 1H), 4.36 (dd,
J=14.8, 6.5 Hz, 1H), 7117 16 {m, 2H), 7.40 {dd, J=9.6, 4.8 Hz, 1H); HPLC purity:
86.67%, Column: Waters HILIC, & um; Gradient: water {0.1% TFA} to 60% MeCN
{0.1% TFA) in water {0.1% TFA).

Example 3: Svnthesis of 3-amino-1-hydroxy-8-{triffuoromethvi}-3 4-dihvdroquinglin:
201 -one (19}
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1-{Bromomethyl)-2-nitro-3-{triffucromethyl}benzene (17} A mixture of 1+
methyl-2-nitro-3-(rifluoromethylibenzene {(16) (5.0 g, 24 mmol), NBS (4.3 g, 24
mmol) and AIBN (0.3 g, 1.9 mmol) in CCl; {50 mL) was heated under reflux
overnight. The precipitate was removed via Blitration and the filtrate was concentrated
under reduced pressure o give the crude product (8 g, which was used in the next
step without further puriication. 'H NMR {400 MMz, CDCL) 8 4.45 {s, 2M}, 7.66 (dd,
J=8, 7.8 Hz, 1H), 7.76 {br &, J=7.5 Hz, 1H), 7.81 (br d, J=8 Hz, 1H).

Ethyi 2-{diphenyvimethylensamine}-3-2-nitro-3-
{trifluoromethyliphenviipropanoate (18) Ethyl Z-(diphenyimethviensaminoe-3-{2-
nitro-3-(triflucramethyliphenviipropanocate {(18) was prepared according to the
gaeneral procedure for the synthesis of ethyl Z-(dighenyimethylensaming-3-{2-
nifropyridin-3-yhpropancate (8) in Example 1, except that 1-(bromomethyb-2-nifro-3-
{rifluoromethylibenzens (17) from the previous step was used in place of 3-
{bromomethyl)-2-nitropyridine (3) [Yield: 3.2 g, 28% over 2 steps).

J-Araino-t-hydroxy-8-{trifluoramethyll-3 4-dihydroguinolin-2{1H)-one
{18} A solution of ethvl 2-{diphenyvimethyleneaming-3-{Z-nitro-3-
{iriffuoromethyl)phenylipropanocate (18} (1.8 g, 3.8 mmol) and tin{il) chionde
dihydrate (1.8 g, 7.7 mmol} in anhydrous EtOH (30 mL) was heated at reflux for 5 h.
The solvent was removed under reduced pressure. The residue was washed with
ELQ {3 x 50 mb) to give crude malerial, which was purified by recrysialiization from
EQAC to afford the product as a sofid (0.21 g, 23%). LOMS m/z 247.3 (M+1). 'H
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NMR (400 MHz, DMSQ-dg) 6 1.98 (br s, 2H), 2.78 {(U=15, 14 Hz, 1H), 3.00 {dd,
J=1h4, B4 Mz, tH), 3.88 (dd, J=13.8, 5.6 Me, 1H), 7.21 {dd, J=7.8, 7.6 Mz, 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, § um; Cradient: 0% to 60% MeCN (0.1% TFA) in water
{0.1% TFA).

Example 4: Svnthesis of (351-3-amino-1-hydroxy-3.4- cmwdragmm 2AtHrone (21

C “Jf% S [’tr T:

28

L-2-Nitrophenvialanine {20) (4196 mg. 2.0 mmol) was dissolvad in Me(QOH
{23.8 mL) and water (240 yl}). Concentrated HCI (2-4 drops) was added to aid
solubility. PYC (42 mg) was added and the reaction was hydrogenated on a Parr
shaker at 10 psi for 1 h, whereupon the reaction was filtered through Celite. The
catalyst was washed with a TN solution of NH,OH in MeOH and then with MeOH.
The fillrate was concentrated to provide a crude product, which was subsequently dry
packed with a minimum amount of silica, using a MeOH/DCM solution o dissolve the
material. Purification using silica gel chromatography (Gradient: 0% to 20% MeOH
{containing 1% NH,OH) in DCM) provided the product as a solid {207 mg, 58%.
APCHEm/z 179.1 (M+1). "H NMR (400 MMz, CD,0D) § 2.88 (dd, J=14, 15 Hz, 1H),
3.09 {dd, /=153, 6.2 Mz, 1H), 3.67 (dd, J=13.6, 8.1 Hz, 1H,} 7.06 {ddd, /=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 8 Synthesis of (3R-3-amino-7-bromo-1-hydroxy-3 4 -dihydroguinotin-
20 -one (2%
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4-Bromo-1-{bromomethyl}-2-nitrobenzene {23) To a stirred solution of (4-
bromo-Z2-nitrophenyiimethanot (22) {1.00 g, 4.31 mmol) in DMF (40 mi) was added
NBS (1.6 g, 8.0 mwnol) and triphenylphosphine (2.4 g, 8.2 mmol). Alter two minutes,
the reaction mixture was concentrated in vacuo. The residue was partitioned
batween water and DUM, and the aqueous layer was exiracted 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, 63%). "H NMR (400 MHz, CDCl) 8 4.78 (s, 2H), 7.47 (d, J=8.2 Hz,
TH), 7.75 (dd, J=8.2, 2.1 Hz, 1H), 8.20 (d, J=2.1 Hz, 1H)}.

Diethyl acetamido{4-bromo-2-nitrobenzylimalonate {24) NaQE!L (95%, 182
mg, Z2.54 mmol) was added 1o a solution of diethyl acetamidomalonate (12) (298%,
563 mg, 2.54 mmol) in EIOH. The resulting mixture was stirred for 30 min at RT and
thert trested with a solution of 4-bromo-1-{bromomethyl-2-nitrobenzene (23} (500
myg, 1.7 mmol) in EIOH. After stirring overnight, the reaction was concenirated in
vacuo. The residue was dissolved in EIQAc, washed with water and saturated
aqueous sodium chioride solution, dried over sodium sulfate, filtered and
concentrated under reduced pressure. Purification by silica gel chromatography
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{Gradient: 0% {o 80% EtOAC in heptane) afforded the product as a white solid (540
mg, 74%). LOMS m/z 432.8 (M+1). 'H NMR (500 MHz, CDCL) 8 1.28 (t, J=7.1 Hz,
8H), 1.97 (s, 3H), 4.03 (s, 2H), 4.18-4.30 {m, 4H), 6.48 {s, 1H), 7.16 (d, J=8.3 Hz,
1H), 7.62 (dd, J=8.3, 2.0 Mz, 1H), 7.88 (d, J=1.8 Hz, 1H).

2-Amino-3-{4-bromo-2-nitrophenylipropancic acid, hydrochloride salt
{258} A mixture of diethy! acetamido{d-bromo-2-nitrobenzylimalonate (24) (5.5 g, 13
mmol) in concentrated aqueous HCI containing roughly 10% dioxane was stirred
under refiux until the reaction was shown to be complete by LCMS. The reaction
mixture was concentrated fo 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/2z 200 8
(M+1).

3-Amino-T-bromo-1-hydroxy-3.4-dihydroguinolin-2{1H}-one (26} To &
soiution of Z-amino-3-(4-bromo-2-nitrophenylipropancic acid, hvdrochloride salt (25)
{343 myg, 1.06 mmol) in BEIOH (10 mbL) was added tin{ll) chioride dihydrate (541 mg,
2.48 mmol), and the reaction was stirred at RT overnight. | was then quenched with
agueous ammonium hydroxide (1.5 mb}, and the resulting precipifale was removed
via Hlitration and washed with MeQOH. The combined filtrates were concentrated i
vacuo, and the residue was purified by chromatography on silica gel {o provide the
titte product as a white powder (181 mg, 58%). LOMS m/z 258.9 (M+1). 'H NMR (500
MMz, DMSO-d) 8 2.71 {dd, J=15.4, 12.89 Hz, 1H) 2.99 {dd, /=158, 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}-T-bromo-1-[{terf-butoxyoarbonviioxyl-2-oxo-1,2,3,4-
tetrahydroquinolin-3-yi}carbamate (27} and fert-butyl {{38)-7-bromo-1-{{tert-
butoxycarbonyioxyl-2-oxo-1,2, 3, 4-tetrahydroquinolin-3-ycarbamate {28) 3-
Amine-7-bromo-1-hydraxy-3,4-dihvdroguinglin-Z2{ 1 H)-one (26} {130.3 mg, 0.51
mmol) was suspended in DUM (2.5 mL). Afler addiion of NaHCQ, (94 mg, 1.12
mmol} and BOC;0 (215 mg, 0.99 mmol), the reaction was heatad 1o reflux overnight.
The mixiure was fillered and the filtrate was concentrated under reduced pressure 1o
give & racemic mudure of the products as an off-white glassy foam (187 mg). ARCH
mz 402 .5 [{M ~ fert-Bui+1]. Separation of enantiomers was carried out via chiral
chromatography (Column: ChiralPAK AD-H, 250 x 10.0 mm, 5um; Flow rate: 10
mb/ming Eluant 800 20 CO./ propanol), fen-Butyl {3RY-7-bromo-1-[{tert-
butoxyecarbonyboxyl-2-oxo-1,2 3 4-tetrahydroguinolin-3-vlilcarbamate {27}, which
eluted first, was oblained as a white glassy foam (58.8 mg, 25%), and Hs enantiomer
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tert-butyt {{38)-7-brome-1-{(fert-butoxycarbonyboxyl-2-ox0-1,2,3 4~
tetrahydroquinolin-3-yl}carbamate (28) as & yellow glassy feam (87.6 myg, 29%). The
ahsolute configurations of these two compounds were assigned based on the relative
potency of the derived Examples 5 and 6, in accordance with the relative activity of
Examples 4 and 14, which were prepared from enantiomerically pure starting
materials.

{3R}-3-Amino-7-bromo-1-hydroxy-3,4-dihydroquinolin-2(1 Hy-one {29} fert-
Butyt {{(3R)-7-bromo-1-[{tert-butoxycarbonyhoxyl-2-0x0-1,2, 3 4-tetrahydroguinolin-3-
yiicarbamate (27) (57.5 mg. 0.13 mimol} was dissobved in DCM (2.0 ml) In 2 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
azeolroped three times with MeOH, then purified by silica gel chromatography
{Gradient; 0% to 20% MeOH in DCM) o give the title product as a while powder
{13.2 mg, 40%). LOMS m/z 258.5 (M+1). 'H NMR {500 MHz, DMSO-d,) 8 2.70 (dd,
J=15.5, 12.7 Mz, 1H), 3.00 {dd, J=15.6, 8.0 Hz, 1H), 3.54 {dd, J=12.7, 6.0 Hz, 1H),
TAT-T.2% (m, 2H), 7.28 (d, J=1.5 Hz, 1H).
Example 6: Synthesis of (33)-3-amino-7-bromo-1-hydroxy-3.4-dihvdroguinetin-
2{1H)-one (30)
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Following the procedure for the preparation of (3R)-3-amino-7-bromo-1-
hydroxy-3 4-gihydroguinolin-201 H-one (29) In Example 5 but using fert-bubd {{(38)-7-
bromo-1-{{ferf-butoxycarbonyloxy}-2-oxo-1,2,3 4-tetrahydroguinolin-3-vlicarbamate
{28} as starting matenal, the Bifle product was obtalned as a white powder (23 mg,
B2%). LCMS m/z 288.8 (M+1). "H NMR {500 MHz, DMSO-dy) 8 2 70 (br dd, J=15.8,
12.7 Hz, 1H) 2.89 {dd, J=15.6, 6.1 Hz, 1H), 3.52 (dd, J=12.7, 6.0 Hz, 1H), 7.18-7.20
{m, 2H), 7.28 {d, J=1.6 Hz, 1H).
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Exampie 7: Synthesis of (35 4 8)-3-amino-1-hydroxy-4-methvl-3 4-dihvdroguinolin-
ZU N -one, hdrochlornide salt (385}
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tert-Butyl {25,38)-1{benzyloxyamino}-1-oxo-3-phenylbutan-2-
ylearbamate (32) (25 35)-2-[{tert-Butoxycarbonyhaminel-3-phenylbutanoic acid (31)
{1.0 g. 3.6 mmol) and O-benzyl hydroxylamine {0.89 mg, 4.3 mmol) were combined
i DOM (25 mi), and NEt; {5 mi, 29 mmol} and benzotriazol-1-yloxy-
tris{(dimethylaminophosphonium 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 mb}, washed with saturated aqueous sodium chioride solution, dried
over magnsesium suifate, filtered and concenirated in vacuo. The residue was purified
vig silica gel chromatography (Eluant: 30% EIQAC In hexane). The residue was
crystatlized by trituration of the cif with E4O 1o give the product as a white solid (1.30
g, 94%). LCMS m/z 385.0 (M+1). 'H NMR (400 MHz, CDCl3) 8 1.28 (br d, J=6.8 Hz,
3H), 1.34 (s, 9H), 336 (m, 1H), 412 {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-Z-ox0-1,2,3,4-
fetrahydroquinolin-3-yicarbamate (33) fert-Butyl (28,35} 1-(benzyioxyamino)-1-
oxo-3-phenylbutan-2-yicarbamate (32) {0.50 g, 1.3 mmol} was dissolved in DCM (10
by, i an ice-cooled flask. Phenviiodine(ill} bisltriffucroacetate} (PIFA, 084 g, 1.8
mmol) was added in one portion and the reaction was stirred at 0 °C to RT overnight.
The reaction mixture was dituted with DCM {20 mbL} and washed with a saturated
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agueous NaHCO; solution, then with saturated aqueous sadium chloride solution,
dried over magnesium sulfate, fltered and concentrated in vacwo. The resulting
yallow off was purified by sHlica gal chvomatography (Eluant: 30% EXOAC in hexane)
to give the proaduct as a vellow ol still containing impurities (0.50 g). APCIm/z 2B3.3
[(M-BOCH+1]

{35,48}-3-Amino-1-{benayloxy)-d-methyl-3 4-dihydroquinolin-2(1H}-one
{34} tert-Butyl (35 48y 1-{benzyloxy)-4-methyl-2-ox0-1,2.3 4-tetrahydroquinolin-3-
yicarbamate (33} from the previous step (0.50 g, <1.3 mmol) was dissolved in THF
{10 mbL), and BF-ELO (0.238 mi, 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% agueous
NaOHM solution, and the organic fayey was washed with water, washed with saturated
agueous sodium chionde solution, dred over magnesium suifate, filtered and
concentrated in vacuo. The residue was punfied by silica gel chromatography
{Eluant 30% EtOAC in haxane) 1o give the product, still containing impurities (100
mg). LCMS m/z 283.1 (M+ 1) TH NMR (400 MHz, CDCIs) 8 1.14 (d, J=7.2 Hz, 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), 517 (4,
J=9.2 Hz, tH), 7.09 (m, 1H), 7.20-7.43 (m, M), 7.53-7.58 {m, 2H).

{3545)-3-Amino-T-hydroxy-4-methyi-3 4-dihydrogquinclin-2( 1 Hy-one,
hydrochloride salt {35) (35,4 8)-3-Amino-1-(benzyloxy)-4-methyl-3 4~
dihydrogquinolin-2{1H-one (34} from the previous reaction {100 mg, <0.35 mmol} was
dissolved in EtOH (4 mL} and 1-methyl-1 4-cyclohexadiene (1 mbl), and treated with
PA{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
i vacuo provided a solid, which was purified by silica gel chromatography (Eluant:
3% MeiH in EI0AC) 1o afford the free base of the preduct. By = 0.3 (20% MeOH in
EQAC) A TN solution of HCH in ELO 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 {0, J=7.0 Hz, 3H}, 318 (m, TH), 4.01 (d, J=5.5 Hz, 1H)}, 7.10 {ddd, J=7.2, 7.2,
1.2 Hz, M), 7.22-7.37 {m, 3H),
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Example §: Synthesis of 3-amino-8-chloro-1-hydroxy-8-methvi-3 4-dihvdroquinolin-
201 H-one (42
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§5-Chioro-1,3-dimethyl-2-nitrobenzene {37} To a solution of 4-chloro-2,6-
dimethyibenzenamine (36} (6.14 g, 39.5 mmol} in toluene (200 mbL) was added
mCPBA {44 .2 g, 197 mmol). The reaction was heated at reflux overnight, then
alfowed to cool at RT, washed with aqueous 1N NaOH, dried over magnesium
suifate, filtered and concenirated in vacuo. The crude matenal 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 MMz, CDCLY § 2.31 (m,
8H), 7.14 (m, 2H).

1-{Bromomethyhi-S-chloro-3-methyl-2-nitrobenzene (38) Foliowing the
procedure for the preparation of 1-(bromomethyi}2-nitro-3-{triflucromethylbenzene
{17} in Example 3, reaction of §-chloro-1 3-dimethyl-2-nitrobenzene (37} provided the
title compound as a solid (50%). *H NMR (400 MHz, CDClL) 8 2.36 (m, 3H), 4.43 (s,
2H), 7.28 (m, tH), 7.37 (m, 1H).

Diethyl acetamido{b-chioro-3-methyl-2-nitrobenzyhmalonate (39)
Foliowing the procedure for the preparation of diethyl acetamido{4-bromo-2-
nifrchenzylimalonate (24) in Example 5. 1-{bromomethyl}»b-chioro-3-methyl-2-
nitrtobenzene (38) was converted to the title product, which was obtained as a solid
(65%). LOMS vz 401.0 (M+1). 'H NMR (400 MHz, DMSO-de} § 115 (t, J=7.1 Hz,
GH), 1.90 (s, 3H), 2.24 (brs, 3H), 3.53 (s, 2H), 4. 10-4.17 (m, 4H), 7.08 (br d, J=2.2
Mz, 1H), 7.50 (apparent dd, J=2.3, 0.7 Hz, 1H), 8.31 {hr s, 1H).
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2-Amino-3-{S-chioro-J-methyl-2-nitrophenylipropancic acid,
hydrochloride salt {(40) Following the procedure for the preparation of Z-amino-3-(4-
bromo-2-nitrophenyhipropancic acid, hydrochioride salt (28) in Example B, diethyt
ageetamido{S-chiore-3-methyl-2-nitrobenzylimalonate (38) was converted to the ftle
praduct, which was obtained as a solid (assumed quantitative), LCMS m/iz 258.0
(M+1).

fert-Butyl {1-[{tert-butoxycarbonyhoxyl]-6-chloro-8-methyl-2-ox0-1,2,3,4-
tetrahydrogquinolin-3-yllcarbamate {41} To a solution of 2-amino-3-(5-chioro-3-
methyl-2-nitrophemyd)propancic acid, hydrochloride salt (40} {0.11g, 0.42 mmol} in
EtOH (5 mL) was added tin{ll) chioride dihydrate {0.20 g, 0.85 mmal). The reaction
was heated 1o 80 °C for 5 h, then cooled {o RT. Diisopropylethylamine (073 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 mixiure was concenirated in vacuo, then partitioned
between EtOAC and water. The agqueous layer was extracted with BE1OAc, and the
combined organic lavers were dried pver magnesium suifate, fillered and
concentrated under reduced pressure, The residue was purified by silica gel
chromatography (Gradient: 0% o 80% EtCAC in heptane}, o afford the product (40
mg, 22%), which was used directly in the next step.

JI-Aminoc-g-chloro-t-hydroxy-8-methyl-3 4-dihydroguinolin-2{1H}-one (42}
To a sciution of fert-bubyl {1-[{tert-butoxycarbonvlioxyl-6-chioro-8-methyi-2-oxo-
1,2,3 A-etrahydroquinclin-3-ylicarbamate (41) (40 mg, §.094 mmol) in DCM {3 mL)
was added TFA (3 mL). The reaction was then allowed {o stir at RT for 30 minutes.
The sobvent was removed i vacuo, and the residus was adsorbed onto silica and
purified by silica gel chromatography (Gradient: 0% to 45% INHLOH(1): MeOH(8)
DCM (80)] in DCM) to provide the product (5.8 mg, 27%). LOMS m/iz 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, 87 Hz, 1H), 7.09-7.13 {m, 2H).



WO 2010/146488 PCT/IB2010/052349
60

Exampie 9: Synthesis of 3-amino-1-hydroxy-3 4-dihydro-1.5-naphthyridin-2{ {1H}-one.,
dihvdrochloride salt (8)
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2-Methyl-3-nitropyridine 1-oxide (44} To a solution of 2-methyl-3-
nitropyridine (43} {(0.86 g, 8.23 mmol) in DOM {30 ml) was added mOPBA (2.8 g,
12.5 mumoll. The reaction was then allowed to stir at R for 6 h. Sodium thiosuifate
{900 my) was added and the mixture was allowed fo stir overnight. The reaction
mixture was diluted with additional DCM and washed with a saturated aqueous
NaHCO, solution. The organic layer was dried over magnesium sulfate, filtered and
concenirated in vacuo. The residus was punified by chromatography on silica gel
{Gradient: 0% to 209 MeOH in DCM) to afford the product {782 myg, 81%). LCMS
m/z 185.0 (M+1). "H NMR (400 MHz, CDCL) 8 2.73 {m, 3H), 7.30 (brdd, 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).

{I-Nitropyridin-2-yhimethyt acetate {(45) To a solution of 2-methyl-3-
pitropyridine 1-oxide (44) (0.78 g, 5.07 mmol} in acetic acid at 80 “C was added
acetic anhydride (0.72 mL, 7.61 mmoi), and the reaction was heated at 110 °C
overnight. The mixture was cooled, concentrated in vacue 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 m/z 186.8 (M+1). 'H
NMR (400 MHz, CDCl3) 8 2.20 (s, 3H), 5.83 (s, 2H), 749 (brdd, J=8.2, 4.7 Hz, 1H),
.41 (dd, J=8.3, 1.5 Hz, 1H}, 8.84 {ad, J=4.7, 1.6 Hz, 1H}L

{3-Nitropyridin-2-yhimethano! {46} To a solulion of (3-nitropyridin-2-
yhimethyl acetate (45} (5.72 g, 2.2 mmol} in MeOH (10 mL) and water (20 mi) was
added potassium carbonate (2.0 g, 14.6 mmol). The reaction was then allowed to stir
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at RT ovemight. The reaction mixture was concentrated in vacuo 1o remove most of
the MeOH, and the resulling mixture was diluted with EtOAc and water. The aqueous
fayer was extracied several times with EtOAC, and the combined organic lavers were
dried over magnesium sulfate, filtered and concentrated under reduced pressure to
give an arange oil. The yield was assumed o be quantitative. LCMS m/z 1580
(M+1). "H NMR (400 MMz, 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, 4y=8.2, 1.5 Hz, 1H), 8.89 {dd, /=48 1.5 Hz, 1H).

Diethyl acetamido[{3-nitropyridin-Z-yhmethyiimalonate {(47) To a solution
of {(3-nifropyridin-2-yhimethanol (46) (1,45 g, 241 mmol} in DCM (80 mb.) and EIOH
{80 mbL} at 0 “C was added NEt; {3.93 mi, 28.2 mmol) and methanesuifony! chioride
{88%, 0.828 mL, 10.3 mmol). The reaction was allowed to stir at RT for 50 minutes,
then was washed with aqueous NaHCO; solution, dried over magnesium sulfate,
fillered and concenirated i vacun. In 3 separate flask, a solution of diethyl
acetamidomalonate (12) (2.25 g, 10.3 mmol} in EtOH (50 mb) was treated with
NaOE! (3.08M solution in EIOH, 4.58 mi, 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 {o remove as much EIOH as possible. The mixiure was
then diluted with EtOAC and water; the organic layer was separated and washed with
water, dried over magnesium sulfate, filtered and concentrated in vacuo. Purification
was carried out via sifica gel chromatography (Gradient: 0% to 100% EtOAc in
heptane} to afford the product (2.24 g, 87%). LCMS my/z 354.0 (M+1). 'H NMR (400
MHz, CDClL) 8 1.258 {t, J=7.1 Hz, 8H}, 1.98 (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, 1.8 Hz, 1H).

2-Amino-3-{3-nitropyridin-Z-yhipropanocic acid, hydrochloride salt (48)
Diethyl acetamidol(3-nitropyridin-2-yhimethyilmalonate (47} was subjected to
conditions similar to those used for prepargtion of 2-amino-3-{4-bromo-2-
nitrophenviipropanoic acid, hydrochloride salt (28} in Example 5, 1o provide the
product as a solid {94%). LCMS m/z 211.9 (M+1). "H NMR (400 MMz, CD,0D) § 3.87
{ddd, half of ABX system, J=18.2, 7.0 Hz, 1H), 3.94 {dd, half of ABX system, J=18.2,
4.3 Mz, 1H), 4.64 (dd, J=6.9, 4.3 Mz, 14}, 7.65 (dd, J=8.3, 4.8 Hz, 1H), 8.55 (dd,
J=8.3, 1.5 Hz, 1H), 8.84 (dd, J=4.8, 1.5 Hz, 1H}.
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tert-Butyl {1-[{feri-butoxycarbonylioxyl-2-0x0-1,2,3 4-tetrahydro-1,5-
naphthyridin-3-yi}carbamate {49) To a solution of Z-amino-3-(3-nitropyridin-2-
yhpropanoic acld, hydrochloride salt (483 (0.11 g, 0.37 mmaly in THF (30 mbyand
MeOH (10 mb) &t § °C was added sodium acetate fribydrate (0.35 mb, 3.73 mumol)
and Hry ) chiornide dilvdrate {0.43 g, 1.86 mmol). The reaction was then allowed io
stirat 0 “Cfor 8 h. NE (0.52 mL, 3.73 mmol) and BOC,0 (0.16 g, 0.75 mmol) were
added to the reaction and the mixture was allowed to stir overnight. The reaction
mixture was diluted with water and EtOAc, and the aqueous layer was extracted
further with EtOAc. The combined organic layers were dried over magnesium sulfate,
filtered and concentrated under reduced pressure. The crude reaction mixture was
purified by silica gel chromatography (Gradient: 0% to 100% EtOAC in heptane) to
provide the product (78 mg, 55%). LOMS m/z 380.0 (M+1)

3-Amino-1-hydroxy-3,4-dihydro-1, S-naphthyridin-2{ 1H)-one,
dihydrochloride salt (88} To a solution of fert-butyl {1-{{{er-butoxvcarbonyoxy]-2-
oo-1,2, 3 4-tetrahydro-1, 5-naphthynidin-3-vilcarbamate 49 (41 mg, 011 mmol) in
MeOH (3 mL) was added concentrated HCH {1 mbL). The reaction was allowed 1o stiy
at 40 °C overnighi. The mture was concentrated i vacuo 10 give the product as an
orange solid (26 mg, 94%). LOMS m/z 180.0 (M+1). "H NMR (400 MHz, DMSO-de) 8
3.41 {dd, half of ABX system, J=15, 14 Hz, 1H), 3.50 (dd, half of ABX system,
J=15.8, 8.9 Mz, 1M}, 4.82 (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), 8.88 (brs, 3H).
Example 10; Synthesis of 3-amino-1-hvdroxy-8-(triflucromethvi-3 4-dihvdroguinolin-
201H-one, hydrochloride salt (53}
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tert-Butyl {1-[{tert-butoxycarbonylhoxyl-2-oxo-6-{trifluoromethyi}-1,2,.3,4-
tetrahvdroguinolin-3yicarbamate (52} To an ice-cooled solution of Z-aming-3-{2-
nitro-S-(riffucromsthylphenyvilpropanoic acid, hydrochioride sall (81, prepared in

similar manner {0 Z-amino-3-{5-flucro-Z-nirophenyhpropancic acid, hydrochloride
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salt {(14) in bExample 2, but beginning with 2-methyl-1-nitro-4-
{frifluoromethylibenzene) (178 mg, 0.568 mmol) in THF (10 mL) and MeOH (10 mL}
was added sodium acetate trthydrate (0.778 g, 5.88 mmol} and tin(il) chioride
dihydrate (1658 g, 2.8 mmol). The reaction was allowed to stir at 0 °C for 4.5 h. NEt;
{0.788 mL, 5.66 mmol} and BOC,0 (0.247 g, 1.13 mmol} 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
sutfate, filtered and concentrated under reduced pressure. Purification via silica gel
chromatography {Gradient: 0% to 100% EXOAc in heptane) provided the product (83
mg, 25%). LOMS m/z 448.9 (M+1}).

3-Amino-1-hydroxy-6-{trifluoromethyt)-3 4-dihydroquinotin-2{ 1H)-one,
hydrochloride salt {83} To a solution of fert-butyl {1-[{terf-butoxycarbonyhoxy}-2-
oxo-G-{trifluoromethyly-1,2.3 Adetrahydroquinelin-3-yllcarbamate (82) (83 mg, 0.14
arnel) in MeOH (10 mb) was atded concentrated HCH3 mL). The reaction was
heated at 40 °C until it was judged complete vig LOMS analysis. The mixiure was
concentrated in vacuo 10 provide the title compound as g solid (35 myg, 88%). LOCMS
m/z 246.9 (M+1). "H NMR (400 MHz, DMSO-ds} 8 3.17 {m, 1H), 3.35 (dd, /=154, 6.3
Hz, 1H), 4.50 (m, H), 7.44 (d, J=B.5 Hz, 1H), 7.72 {br d, J=88 Hz, 1H), 7.79 (br s,
1H) 8.71 (brs, 2H), 11.12 {s, TH).
Example 11: Synthesis of 2-amino-d-hydroxy-1.2-dihydrebenzoiflguingtin-3(4H)-ons
{55)
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Benzyl [4-{benzyioxy)-3-oxa-1,2,3 d-tetrahydrobenzolfiguinolin-2-
ylicarbamate (B4, prepared from 2-amine-3-( t-naphthybpropancic acid according to
the general procedure for synthesis of terf-butyl (35,4 8)-1-(benzyioxy}-4-methyl-2-
oxo-1,2,3 4-tetrahydroquinolin-3-yicarbamate (33} in Example 7} (35 mg, 0.077
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mnol) was dissolved in a solution of boron trichlanide in DCM (1.0 M, 5.00 mL, 5.00
mmol), and the reaction was heated at 50 “C for 1 h. After being quenched with
Me(H (10 mlb), the reaction was stirred for 15 min, then treated with silica gel
impragnated with p-iclusnasulfonic acid (0.68 mEg/g, 2 ¢, 1.36 mmal), 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 MeQH for 20 minutes, and filtered. The solids were
rinsed with MeOH and the combined fillrates were concentrated in vacuo to afford a
sofid, which was triturated with E4,0 to provide the product as a solid (2 mg, 10%).
LOMS 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), 7 45 (dd, J=7, 7 Hz, 1H), 7.58
{dd, J=8 8 Hz, 1H), 7.87 (d, J=0 Hz, 1H), 7.88 {m, 2H), 8.01 (d, J=9 Hz 1H).
Example 12; Synthesis of (35)-3-aming-1-hydroxy-5-methoxy-3 4-dihydroguinelin-
2{1H)-one, hydrochloride salt {60)
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fert-Butyl N-{diphenvimethylene}-Z-methoxy-&-nitro-L-phenvialaninate
{58) To a solulion of rert-butyl N-{diphenvimethylenelgivcinate (58) (1.2 g, 4.2 mmal),
Z-{bromomethyl-1-methoxy-3-nitrobenzens (57) (0.86 g, 3.3 mmol) and C-allvl-N-{8-
anthracenylmethylicinchonidinium bromide (.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, 1719, 12414-12415.) The reaction
was stirred at -30 °C overnight. The mixture was warmed to 0 °C, gquenched with
saturated agueous ammonium chioride solution (5 mb) and diluted with DOM (5 mbL)
The agueous layer was extracted with DCM (3 x 5 mlL), and the combined organic
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fayers were washed with water, dried over Na:;50,, fltered and concentrated under
reduced pressure. The residue was purified by chromatography on silica gel
{Gradient; 0% o 20% E1OAg in heptane) {0 give the title compound as a vellow solid
{1.32 g, 87%). APCH m/z 461.2 (M+1). "H NMR (400 MHz, CDCLY 8 1.41 (s, 8M), 349
{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=8.86,
4.3 Hz, 1H), 6.64 (br d, J=8.4 Hz, 2H), 6.88 (m, 1H), 7.20-7 .34 (m, 8H}, 7.51.7.54 (m,
2H).

2-Methoxy-6-nitro-L-phenylalanine, hydrochloride sait {59} tert-Butyl N-
{diphenyvimethylene-2-methoxy-8-nitro-L-phenyialaninate (88) (1.28 g, 2.78 mmol)
was taken up in THF (8 mbL) and water (8 mL), and freated with concentrated
agueous HCI solution {8 mL). After stirring overnight, the reaction was diluted with
EtOAC (15 ml), and the organic layer was extracted with water (3 x 10 mi). The
combined agueous layers were concenirated in vacuo {0 provide the product as an
off-white solid (750 mg, 97%). LOMS ar/z 241.2 (M+1). 'H NMR (400 MHz, DMSO-
dey O 3.23 (dd, S=13.5, 6.3 Mz, 1M}, 3.33 (dd, J=13.4, 9.4 Hz, 1H)}, 3.87 {5, 3H}, 4.00
{brm, TH), 7.40 (m, 1H), 7.50-7.55 (m, 2H), 8.58 (brs, 3H), 13. 86 (vixr s, TH); e el
04.8%.

{35)-3-Amino-1-hydroxy-5-methoxy-3 4-dihydroquinolin-2{1H)-one,
hydrochioride salt (80) 2-Methoxy-6-nitro-L-phenylalanine, hydrochloride salt {59}
was converted o the title product following the general procedure outlined for
syrthesis of 3-amino-1-hydroxy-8-{iriflucromethyi)-3,4-dihydroquinolin-2{  Hi-one,
hydrochloride salf (B3) 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, 18 Hz, TH), 3.46 (dd, J=15.5, 6.9 Hz, 1H), 3.83 {5, 3H}, 4.34 (dd, J=14.4, 6.8
Hz, 1H), 8.82 (d, J=8.2 Hz, 1H), .92 (d, J=8.1 Hz, 1H}, 7.31 (dd, J=83, 8.3 Hz, 1H),
8.66 (brs, 3H), 10.83 {brs, 1H).

Exampie 13: Synthesis of 3-amino-1-hydroxy-7-(3-methoxyphenyl}-3.4-
dihydroguinolin-2(1H)-one, hydrochloride salt {62}

Y O §_o
; J PPN N N N
J/% O Y A e i K Y N
oL Ol R g Ry O o A l l\,\
R \\J\:Nﬁ’ -,:_:Q O E J f";{ G {Ef"lz:;;.{/""“\f NN =0
§ e ® " i i b
0. 0 ¥ o\fﬁ,@ »\{p OH
Ohde ~ A Onte 62

27138 \““{fi} 61 EC\L



WO 2010/146488 PCT/IB2010/052349
66

tert-Butyl 1-{{tert-butoxycarbonyljoxy]-7-{3-methoxyphenyl}-2-oxo-
1,23 d-tetrahydrogquinolin-d-yvicarbamate {81) A sealable vial was charged with
racaemic terf-butvl {F-bromo-1-{{ferf-butoxycarbonylioxyl-2-oxo-1,2,3 4-
tetrahydroquinolin-3-yllcarbamate (27 and 28, from Example BY {010 g, 0.22 mmol),
biphenyl-2-vi{di-fert-butyliphosphine {1.20 mg. 0.004 mmol}, Pd(){OAc), (0.4 mg,
0.002 mmol), 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 diluted with EtOAc and the
organic laver was washed with water, dried over magnesium sulfate, fitered and
concenirated in vacuo. The residue was purified by chromatography on silica gel
{Gradient: 0% fo 80% EtOAc in heptane) to give the product as a gum (38 myg, 37%).
LCMS my/z 485.1 (M+1). 'H NMR (400 MMz, CDCly) & 1.48 (s, 9H), 1.57 (br s, M),
3.07 (brm, tH), 3.51 (brm, 1H), 3.88 (s, 3H), 4.58 (br m, 1H}, 5.60 {br s, 1H), 6.93
{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,
aH), 7.37 (dd, J=B8.0, B.O Hz, 1H).

J-Amino~-1-hydroxy-7-{3-methoxyphenyi}-3,4-dihydroquinolin-2(1H)-one,
hydrochloride salt (62} Reaction of terf-butyl 1-{(fert-butoxycarbonyiony-7-(3-
methoxyphenyl)-2-0x0-1,2,3 4-tetrahydroquinolin-3-yicarbamate (61) under the
conditions described for deprotecton of fert-bulyl {1-{{terf-butoxycarbonyloxyl-2-0xo~
1,2,3 d-tetrahydre-1,5-naphthyridin-G-vilcarbamate (48} in Example 8 provided the
titte compound as a solid (86%). LCMS m/z 285.3 (M+1). "H NMR (400 MMz, DMSO-
da} 0 3,13 {dd, J=14.9, 14.9 Hz, TH), 3.25 (dd, J=15.0, 6.5 Hz, TH), 3.82 {s, 3H}, 4.44
{m, 1H), 6.88 {br dd, J=8.2, 2.8 Hz, 1H), 713 (m, 1H), 7.20 {br d, J=8 Hz, 1H), 7.38-
TA3 (m, 3H), 7.50 (hr d, J=1.5 Hz, 1H), 8.68 (br s, 3H), 10.97 (s, 1H).
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Exampie 66: Synthesis of (35)-3-amino-1-hydroxy-8-phanoxy-3.4-dihydro-1.8-
raphthyridin-201H-one (873
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J-Bromo-5-fluoro-2-nitropyridine {83} A flask was charged with
concantrated M:S0, {30 mbL) and K.5:0: {28.3 g, 108 mmol) was added at RT and
stirred for 5 min. The resulling viscous reaction mixture was cooled to 0 °C and then
3-bromo-S-fluoropyridin-2-amine (5 g, 30 mmob) was added in one portion. After &5
min, the ice bath was removed, and an exotherm was observed, followed by
gvolution of 30, gas. The reacton mixture became a yellow solution, which was
stirred at RT for 1 h. The reaction mixiure was diluled with ice water, EtOAC (100 mL)
was added and the water layer was made basic using agusous NH,OH solution, The
organic layer was separated and dried over Mg, S0, then filtered and concentrated
in vacuo, Purification on silica gel {(Eluant: 10% EtGAC in haptane) provided the
product as a white solid (2.70 g, 40%). GCMS mvz 220 (M),

3-Bromo-2-nitro-S-phenoxypyridine {64} To a solution of 3-bromo-5-flucro-
2-nitropyridine (683} (1.0 g, 4.5 mmat} in MeCN {80 mL} was added phenot (478 mg,

8 08 mmoly and Cs,C05 (328 mg, 5.43 mmob). The resulting mixture was stirred at 80
°C for 3 h. The reaction was diluted with EYOAC and washed with water. The crganic
laver was dnied, filtered and concentrated under reduced pressure, angl the residue
was purified using stlica gal chyomatography (Eluant: 10% EtOAC in heptane) to
provide the product as an oil (1.3 g, 98%). GCMS m/z 294 (M"). "H NMR {400 MHz,
COCLYS 7.10-7.14 {my, 2H), 7.33 {brt, J=7.5 Hz, 1H), 7.49 (dd, /=85, 7.5 Hz, 2H},
7.58 (d, =24 Hz, 1H), 818 (d, /=24 Hz, 1H}.
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Methyl N-{tert-butoxycarbonyl}-3-{2-nitro-5-phenoxypyridin-3-yi}-L.-
alaninate {65} Trimethyisilyl chiovde (0348 mi, 2.74 mmol} was added to a stirring
suspansion of zine dust (889 mg, 13.7 mmol) in dry DMF {1 mb) and the mikiure was
stirred for 30 min. The stirring was stopped, and the solids were allowead to settle for
10 min, at which time the supermnatant was removed via syringe. The aclivated zine
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 8. van Zutphen ef af,,
Tetrahedron Lett 2007, 48, 2857-2889) (1.81 ¢, 5.48 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
nifrogen, To this was sequentiaily added 3-bromo-2-nitro-S5-phenowpyridine (84}
{1.35 g, 4.58 mmol)}, paliadium(ll) acetate {51.4 myg, 0.229 mmol} and then X-Phos
{dicyciohexyl(2' 4' &' -triisopropylbiphenyl-2-yhiphosphine, 218 mg, 0,458 mmaol). The
resuliing solution was stirred at R for 18 b The reaction mixture was diluted with
E50O {100 mb), washed with water {5 x 20 mlL), drisd over Mg.SO,, filtered and
concentrated in vecuo, Purification via silica gel chiromatography (Eluants: 10%
E{OAc in heptane, then 15%, then 20%) afforded the product as a yellow oil (287 mg,
16% vield). LCMS m/z 418.1 (M+1). "H NMR (400 MHz, CDCL) 5 1.38 (br s, 9H},
3.14-3.21 {m, 1H), 3.5 (m, 1H, assumed; obscured by reswdual ELO), 3.74 (s, 3H),
4.62-4 88 (m, 1H), 518 (br d, J=8 Mz, 1H), 7.00-7.13 {m, 2H), 7.27-7 .32 {m, 2H),
747 {br dd, J=8, 8 Hz, ZH}, 8.15 (br s, 1H).

tert-Butyl {{38)-1-{{tert-butoxycarbonylloxy]-2-ox0-6-phenoxy-1,2,3,4-
tetrahydro-1,8-naphthyridin-3-yi}carbamate (66) Methyl N-(teri-butoxycarbonyt)-3-
{2-nitro-S-phenoypyridin-3-yik-L-alaninate (65} {217 mg. 8.52 mmol) was dissolvead
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(ll) chioride dihydrate (704 mg, 3.12 mmol)
and sodium acetate trivdrate (778 myg, 5.72 mmal}, and the reaction was allowed 1o
stic at 0 °C for 10 min and then at RT for 2 h. Al thal ime, NEL {0.725 mL, 5.20
mmol) and BOC.O (227 ma, 1.04 mmol) were added and the mixdture was stirred at
RT for 18 h. Solvents were removed i vacuo, and the remaining semi-solid was
filtered through Celite and washed with E1OAC {3 x 20 mlL.). The combined EtOAc
filtrates were washed with water (2 x 20 mL) and saturated aqueous NaHCO;
solution (2 x 20 mL)}, dried over Mg,SQs, filtered and concentrated under reduced
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pressure. The crude residue was purified on silica get (Eluant 1.1 EXCAC / heptane)
to provide the product as an oil {240 mg, 98%). LCMS m/z 472.1 (M+1). "H NMR
{400 MHz, CDCly) 6 147 (br s, 8H), 1.57 (s, 9H), 2.84-2.98 (m, 1H), 3.39-3.48 {m,
TH), 4.80-4.81 {m, 1H), 5.58-564 {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) fert-Butyl {(38)-1-{{fert-butoxycarbonytioxyl-2-oxo-8-phenoxy-1,2,3,4-
tetrahydro-1,8-naphthyridin-3-yllcarbamate {66} (240 mg, 0.509 mmol) was reated
with a solution of HCHIn E60 (2 M, 2 ml) and alifowed to stirat RT for 66 h. The
solvent was removed under reduced pressure, and the residue was dissolved in a
soiution of 1:4 {1:9 NH.OH: CH,OH}): dichloromethane (0.5 mL). This solution was
subjacted {0 silica gel chromatography (Eluant. 1:4 (18 NH.OM: CHOMY:
dichioromethane) {o provide the product as a white solid (83 mg, 81%). LOMS mvz
272.0 (M+1). "H NMR (400 MHz, CD,0D) 5 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 Mz, 1H), 7.03-7.07 {m, 2H), 7.17 {br ¢,
J=7.4 Hz, 1H), 7.40 (dd, J=8.5, 7.5 Hz, 2H), 7.44-7 .48 (m, 1H), 8.00 {(br d, J=2 Mz,
TH).
Examptle 67 Synthesis of (38)-3-amino-1-hydroxy-6-{phenvisulfonyl}-3.4-

dibvdroauinalin=2{1H-0ne, hydrochloride sall (723
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2-Bromo-1-nitro-4-{phenylthio}benzene {(68) A mixture of 2-bromo-4-flucro-
1-nitrobenzene (4.3 g, 20 mmol) and KyCO; (5.39 g, 38.0 mmal) in DMF (100 mL)
was heated to 80 °C. To the mixture was added benzenethiol {2.15 g, 18.5 mmol}
and the mixiure was stirved at 80 °C for 1 h. The reaction mixture was quenched by
the addition of water (200 mb)}, and extracted with EtOAC {3 x 400 mbL). The
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combined organic layers were washed with saturated aqueous sodium chioride
solution, dried over Na,S0y, filtered and concentrated in vacuo 1o afford the praduct
as a yellow solid (6 g, 98%), which was used for the next stap without further
purification.

Z2-Brome-1-nitro-4-{phenyisulfonyi}benzene {69} A mixture of 2-bromo-1-
nitro-4-(phenylthiojbenzene (88) (5.8 g, 18.7 mmol) and mCPBA (11.3 g, 56.1 mmol)
in DOM (120 mb) was stirred st 15 *C for 1 h. The reaction mixiure was quenched by
addition of saturated aqueous Na,50; solution (20 mb), and extracted with DCM (3 x
500 mi.). The combined organic layers were washed with salurated agueous sodium
chioride solution, dried over Na 50, filtered and concentrated under reduced
pressure. The residue was purified by column chromatography on silica gel (Eluant
1001 petroleum ether EIOAR) to give material that was then crystallized from EIOH
{100 mb). The product was obtained as a yellow solid {2 g, 30%). LCMS mvz 340.9,
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, 3H}, 8.31 {5, 1H).

Methyl N-{fort-butoxyearbonyil-Z-nitro-S-{phenvisulfonyii-L-
phenylalaninate {70} Compound 70 was prepared from 2-brome-1-nitro-4-
{phenyisulfonyhibenzene (69) according to the general procedure for the synthesis of
methyl N-fert-butoxycarbonyl}3-{2-nitro-S-phenoxypyridin-3-yvi-L-alaninate (85) in
Example 66. The product was obtained as an off-white foam (250 mg, 37%}. LOMS
m/z 483.1 (M-1).

fert-Butyl [{(35-1-hydroxy-2-oxo-6-{phenvisulfonvi}-1,2,3,4-
fetrahydroguinoifin-3-ylicarbamate {71} Ammonium formate {(84.8 myg, 1.34 mmol)
was added to a solution of methyl N-(ferft-butoxycarbony - 2-nifro-5-{phenylsulfonyl)-
L-phenvialaninate (70) (125 mg, 0.2689 mmol} in pyndine {2.7 mL), followed by
platinum on carbon {5%, 4 mg). The black suspension was stirred at 60 °C for 18 h,
then allowed to cool to RT and filtered through an Acrodise”™ syringe filter (Pall Life
Sciences). The filrate was concentrated, and the residue was purified via
chromatography on silica gel {(Gradient: 0% 1o 60% E{GAC in heplansg), o provide the
praduct as a white solid {62 mg, 558%). LCMS m/z 417.0 (M-1). "H NMR (500 MHz,
CDCLY& 143 (s, OH}, 2.84 (br dd, J=15, 14 Hz, 1H}, 3.37-3.45 {(m, 1H), 4.45-4 53 {m,
1H), 5.38 (br d, J=68 Hz, 1H), 7.44 {d, J=8 .5 Hz, 1H), 7.81-7 85 (m, 2H), 7.57-7.61 {m,
1H), 7.75 (br s, 1H), 7.90-7 85 {m, 3H), B.5-88 (vibrs, 1H).
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{35)-3-Amino-1-hydroxy-8-{phenvisulfonyl}-3,4-dihydroguinolin-2{1H)-
one, hydrochloride salt {72} Compound 72 was prepared from fert-butyl {{38)-1-
hydroxy-2-oxa-6-{phenyisulfonyl- 1,2, 3 4-tetrahydroguinolin-3-vljcarbamate (F1)
according to the generat procedure for the synthesis of (38)-3-amino-1-hydroxy-8-
phenoxy-3 4-dihydre-1,8-naphthyndin-2{ 1Hj-one (87) in Example 68, except that the
nautral product {15 mg, 34%} was converted o its hydrochloride salf by dissolution in
DCM and treatment with 2 N HCl in ELD, followed by removal of solvent in vacuo.
The product was obtained as a solid. Characterization data was obtained on the
neutral form of the product. LOMS m/z 318.9 (M+1). 'H NMR {500 Mz, CDCL)
2.81-2.94 {m, 1H), 3.01-3.13 (m, 1H), 3.85-3.78 {brs, 1H), 4.3-51 {vbrs, 3H), 7.28-
7.35 (m, 1H), 7.48-7.54 (m, 2H), 7.55-7.80 {m, 1H), 7.67 {brs, 1H), 7.73-7.78 (m,
1H), 7.91 (br d, J=7.3 Hz, 2M).

Example 68: Synthesis of (38)-3-amino-0-benzyl-1-hydroxy-3 . 4-dihydroguinolin-

201 H-one, bifluoroacetic acid salt (82)
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tert-Butyl (4-benzyiphenviicarbamate (73) To a solution of 4-benzyvianiline
{12.5 g, 88.2 mynol} in a 1.1 soluhion of dichloromethane and saturated aqueous
Na,CO, was added (BOCLO (16.5 g, 75 mmol). The reaction was allowed to stir at
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RT for 18 h. The reaction mixture was extractied with dichloromethane (3 x 200 mb),
washed with water, died over sodium suifate, filtered and concentrated under
reduced pressure to provide the product as a solid (14.8 g, 77%). 'H NMR (500 MHz,
CBCl 8 1.51 (s, OH), 3.93 {s, 2H}, 6.41 (br s, 1H), 7.10-7.29 {m, 8H).

5-Benzyl-2-{{feri-butoxycarbonyilaminolbenzoic acid {74} fert-Butylllithium
{1.7 M solution in pentane, 85.3 mL., 84.0 mmol} was added drop-wise to & -78 °C
sotution of fert-butyl (4-benzyiphenylicarbamate (F31 (8.33 ¢, 28.4 mmol} in
anhydrous THF. The resulting mixture was aliowead to warm to -50 °C and stirred for
2 h. The reaction was carefully poured onio finely crushed dry ice (300 g);, slirming
was continued and the reaction was allowed to warm 1o RT. The reaction mixture
was diluted with EtOAc (200 mb), 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 suifate,
filtered, and concentrated under reduced pressure to provide the product as a solid
{9 g. 90%). This material was taken o the next step without purfication. LCMS m/z
326.2 (M-1). 'H NMR (500 MMz, CDCL) § 1.52 (s, 8H), 3.93 (s, 2H), 7.10-7.29 {m,
aH).

2-Amino-5-benzylbenzoic acid {75} 5-Benzyl-2-[{ferf-
butoxycarbonybiaminoibenzoic acid (74) (9 g, 30 mmol) was dissolved ina 1.1
mixture of TFA and dichloromethane at 0 °C and stirred at RT overnight. The reaction
was concentraied under reduced pressure, taken up in EtOAc (150 mL), and washed
with water (3 x 200 mb). The organic laver was dried over sodium suifate, fillered,
concenirated under reduced pressure and purified by silica gel chromatography
{Gradient; 0% to B0% EtOAc in heptane) to provide the neulral product as a solid
{331 mg, 5%). "H NMR (500 MHz, CDCLL} 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 (br s, 1H).

5-Benzyl-Z-nitrobenzoic acid {78} To a solution of sodium perborate {1.170
g, 7.52 mmeol) heated in acelic acid at 85 °C was added 2-aming-5-benzylbenzoic
acid {758} (342 mg, 1.50 mmeol). The reaction was stirred at reflux unlil LOMS data
indicated that the reaction was compiete. The reaction mixture was poured into water
and extracted with E1OAC (3 x 50 mlL.), and the combined organic layers were dried
over sodium sulfate and filtered. Purification using silica gel chromatography
{Gradient: 0% o 100% EXOAc in heptane) afforded the desired product as a solid
(177 mg, 46%). LCMS nvz 256.0 (M-13. "H NMR (500 MHz, CDCls) 8 4.10 (s, 2H),
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748 {brd, J=7.3 Hz, 2H), 7.28-7.30 {m, tH), 7.35 (br dd, J=8, 7 Mz, 2H), 7 45 (br dd,
J=8.3, 2.0 Hz, 1H), 7.67 (d, J=2.0 Hz, 1H), 7.82 {d, J= 8.5 Hz, 1H}

{5-Benzyl-2-nitrophenyviimethano! (77 To a solution of S-henzyl-2-
sifrohenzoic acid (F8) (145 myg, .58 mmel) in THE was added borane-THF complex
{as a solution in THF, 4 equivalents) drop-wise. The reaction was refluxed for 2 h,
then was quenched with agueous ammonium chioride solution. After addition of
EQAc, the mixture was washed with water (3 x 50 mL} and saturated aqusous
sodium chionde solution (3 x 50 mi), then dried over sodium sulfate and filtered.
Purification via chromalography on sifica gel (Gradient: 0% to 80% EtQAc in
heptane) provided the product as a solid {105 mg, 77%). LCMS m/z 2421 (M-1). 'H
NMR (400 MHz, CDCL) 8 4.07 (s, 2M}, 4.94 (s, 2MH), 7.17-7.20 {m, 2H), 7.22-7.27 (m,
aH), 7.29-7.34 (m, 2H), 7.58 {(brs, 1H), 8.04 {d, J=8.4 Hz, 1H).

4-Benzyl-2-{bromomethyll-1 -nitrobenzene {78) To a solution of (5-henzyl-
2-nitrophenyimethano! (¥7) {103 mg, 0.42 mmol) in dichioromethane was added
triphenylphosphine (224 mg, .85 mmol} and carbon tetrabromide (286 mg, 0.85
mmaol) and the reackion was allowed 1o stir at RT for 2 h. After removal of volatiles in
vacuo, the residue was taken in E1OAC (50 mlb.), washed with water {3 100 mbL) and
with saturated agueous sodium chioride solution (3 x 100 mi). After conceniration
under reduced pressure, purification was effected via silica gel chromatography
{Gradient: 0% to 80% EtOAc in heptane) to provide the product as a solid (125 mg,
96%). "M NMR (500 MMz, CDCL)Y § 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-benzyi-N-{diphenyimethyiene}-6-nitro-L-phenyialaninate (79)
4-Benzyh-2-{bromomethyi}-1-nitrobenzene (78} (130 mg. 0.42 mmol}, feri-butyl K-
{diphenyimethylane)glycinate (58) (85 mg, 0.28 mmol) and C-allybA-(9-
anthracenylimethylcinchonidinium bromide (18.8 mg, 8.028 mmol) were mixed in a
dry vial in dichloromethane and cocled o -30 °C. Cesium hydroxide (71.4 mg, 042
mimol) was added after the reaction tfemperature in the vial reached -30 °C. The
raaction was allowed to stir at -30 *C for 18 h, al which time it was concentrated
under reduced pressure, taken up in EX0Ac {100 mL}, washed with water (3 x 100
ml.} and saturated aqueous sodium chioride solution (3 % 100 mL), then concentrated
in vacuo. Purification by silica gel chromatography (Gradient: 0% fo 80% EtQAc in
heptane) provided the product as an oil {153 mg, 100%). LCMS m/z 521.3 (M+1). H
NMR (500 MHz, CDCl;) 8 1.45 (s, 8H), 3.35 (dd, /=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=8.6, 3.7 Hz, 1H)}, 6.55 (br m, 2H), 8.97-
7.00 {m, 2R), 7.10-717 {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, 2M), 7.82 {d, J= B4 Hz, 1H).

fert-Butyl {{358)-6-heneyl-1{{tert-butonyearbonyhoxryl-2-0x0-1,2,3,4-
tetrahydrogquinolin-3-yi}carbamate (81} To a solution of ferf-butyl 3-benzyi-N-
{diphenyimethylene}-8-nitro-L-phenylalaninate {78} (150 mg, 0.288 mmol} in
dichioromethane was added trifluoroacetic acid in equal volume at 0 *C, and the
reaction was allowed to stir at RT for 18 h. Solvents were removed under reduced
pressure, and the residue was tagken in water (80 ml.), and washed with EtOAC (3 x
50 mb). The agueous layer was concentrated under reduced pressure to provide 3~
benzyl-8-nitro-L-phenylalanine (80} as a solid (70.2 myg, 59%). LOMS m/z 301.0
1) This crude product (0.2 mg, 0.234 mmol) was dissolved in a 11 mikture of
THF and MeOHM and treated with sodium acetate (325 mg, 2.34 mmol) and tn{h
chioride dihydrate (269 mg, 1.17 mmol} and stirred for 4 h at 0 *C. To the reaction
mixture was added trigthylamine (0.33 mi, 2.4 mmol) and (BOC RO (132 mg, 0.585
mmol), and the reaction was allowed to warm {o RT and stir for 18 h. The reaction
mixture was filtered, and the fillrate was washed with water (3 x 100 mbL), washed
with saturated aqueous sodium chioride solution, dried over sodium sulfate, filtered,
and concentrated in vacuo. 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, COCL) 8 1.47 {brs, 8H), 1.56 (brs, BH), 2.88-3.00 {m, 1H), 3.33-3.43 {m, 1H},
3.94 (s, 2H), 4.47-4.55 (m, 1H), 5.57 {brs, 1H), 6.9-7 1 {v br s, 1H), 7.04 (s, 1H), 7.11
{brd, J=8 Mz, TH), 7.18 {d, J=7.6 Hz, 2H), 7.21-7.25 (m, 1H), 7.31 {dd, J=7 .8, 7.3 Mz,
2k},

{38)-3-Amino-8-benzyl-1-hydroxy-3,4-dihydroguinolin-2{1H}-one,
trifluoroacetic acid salt (82) fert-Butyl {{38)-6-benzyl-1-[{fert-butoxycarbonyljoxyl-2-
oxo-1,2,3 4-fetrahydroguinolin-3-yvilcarbamate (81} (40 mg, 0.085 mmol) was
dissolved in a 1:1 mixture of dichloromethane and trifluoroacetic ackd 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, 1M}, 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 (brs, 1H), 7.15-7.28 (m,
gH), 7.31 (d, J=8.0 Hz, 1H}.
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Exampie §9: Synthesis of 3-amine-8-{2-chiorophenoxy-1-hydroxy-3.4-

dihvdroguinolin-2{ 1H-one hvdrochloride salt (84)
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tert-Butyl {1-[{tert-butoxycarbonylioxyl-6-(2-chlorophenoxy)-2-oxo-
1,4,3, 4-tetrahydroguinolin-3-yiicarbamate {83} A mixiure of ferf-butyl M-
{diphenyimethylene}-3-fluoro-6-nitro-L-phenylalaninate (which can be prepared
according to the general msthod described in Example 12) (148 mg, 0.33 mmol), 2-
chicrophenct (51 myg, 0.40 mmel}, and Cs,C05 (160 mg, 0.50 mmol) in anhydrous
MeCON (5 ml) under Ny was heated {o 70 °C for 20 h. The reaction mixiure was
cocled to RT and concentrated /iy vacuo. The resulling residue was dissolved in
EtOAC (20 mb) and water {20 mL), and the separated aqueous phase was washed
with EtOAc (20 mbL). The combined organic fractions were washed with saturated
agueous sodium chionde solution (20 ml.), dried over Na,SO,, fillered, and
concenirated in vacuo fo vield fert-butyl 3-{2-chlorophenoxy-N-{diphenyimethylene)-
S-nitrophanylalaninate as a brown oil {180 mg). This residue was dissolved in a
sotution of MO in dioxans (4 M, 10 mi), and the resulling solution was heated {0 100
°C for 1 h. The reaction mbdure was concentratad in vacuwo to yield 3-(2-
chiorophenoxy-8-nitrophenyialanine {79 mg) as a solid. This product was converted
to the title compound following the general procedure described in Example 8. The
nraduct was obtained as a gum (51 mg, 48%). LOMS nv/z 505.68 (M+1). "H NMR (400
MHz, GDCl3) ¢ 1.46 (s, 9H), 1.56 (br 5, BH), 2.94 (br dd, J=14, 14 Hz, 1H), 3.37 {v br
d, J=15 Mz, 1H), 4.48-4.58 (m, 1H), 5.60 {(br s, 1H), 8.79 (brs, 1H), 6.88-6.93 (m,
1H), 8.9-7.1 (v brs, 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 (brd, J=8 Hz, 1H).

3-Amino-6-{2-chlorophenoxy}-1-hydroxy-3,4-dihydroquinolin-2{1H)-one,
hydrochioride salt (84) fert-Buty {[1-[{ferf-butoxycarbonyiioxy-6-( 2-chiorophenoxy)-
2-omo-1,2.3 d-tetrahvdrogquinolin-3-ylicarbamate (83) was added to a sclution of KO
in dioxane (4 M, 10 mbL}, and the reaction mbxture was stirred at RT for 168 h. The
reaction mixture was concentrated in vacuo. The resulting white solid was washed
with ERG, filtered, and dried under vacuum at 45 °C to afford the crude product as a
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solid (31 mg). This product was sturried with CH:CL {1 ml), filtered, washed with
CHCly, and dried under vacuum at 45 °C to vield the title compound as a white solid
{16 mg, 46%). LCMS my/z 305.4 {(M+1). "H NMR {400 MHz, CD,0D) § 3.10-3.25 (m,
2H), 4 .35 (dd, J=14.1, 6.7 Hz, 1H), 6.92-6.95 (m, 2H}, 7.06 (dd, J=8.1, 1.4 Hz, 1H),
7.48 (ddd, J=7.8, 7.8, 1.5 Hz, 1H), 7.32 (ddd, J=7.7, 7.7, 1.6 Hz, 1H), 7.38 (br d, J=8
Hz, 1H), 7.52 (dd, J=8.0, 1.4 Hz, 1H}.

Example 70: Svnihesis of 3-{(35r3-amine-1-hydroxy-2-0x0-1,2.3.4-

tetrahvdroguinolin-S-vlloxyibenzonitrile hvdrochloride salt (89
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N tert-Butoxycarbonyl)-3-fluoro-S-nitro-L-phenyialanine {85)
Concentrated HGH (7.5 mbL) was added 1o a solution of tert-butyl N-
{diphenyimethylene}-3-fluoro-G-nitro-L-phenyialaninate (8.1 g, 18.0 mmaol) in MeCN
{100 mbL) at RT. The reaction mixture was heated to 50 °C and maintained at this
temperature for 3 h. The reaction mixture was cooled {0 RT and concentrated in
vacuo 1o provide a solid. The solid was slurried with EtOAc (200 mL), collected by
filtration, washed sequentally with EtOAc and E6LQ, and dried under vacuum at 45
*C for 70 h. The resulting white solid was suspended in water (100 mL), and
triethviamine (10,1 mik, 72.0 mmol) and BOC,0 (4.81 g, 21.8 mmol) were added &t
RT. The reaction mixture was maintained at RT with slirring for 16 h. The reaction
mixture was acidified to pH 5 with 10% aguecus citric acid and washed with EtOAC (2
x 100 mi). The separated organic phase was washed with water (75 mbL), dried over
Na, 50y, filtered, and concentrated /n vacuo to yield the title compound as a white
waxy solid (4.8 g, 77% over two steps). LOMS v 327.0 (M-1).

N-{fert-Butoxycarbonyi}-3-(3-cyvanophenoxy)-&-nitro-L-phenylalanine (88)
A mixture of N-(terf-butoxycarbonyi)}-3-fluore-6-nitro-L-phenyialanine (85} (1.6 g, 4.8
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o), 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 mixture was cocled
to RT and concentrated. The resulting residue was suspended in water (40 mL) and
1 N aqueous HCl was added at 0 °C 1o adjust the pH to ~4-5. The aqueous mixiure
was extracted with E10Ac (2 x 50 mL), and the combined organic phases were dried
over Na;80,, filtered, and concentrated i vacuo. Punfication of the crude residue by
silica gel chromatography {Eluant: EtOAc) provided a brown oil that was resubjected
to column chromatography (Gradient: 0% to 50% EtOAc in hexanes) {o afford the title
compound as a white solid (1.6 g, 78%). LOMS m/z 426.1 (M-1).

3.(3-Cyanaphenoxyl-g-nitro-L-phenylalanine (87) N-{{ert-Butoxycarbonyi)
3-(3-cyanophenoxy-&-nitro-L-phenylalanine {86) (1.6 g, 3.8 mmuol} was dissolved in a
sofution of HCH in dioxane (4 N, 70 ml.). After 1.5 h, the reaction mixiure 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/&z
328.1 (M+1). 'H NMR (400 MHz, CD.0D) 8 3.41 (dd, J=13.8, 7.5 Hz, 1H), 3.88 (dd,
J=13.8, 7.4 Hz, 1H), 4.34 (1 J=7 4 Hz, 1H), 7.12-7.15 (m, 2H), 7.43-7.49 {(m, 1H),
7.92-7.54 {m, 1H), 7.63-7 68 (m, 2H), 8.22-8.25 {m, 1H).

tert-Butyl [(3S)-1-{{terf-butoxycarbonyloxyi-6-(3~-cyanophenoxy}-2-0xo-
1.2, 3, 4-tetrahydroguinolin-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-
phenyialanine (87} (1.3 g, 3.6 mmol} in THF (50 mL} and MeOH (50 mL). The mixture
was stirred until alt of the salis dissolved, and tin(l) chloride dihydrate (4.2 g, 181
mmol) was added. The reaction suspension was stirved at § °C for 8 h. Triethylamine
{5.1 mlb, 36 3 mmol) and BOC,0 {1.9 g, 8.7 mmol) were added and the mbdure was
allowed o stir for 18 h at RT. The reaction mixture was concentrated /n vacuo, and
the resulting residue was slurried in EtOCAc. Insoluble solids were filtered off and
washed with EtDAc, and the combined EXQAc fractions were washed with water and
concentrated /n vacuo. The resulting residue was purified by silica gel
chromatography (Gradient: 0% {o 50% EIGAC in heplane) to afford the title
compound as a white salid (1.1 ¢, 51%). LCMS m/z 486 .2 (M+1). 'H NMR (400 MMz,
CDCLY & 1.47 (s, OH), 1.58 (brs, 9H), 2.98 (brdd, J=14, 14 Hz, 1H), 341 {vbrd,
J=14 Hz, 1H), 4.51-4.60 (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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3-4H38)-3-Amino-1-hydroxy-2-ox0-1,2,3,4-tetrahydroquinolin-6-
vlloxylbenzonitrile, hydrochioride salt (89) tert-Butyl [(38)-1-[{fert-
bButoxyearbonylioxy-6-{3-cvanophenoxy -2-oxe-1,2,3 d-tetrahydroquinalin-3-
ylicarbamate (88) was dissolved In 5 solution of HCH in dioxane (4 N, 70 ml). After 41
h, the reaction mixiure was concentrated to g volume of 10 mb, and the resulting
white solid was collected by filtration. The solid was washed with dioxane {3 x 10 mL)
and ELO (3 x 10 mbL) and dried under vacuum at 45 °C for 3 h. The solid was
washed again with ether (3 x 10 mbL) and dried under vacuum at 50 °C for 2 h. The
washing {ether) and drying procedure was repeated three imes in order o remove
alt residual dioxane, affording the title compound as a white solid (610 mq, 84%);
LCMS m/z 208.0 (M+1). "H NMR (400 MMz, CD,00) 5 3.18 {dd, half of ABX patiern,
J=14 8, 14.4 Mz, 1H), 3.28 {dd, half of ABX pattern, J=15.0, 8.7 Mz, 1H), 4.38 (dd,
J=i4 4, 6.7 Mz, 1), 7.07-7 42 {my, 2H), T.28-7 28 (m, M), 7.31 (ddd, J=8.2, 2.5, 11
Hz, 1H), 746 (d, J=8.6 Hz, 1H), 7.48-7.48 {m, 1H), 7.54 (br dd, J=8, 8 Hz, 1H).
Example 71: Synthesis of (35)-3-amino-1-hydroxy-8-phenoxv-3 4-dihvdroguinolin-
2U1H-one, hydrochloride salt {83
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2-Bromao-1-nitro-4-phenoxybenzens (80) Phenol {111 ¢, 118 mmadl) was
added {0 a suspension 0f Cs,C0; (462 g, 142 mmol) in MeCN (285 mL). The
resulting solution was stirred at RT for 10 min, then 2-bromo-4-fluoronitrobenzene
{26.0 g, 118 mmol) was added, and the reaction mbtture was heated to 5G *C for 65
. The reaction mixture was cooled to RT and filtered io remove Cs.C0;. The filtrate
was concentrated in vacuo, and the resulting residue was dissolved in EIQAC (150
mbL.) and washed with aqueous sodium hydroxide solution (1 N, 250 mL), waler (2 x
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250 mi), and satlurated agueous sodiun chioride solution (250 mlL). The separated
organic phase was dried over Na,SQ;, filtered, and concentrated in vacuo.
Purification by silica gel chromatography (Eluant: heptane} provided the title
compound as a pale yellow ofl {32.7 g. 84%). 'H NMR (400 MHz, CDCly) & 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 .48 {m, 2H}, 7.95 (d,
J=9.1 Hz, 1H}

Methyl N-{tert-butoxycarbonyl}-2-nitro-5-phenoxy-L-phenyialaninate (91)
Freshly distiled DMF (45 ml) was added 1o Zn powder {20.0 g, 306 mmol) under Na.
Trimethyisilyl chioride (8.8 mbL, ~0.2 eq.) was added at RT and the resulting
suspension was stirred vigorously for 35 min. The resulting pale crange supernatant
was removed via syringe. The activated Zn was washed with DMF {2 x 30 mL). After
removal of the DMF, the activated 2ing was dried under vacuum using a heat gun.
Methyl N-{ler-butoxycarbonyl-3-lodo-L-alaninate (37 .0 g, 112 mmol) was frashly
recrystaliized from petroleun ether, dried in vacue, and dissobved in freshiy distitled
DME {93 mbL), and the solution was added to the activated zinc at 0 *C. After 5 min,
the cooling bath was removed. The reaction mixiure was stirred for 20 minina RT
water bath, at which time TLC analysis indicated disappearance of the starting
iodide. The grayish supematant was transferred via syringe into a dry flask under N,
and the remaining zinc metal was washed with DMF (20 mbL). To the flask containing
the combined DM fractions was added sequentially a solution of 2-brome-1-nitro-4-
phenoxybenzene {90} (30.0 g, 102 mmol} in DMF (18 mbL), Pd{OAck (1.1 ¢, 5.1
mmotl), then dicyclohexyiphosphing-2°.4° 8 -triisopropyi-1, 1-biphenyl (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 mainiained at RT for 18 h. The reaction mixture
was poured into E1OAc (400 mb ), and the resulting suspension was filtered through
Celite. The filtrate was washed with water (2 x 400 mi)} and saturated aqueous
sodipnn chioride solution (400 mi), and the separated aqueous phase was washed
with EYOAC (2 x 150 mL). The combined organic exiracts were dried over Na 50,
filtered, and concentrated /o vacuo. The crude residue was puriied by silica gel
chramatography (Gradient: 0% fo 25% E1OAG in heptans) to provide the title
compound as a pale yeliow solid {27.9 g, 66%). LCMS mvz 415.1 (M-1). 'TH NMR
(500 MHz, CDCl:) 8 1.38 (s, 9H), 3.21 {dd, J=13, @ Hz, 1H), 3.57 (dd, J=13.3, 52 Hz,
1), 3.73 (s, 3H), 4.85-4.72 (m, 1H), 517 (br d, J=8 Hz, 1H), §.87-8.92 {m, 2H), 7.07-
740 {m, 2R}, 7.24-7.27 {m, 1H), 7.44 {dd, J=7.8, 7.9 Hz, 2H), 8.03 (d, J=8.8 Hz, 1H).
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tert-Butyl {{35)-1-hydroxy-2-ox0-6-phenoxy-1,2,3 4-tetrahydroquinolin-3-
yljearbamate {82} In three equal baiches, methyl N-{tert-butoxycarbonyl i-2-nitro-5-
phenoxy-L-phenvialaninate (91) (833 ¢, 22.3 mmol) was dissolved in pyridine (250
ml) in & Parr botlle and PO (8% wiw dry catalyst, 4.4 g, 1.1 mmol) was added. The
reacton mixture was placed under M, atmosphere {30 psi) and shaken for 3 k. 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) 1o provide the title
compound as a solid (19.2 g, 77%). LCMS m/z 369.1 (M-1). "H NMR (400 MHz,
Ci0D) 6 1.47 {5, BH), 2.98-3.08 (m, 2H), 4.38 (dd, /=12, 8 Hz, 1H)}, 6.89-6.99 (m,
4H), 7.00 (8, J=7.4 1.1 Hz, 1H), 7.31-7.37 {m, 3H).

{35)-3-Amino-1-hydroxy-6-phenoxy-3 4-dihydroquinolin-2{1H)-one,
hiydrochloride salt (83} In two equal baiches, ferf-buty! [(3S)-1-hydroxy-2-0x0-6-
phenoxy-1,2,3 4-tetrahydroquinolin-3-yljcarbamate (821 (8.0 g, 23.2 mmol} was
added to a 0 “C solution of HCI in dioxane (4 N, 100 miL) with stirring. After & min, the
jice bath was removed and the reaction mixture was maintained at RT for 1 h. ELO
{800 mil) was added, the batches were combined, and precipitate was collected by
filtration. The precipitate was washed with Et,0 and residual solvent was removed
under vacuum. The resulting pale pink solid was slurried in cold MeOHM {100 mL) 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 ¢, 92%).
LOMS mvz 271.4 (M+1). 'H NMR (400 MHz, CD;0D) 8 3.18 {br dd, J=14.8, 14.4 Hz,
TH), 323 (dd, J=15.0, 6.8 Mz, 1M}, 4.35 {dd, J=14.2, 8.7 Hz, 1H), 6.87-7.02 (m, 4H),
743 (4, J=7.4, 1.1 Hz, TH), 7.33-7.40 (m, 3H).
Example 72: Synthesis of (383-3-amino-1-{(dimethyicarbamoyloxyl-8-phenoxy-3.4-
dibydroquinolin-2(1H)-one (84}

¢
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Dimeathylcarbamyi chloride {37 ul, 0.38 mmol) was added {0 a solution of
{33)-3-amino-1-hydroxy-8-phenoxy-3 4-dihydroquinolin-2{ 1H}-one, hydrochioride salt
{83, Example 71) (100 mg, 0.33 mmol} in pyridine (2 mb). The reaclion mixture was
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maintained at RT for 1.5 h, then concentrated in vacyo; the resulling residue was
dituted with EtOAC (20 mb) and water (10 mbL). The separated organic phase was
washed with water {10 mbL), dried over M5Oy, filtered, and concentirated in vacuo to
provide the title compound as an ol (72 mg, 85%) LCME mdz 253.0 {(M-gdimethyt
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, 6.4 Hz, 1H}, 3.17 (brs, 3H), 3.78 (dd, J=13.3,
8.3 Hz, 1H), 5.90-7.00 (m, M), 7.11 (ddt, J=7.7, 7.1, 1.1 Hz, 1H), 7.32-7.37 {m, 2H}.

Exampile 73; Synthesis of (38)-3-amine-1-{{dimethyicarbamoylioxyl-3.4-

dihvdraguinalin-2{1 H-one, hvdrochloride salt (97}
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fert-Butyl HE8)-1T-hydroxy-2-oxo-1,2,3 4 tetrahydroguinolin-3-

ylcarbamate {85} (35)-3-Amino-1-hydroxy-3,4-dihydroguinolin-2(1Hrone (21,
Example 4} (1.023 g, 5742 mmol) was suspended in THF (16 mL) and water (18
ml ). After addition of sodium carbonats (1.21 g, 14.4 mmol) and BOC,0 (2.76 g,
12.8 mmot), the reaction was allowed to siir for 18 hat RT, BOC.0 (088 ¢g, 3.2
mmol) was again added {o the reaction; after 1 h, the mikiure was partitioned
between EtOAc (20 mb) and water (10 mL), and the aqueous layer was extracted
with EtGAG {3 % 15 mb). The combined organic layers were driaed over sodium
sutfate, fitered and concentrated in vacyo. The resylting vellow oll was dissolved in
THF {18 mL), treated with water {18 mlL.) and acetic acid (1.3 mL, 23 mmael} and
heated to 50 °C for 66 h. After cooling to RT, the reaction mixture was diluted with
water and extracted with EtOAc. The combined organic layers were washed with
water and saturated aqueous sodium chloride solution, then dried over magnesium
sutfate, filtered and concentrated under reduced pressure. The product was oblained
as a light pink solid {(1.00 g, §3%). LCMS m/z 277.5 (M-1). 'H NMR (400 MHz,
COCH) 8 1.47 (s, 9H}, 2.90 (br dd, J=15, 14 Hz, 1H), 3.35-3.48 {m, 1H), 4.46-4.57 {m,
tH), 5.47 (hrs, 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-[{dimethylcarbamoylioxy]-2-0x0-1,2,3,4-
tetrahydroquinolin-3-yi}carbamate (98} A solution of fert-butyt [(38)-1-hydroxy-2-
oxe-1,2, 3, d-tetrahydroquinolin-3-vlicarbamate (85) (201.3 mg, 0.723 mmol} in
geetone {2 mb) was freasted with potassium carbonate (150 mg, 1.08 mmol) and
dimethvicarbamyt chioride (88%, 0.102 mL, 1.09 mmol}. The reaction was stired at
70 °C for 42 h, then cooled and concenirated in vacuo. The residue was partitioned
between EtOAC (5 mbL), and water (5 mbL}, and the aqueous layer was extracted with
EtOAc (3 X 5 mbL). The combined organic lavers were washed with water {5 mbL),
dried over sodium sulfate, filtlered and concentrated in vacuo. Purification by
chromatography on silica gel (Gradient: 0% o 45% E{QAC in heptane) provided the
product {112.6 mg, 45%). APCI myz 372.0 (M+Na). "H NMR (400 MHz, CDCL;) 8 1.48
(s, GH), 2.96-3.06 (v brm, 1H), 3.08 (br s, 3H), 3.18 (brs, 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-{{dimethyicarbamoylloxy]-3 d4~-dihydroquinolin-2{1H}-one,
hydrochloride salt (97} ferf-Butyl {{(38)-1-{{dimethylcarbamoyiioxyl]-2-oxo-1,2,3,4-
tetrahydroguinolin-3-yl}carbamate (86) was deprotected using the conditions
described for synthesis of 3-{{(38)-3-amino-1-hydroxy-2-oxo-1,2,3,4-
tetrahydroguinalin-g-ylloxyibenzonitrile, hydrochionde salt (88) in Example 70, The
product was obiained as a solid, which by NMR contained residual 1.4-dioxane
{107 .0 mg, assumed quantitative), LCMS mv/z 161.3 (M - dimethylcarbamic acidi+ 1l
H NMR (400 MHz, CDQD) 8 3.03 (br s, 3H), 3.19 {br s, 3H), 3.57-3.60, 3.64-3.69
and 3.72-3.76 {multiplets, total 2H), 4.45-4.51 {(m, 1H), 7.10 (v br s, 1H}, 7.19 {ddd,
J=T5, 7.5, 1.0 Hz, 1H), 7.35-7.41 {m, 2H).
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Exampie 74: Synthesis of (381-3-amino-1-hydroxy-8-{morpholin-4-vimethyl}-5 4-

dihvdroguinolin-2(1H-one iriflucroacetic acid salt (104)
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Methyl 3-formyi-Z-nitrobenzoate (98) M N-Dimethyiformamide dimethy

acetal {10 g, 84 mmaol} and methyl 3-methyl-Z-nitrobenzoate (8.0 g, 41 mmol} were

combined and heated to 120 °C for 42 h. After cooling, the mixiure was concenirated

under reduced pressure {o provide methyl 3-{{E)-2-{dimethylaminovinyl}-2-
nittobenzoate (9.0 ¢, 88%), which was dissolved in a 11 mixture of water and THF.

After addition of sodium pericdate (88%, 23.3 ¢, 108 mmal), the reaction was allowed

to stir for 18 h, then was filtered. The filirate was washed with walsr and with

saturated agueous sodium chiorde 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% EIQAC in heplane) to
provide the product as a solid (2.2 g, 28%). "H NMR (500 MHz, CDCls) § 3.96 (s,
3M), 7.78 (ddd, J=7.8, 7.8, 0.6 Mz, 1H), 818 (dd, J=7.8, 1.5 Mz, 1H), 8.20 (dd, J=7.8,
1.8 Hz, 1H)}, 8.99 (d, J=0.5 Hz, 1H).

Methyl 3-{morpholin-d-yimethyl-Z-nitrobenzoate (88) Morpholine {1.03
b, 11.8 mmol) and & few drops of acelic acid were added 1o a solution of methyt 3-

formyl-2-nitrobenzaate (88} {1.34 g, 6.41 mmol} in 1,2-dichloroethane, and the
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mixiure was stirred for 4 h. Sodium tracetoxyborohydride (5.72 g, 25.8 mmol) was
added, and the reaction was allowed to stir for 18 h at RT. Solvents were removed in
vacuo, and the residue was partitioned between EtOAC and water. The organic iayer
was washed with water and with saturaled agueous sodium chioride sclution, and
concentrated under reduced pressure to provide the product as a gum (1.4 g, 78%;3.
LCMS myz 280.8 (M+1). 'H NMR (500 MMz, CDCly) § 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), 7.90 (dd, J=7.8, 1.3 Hz, 1H).

[3-{(Morphelin-4-yimethyl)-2-nitrophenyilmethanol {100) A solution of
methyl 3-(morpholin-d-yimethyl}-2-nitrobenzoate (88) (1.6 g, 5.7 mmol) in THF was
added to a 0 °C suspension of lithium borohydride (681 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
ammonium chioride solution and extracted with E¥OAC. The combined organic lavers
ware washed with waler and with ssturated aqueous sodium chiorde solution, then
concenirated in vacuo. Silica gel chromatography (0% {o 80% EIOAc in heptane)
provided the product as a gum {1.3 g, 80%}. LCMS nvz 253.0 (M+1). 'H NMR (500
MMz, CDCLY 8 2.38-2.41 (m, 4H), 3.82 (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-{Bromomethyh-2-nitrobenzyiimorpholine {101) [3-{(Morpholin-4-
yimethyl-2-nifrophenylimethano! (100} was converted to the title product using the
method described for bromination of (&-benzyl-Z-nitrophenyhimethanol {77 in
Example 88, The product was obtained as g gumn (3.33 mmol, 868%). LOMS m/&
3168.9 (M+1). "H NMR (500 MHz, CDCh) 8 2.38-2.42 (m, 4H), 3.80 (s, 2H), 3.63-3.66
{ro, 4H}, 4 50 {s, 2H), 7.42-7 48 (m, 3H).

tert-Butyl N-{diphenyimethylene)l-3-{morpholin-{-yimethyh-2-nitro-L-
phenylalaninate (102} 4-[3-(Bromomethyl}-2-nifrobenzyl]morpholine (101) was
converted to the product using the method for preparation of fert-butyl N-
{diphenyimethvlenea-Z-methoxy-8-nitro-L-phenyialaninate (88} described in Example
12. The product was obtained as a thick semi-salid (1.12 g, 78%). LOMS mvz 530.3
(M+1). TH NMR (500 MHz, CDCl) 8 1.44 (s, 8H), 2.30-2.38 {m, 4H), 3.18-3.26 (m,
2H), 3.41 (4, J=14.8 Hz, 1H), 3.56 {d, J=13.7 Hz, 1H), 3.58-3.66 {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, OH), 7.58-7.62 {m, 2H).
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3-{Morpholin-d-yimethyl)-2-nitro-L-phenylalanine {103} Deprotection of
tert-butyt N-{diphenyimethylene)-3-{morpholin-4-ylmethyl)-2-nitro-L-phenylalaninate
{102 was effected i the same way as hat described for tert-butyl 3-bernayi-M-
{diphenyimeathyviensg)}8-nitro-L-phanylalaninate (79} in Example 68. The product was
abiained as a solid (620 mg, 85%). LOMS m/z 310.0 (M+1}.

{35)-3-Amino-1-hydroxy-8-{morpholin-d-yimethyl}-3 4-dihydroquinolin-
2{1H-one, trifluoroacetic acid salt (104) 3-(Morpholin-4-ylimsthyl)-2-nitro-L-
phenylalanine (103) was converted to the title product using the methods described
for transformation of Z-amino-3-{5-chlore-3-methyl-2-nitrophenvlipropanoic acid,
hydrochioride sait {40} 1o 3-amino-B-chloro-1-hydroxy-8-methyl-3 4-dihydroguinolin.
2{1H-one (42) in Example 8. In this case, the product did not require
chiromatographic purification. The product was oblained as a gum (B myg, 19% over 2
steps). LOMS myz 278.1 (M+1). 'H NMR (500 MMz, CD,0D) 4 3.22 (br dd, half of
ABX patiern, J=15, 14 Hz, 1H), 3.28 {dd, half of ABX pattern, J=14.9, 6.1 Hz, 1H,
assumed, partially obscured by solvent peak), 3.32-3.48 {br s, 4H}, 3.78-4.04 (br s,
4H), 4.36 (dd, J=14 .4, 6.4 Hz, 1H), 4.67 (AB quanet, Jas=13.2 Hz, A 4=72.3 Hz,
2H), 7.26 (dd, J=7.8, 7.6 Hz, 1H), 7.45-7 49 (m, 2H}.
Example 75; Synthesis of (35)-3-aming-8-benzyi-1-hydroxy-7-methoxy-3.4-
dihvdroguinolin-2(1+-one, hydrochloride sait {108)
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5.Benzyl-4-methoxy-2-nitroaniline {105) Benzylzinc chloride (0.5 M solution
in THF, 101 mi, 5.05 mmol) was added 1o g suspension of S-bromo-4-methoxy-2-
nitroaniline (see L. A. Hasvold ef af., Bioorg. Med. Chem. Lett. 2008, 18, 2311-2315)
{1.26 g, 5.10 mmol), palladium{iD) acetate (47 .1 mg, 0.210 mmaol) and 2-
dicyclohexylphosphino-2' 8'-dimethoxybiphenyt (172 mg, 0.420 mmol) in THF (4.2
ml.} that had been stirred for 5 min. The resulting solution was stired for 18 h at RT.
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After addition of saturated agqueous ammaonium chloride solution (20 mb), the mixiure
was exiracted with EtOAc (3 x 3 mlL), and the combined organic layers were dried
over sodium sulfate, filtered and concentrated in vacuo. Silica gel chromatography
{Gradient: 0% i 50% EtOA¢ in heptane) provided the preduct as an orange solid
(940 mg, 71%). 'H NMR (500 MHz, CDCL) 3 3.83 (s, 3H), 3.93 (s, 2H), 5.84 (br s,
2H), 6.42 (s, TH), 7.20 (br d, J=7 4 Mz, ZH), 7.23-7.27 {m, 1H), 7.32 (br dd, J=7.6, 7 .1
Hz, 2H), 7.52 (s, 1H).

1-Benzyi-5-bromo-2-methoxy-4-nitrobenzene {106} fert-Butyl nitrite {557
mag, 5.40 mmol) was added to g solution of copperd!) bromide (1.77 g, 7.92 mmoli in
MeCN {8 mlL) and the mixiure was heated fo 80 “C. A solution of 5-benzyl-4-
methoxy-2-nitroaniiine (105) (930 mg, 3.80 mmol) in MeON {12 mi) was addad drop-
wise, and the reaction was stirred for 10 min. it was then poured into aqueous
hydrochloric acid (2 N, 100 mb) and extracted with E{OAC (2 x 100 mbL). The
cambined organic lavers were washsd with saturated agueous sodium chioride
sofution (200 ml.), dried over sodium sulfate, filtered and concentrated /i vacuo.
Purification via silica gel chromategraphy (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 MMz, CDCL) & 3.90 (s, 3H), 3.98 (s, 2H), 7.19 (br d, /=8 Mz,
26, 7.23-7.27 {m, 1H), 7.32 (br dd, J=7.5, 7.5 Hz, 2H), 7.37 (s, 1H), 741 (s, 1H}.

Methyit 3-benzyl-N-{terf-butoxycarbony}-O-methyl-8-nitro-Ltyrosinate
{107} 1-Benzvi-5-bromo-2-methoxy-4-nitrobenzene (108) was converted fo the
product using the method described for conversion of 3-bromo-2-nitro-5-
phenoxypyridine (64) o methyi N-{ferf-butoxycarbonyl-3-{2-nitro-S-phenoxypyridin-3-
yi}-L-alaninate (85} in Example 66, The product was obtained as a gum {368 mg,
44%). LCMS m/z 445.0 (M+1). 'H NMR (500 MHz, CDCl3) 8 1.38 (br s, 9M), 3.18 (dd,
J=13.5, 8.0 Hz, 1M}, 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 65 (m, 1H), 512 (brd, J=82 Hz, 1H), 7.02 {brs, 1H), 7.18 (br d,
J=8 Hz, 2H), 7.20-7 24 {m, 1H), 729 (brdd, J=7.8, 7.2 Hz, 2H), 7.48 (bw s, 1H)L

fert-Butyl [{38)-8-benzyl-1-hydroxy-T-methoxy-2-oxn-1,2,3,4-
tetrahydroguinolin-3-yljcarbamate (108) Using the method described for
preparation of tert-butyl [{(3S5)1-hydroxy-2-oxo-6-{phenyisulfonyi)}-1,2,3 4-
tetrahydroquinolin-3-yljcarbamate (71) from methyl N-(fert-butoxycarbonyl}-2-nitro-§-
{phenyisulfonyii-L-phenyialaninate (70} in Example 87, methyl 3-benzyl-N-(fert-
butoxycarbony)-O-methyl-8-nitro-L-tyrosinate (107} was corwerted 10 the product,



WO 2010/146488 PCT/IB2010/052349
87

which was obtained as a light purple solid {86 mg, 27%). LCMS m/z 309.1 (M+1). 'H
NMR (500 MHz, CDCL) § 1.45 (s, 8H), 2.75 (br dd, J=18, 14 Hz, 1H), 3.21-3.29 (m,
TH), 3.87 (s, 3H), 3.92 {(AB quartet, Jag=15.3 Hz, Alp=10.6 Hz, 2H), 4. 42-4.51 {m,
TH), 5.42 (br s, 1H), 6.85 {5, 1H}, 6.91 (s, 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-dihydroguinolin-2{1H)-
one, hydrochioride salt {108) The free base of the tile product was synthesized
from fert-butyl [{35)-6-benzyl-1-hydroxy-7T-methoxy-2-oxo-1,2,3 d-tetrahydroquinalin-
3-vilcarbamate {108} using the deprotection procedure employed in the final step of
the synthesis of (38)-3-amino-1-hydroxy-8-phenoxy-3.4-dihydro-1,8-naphthyridin-
2(1H)-one (67} in Example 66. Preparation of the hydrochloride salt was carried out
by mibing the free base of the product with dichioromethane (2 mb) and adding
MeOH (2 drops). To this solution was added a solution of hydrogen chioride (2 N in
diethyl ether, 3 mb); solvents were removed under reduced pressure {0 yielkd the title
product as a solid {60 mg, 85%). Characterization data was obtained on the neutral
compound. LCMS m/éz 209.0 (M+1). "H NMR (500 MHz, CDCL) § 2.58-2.91 (br m,
2H), 3.45 (br s, 2H), 3.4-3.89 (br m, 1H), 3.82 {br 5, 3H), 6.68-8.81 (br m, 2H), 7.13-
720 {m, 3H), 7.22-7.28 {m, 2H).
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Exampie 76: Synthesis of (35)-3-amino-1-hydroxy-8-{Imethyl{iphenvlaminolmethyl)-
3 d-dihvdroguinolin-2{1 H-one {118
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tert-Butyl N-{tert-butoxycarbonyl)-3-{{1£}-3-ethoxy-3-oxoprop-t-en-1-yi}-

&-nitro-L-phenyialaningie {111) Telrkistriphenyiphosphinepaliadium(D) (1.0 g) was
added 10 g mixture of ferf-buby 3-bromo-A-{fert-butoxycarbonyl}-8-nitre-L.-
phenyialaninate (110} (prepared from 4-bromo-Z-{bromomethyl}-1-nitrobenzene
using the method described for preparation of ferf-butyl N-{diphenvimethyiene}-2-
methoxy-§-nitro-L-phenvialaninate (58) in Example 12, llowed by removal of the
diphsayimethylens group with 1 N agueous citric acid, then by reprotection of the
aminc group through reaction with BOC,0 and triethyiamine in dichloromethane; the
dibrominated starting material was derived from 5-bromo-2-nitrobenzoic acid using
chemistry analogous to that emploved in the convarsion of S-benzvi-2-nilrchenzoic

i (78) o 4-benzyl-2-(bromomethyl-1-nifrcbenzene {(78) in Example 868} (10 g,
22.5 mmob), ethyl acrylate (2.25 ¢, 22.5 mmeol) and triethyvlamine (8.0 ¢, 79 mnoly in
DMF {150 mL), and the reaction was stirred at 80 °C for 18 h. The reaction mixture
was dilvted with water (750 mL) and extracted with EtOAc (4 x 300 mi). The
gombined organic laysrs were drisd over sodium sulfate, filtered and concentrated in
vacuo. Purification by silica gel chromatography (Eluant: 20:1 petroleum ether:



WO 2010/146488 PCT/IB2010/052349
89

E1OAC) provided the product (4.0 g, 38%). LCMS nv/z * (M+1). 'H NMR (400 MHz,
COCL)Y 8 1.34 (brs, 8H), 1.36 {t, J=7.2 Hz, 3H), 1.43 (s, 8H), 3.18 (dd, J=14, 9 Hz,
1H), 3.86 (dd, J=14, 5 Hz, 1H), 4.30 {qg, J=7.1 Hz, 2H)}, 4 55-4.63 (m, 1H), 518 {4,
J=B Hz, TH), 6.54 (d, J=15.8 Hz, 1H), 7.50-7.55 {m, 2H), 7.865 (d, J=186.1 Hz, 1H}),
8.00 (br d, J=9 Hz, 1H}.

tert-Butyl N-{tert-butoxycarbonyl)-3-formyl-6-nitro-L-phenylalaninate
{112} Ozone was bubbled into a -78 “C solution of tert-butyl N-{fert-butoxycarbonyl)-
3-[(1E}-3-sthoxy-3-oxoprop-1-en-1-yli-G-nitro-L-phenvialaninate (111) (8.0 g, 17
mmel) in dichloromsthane (400 mb) wntll a blue color appeared, and TLE analysis
indicated conswmplion of the slarting matenal, Nitrogen was then bubbled through
the reaction for 30 min, during which time the solution became veliow.
Triphenylphosphine {4.51 g, 17 mimol} was added, and the mixture was stirred at RY
for 18 h. The reaction mixture was washed with water (3 x 150 mL), dried over
sodium sulfate, fitered and concentrated in vacuo. Purification by silica gel
chromatography (Eluant: 2001 pelroleum sther: E1OAC), followed by chiral HPLC,
pravided the product (7.09 g, assumed quaniitative), LOMS m/z * (M+1). "H NMR
(400 MMz, CDCLY 8 1.33 (g, 9M), 1.45 (5, 8H), 3.20 (dd, J=14, 8 Mz, 1H), 3.61 {dd,
J=4, 8 He, 1H), 4.56-4.683 (my, 1H), 5.18 {(br d, J=8 Hz, 1H), 7.88-7.84 {m, 2H), 8.06
{d, J=8 Hz, 1H}, 10.08 {s, 1H).

fert-Butyl M-{feri-butoxyearbonyil-3-{Imethyi{phenyhaminolmethyi}-6-
nitro-l-phenyialaninate {113} To a sclution of ferf-butyl N-(terf-butoxycarbonyi}-3-
formyl-G-nitro-L-phenylalaninate {(112) (1.0 g, 2.5 mmol} in 1,2-dichlorosthane (15
mil.) was added N-anethyianiline (§.38 mL, 3.5 mmob) and a few drops (8.1 mb) of
acetic acid, and the reaction was allowed to stir for 4 h at RT. Sodium
triacetoxyborohydride (85%, 2.26 g, 10.1 mmol} was addad to the reaction mixture,
and the reaction was allowed to stir overnight at RT. The reaction was concentrated
under reduced pressure, taken up in EIOAcC {10 mb), and washed with water (1 x 10
mL) and saturated aquecus sodium chioride solution (1 x 16 mb). Silica get
chromatography {Gradient: 0% to 80% E1OAC in heptane) provided the producti as a
gum {800 mg, 70%). LCMS m/z 486.1 (M+1). 'H NMR (500 MHz, CDCl} 8 1.37 {br s,
gk, 1.43 (s, BH), 3.05 (5, 3H), 3.21 {dd, J=13, 9 Hz, 1H), 349 {dd, J=13.7, 54 Hz,
1H), 4.52-4 57 {m, 3H), 515 (br d, J=B Hz, 1H), 8. 73-6 86 (m, 3H)}, 7.23-7.32 {m, 4H),
7.92 {d, J=8 Hz, tH}.
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I-{Methyi{phenylamino]methyl}-6-nitro-L-phenylalanine {114} lferf-Butyl
N-{terf-butoxycarbonyl-3-{Imethyl{ phenvhaminolmethyi}-6-nitra-L-phenylalaninate
{113} {800 mg, 1.8 mmol} was dissolved in a 1.1 mixture of TFA and DOM (12 mb}
and stirred overnight at BT, Afler solvents were removed under reduced pressure,
the reaction was taken up in EtOAc {50 mbL) and washed with aqueous NaOH (1 N, 2
x10 mbL}). The organic layer was dried over sodium sulfate, filtered, and concentrated
under reducsd pressurs fo provide the product as a gum {840 mg, 89%). LOMS 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), 428 {dd, J=7 .4, 7.4 Hz, 1H}, 4.65 (s, 2H), 6.71-
B8.75(m, 1H), 8.78 (br o, 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).

fert-Butyl [{38)-1-{{fert-butoxycarbonyljoxy}-6-
{Imethyl{phenyhlamino]methyi}-2.ox0-1,2,3 4-tetrahydroguinolin-3-yljcarbamate
{115} Sodium acetate rihydrate (414 mg, 3.04 mmol) and tn{il) chionide dihydrate
{98%, 350 mg, 1.52 mmol) were added to a 0 *C solution of 3-
{{methvi(pheryvhaminolmethyl}-S-nitro-L-phenyislanine (114} (100 myg, 0.30 mmol) in
a 1:1 mixture of THF/ MeOH {8 mL}). The reaction was allowed to stir at 0° C until
LCMS analysis showed conversion to the cyclized product LOUMS m/z 208.0 (M+1).
Triethylamine (0.43 mi, 3.04 mmol) and BOC,Q (87%, 171 mg, 6.76 mmol} were
added 1o the reaction, which was then allowed to warm to RT and stir for 18 h. The
reaction was filterad through Celite, and the filter pad was washed with MeQOH (10
mlL.). The combined filirates were washed with water {3 x 30 mlL) and salurated
aqueous sodium chionde sotution (30 mb), dried over sodium sulfate and
concenirated under reduced pressure o provide the crude product as an off-white
solid (22 mg, 14%). The product was used in the next step without additional
purification. LOMS my/z 4981 (M+1}.

{35)-3-Bmino-1-hydroxy-8-{{methyiphenyllaminolmethy}-3 4-
dihydrogquinolin-2{1H)-one {1186) fert-Buiyt [(3S)-1-[{terf-buloxycarbonyiioxy}-B-
{methyi{phenyDamincimethyl}-2-oxo-1,2 3, 4-tetrahydroguinelin-3-yijcarbamate {115}
{22 mg, 0.044 mmol) was dissolved in a 11 mixture of TFA/ dichloromethans (4 mlb)
and stirred for 18 h at RT. The reaction was concentrated in vacuo, treated with
agueous NaOH (1 N, 5 mbL) until the pH reached approximately 7, and extracied with
EQAC (20 mi). The organic fayer was concentrated under reduced pressure, and
the residue was adsorbed on silica get (2 gm) and chromatographed {Gradient; 0% to
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20% [10% ammaorium hydroxide/MeOH] in dichloromethane), to provide the product
as an offawhite solid (6.5 mg, 50%). LCMS m/z 208.0 (M+1). *H NMR (500 MHz,
G006 2.90-2.98 (m, *’ﬁH}, 3.00 (brs, 3H), 3.05-3.11 {m, TH), 3.85-3.91 {m, 1H},
4.50 {br g, 2H), 6.862-8.67 (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 dala 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’
Ho. | IUPAC Name of Prep
14 GH Ex. 4 2.92 {m, 1), 311 {dd, J=15.1,. 6.2
,»\w N Hz, 1H), 376 {dd, J=13.8, 6.1 Hz,
1) 7.07 {ddd, J=7.2, 7.2, 1.7 Hz,
:x\,f “INH, THY 7.24 {brd, =74 Hz, TH)7.28-
(SR}—S—amim—ﬁ-hydmxy—S,&t— 7.6 {m. ZH}; APCK 174.2 (?‘A‘ﬂ}.
ditwdrogquinolin-2{1 H-one
15 OH Ex. 2 2.84 {my, 1H), 3.08 {dd, J=15.3, 8.1
E"v N N O My, 1M, 3.68 (dd, =138, 8.3 My,
I 14, 7.05 idd, J=8.0, 2.1 Hz, 1H),
k\f \«*‘\NH 7.2% (hr o, J=8 Hz, 1H), 7.31 {d,

3-amino-7-chioro-1-hydroxy-3,4- S0 Hz, THE 2131 (M)

dihwdroguinolin-2{1Hyone

16 GH Ex. 2 287 {m, 1H), 3.08 {dd, =158, 6.1
N0 Hz, tH), 367 {dd, J=13.8, 8.2 Hz,
f THY, 7.27 {mm, M), 7.30 (s, 2H);
o N NH.; 213.1 (1)

J-amino-B-chioro-1-hydroxy-3,4-
dibwdrogquinolin-2{1H}-one

17 O Ex 2° | 2.34 (5. 3H), 2.81 (br dd, J=14. 14
N0 Hz, 1H), 3.03 (dd, J= 15.1, 6.2 Mz,
\/[ bl 1H), 3.62 (dd, J=13.5, 6.2 Hz, 1H),

V N 5.88 (br d, J=7.6 Hz, 1H), 7.10 (¢,

SET S He, THY, 718 (brs, THY,

J-amino-1-hydroxy-7-methyl-3,4- 1931 (M),

dihydroquinolin-2{ 1 Hp-one

18 OH Ex.2 | 2.35 (s, 3H), 2.04 (br dd, /=15, 14
NGNS Hz, 1H), 3.11 (dd, J= 15.0, 6.3 Hz,

f\ .; 1H), 3.90 {dd, J=14.0, 6.3 Hz, 1H),
PN~ )\NH 8.91 {br d, J=7.6 Hz, 1H), 7.13 (d,

JEES He, TH), 718 (br s, tHY,

&
J-amino-t-hydroxy-G-methyl-3.4- 1932 (1),

difwdroquinalin-2{1H-one
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Ex. | Structure and Method | 'H NMR® Mass spectrum®
Mo, | IUPAC Name of Prep
19 ; i;)H Ex 8 HNMR {500 MHz, CD-.0OD) 8 2.49
N LN D {5, 3H}, .07 {4, J=0.7 Hz, 2H},
( a \E 4.06 (br dd, J=10, 10 Hz, 1H}, 7.05
S, (dd, J=7.5, 7.5 Hz, 1H), 7.11 {4,
3-amino-1-hydroxy-8-methyl-3,4- JET Hz, 1H), 7.16 (d, J=7.5 Hz,
dihydroquinolin-2{1Hrone, TH) 1833 (M1,
hydrochioride salt
20 CFy ‘%‘H Ex. 1277 | "H NMR (400 MHz, DMSO-dg) &
&(N\ L0 2.80 {dd, J=15, 15 Hz, 1H), 3.08
( ) :[: (dd, J=15.5, 5.6 Hz, 1H), 3.86 {dd,
RC g N J=14.0, 5.8 Hz, TH}, 4.86 (v br 5,
(38)-3-aminc-t-hydroxy-8- EH}, 7.24 "t‘ﬁ‘j J=7.8,7.8 gja TH),
(triflucromethyl}-3, 4-dihydroquinolin- .57 (d, =74 Hz 1H), 7.86 (d,
2(1H)-one, hydrochioride salt J=7.8 Mz, 1M}, 10.71 (vibr s, TH);
246 9 (M+1).
21 N\ ( Ex. 127 | 'H NMR (500 MHz, CDLOD) 8 ppm
SNH; 0.66 (m, 2H), 0.88 {m, 2H). 1.80
O (m, 1H), 3.14 {dd, J=14.7, 14.7 Hz,
NTTO 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-cyciopropyl-1-hydroxy-3,4- {br s, tH). 7.09 {or 4, J=8.2 Hz,
dihydroquinolin-2{1H)-one, $H), 7.26 (d, J=8.3 Hz, 1H); 218.0
hydrochioride salt (hiet),
22 ?H Ex. 12 HNMR (400 MMz, DMSO-d,) &
g N0 oprn 2,88 (dd, J=15, 15 Hz, 1H),
§ 1 \L 1,53 (dd, J=15.5, 6.7 Hz, 1H), 4.50
H"-’; < NH, {dd, J=14.5, 6.6 Mz, 1M, 7.25 {dd,
ot N J=B.0, 11 He, 1M, 7.28 {d4g,
(38)-3-amino-5-chioro-1-hydroxy-3 4- J=8.2, 1.1 Hz, 1H), 7.39 (b dd,
ditydroguinalin-2(1H}-one, J=8, 8 Hz, 1H), 8.63 (br s, 3H),
hydrochicride sait 11.02 {s, TH) 212.9 (M+ 1)
23 CFy OH Ex 8| "M NMR (500 MHz, CD.0D) & ppm

N N0 2.84 (dd, S=15, 15 Hz, 1H), 3.08

Y I (dd, J=15.8, 5.6 Hz, 1H), 3.77 {dd,
C;«’&\S{;‘J\f NH, JE14.2, 58 He, THY, 7.87 (hrs, 1
3-aming-6-chioro-1-hydroxy-8- H}j 7.86 {d, J=2.3 Hz, 11} 280.9
(riffuorometiy -3 4-dibydroguinedin- (M+1).

201 Hone
24 CFy OH Ex. 12°% | 3.2-3.3 {m, 2H, assumed, partially
,.%,N 0 obscured by solvent), 4.43 {dd,

ﬁ 1 J=14.4, 8.3 Hz, 1H), 7.80 (br s,
BN g 16}, 7.89 {br d, J=2 Hz, 1H); 326.8
(38)-3-amino-6-bromo-1-hydroxy-8- (M+1).
(Iriffuoromethnd -3, 4-dibydroguinolin-
2(1H-one, hydrochionde sait
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25 \T*"“ OH Ex. 12 1.32 {d, J=6.0 Hz, 6H), 3.06 (ddd,
Ol [{iﬁ O J=14.6, 14.6, 1.1 Mz, 1H}, 3.18
\ﬁ \T \E (dd, J=14.8, 8.5 Hz, 1H), 4.29 (dd,
NN J=14.6, 6.5 Hz, 1H), 4.81 {(septet,
NH; J=6.0 Hz, 1#), 6 67 (dd, J=8.3, 2.5
(3&8}-3-amino-1-hydroxy-7-sopropoxy- Mz, 1H), 6.93 (d, J=2.4 Mz, 1H),
3,4 Lﬁﬁydr@mﬂi‘mﬂiﬂ«?{"‘l Hi-one, T 48 ib; d, J=8.3 Hz, 1H); 237 7
hydrochioride salt (M+1), '
S8 NH Ex. 12" 124 {1, J=F.8 Hz, 3H), 2.67 (g,
j j =76 Hz, 2H), 311 {dd, /=14 8,
14.6 Hz, 1H), 3.2 (m, 1H), 4.30
{dd, J=14.8, 6.0 Hz, 1H), 6.88 {dd,
Aegming-7 ,&f }gg ‘i..hgd(g}xy.{?, G Jﬁ??, 1.5 HK, H"ﬂ 7.20 {C§, J=TE
ditiydroguinolin-2{1#)-one, Mz, 1H), 7.26 (d. J=1.4 Hz, 1H);
hydrochioride salt 207.0 (M+1).
7 QH Ex. 12 HONMIR (400 MHz, DMBO-dy) &
,«f\ N ,L 284 {dd, J=14.7, 14.7 Hz, 1H),
242 {dd, =151, 6.5 Hz, TH), 4.47
fr"‘\,%\NH {ced, J=14.2, 6.5 Hz, 1H), 7.00 {w
; dd, J=8.7, 8.7 Hz, 1H), 7.13 (d,
(38)-3-amino-5-fluoro-1-hydroxy-3,4~ J=8.2 Hz, 1H), 7.39 {ddd, J‘:&%-
dihydroguinolin-2{1+)-one, 82,63 H? 1H), 8.76 {brs, ‘-’H?;
hydrochioride salt 11.02 {s. TH}; ARCH, 196.9 (M+1).
25 EF"’ iaH Ex. 247 | 3.00{dd, J=14.9, 14.9 Hz. 1H),
g” %[-’N\?::‘«O 3.20 {dd, J=15.5,. 87 HK, 1My, 3.77
N P N . (dd, J=14.3, 5.7 Hz, 1H), 7.78 {br
] d, J=B.3 Hz, 2H), 7.85-7.88 (m,
Fooo I, .85 {d, J=E He THE 391D
(3S8)-I-amino-1-hvodroxy-8- (M+1),
{triffuoromethyi 814~ '
(triflucromethyliphenyl}-3,4-
dihydrogquinolin-2{1H}-one
28 Q Ex. 12 2.07 {dd, J=14.6, 146 Hz, 1H),
O e 3.20 {dd, J=14.8, 6.5 Hz, 1H), 3.81
T G (s. 3H), 4.29 (dd. J=14.6 6.4 Hy,
N ’}A\NH? T, 8.70 idd, J=8.3, 2.4 Mz, 1H),
3-amino- {-hydroxy-7-methoxy-3,4- 6.96 (d, J=2.3 Hz, 1H), 7.20 {d,
dihydroguinolin-2{1+}-one, J=8.5 Hz, 1H).
hydrochioride salt
30 ™ NH: Ex. 12° | 'H NMR {500 MHz, CD.00) 8
j.\ \[\ 0.67-0.70 {m, 2H), 0.98-1.02 (m.
,\{:}, < ’\’p;; 0y 2k, "§,95‘~ (tt, J=8.4, 5.0 Hz, 1H)
340 {ddd, J=14.6, 14,6, 0.8 Hz,
3-amino-7-cyclopropyi-1-hydroxy-3 4- 14} 3.21 (dd, J=14.7, 6.4 Hz, 1H).
ditdroquinalin-2{1H)-one, 4.29 {dd. J=14.6, 8.5 Hz, 1H), 6.86
hydrochioride salt {dd, J=7.8, 1.7 Hz, 1H}, 7.41 {d,
J=1F Mz, 1), 76 {brd, J=7.8
Hz, 1H); 219.0 (M+1).
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Mo, | IUPAC Name of Prep
31 F QH Ex. 1277 1 "H NMR {500 MHz, CD.OD) &
A N0 3.18-3.26 (m, 2H), 4.39 (dd,
ﬂ ) \K =T, T Mz, TH), 7.22 {m, 1HD),
o NH, Z,Bi} {dd, J=11.8, 2.2 Hz, TH}
(3S)-3-amino-8-chicro-B-Ruorce-1- 230.8 (M+1).
hytiroxy-3 4-dihydroquinolin-2{14)-
oneg, hydmchiaside salt
32 Ex. 127 | 320 (dd, J=14.8, 14.9 Hz, 1H),
N \‘;, 3.33 {rm, 1H, assumed, partially
e a L )/ obscured by solvent), 4.40 {dd,
¥ v"*ma J=14.7, 8.5 Hz, 1H), 7.30-7.33 (m,
(35)- 3 amine-1 *hydmwa— 2HY, 7.47 (d, J=8.8 Hz, 1H) 2610
(Irifluoromethoxy )-3.4-dihydroguinolin {M-1h
201 H-one, hydrochlonde sail
33 N BT MR 400 Wiz BUSSd
i 3.6 {dd, J=15, 15 Mz, 1), 3.27
A (dd, J=18, 6 Hz, 1H), 4.47 (dd,
L \L I J=14.8, 6.3 Hz, 1H}, 7.23 (dd,
NH, JEF G, T8 Mz, M), 785 {d, =T 3
3-amino-1-hydroxy-2-0%0-1,2,3 4~ Hi’f H}f ?z‘j’ {d jfx?:?: Hz, ‘i,:“*}j
tetrahydroguinoline-8-carbonitrile, 20" fﬁ;@ ,{‘}H}* 1.5 (v brs, THy,
hydrochioride salt ' -
34 25 Ex. 12 TH NMR (400 MMz, DMSO-dy B
L\ j 2.899{dd, J=14.8, 14.8 Mz, 1H),
3.13 {dd, J=15.0, 8.5 Hz, 1H), 4.33
- wo (dd, J=14.4, B.5 Hz, 1H), 5.12 {5,
1 j 2H), .74 {dd, J=8.3, 2.5 Hz, 1H),
NH? 6.80 (d, J=2.5 Hz, 1H), 7.22 (br d,
(38)-3-amino-7-{benzyloxy-1- J=B.1 Hz, 1H), 7.33 (m, 1H),7.37-
hydroxy-3.4-gihydrogquinaling{ 1 H)- 7.48 (m, 4H), 8.57 (br s, 3H), 10.9
one, hydrochioride salt {vbrs, 1H); 2851 (M+1).
35 CF OH Ex. 12° | "H NMR (500 MHz, CD.0D) § 3.22
P L\N N0 {dd, J=158.1, 14.5 Hz, 1H)}, 3.28
J\ {dd, =181, 6.2 Mz, 1H}L 4.41 {dd,
c ;f\ A, J=14.4, 6.2 Hz, 1H), 7.66 (br s,
{38)-3-amino-B-chloro-{-hydroxy-8- 1H), 7.76 (d. J=2.3 Hz, tH) 280.8
{trifiuoromethyl -3 d-dibydroguinolin. (Me1).
201 Hy-one, hydrochioride salt
37Ok Ex. 1277 TH NMR (400 MHz, DMSOd) 5
PN N 2.08 {brs, 2H), 2.78 (dd, J=15, 14
1 /1 /\L Hz, 1H), 2.96 (dd, J=15.4, 5.8 Hz,
NH, TH), 3.58 dd, =134, 5.6 He, TH],
(38)-3-amino-8-fluoro-1-hydroxy-3.4- 7.02-7.14 {m, 3H), 1042 {br s,
dihydroquinolin-2(1 H)-one TH) 196.9 (M+1).
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Mo, | IUPAC Name of Prep
37 F;a'C»,D OH Ex. 127 | 'H NMR {400 MHz, DMSQO-dg) &
L3 o 3.10-3.22 {(m, 2H), 4.46 (dd, J=13,
T AN T Hz, 1H), T8 dd, J=8.2, 7.7 Hz,
i f,l I 1THY, 7.36 {brd, J=B Hz, 1H), 7.41
NETNT N, {brd, J=7.7 bz, 1M}, B.58 {br s,
(38)-3-amino- 1-hydroxy-8- 3HY, 10.91 (s, 1H) 263.4 (M+1).
(trifluoromethoxy)-3 4-dihydroquinolin-
2{1Hyone, hydrochloride sall
7Ty Method | 'H NMR (400 MHz, DMSO-dg) 5
N A 3.12-3.25 {m, 2H), 4.42 (dd,
T OH J=13.4, 6.9 Hz, 1H), 6.91-6.86 (m,
N NP 3H 7.07 (brt, 7.4 He, 1H),
A . 7.43-7.20 {m, 2H), 7.34 {dd, J=8.7,
R T 7.4 Hz, 2H), B.75 (br s, 3H), 10.57
(35)-3-amino- 1-hydroxy-8-phenoxy- {3, 1H); 270.9 (M+1);
3, 4-thihydroquinglin-2{1 Mrone,
hydrochioride salt
73 Ex. 70 3.15 {(dd, half of ABX pattem,
OH J=14.9, 14,1 Hz, 1H), 3.23 {dd,
N . N o half of ABX paltern, J=15.0, 8.8
o0y Hz, 1H), 3.77 (s, 34}, 435 {dd,
o e D..f-*\,\,;;?‘\vf-*‘a.NH J=214.3, 6.8 Hi, 1H), 8.53-6.56 (m,
, o 2Hy, 6.70 (add, J=8.3, 2.3, 5.7 Hz,
(38)-3-amino-1-hydroxy-8-{ 3. 1H), 6.08 (brd. J=2.5 Hz, 1H)
methoxyphenoxy 3.4-dihydroguinotin. 7 012’ {5{ dd J=8.8 2:5 H':* ﬂé}
2{1Hona, hydrochloride sall ?:‘25 { dd. JQS 6. 3855 H: ?H} ?jgg
i, J=B.8 Hz, 1HY 301.1 iM+1),
79 o Ex. €8 3.18-3.3 (m. 1H), 3.36-3.45 (m,
) N N O 1H), 4.49-4.58 (m. TH}, 7.32-7.38
I Ry {m, MY, 7871 {br d, J=8 Mz, 1H),
PN W " N . 7.82 {br dd, J=8, 8 Hz, 1H}, 7.73
FoC7 ™7 07 ™ T TR, {brs, 1H), B.15 (brs, 1H); 340.0
{35)-3-amino-~t-hvdroxy-8-{3~ {N+1),
{triffuoromethyliphenoxyi3 4-dihydro. '
1, B-naphthyridin-2{1Hy-one,
hydrochioride salt
a0 OH Ex. 66 2.99 (br dd, J=15, 14 Hz, 1H}, 319
. N ?34 o (hr dd, S=15, 8 Hz, 1H), 3.78 {5,
SN Ry N 3H), 4.02 thr dd, J=14, 6 He, 1H),
. ,.L&\, A A A 6.57-6.62 {m, 2H), 6.75 {(dd, J/=8.3,
ST Ly 2.0 Hz, 1H), 7.28 (dd, J=8.2, 8.1
(35)-3-amino-1-hydroxy-8-(3- Hz, 1H), 7.45 (brs, 1H), 8.00 {br d,
methoxyphenoxy 3 ,4-dihydro-1,8- J=2 Hz, 1H); 302.0 (M+1).
naphihwridin-2{1Hrone, hydrochloride
safl
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Mo, | IUPAC Name of Prep
31 Ex. 717 | "H NMR (500 MHz, CD,0D) 6 3.03
;o O {br ddd, J=14, 14 Hz, 1H), 313 (b
Q\ e _,.N\W},__.O dd, J=1d, & Hz, TH), 3.38 {ddd,
}f { J=18.4, 100, 8.8 Hz, 1H), 3.85-
N NH. 383 {m, 1H), 4.16-4.23 {m, 1H),
{38)-3-amino-1-hydroxy-3.4 8,8 4.47-4.53 {m, 1H), 4.54-4 80 {m,
tetrahydrofuro[2, 3-hlguinohin-2{ 1 - 1), 8.50 (d, J=7.9 Hz, 1H), 7.1
ane {d, J=7.8 Mz, 1H).
82 Ex. 68 3,18 {dd, J=14.7, 14 .4 Hz, 1H},
N OH 3.25-3.3 {m, 1H, assumed;
PPN PN NPT e partially obscurad by solvent
[' I T ] peak), 4.38 {dd, J=14 4, 8.5 Hz,
R N e Nty 15), 6.88 (d, /=84 Mz, 1H), 7.11-
2-{(3-amino-1-hydroxy-2-0x0-1,2,3 4- 735 {m, 2H), 7.27 {ddd, J=7 8,
tatrahydroquinatin-6- z':?} %852*2? é?gm??; }id? i?Q{ i{jﬂz,
T . 3 L f B (i, | AT 04,
yhioxyibenzanitrile, hydrochioride salt J=78, 1.6 Ha, 1H): 208.1 (M 1),
33 Ok Ex. 75 | "H NMR (500 MHz, CD,0D) 8 3.07
A ANO {dd, =148, 14.6 Hz, 1H), 318
A A {dad, J=14.8, 6.5 Hz, 1H), 3.85 (s,
¢ T N 3H), 4.00 {(AB quartel, J,5=14.8
< Hr, A= 13.4 Hz, 2H), 4.30 {dd,
E\ﬁ J=14.6, 8.5 Hz, 1H), 7.03 (s, 1H),
T URy 7.10 (s, 1H), 7.41-7.48 (m, 4H);
{3&5)-3-amino-~t-hvdroxy-7-methoxy-&- 3871 (M#1).
[3-{triftucromethy benzvil-3,4- ’
dihydroguinalin-2{1Hone,
hydrochioride salt
84 O Ex. 68 337 {dd, J=14.8, 14.8 Hz, 1H),
MO N & o 3.24-3.3 {m, 14, assumed;
I S e N partiatly obscured by solvent
NI S N S paagk), 4.36 (dd, J=14 8, 6.4 Hz,
T YT UNHy 1H), 7.01 (d, J=8.6 Hz, 1H), 7.07-
J-amino-t-hydroxy-8-{(8- 741 {my, 2H), 7.42 {4, J=8.7 Hz,
hydroxypyridin-3-yhoxy}-3,.4- 1), 7.72 (brd, J=3.0 Hz, 1H),
dihydroguinolin-2{1H)-one. 7.87 (dd, J=0.7, 2.9 Hz, 1H); 28581
hydrochioride salt M+1). '
85 OH Ex. 68 314 {bw dd, half of ABX pattern,
Fo o MO =148, 14.6 He, 1H), 3.22 {dd,
PN o Ry g half of ABX pattern, J=15.1, 8.8
T I Dt Hz, 1H). 4.34 (dd. J=14.3, 6.7 Hz,
YO0 T T N, 1H), 8.93-7.03 (m, 3H), 7.12-7.22
F {m, 2H), 7.37 {d, J=8.8 Hz, 1H);
J-amino-6-(Z 4-difluorophenoxy)-1- 307.0 (M+1).
hydrosy-3 d-dihvdroguinolin-201H)-
onea, hydrochioride salf
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86 | 2 Method | "H NMR {400 MHz, DMSO-ds) &
L AY 10.83 {5, 1H), 8.74 (s, 3H), 7.37
SN0 OH {m, 2H), 7.18 {d, J=6.4 Hz, 1H).
i\\ N0 FA2 {mm, 1H), B.O8 {d, J=7 8 Hz,
J I 2HY, 6.83 (m, 1H), 443 (m, 1H),
g w’”” Ny 317 (m., 2H) 2883 (M+1).
F-amino-g-fuora-1-hydroxy-8-
phenoxy-3,4-dihydroguinodin-2{ 14}
one
87 OH Ex. 83 2.81 (s, 3H), 3.21 {br dd, /=14 .8,
14.6 Hz, 1H), 3.34 {dd, /=15.1, 8.5
~2 0 Mz, 1M, assumed; partially
( Ny 1 L \L I obscured by solvent peak), 4.42
{dd, J=14.6, 6.4 Hz, {H), 7.22.7.26
3-amino- 1~hydmw~@ KE* {m, 2H}, 7.52 (d, J=8.3 Hz, 1H),
methyipyridin-3-yhoxy}-3.4- 7.82 {dd, J=8.8, 5.8 Hz, 1H), 7.9
dihvdroguinolin-2{1H)-ons, idd, J=8.6, 1.2 Mz, 1H), 844 {dd,
hydrachioride salt =58, 1.3 Mz, 1H); 2881 (Ms1).
38 aH Ex. 68 2.78 (s, 3H), 3.21 {br dd, /=14 8,
; 146 He, 1H), 3.34 (dd, J=15.0,6.4
vy \i h"‘\\‘* N MWz, 1H, assumed; partially
AL A A obscured by solvent peak), 4.41
SNy \f NH, fad, J=14.7, 6.5 Hz, 1H), 7.22-7 28
S-amino~1-hydroxy-8-{(8- fm, 2H3, 7.81 (4, J=8.5 Hz, 1H),
methyipyridin-3-yhoxyl-3.4- TEB (d, =00 Hr TH), 842 {dd,
dihwdroquinolin-2{ THrone, J=0.0, 2.7 Hz, 1H), 8.49 (d, J=2.8
hydrochioride sait Mz, 1H); 2881 (M+1)
89 Ex. 68 3,18 {br dd, half of ABX patiem,
OH J=1E0, 14.4 Mz, 1H), 3.25 (dd,
AL _f.N\\{__;,G half of ABX pattern, J=15.1, 6.6
L’ i ~g I\ 1 Hz, TH), 4,36 (dd, J=14.4, 6.6 Hz.
Pt e Q/ T NH‘E QH} 5.88 f(‘jdi‘f J=G, 1, G, 5 30 H?,
3-amino-6-(2.5- cﬂfku@mph@mxy}-‘ix ?H}‘ 6. ggﬁ@ Q?. (m, TH} 7.02- 7 06
hytiroxy-3 4-dihydroquinolin-2{14)- {m, 2H}, 7 *ﬂwfﬁmf J=10.2, 9.1,
. 3 524z, 1H), 741 (brd, J=8 Hz,
one, hydrochioride salt §4), 307.1 (1),
a0 MRy Method | 3.24 (b dd, =147 4.7 Hz. 1H),
P A 3.3-3.36 (m. 1H, assumed;
Fal “‘g”/ OH partially obscured by solvent
JECNS NPe peak}, 4.50 (dd, J=14 4, 6.2 Hz,
f/\ 1), 751 {dd, g=7 .8, T8 Hz, 1H),
SN, 743747 {m, 2H), 7.74 (d, J=B.0
{38)-3-amino-1-hydroxy-8-[2- Hz, tH), 7.77 {d, J=7 8 Hz, tH),
{rifluoromethyhpyridin-3-y1}-3,4- 8.07 {dd, /=789, 7.8 Hz, THY
dihydroguinolin-2{1#}-one, 3245 (1)
hydrochloride salt




WO 2010/146488 PCT/IB2010/052349
98
Ex. | Structure and Method | 'H NMR® Mass spectrum®
Mo, | IUPAC Name of Prep
91 Ex. 63 2.87 {dd, half of ABX patiem,
OH J=15, 14 Mz, 1H), 3.02 (dd, half of
O, oa N0 ABX pattern, J=15.3, 6.1 Hz, 1H),
S 3.71 (dd, J=13.5, 6.5 Hz, 1H), 3.79
S SN (s, 3H), 6.82-5.88 {m, 2H), 6.90-
S-amino-1-hydraxy-8-(4- 6.96 (m, 4H), 7.28 (d. J=8.6 Hz,
methoxyphenoxy -3 4-dibydroguinolin. THL™
2(1H-one, hydrochioride salt 209.1 (M-1).
82 Ex. 68 3.21 {br 4, /=15, 15 Hz, 1H), 3.28-
OH 3.3 {m, 1H, assumed; partially
e ,f-"%\,—-&» G obscured by solvent peak), 4.40
i {dd, J=15, 8 Hz, 1H), 7.10 (d,
S N J=B.2 Mz, 1H), 7.21-7.25 {m, 2H),
3-amino-1-hydroxy-6-(pyridin-2-yloxy)- 7.29-7.34 {m, 1H), 7.48 (d, J=0 Hz,
3 4-dihydroguinolin-2(1H)-ane, 1#), 8.04-8.09 (m, 1H), 8.26 (d,
hydrochioride saft J=5 Mz, ) 272.4 (M),
83 on Ex. 69 3.47 {dd, half of ABX pattem,
N0 J=15, 15 He, 1H), 3.25 (dd, half of
N s{”“‘f et ABX pattern, J=15, 7 Mz, 1H), 4.38
PN N (dd, J=14, 7 Mz, 1H), 7.08-7.12 {m,
FaCT 7 00 ™ ™ N 24, 7.21-7.26 (m, 2M), 7.40-7 47
S-amino- t-hydroxy-8-[3- {m, 2H), 7.56 (dd, J=8, 8 Hz, 1H);
{rifluoromethyliphenoxyl-3 4- 3305 (M+1).
dihwdroquinolin-2{1H}-ong,
hydrochloride salt
B4 . Ex. 69 3.18 {dd, half of ABX pattern,
H J=14.8, 14.8 Mz, 1H), 3.27 (dd,
T half of ABX pattern, J=15.0, 6.7
SCNS N N N Hz, 1H), 4.38 (dd, J=14.4, 6.7 Hz,
S oo 6 1H), 6.87 (br s, 1H), 6.98 (ddd,
3-amino-1-hydroxy-8-{3- J=8.3, 2.3, 0.8 Hz, 1H), 7.01-7 11
{tfsﬂuc;framuuethg}xy}fpxhemmy}ug,4» {m, 3H), 7.41-7 47 (m, 2HY: 355.5
dihydroguinolin-2{1H-one, (1)
hydrochioride salt ’
a5 Ex 63 3.23 {dd, half of ABX pattesn,
OH J=14.8, 14.8 Hz, 1H), 3.35 (dd,
N o~ f\‘»ﬁ e half of ABX pattern, J=152, 85
( ‘E*L E N Mz, 1H), 4.43 (dd, J=14.5, 6.4 Hz,
S e 14}, 7.26-7.29 (m, 2H), 7.51-7 .54
) 2 {my, TH), B.05 (dd, J=8.8, 5.5 Hz,
3»&{2’!3:‘13»1~hy§$f0><.y~6v;(pys'scis:‘I»3~y!€3xy}» 1+, B.21 (ddd, J=8.8, 2.7, 1.1 Hz,
3,4ndmydrc_3qusncﬂ;n@g‘ﬂH%On& 1H), B.81 {br d, J=5.8 Hz, 1),
hydrochioride salt 868 (d, J=2.8 Mz 1H) 2725
(M1,
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98 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 0 2H), 7.04-7.07 (m, TH), 7.15-7 .23
; ‘\’ ‘L fm, MY 2774 (M+1).
LA N
SN VN,
(3S5r3-amino-1-hydroxy-8-{2,2,4-
frifluorcathoxy -3 4-dihydroquinolin.
2{1H)-one, hydrachloride salt
97 | Ty Ex. 90 | 3.18-3.36 (m, 2H, assumed;
[E i partialfly obscured by solvent
T OM peak), 4.48 {dd, J=14, 6 Mz, 1M},
l N O 7.20-7.27 {m, 2H), 7.28-7.39 (m,
PN ol - .
\L GH) 253.0 (M-1).
F T N
(38)-3-amino-1-hydroxy-8-phenyi-3,4-
dihwdroquinolin-2{ THrone,
hydrochloride salt
98 Ex. 68 2.32 {s, 3H). 3.09-3.23 {m, 24,
QH 4.34 {d(i JEIED, 7.0 He, 1H), 6.89
NP ey i\,\ {d, J=8.5 Mz, ZH), 6.92-6.99 (m,
Tl Y 2H), 7.18 (d, J=B.3 Hz, 2H), 7.36
N *"\ A ’ Ny ff, =88 Hz THY 2855 (M+1).
J-amino-1 »hy mxy»@ {4~
meathyiphenoxy}-3 4-dilydroquinadin.
201 H-one, hydroohioride salt
Qo8 Ex. 68 3.14-3.28 {m, 2H), 4.38 (dd,
N J=14.4, 8.7 Hz, 1H), 7.08 {d, J=00
%\»-.:-‘J"\\ Mz, 2H), 7.10-7 16 {m, 2H), 7.47
o r T (d. J=8.7 Hz, 1H}, 7.72 {4, J=D.0
Sy e g, Hz, 2H); 2868.4 M+ 1),
4-3{ J-amino-T-hydroxy-2-oxo-1,2,3,4-
tetrahydroguinolin-g-
vijoxyibenzonitrile, hydrochioride salt
106 Ex. 68 3.25-3.34 {m, 1H, assumed;
OH partialfly obscured by solvent
NEN P _,,_ﬁs\{_.;f,o peal}, 348 {dd, J=15.2, 84 Hz,
L [ I L 1H), 4.48 {dd, J=14 8, 8.5 Hz, 1H),
B i “NH, 741 {d, J=7.6 Hz, 2H), 7.85(d,
3-amino- 1-hydraxy-B-(pysidin-4-yloxy)- J=8.8 Hz, 1H), 7.71-7.76 (m, 2H),
3 4-difydroquinolin-2(1 Hj-one, 8.81 (d. J=7.5 Hz, 2H) APCI m/z
hydrochioride sat 272.1 (M1},
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Mo, | IUPAC Name of Prep
101 Ex 63 347 {br dd, half of ABX pattern,
o =15, 14 Hz, 1H), 3.25 (dd, half of
s ABX pattern, J=15.0, 6.7 Hz, 1H),
S U S 437 {dd, J=14.3, 6.7 Mz, 1H), 6.83
N P (dad, J=8.2, 2.5, 0.8 Hz, 1H), 6.97
3-amino-8+{3-chiorophenoxy)-1- :{br {iﬁH “f :;2@5 Hz, 1H), 7.03-7.09
hydroxy-3 4-dihydroquinolin-2¢1H}- (m, 2H), 7.12 {ddd, J=8.1, 1.9, 0.8
. 3 Hz, M), 7.34 {dd, J=8.1, 8.1 Hz,
onhe, hydrochioride salt 14, 7 43 (d, J=8.7 Hz 1Y 305.4
(M1,
102 o Ex. 68 3.18 {br dd, half of ABX pattern,
e . N O J=14 .8, 148 He, ?H},‘ 3.286 {dd,
I TRy half of ABX pattern, J=150, 8.6
et Ab AL Hz, 1H), 4.38 (dd, J=14.4, 6.6 Hz,
R 1), 7.08-7.14 (m. 4H), 7.46 (d,
S-amino- t-hydroxy-8-{4- J=B.7 Hz. 1H), 7.66 (br d, J=8.8
{trifluocromethyliphenoxy}-3.4- Mz, 2H) 339.5 (M+1),
dihydroquinolin-2{15#)-one, o '
hydrochloride salt
103 ) Ex. 568 3,16 {br dd, half of ABX patlern,
o J=15, 15 Mz, 1H), 3.23 (dd, half of
T PR NS AP ABX pattern, J=15, 7 Hz, 1H), 4.38
5<,\\.,_.iiw_.,?¢,\;fu_:f\V_.{L.NHA {dd, J=14.3, 6.8 Hz, 1H), 7.02-7 10
i ™ ‘ # fmy, 2H), 706 (d, J=89.2 Hz, 2H),
S-armino-1-hydroxy-8-{4- 7.28{brd, Jo9 Hz, 2H) T 42 (d
{triftuoromethoxy)phenoxy}-3 4~ J;:- 8.3 Ho "%H”*r ﬂzaé p {’M;i} :
difydroguinalin-2{1M-ons, R A "
hydrochioride salt
104 OH Ex. 127 | 2.80(dd, J=14.8, 14.8 Hz, 1H),
. N 3.82 (dd, /=150, 6.6 Hz, 1H), 3.83
f’ﬂ‘\r"““x\\f‘ e {s, 3M), 4.36 {ad, J=14.5, 6.8 Hz,
P 18, 6.83 (d, J=2.4 Hz, 1H), 6.95
7T N, (d, J=2.4 Hz, 1H); 241.1 (M-1).
{35)-3-aminc-S-chioro-1-hydroxy-7-
methoxy-3,4-dihydroguinolin-2{1H
one, hydrochioride salt
105 Ex. 68 315 {br dd, half of ABX patiern,
JE1E, 14 Mz, 1M} 323 (dd, half of
Bl ABX patiern, J=15.0, 6.8 Hz, 11),
1 &3 4.35 (dd, J=14.2, 6.8 Hz, 1H), 6.98
Ry N N {d, J=8.9 Mz, 2H)}, 8.95-7.061 (m,
3-amino-8-(4-chiorophenoxy)-1- 1H). 7.04 (brdd, J=8.8, 2.7 Hz,
hydroxy-3 d-dibydroguinolin-2{ 1 M- 1H), 7.35 (d, J=9.0 Hz, 2H), 7 .41
one, hydrochioride salt fd, J=8.7 Hz, 1H) 305.4 (M+1).
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Mo, | IUPAC Name of Prep
106 Ex 63 347 {br dd, half of ABX pattern,
J=158, 15 Hz, 1H), 3.26 (dd, half of
QH ABX pattern, J=15.1, 6.7 Hz, 1H},
A N0 437 (dd, J=14.4, 6.7 e, 1HY, 6,72
1N fddd, =104, 2.4, 2.4 Mz, 1H),
BRGNS 6.80 {br dd, J=8.3, 2.2 Hz, 1H),
J-amino-6- 3-flucrophenoxyi-1- 6.88 (dddd, J=8.4,84 24, 05 Hz,
hydroxy-3 d-dihydroguinolin-2{1M)- 1), 7.04 {br d, J=2 Mz, 1H), 7.07
one, hydrochioride salt {brdd, J=8.8, 2.6 Hz, 1M}, 7.35
fddd, J=8.3, 8.3, 8.7 Hz, 1H), 7.43
fd, =87 Hz, 1HY, 2885 (M+ 1),
107 Ex 68 3.4 {br dd, half of ABX patier,
J=1E, Mz, tH), 321 (dd, half of
ABX pattern, J=14.9, 6.8 Mz, 1H),
4.34 (dd, S=14.2.6.8 Hz, TH),
: 6.24-6.98 {m, 2H), 7. 10-7.28 {m,
o , 4y, 7.36-7 .39 {m, TH), 2884
F-amino-8-{2-fusrophenoxy-1- (M+1),
hydroxy-3 4-dihydroguinolin-2{ 1 H)- '
one, hydrochioride salt
108 Ex. 89 314 {br dd, half of ABX pattemn,
O S5 14 Hz, 1), 3.21 (dd, half of
Fo e, PR Nt ABX pattern, J=15, 7 Hz, 1H), 4.34
- l {odd, J=14.2, 6.8 Hz, 1H), 6.85-6.97
SRy TN SNH, {m 1H), 8.88-7.04 {m, 3H)}, ?‘,ﬂ
3~-amino-&-{4-flucrophenoxy)-1- {dd, {:g;@f 82 ‘HE, 2H), 7.36 (d,
hydroxy-3 4-dihydroquinolin-21 H)- J=8.8 Hz, 1H) 288.5 (M+1).
one, hydrochioride salt
108 o OH Ex. 1277 | 2.99 (dd, J=14.9, 14.9 Hz. 1H),
L& e 3.44-3.50 {m, 1H), 4.41 (dd,
=Ry J=14.6, 8.8 Hz, 1H), 7.04 {dd,
& ;é\ L J=8.8 8.4 Hz 1H), 7.45 (ddd,
R ) J=8.1, 5.5, 0.8 Mz, tH); 231.3,
E 233.3 (M)
{3&)-3-amino-8-chloro-S-fluoro-1-
hydroxy-3 4-dibwdroquinolin-2{ 1+
one, hydrochioride salt
110 Metho 'H NMR (400 MHz, CD20D) 6 7.15
™y OH A {rny, 1), 7.04 {m, 2M), 4.17 {m,
_»ﬁ,i\\{w_wa,Q 1H), 3.05 {m, 2M), 281 {m, 2H),
H L 146 (1, J=T 2 Hz, 3H) 2070
RN NS N, {1}
{3.5)-3-aminc-B-athyl-1-hydroxy-3 4~
dihydroguinolin-2{1-ons,
hydrochloride sait




WO 2010/146488 PCT/IB2010/052349
102
Ex. | Structure and Method | 'H NMR® Mass spectrum®
Mo, | IUPAC Name of Prep
RN O Ex.127 | "H NMR (400 MHz, DMSO-ds) 5
R MO 3.03 (hr dd, S=18, 185 Hz, 1H), 3.46
SN ot g idd, J=18.2, 8.6 Hz, 1H), 448 {dd,
k\,ji\ ,B\ J\ I J=14.2, 8.4 Hz, 1H), 8.86-7.00 {m,
0 ’T > NHy 2HY, 7107 14 {m, 2H), 7.18 {dd,

F J=B.3, 8.4 Hz, 1H), 7.37 (dd,
(35)-3-amino-S-fuoro-1-hydroxy-6- J=8.8, 7.4 Hz, 2H), 8.82 (br s, 3H),
phenoxy-3,4~-dihvdroquinolin-2{1H}- 11.08 (brs, 1H); 280.4 (M+1).
one, hydrochioride salt

112 OH Ex. 12 | 1.72-1.83 (m, 4H), 2.73-2.82 (m,
el M. O 1H), 2.88 {br dd, /=15, 14 Hz, TH),
*E’ e 3.07 {dd, J=15.2, 8.0 Hz, 1HY,
PN = N N 3.82-3.88 {m, 2H), 3.83 {ud,
- NHy J=13.5, 6.1 Hz, 1H), 4.01-4.08 {m,
Q. 2H), 7143 (brs, 1H), 718 (br dd,
(38S-amine-1-hydroxy-§-(letrabiydro- Ju=B.d, 1.8 M TH), 7.27 {d, J=B.4
ZH-pyran-4-yi}-3 4-dihydroguinotin- Mz, 1), 263 .0 (M)
21 Hyrone
113 Ex. 127 | 'H NMR (400 MHz, DMSO-ds) 5
ot o 11.0 (s, 1H), 8.98 (s, 3H). 7.55 (4,
RN NP, =2.4 Hz, 1H), 7.50 (d, /=2 0 Hz,
1H), 4.37 (m, 1H), 3.18-3.27 (m,
(:;“'”’“'\“-";f;‘“"“v"”\‘NH;,; 2HY), 246.9, 248.9 (M+1).
(35)-3-amino-8.8-dichloro-1-hydroxy-
3 4-dihydroguinalin-2{ 1 Hpone,
hydrochioside salt
114 O Ex. 12% | 2.99 {br dd. J=15, 15 Hz, 1H), 3.57
g idd, =153, 6.6 Hz, 1H), 4.42 {dd,
g N0 J=14.5 8.6 Hz, 1H), 7.21 (ddd,
EP /L J=0.2, 4.1, 1.7 Hz, 1H), 7.31 (br
FOOY T R ddd, J=8, 8, 9 Hz, 1H); 2151
F 1,
{35)-3-amince-8 8-diffuoro-1-hvdroxy-
3 d-dihydroguinolin-2{1 Mrons,
hydrochioride salt
118 Ex. 1297 1 ' NMR (400 MHz, DMSO-dp) &
OH 11.20 (s, THY, 878 (s, 3H), 7.71 {5,
Ch g N 20 14, 7.40 {5, 1H), 4,44 {dd, J=14.4,
54 Hz, 1H), 3.28 (dd, /=158, 8.4
o N N, Hz, 1HY 3,13 (m, 1H); 247.2
(38)-3-amine-8,7-dichioro-1-hydroxy- {Wi+1).
34-dihydrogquinalin-2{1H}one,
hydrochioride salt
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Mo, | IUPAC Name of Prep
118 o Ex. 127 | 0.88-0.73 {m, 2H), 0.66-1.01 (m,
; 2H), 2.01-2.08 (m, 1H), 2.94 (dd,
f"’“*»\;gf"f\ff@ J=14.8,14.9 Hz, 1H), 3.58 (dd,
L A JE18.2, 8.7 Mz, 1M, 437 {dd,
777 T N J=14.8 6.6 Mz, 1M, 899 (dd,
’ F J=8.2, 8.1 Hez, 1H), 7.12(d, J=8.7
{35} 3-amino-G-cyclopropyl-S-fluoro-i- Mz, 1H) 237.4 (M+1).
hythroxy-3 4-dihydroquinolin-z{1 4}~ '
onhe, hydrochioride salt
117 OH Ex. 127 | 2.99 (br dd. J=15.2, 14.6 Hz, 1H},
& o 3.56 {dd, J=15.2, 8.7 Hz, 1M}, 4.42
¢y (dd, J=14.5, 6.6 Hz, 1H). 7.23 {dd,
P NN J=8.9, 1.5 Mz, 1H), 7.49 (ddd,
2 JEBB, 7.9, 1.0 Hz, 1H); 2291 (M-
F ).
(33)3-amino-8-chioro-5-fluoro-1- )
Fytroxy-3 4-difwdroquinolin-g(1 4)-
one, hydrochioride salt
M8 | Method | 3.13 (dd, half of ABX patiem,
o O AN J=14.8, 8.2 Hz, 1M}, 3.20 {br dd,
Y AL ) half of ABX pattern, J/=15, 14 Hz,
oY \I 1H), 3.90 (s, 3H), 4.26 (dd, J=14.0,
=N N 6.2 Hz, 1H), 6.91 {(br d, J=7.4 Hz,
2 o ed g ,
-amino-1-hydroxy-8-methoxy-3,4- ;i}é zéff i&%f??i? Fi ‘i»i }H 5000
dihydroguinolin-2{ 1H}-one, 1)
hydrochioride salt T
e ] Ex. TH NMR (500 MHz, CD0D) 5 3.21
P F 1 127 {br dd, haif of ABX pattern, J=15,
AL N 0 14 Hz, 1H), 327 {dd, half of ABX
E‘; \l 1 pattern, J=14.8, 6.2 Hr, 1H), 4.38
R NH, {dd, S=14.4 82 Hz.ﬂ’iH}, 7.28 ff.igi
(38)-3-amino-8-{difluaromethyl)-1- J57.8, 18z, TH), TAd SR T
hydroxy-3,4-ditydroguinalin-2{1H)- Hz, 1H), 7.46 (or d, J27.3 Mz, 1H),
AT o 7.69 (br d, J=8.0 Hz, 1H) 2280
one, Fifluoroacetic acid salt : ‘
(i1
120 Ex. T NMR (500 MHz, CDOD) &
12990 1 3.19-3.20 (m, 2H), 4.38 (dd,
=0 130, 7.6 Mz, 1H), 7.01 {brd, J=
8 He, 1HD, 7.07 {ddd, J=12.0, 8.8,
NH, 2.7 Hz, 1H); 215.0 (M+1),
(358)-3-amino-6,8-diffuoro-1-hydroxy-
3 d-dihwdroguinolin-2(1H-one,
hydrochioride salt
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121 E Ex 72 1.18-1.24 {m, 3H), 1.34 (brt, J=6.8
N Hz, 3Hy, 2.99 {br dd, half of ABX
1 pattern, J=185, 14 Hz, 1H), 3.08
o o {dd, haif of ABX pattern, J=15.3,
AN Ny N_O 8.3 Mz, 1H), 3.35-3.44 (m, 2H).
I L 3.49-3.58 (m, 2H), 3.75-3.82 {m,
S A N 1H), 8.91-7.00 (m, BH), 7.11 (br
(38)-3-amino~-1- JET 4 Mz, 1ML 7.354dd, /=84, 786
[(chethvicarbamovhioxy]-B-phenoxy- Mz, 2H) 3701 (M+1).
3 A-dihydroguinolin-2(1 H-one
122 g Ex 72 1.84-1.75 (m, 6H), 2.28 {br dd, half
[\ of ABX pattern, J=15, 14 Hz, 1H),
i 3.08 {dd, half of ABX pattern,
o g =158, 8.2 Hz, TH), 3.44-3.57 (I
. N0 s, 2H), 3.63-3.73 (brs, 24), 3.78
Y g ‘\?’ {dd, J=132 8.4 Hz 1H), B.80-8.97
S g ,,M,,NH“ {m, 3H), 6.98 (dd, J=8.7, 1.0 Hz,
e n o MY, 711 (1, S=7.4, 1.0 Hz, 1H),
(83)-3-amino-B-phenoxy-1-{{pipericin- 7.35 (dd, J=8.6, 7.5 Hz, 2H); 382.4
tyinarbonyboxy]-3 4-dihydroguinodin. (M+1).
2(1H)-one
123 ;W\\ Ex. 72 1.92-2 07 {m, 4H), 2.89 (br dd, half
SN of ABX pattern, J=15, 14 Hz, 1H),
A 3.08 (dd, half of ABX pattem,
o ““fg J=18.4, 6 3 Hz, 1H), 3.43-3.50 (m,
5.;,-:\,1 N N\w ! 2H3, 3.62-3.68 (m, 2H). 3.80 (dd,
o T ] J=13.3, 6.4 Hz, 1H), 6.90-7.03 {m,
RNy N, ANHE SH), 711 {1, J=7 4, 1.0 Hz, TH),
(38)-3-amino-B-phenaxy-1-{pyrrolidin. 7.35(dd, J=8.6, 7.4 Hz, 2H) 253 4
f-yicarbonyhoxy]-3,4-dihydrogquinolin- {M ~ pyrrolidine-1-carboxylic
201 H-one acid)+1}.
124 OH Ex. 66" | 3.18 (br dd, J=15, 18 Hz, 1M), 3.3-
Ol NN O 3.37 (m, 1+, assumed: partially
1 ] L obscured by solvent peak), 4.48
o e M Galaeag NH, {dd, J=14 .8, 8.8 Hz, 1H), 7.08 (d,
(IS} 3-amino-B-{4-chiorophenoxy - 1- J=8.8 Hz, 2H), 7.40 (d, J=9.0 Hz,
hydroxy-3,4-dihydro-1,8-naphthyridin 2H), 7.85 (brs, TH), 8.08 (br g,
2(1H)-one, hydrochloride sait 1H), 305.9 (M+1}.
128 ) g:sz«s Ex.78 | 'H NMR (500 MHz, CD:0D) § 2.75
Py g ,.(} {hr dd, J=14, 14 Hz, 1H), 2.95 {dd,
j J PRpt J=15.0, 8.3 Hz, 1H), 3.61 {dd,
S T, J=13.5, 8.3 Hz, 1H), 3.74 {s, 3H},
(MS} -3-amino-1-hydroxy-7-methoxy-6- 3.83 {35, 3H), 3.88 (AB quarne,
(3-methoxybenayi}-3 4~ J=14.8 Hz, Alie=12.8 Hz, 2H),
dihdroguinolin-2{1H)-one, BI-ETT {m, 3H} 6893 (s, %H}
hydrochioride salt £.96 {5, ﬂ-h Foid (dd, J=7T8, 77
Hz, @H}
329.0 (M1
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126 Ex. 66 TH NMR (500 MHz, CD,00) 8 2.78
aH {br dd, J=15, 14 Hz, 1H), 3.00 (dd,
o oy Nags© J=15.1, 8.1 Hz, 1H), 3.684 {dd,
e B /E@\ PR J=13.8, 8.3 Mz, 1H), 3.82 (s, 3H),
NE TR T T, 3-{[(35)- 3.05 (AR quartet, Jgp=14.8 Mz,
3-amino-1-hydroxy-7-methoxy-2-0x0- éag“? %5‘; Hf"jzﬁfég‘ iﬁ ?3 ?:%
1,2, 3, 4-tetrahydroquinolin-g- ;'% 5& ?30‘? 5 3“\, ’ *:;;n' e
viimethylibenzonitrile, hydrochloride - Z, 1K), R . S
salt 324.0 (M1
127 (?H Ex. 757 | "H NMR (500 MHz, CD,00) 5 2.83
N N N O (hr dd, =154 1237 He, 1H), 3.07
S b 1 {dd, J=15.6, 6.2 Hz, 1H), 3.68 {d,
R0 e N Nt f’z13,5, 6.2 Hz, 1H), !;_3;96 {5, 2H),
{385)-3-amino-8-benzyl- 1-hydroxy-3 4- ig:i 8'3 gﬁ {g‘* 3%;;_{ ?'g i?? im,
ditydro-1 S-naphthyridin-2{1 Hrone, ?Hj}}f é?ﬁé (;*i(}) 3811 (brs,
hydrochioride salt s
128 Ot Ex. 127 | 'H NMR (500 MHz, CD:OD} 4 2.42
o, NG N0 {3, 3HY, 2.84 {br dd, J=15, 14 Hz,
E" \L i E 1 1THY, 3.06 {dd, =154, 8.2 Hz, 1H),
SN NN N NH. 378 {dd, 137,62 Mz, M), 3.88
(38)-3-amino-6-benzyl-1-hydsoxy-7- ts, 2H). 7.34 br d. J=B Hz, 2H),
rmethyi-3, d-dihydro-1,8-naphthyridin. g(; zﬁ‘g tf? gj (igz,?’i ib{gé;igbr
= " . P WD, P 3 N R i
2(1H-ong, hydrochlonde salt 284.0 (M 1),
128 Ot Ex. &6 320 {(br dd, J=15, 15 Hz, 1H),
Ny N D 3.33-3.38 {m, 1H), 4.49 (dd,
S PR J=14.4, 6.4 Hz, TH), 7.37-7.42 (m,
W F N 2H), 7.51.7.62 (m, 3H), B.14 {br d,
3-{[{6.5)-B-amino-8-hydroxy-7-oxo- J=2 Hz, TH) 236.8 (M+1).
56,7 8-tetrahydro-1, 8-naphthyridin-3-
yioxyibenzonitrile, hydrochioride salt
130 Ex. 86 | 353 (dd, J=18, 15 Hz, 1H), 3.73
O {dd, =164, 8.2 Hz, 1H), 4.65 {dd,
o ND J=14.3, 6.5 Hz, 1H), 8.04 {d, J=5.5
Ny Hz, 1H), 8.5% (br d, J=5.5 Hz, 1H),
L N B8.78 (br s, 1H); 180.0 (M+1).
T NH (38)-3-amino-1-
hydroxry-3,4-dihydro-1.7 -naphthyridin.
2{1Hy-one, hydrochioride salt

2 M NMR: 400 MHz, CD,OD {unless otherwise indicated). observed peaks, & {ppm).

" Mass spectrum: LOMS, observed ion mvz {unless otherwise indicated).

' The berzyt bromide was prepared from {4-methyi-Z-nitrophenylmeathanol via treatment with
NBS and triphenylphosphine.

“In this case, the SnCl; reaction was carmied out at 60 °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. AL Tarbin, Tetrahedron 1987, 43, 1783
1758), followed by borane reduction of the carboxylic acid and bromination using PBrs,
“The benzyl bromide was prepared via palladium-mediated reaction of cyclopropytboronic
ackd with the appropriate brominated methyl 2-nitrobenzoate, followed by ester reduction with
tithium borohydride/zine chloride. Bromination was effected with triphenylphosphine and
carbfm tetrabromide.

" The benzyl bromids was prepared via NCS chiorination of the appropriate 2-aminobsenzoic
acm followed by treatrent as in fooinole 3.

¥ The benzyt bromide was preparad via NBS bromination of the appropriate 2-aminobanzoic
acid, followed by treatment as in faoinote 3.
"Byl d-hydroxy-2-nifrobenzoate was alkylated with the appropriate alkyl or benzyl halide.
Ester hydrolysis and reduction with horane was followed by PBr,; bromination of the resulting
alcohol,
A Buzuki reaction with ethylboronic acid was carried out on methyl d-bromo-Z-nitrobenzoate;
the ester was reduced with lithium horohydride and converiaed to the bromide,

* The BOC pracursor o Ex. 24 was subjected to a Suzuki reaction with {4-
{tt‘sﬁmmmethw\phenxi}b@mmc acid, foliowed by deprotection.

Z-Amino-S-{iriff ua}mme’{hax\}r}bem o acid was converted o the ester, then oxidized to the
nitro compound with mUPEBA, Lithium borohydride reduction followed %.:sy P, reatment

mvxﬂ@d the benzyl bromide.

" The benzyt bromide reagent was derived from 3-methyl-Z-nifrobenzoic acid via conversion
Gf the acid {o a nitrile, followed Dy bromination with NBS,

* Ses Example 3 for general approach to benzyt bromide preparation.
= {Mta was obtained on the neutral matarial.

S\rmhesu ed from Z-aming-3-fluorobenzoic acid; the phenoxy group was intraduced using
riesszum carbonate as base, just prior to formation of the 2.2, 2-4rif uoroethyt ester.

* 2. 3-Dihwdro-1-benzofuran-d-amine was converted (o S-bromo-4-nitro-2, 3-dihydro-1-
t}um}fuf&ﬂ by treatment with NBS followed by sodium perborate oxidation.

" preparation of intermediate 4-methoxy-2-nitro-5-{3-(trifluoromethyhbenzyllaniine began
with the reaction of 3-(Irifluoraomethybhbenzaldehyde with 2-methoxyphenyimagnesium
romide. Afler palladium-catalvezed hydrogenolysis of the rasulling sacondary alochol,
pilration provided tmethoxy-d-nitre-2-{3-{trfluoromethyhibenavilbenzene. Raney nickel
reduction, followed by acetyiation of the new amine group, gave N-M-meathoxy-3-3-
{mﬁum@memys}t}eﬂzyi}phenyt}aaeta‘zmidﬁz, which was nitrated 1o provide N-{4-methoxy-2-nitro-

S-{3-{irffluoromethybibenzvlphenviiacetamide. Hydrolysis of the acatamide moisty afforded
the requisite intermediate.

" The requisite substrate for cyclization was prepared from 3 5-diftucrobenzoic acid: nitration,
followed by borans raduction of the carboxylic acid and bromination with carbon tetrabromide
angt triphenyiphosphing, provided 1-(bromomethyh)-3,5-diffuoro-2-nitrobenzene. This was
reacted with fert-butvt N-(diphenvimethylene)givcinate (86) and casium hydroxide, followed by
fiyoride displacament with phenol, using cesium carbonate as base, to generate fert-bubv N-
gﬁs@hfmy meth\ztene} S-fluoro-G-nitro-S-phenoxyphenyvialaninate.

The eyolization precursor was synthesized from -bromo-3-methyl-2-nirobenzane, via
bromination with NBS followed by conversion (o tert-butyl 3-bromo-N-{diphenyl m@thy anal-2-
nitro-L-phenyvialaninate using the procadure described in Example 12, A Suzuki reaction with
the appropriate boronic acid, catalyzed by [1,1-
bis{diphenyiphosphinoYerrocenedichioropaliadivm{il-dichloromsethane complex in the
;‘nmseﬂmﬁ of cesium fuornde, provided the requisite intermediate.

¥ Methyl 3-hydroxy-2-nitrobenzoate was converted to intermediate methyl 2-nitro-3-(2.2,2-
riflucroethoxyibenzoate using the method described by F. J. Lopez ef al, Bioorg. Med.
Chem. Left. 2003, 13, 1873-1878.
® . ~Chioro-d-methoxy-G-nitrobenzoic acld was synthesized using a modification of the
method reported by M. Kilagawa ef a/, Chem. Pharm. Bull, 1991, 39, 2400-2407 . Conversion
to the alivl ester was effected using atiyt bromide and potassium carbonate, and the ester was
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reduced o the primary alcohol with lithium borohydade. Phosphorus tribromide reaction then
'affamed the requisite intermediate 2-(bromomethyl}- t-ohloro-S-methoxy-3-nitrobenzene.

2Amino-B-fluorobenzoic acld was chiorinated with NCS to provide 2-amine-3-chioro-6-
fluorchenzoic acid, which was converted to the appropriate benzyl bromide using the
chemisiry described within the preparation of ferf-butyl Ne(diphenvimethvlene}-2-nitro-3-
{tssﬁuammethmy%~L phenviaianinate (118) in Method A,

Z-Amino-3-bromobenzole acid was subjected to oxidation with sodium perborate followed
by esler formation to provide methyt 3-bromo-Z-nitrobenzoate. This was reacted with
ethylboronic acid in a Suzuki reaction, followed by lithium borohydride reduction of the ester
to afford (3-ethyl-Z-nitrophenylimethanol. Conversion io the requisite bromide was effected
with triphenylphosphine and carbon tetrabromide.

o -(Bromornethyly-3-fluoro-1-nitro-4-phenoxybenzene was prepared from {G-aming-2,3-
diffuorophenyhmethanol via mCPBA oxidation of the amino group, followed by displacement
of fluoride by phenoxide and conversion of the primary alcohol 1o a bromide by reaction with
mpheny phosphing and carbon tetrabromide.

# A Suzuki reaction between S-bromo-a- trobenzaldehyde and 4-(4 4.5 S-tetramethyl-1.3,2-
dioxaborolan-2-yi)-3,6-dihydro-2H-pyran {which can be preparsd using chemistry described
by M.V, Patel et g/, J. Med. Chem. 2008, 48, 7450-7485) provided 5-(3 8-dihydro-2H-pyran-
4-yi-2-nitrobenzaldehyde. Conversion of the alkdehyde o the requisite primary romide was
carmied out via soditam borchydride reduction followed by reaction with phosphorus tibromide.
The cyclization step in his case was carried ou by hydrogenation over platinum on carbon,
this also reduced the double bond of the dihydropyran ring.

* 2.Amine~3 S-dichlorobenzoic acid was oxidized to the nitro anatogue by reaction with
hydrogen perexide, then convertad o the corresponding methyl ester. Sodium borohydride
raducton 10 the primary aicohdd, followed by readction with riphenyiphosphine and carbon
tetrabromide, provided 1-{lwomomethyl}l-3,5-dichioro-Z-nitrobenzene. In this case, the Snli;
Cyafsmmn was carried out at 30-35 ~C.

* The requisite benzyl bromide can be prapared in & manner similar to that described in
fmmme 22, except that the Suzukl reaction is not carried oul.

4 -{Bromomeathyi}-1.2-dichiorobenzene was converted 1o 1-{bromomethyi)-4, 5-dichioro-2-
mtmbenwnm by reaction with nitronium eiraflucroborate.

® Bromination of 2-amino-8-fluorobenzoic acid with NBS provided S-amino-3-bromo-2-
fiuorcbenzoic acid, which was converted to methyl 3-cyclopropyl-2-fluore-8-nitrobenzoate in a
manner analogous 1o that described within footnote 22, Ester hydrolysis, followed by borane
reduction and conversion of the resulling primary slcohol to a bromide with
triphanyiphosphine and carbon tetrabromide, provided 2-(bromomethyli-d-cyclopropyl-3-
fluoro-1-nitrobenzene.

* Chiorination of 2-amino-6-flucrobenzoic acid with NCS provided 8-amino-3-chioro-2-
fHuorpbenzoic acld, which was subjected o sodium perborate oxidation, followed by borane
reduction of the carboxylic acid and phosphorus tribromide-mediated conversion to 2-
{bmm{)m@thw} -4-chioro-3-fluoroe-1-nitrobenzens.

* The benzy! bromide alkylation partner was prepared by NBS bromination of the
corresponding methyvibenzene derivative. The allodation in this case was carried out with
mdmm hydride, without a chiral catalyst.

Methyl Sformyi-Z-nitrobanzoate (88) was converted o methyl 3-{difluoromethyi}-2-
nitrobenzoate with {(disthvlaminoisulfur frifluoride. Ester reduction with lithium borohydride,
followed by reaction with phosphorus iribromide, afforded {-{bromomeihyl)-3-{difluoromethyi)-
m)ztmbenzene

“ In this case, the Snll, reaction was carried out at reflux.

* Nitration of 3,5-difluorobenzoic acid provided 3 5-difluoro-2-nitrobenzoic acid, which was
reduced with borane and then reacted with phosphorus tribromide to afford 1-(bromomethyl)-
3 S-diftuoro-2-nitrobenzene.

in this case, the SnCl reaction was carried out at RT.

F’dﬂamum{ 1}y acetate/2-dicyclohexyiphosphino-2° 0 -dimethoxybiphenyl-mediated reaction of
hanzylzine bromide with B-bromopyridin-2-aming, followed by bromination with bromine,
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provided S-benzyl-3-bromopyridin-2-amine. Ouddation 1o 5-benzyl-3-romo-2-nitropyridine
was carried using the procedure of K. Krohn et &l J. Prakf. Chemije 1887, 338, 335- 53*53
% §-Chioro-3-nitropyridine was converted 10 4-iodo-3-nitropyriding with sodium iodide and
acetone.

Examples 38 — 65; Synthesis of 3-amino-7-aryli/hetercaryi-1-hydroxy-3 4~

dihvdroquinolin-2{ 1 Hones frifluoroacetate salt

L QH

H. ]
% N\(O AriHet” B ’INH*
/&\/;: I» (ED B j P
Ry p;; O Arftet
C)YQ
27128 \IQU

The boronic acid (0.112 mmol) was treated with biphenyl-2-yi{di-tert
butyliphosphine {0.45 mg, 0.0015 mmeol), PA(lOAc); (0.2 mg, 0.0008 mmotl), and
KF (13 mg, 0.225 mmol) in a nitrogen box, and the reaction vial was evacuatad and
filled with nitrogen twice. A solution of terk-butyl {7-bromo-1-{{fert-
butoxycarbonyhoxyl-2-oxe-1,2,.3 4-tetrahydroguinolin-3-yllcarbamate (27748} (343
g, 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 60 °C for
18 h. The reaction was concentrated, then partitioned between water (1.5 mL) and
EXOQAC (2.5 mi), vortexed, and the aqueous layer was extracted twice with EtOAc.
The organic exiracts were dried by passage through a solid phase extraction {SPE)
cariridge charged with sodium sulfate, then concentrated in vacwo, The residus was
mixed with a solution of TFA in DCM {1:1, 1 mi), and shaken at RY for 3 h. Removal
of solvent provided a residue, which was dissolved in MeOH/dichloroethane (1.1, 2.5
mlL), vortexed, and loaded onto an SCX SPE column (Silicycte, 8 mL, 1 g). The
praduct was rinsed with MeOH, then eluted with a TN solution of NEL in MeCH (7.5
mL.). After concentration i vacuo, the product was dissolved in DMSO (1 mbl) and
purified by preparative HPLC (Column: Waters Sunfire Gy, 18 x 50 mim, 5 umy;
Gradient: 95:5 to §:95 water (containing 0.05% TFAY. MeCN {containing 0.05% TFA)
over 6 min; flow rate: 25 mbl/min).

The structures of Examples 38-65 are shown in Table 2, which also shows

characterization daia for Examples 38-85,
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Table 2
Eﬁ o N
R ’}L%i <
OH
Ex. | R JUPAC Name HPLC MW® | ms°
No. Retention
Time {min.}®
38 gh,\,ﬁwfﬁ\\ B 3-amino-1-hydroxy-7-{3- 283 338.08 1 3390
e L /ﬂ (trifluoromethoxyiphenyli-3 4-
R ditvedroquinolin-2{1H-one,
frifluoroacetate salt
39 N J-amino-1-hvdroxy-7-{4- 1.84 268.12 | 269.1
J/E\ J methylphenyl)-3 4-divdrogquinelin-
N ZH1H-one, tifluoroaceiate sall
40 PN Feamino-7-{2 3-diffucrophenyi}1- 1.77 280,08 1 2810
( ’\L hydroxy-3,4-diydrogquinofin-2{1H}-
‘\*{f # one, tifluoroacetate salt
F
41 %C«.O J-amine-t-hydroxy-7-§2- 1.83 33808 | 3380
Lo {irifluoromethoxyphenyli-3 4~
e difwdrogquinalin-2{1Hrone,
U trifiuoroacetate salt
42 A I-amino-1-hydroxy-7T-phenyi-3,4- 1.68 25411 | 2550
1 dihydroguinolin-2{1Hx-one,
X trifluoroacetate sall
43 Ol 2 3-aming-7-{2 S-dichlorophenyl}-1- 1.87 32203 32289
) j\ ) Prydrogy-3 4-GifyGroguinolin-2{ 1 -~
S O one, irfluoroacatate salf
44 PNy J-amino-7-(3 A-diflucrophenyt}-1- 1.82 290081 281.0
o hydroxy-3 4-dihydroguinolin-2(1H)-
gy one, rifluoroacatate salt
E
45 ,;\,\_}{‘ F-amino-7-LZ-chiorophen)-1- 1.79 288,07 | 2880
o hydroxy-3,4-dihydrogquinolin-2¢ 1H)-
ey ong, tifluoroacetate salt
48 &u\:;\r}g J-arnino-t-hydroxy-7-[3- 187 32229 1 3230
o (Iriffuoromethylipheryl]-3 4-
k“%/’ difwdroquinolin-2{1Hyone,
fiflucroacetate sall
47 AN F-amino-7-(2,3-dimethyipheny-1- 1 1.83 28214 | 2831
o hydroxy-3 -ty droguinolin-2{1H
Ry one, trifluomacetate salt
48 Nlﬁ:\\}zz J-amino-7-{6- 2.02 208.14 | 2891
i (dimethylamino jpyidin-3-yil-1-
Sy S hydroxy-3,4-dihydroquinolin-2{ 1#)-
i one, rifluoroacetate salt
48 'M%Eﬁ J-amino-7-{3-Huoro-4- 1.868 302,11 308.0
! methoxyphery - 1-hydroxy-3 4~
{3)\’} dihydroquinolin-2{1Fone,
| E friffuoroacetate salt
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Ex. | R IUPAC Name HPLC Mw® | Mgt
No. Retention
, Time fmin.)°
80 | Fel_ 3-amino-7-(2 5-diffucrophenyli-t- | 1.77 280.00 | 281.0
P hydroxy-3, 4-dihydrogquinotin-2{1H)-
e one, ifluorpacetate salt
51 0. % Jeamino-7-(2-furyl)- Thydroxy-3,4- | 1.49 244 08 | 2451
S f} ) dihwydroguinolin-2{1Hr-one,
e friffuoroacetate salt
52 N J-amino-7-{3-chloraphenyi)-1- 1.88 288.07 | 289.0
T hydroxy-3,4-tihydroquinatin-2{1#)-
= one, triflyoroacetate salt
(9]
53 Ay J-amino-t-hydroxy-7-j4- 2.01 322.089 ) 3230
L W {trifluoromethviiphenyl}-3,4-
PO dihydroguinolin-2(1H)-one,
trifluoroacetate salt
54 F J-arino-7 -{5-chioro-2- 1.88 506 | 307.0
Ak fluorophenyd-1-hydroxy-3,4-
% ) difydroguinolin-2{ 1Hyone,
= trifluoroacetate salt
Ci
55 -1 J-amino-1-hydraxy-7-{4~ 2.12 296 15 | 287.0
1 isopropylphenyl)-3,4-
R gihydroguinolin-2{1Hpone,
| triffuoroacetate salt
58 //;\\:Y’a’; J-amino-t-hydroneT-{4- 1.69 284 12 1 2850
i i methoxyphenyl 3,4~
o 2 difwdrogquinalin-2{1Hrone,
! triffuoroacetate salt
&7 Ny J-aming-7-{Z-ethoxyphenyi1- 1.84 28813 | 2981
- 1 hydroxy-3 4-dihydroguinclin-2{ 1 H)-
SN ong, triflucroacetate salt
58 Cha 5 F-amine-7-{3,5-dichlorophenyly-1- 2.08 32203 322.9
\[ gx hydroxy-3 4-tihydroguinolin-2{ 14}
“‘\\gf one, trifluoroacetate salt
Cl
58 | Mo 3-amino-7-{5-fluorp-2- 1.74 302111 303.0
" meathoxyphenyl - Hhydroxgy-3,4-
| \*ﬁ‘ dihydroquinolin-2{1Fone,
N trifiuoroacetate sall
:
60 W/\T}; 3-aming-1-hydroxy-7-(4- 1.67 312181 3130
1 i iscpropoxyphem}-3,4-
o ditiydroquinolin-2{ 1#)-one,
‘/L\ triffuoroacetate salt
&1 = | 3-amino-t-hydroxy-7-{4- 2.07 338.08 | 338.0
’/ﬁﬂ}/ (trifluoromethoxyiphenvil-3,4-
Pl S dibydrogquinolin-2{1#}-one,
irifluoroacetate sall
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Ex. | R IUPAC Name HPLC Mw® | Mgt
Mo, Retention
, Time fmin.)°
&2 N 2+{E~aming-1-hydroxy-2-0x0~ 1.58 2781 280.0
i 1,23 d-tetrabydroguinolin-7-
e yvibenzonitiile, irifluoroacetate salt
N
&3 N J-amino-t-hydroneT-{3~ 1.85 268,12 | 2681
f W methyiphenyh)-3, 4-dihydrogquinotin-
Sy 2{1H)-one, tifluoroacstate salt
64 S 3-amino-t-hydroxy-7-(4-methoxy- | 1.88 28813 | 2980
| T 3-methylpheny! -3 4-
oW dmyd roquinolin-2{1H-one,
friffuorcacetats salt
65 PN J-amino-7-(2 3-dihytro-1- 1.68 296.12 | 287.0
< }1 T henrofuran-5-yl}-1-hydroxy-3,4-
- ~ dihydroguinolin-2{1H-one,
trifluoroacetate sall

®HELC Method: Column: Waters Sunfire O 3.5 um, 4.8 x 50 mm; Mobile phase A 0.05%
TFA in water; Mobile phase B: {.05% TFA in MaON; Flow rats 2.0 miJmin,

Gradient:

O minutes 5% 8

4 minutes 5% B
4-5 % minufas 100% B

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

Method A Trifluorosthyl ester synthesis and cyclization

Ph
'}\\ H E\,x
S
RN HOG o Fh N‘\,;-' A
i { AT i
P . _fj e e g e P
BooHN \\i"f SGEHN”&“\,{.’}“} \§ »Q\g
QCFy SF, NOT N
Q0F,
117 118
7 0
BocHN ... ) BoshN._
GO A S e Sy o
g(z ’\'E’ ?’ B \T/ i s \“‘T{ N}"{"’\
N
N N . NOT N
OCFy QCF;
122 121 ’ 120 :

2-[{fert-Butoxycarbonylamino]-3-{trifluoromethoxylbenzoic acid (117 A
sotution of fert-butyl [2-{triflucromethoxyphenyiicarbamate (139 g, 0.50 mol) in dry
THF (900 mL} was cooled to -78 °C. A terf-Buli solution (1.6 M in pentane, 800 mi,
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1.28 mol) was added drop-wise. After compielion of the addition, the mixture was
stirred at -50 °C for 1 h. The clear solution was added to solid carbon dioxide, and
the midure was left overnight. Water (800 mbL) was added and the lavers were
saparated. The asqueocus laver was extracted with ERO (500 ml) followed by
acidification to pH 1 with agqueous 1 N HCL The mixiure was extracted with Et,0 {2 x
500 mi), and the combined extracts were dried over Na,SQ;, filtered and
concentrated in vacuo. Trituration with pentane yislded the title compound as a while
solid (128 g, 79%). 'H NMR (300 MMz, CDCI5) 8 1.51 (s, 9H), 7.28 (dd, J=8.1, 8.1 Hz,
1H), 7.47-7.53 (m, 1K), 7.74 (br s, 1H), 7.93 {dd, J=7.9, 1.5 Hz, 1H).

fert-Bulyl M-{diphenyvimethylenel-2-nitro-3-{irifluoromethoxy}-l-
phenylalaninate (118} Trnfluoroacetic acid (8 mi, 80 mmol) was added to a solution
of 2-{(fert-butoxyearbonyhamino}-3-(triflucromethoxyibenzolks acid (117 (7.254 g,
22.58 mmol) in dichioromethans (40 ml) The mbiure was stimed at RT for 2 h. The
votatiles were removed i vacuo 1o provide 2-amino-3-(tifluoromethoxy tbenzoic acid,
which was dissolved in triflucrcacetic acid (30 mL). After addition of NaBQy4H,0
{18.3 g, 113 mmol}, the mixture was stirred and heated af refll for 18 h. The
ragction mixture was cooled to RY, poured into water and extracied with ELO. The
combined exiracts were dried, fillered and concentrated in vacuo 1o yield 2-nitro-3-
{triffucromsthoxyibenzoic acid, which was then dissolved in THF (8.5 mb) 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 triffuoride dimethyl etherate (88%, 5.89 mi,
82.9 mmol was added drop-wise at { C, and the reaction mixture was stirred for 30
miry at O “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 until no
additional gas evolution was observed. The mixture was partitioned between EtOAc
{30 mbL) and water (10 mb), and the aqueous layer was extracted with EtOAC (3 x 20
mL}). The combined organic layers were washed with saturated aqueous sodium
chicride solution, dried over sodium sulfate, filtered and concentrated in vacuo {o
provide [Z-nitro-3-{krifluoromethoxyiphenviimethanol. This crude residue was
dissolved in ELO {150 mi). The mixture was cooled to 0 °C and phosphorus
tribromide {87%, 3.68 mi, 37.9 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 wasg extracted with ELO. The combined extracts were washed with
water, dried, filtered and concentrated i vacuo 10 viglding T-{bromomethyi-2-nitro-3-
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{irifluoromethoxyibenzene. This crude residus was converted {o the title compound
using the general procedure outlined in Example 12 to afford the product as a yeliow
oif (3.87 g, 32%). LCMS m/z 515.5 (M+1). 'H NMR (400 Mz, CDCL) 8 1.44 (s, 9H),
3.20-3.31 (m, 2H), 4.23 (dd, J=8.2, 5.1 Hz, 1H), .88 (brd, J=7.2 Hz, 2H), 7.25-7.43
{m, 9H}, 7.59-7.62 (m, 2H}.

2-Nitro-3-{trifluoromethoxy)-L-phenylalanine, hydrochloride sait {119}
Trifluorcacetic acid (30 mL) was added to a solution of terf-butyl N-
{diphenylmethylene}-Z-nitro-3-{trifluoromethoxy)-L-phenylalaninate {118) {3.661 g,
7118 mmol) in dichloromethans (10 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 EtOAC tayer was extracted with
water (5 x 10 mb}, and he combinad aguecus lavers were concentrated in vacuo o
give the product as a solid (2.183 g, 92%). LCMS m/z 2054 (M+1). TH NMR (400
Mz, CD;0D) & 3.20 {dd, half of ABX patiern, J=14.8, 7.8 Hz, 1H), 3.34 (dd, half of
ABRX pattern, 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, y=B.4, 7.9 Hz, 1H).

2.2 2-Triftuoroethyl A-(fert-butoxycarbonyl)-Z2-nitro-3-{trifluoromethoxy)-
L-phenvialaninate (121} 2-Nitro-3-{trifluoromethoxy)-L-phenyialanine, hydrochioride
salt {118) (2508 mg, 6.758 mmol) was suspended in dioxans (3.5 mL) / water (3.5
ml.} and the mixture was cooled fo 0 “C. Triethylamine (0.368 mL, 2.65 mmol} was
added, resulting in a solution. BOC,O (199 mg, 0.910 mmol} was addad 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 agueous ammonium chioride solution was added untii the pH was lowered
to ~3. The mixture was diluted with EtOAc (10 mbL), and the aqueous layer was
extracted with EtOAC (3 x 15 mi) The combined exiracts were dried over sodium
sutfate, fitered and svaporated i vacuo to give N-(tert-butoxycarbonyl)-2-nitro-3-
{trifluoromethoxy phenylalanine (120}, which was dissolved in dichloromethane (7
mb) [E3-{Dimethviamino)propyll-3-ethyicarbodiimide hydrochioride (98%, 0.185 mL,
G.874 mmol), N AN-dimathylpyridin-d-amine (87%, 45.7 mg, 0.3863 mmaol) and 2,2,2-
triflucrosthanol (989%;, .106 ml, 1.48 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 x 5 mL}). The combinad organic layers were dried, filtered and concentrated in
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vacuo, Purification using silica gel chromatography (Gradient: 0% to 30% EOAC in
heptane} provided the product as a white solid {170.3 mg, 47% over 2 steps). LOMS
m/z 475.4 (M-1). 'H NMR (400 MHz, DMSO-dq) § 1.33 (s, 9H), 3.01-3.12 (m, 2H).
4.32-4.38 (m, 1H), 4.88-4.79 {m, 2RH), 7.57.7.66 {m, 3H), 7.74 {dd, J=8.2, 8.2 Hz, 1H).
tert-Butyl {{35)-1-hydroxy-2-oxo-8-{trifluoromethoxy}-1,2.3.4-
tetrahydrogquinolin-3-yijcarbamate {122) Platinum black {68.6 mg, 0.351 mmaol)
was added to a solution of 2,2 2-frifluoroethyl N-{fert-butoxycarbonyt)}-2-nitro-3-
{triftuoromethoxy-L-phenylalaninate {121} (167.3 mg, 0.351 mmeol} in pyridine {20
ml.). The mixiure was shaken on a Parr shaker at 30 psi hydrogen for 3 h, at which
time the reaction was filtered through Celife and the filirate was concentrated in
vacuo. Purification via sifica gel chromatography (Gradient: 0% to 45% EtQAcin
heptane) afforded the product (79.7 mg, 63%). LCMS m/z 381.5 (M-1). TH NMR (400
MMz, CDCL)Y S 1.45 (s, 9H), 281 {brdd, J=14.7, 147 Mz, 1H), 3.34 (br dd, J=15,5
Hz, 1H), 4.44-4 .55 {m, 1H}, 5.606 (br d, J=4.5 Hz, 1H), 7127 47 (m, 2H), 7.22-7.26
{m, 1H).
Method B: Preparation of 6-substituted (38)-3-amine-1-hydroxy -3 4-dihydroquinglin-
2(1H-ones

O
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The appropriate boronic acid {0.112 mmal) was reacted with fert-butyl {{38)-
8-bromo-1-[{fert-butoxycarbonyhioxyl-2-oxo-1,2, 3 4-tetrabydroguinolin-3-vilcarbamate
as described for the preparation of Examples 38-85. tert-Butyl {{338)-8-bromo-1-{{tert-
butoxycarbonyhoxyl-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 ware purified by reversed-phase preparative HPLC
{Column: Waters Sunfire Cys 19x100, 5 um; Mobile phase A: 0.05% TFA in water
{vivy, 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-aryvioxy and 8-heteroarvioxy (381-3-amino-1-hvdroxy -

3 4-dihvdroguinolin-2{1 Hrones

./‘\\‘ ijﬁ C‘z
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>_ Q %\ farvithateroarvt} L/

The requisite phenol or hydroxy-substitided heteroaryl {0,225 mmol) was
dissolved in THF (0.2 mL), treated with a solution of potassium terf-butoxide in THF
{1 N, 5,225 mL, 0.225 mmol), and shaken at RT for approximately 10 min. A solution
of methyl N-{fert-butoxyearbonyly-3-fuore-B-nitro-L-phenyialaninate (51 mg, 0.15
mmoly {(prepared from 2-bromo-d-fucro-T-nitrobenzene using the method desaribed
for conversion of 3-brame-2-nitro-5-phenoxypyridine (84) to methyl N-(lert-
butoxyearbonyl)-3-{2-nitro-&-phenoxypyridin-3-yi-L-alaninate {65} in Example 68) in
THF (0.3 mbL) was added, and the reachion was shaken at 80 °C for 17 h. It was then
partitioned between water (1.5 mbL) and E1OAC {2.5 mb) with vortexing. The organic
layer was dried by passage through an SPE cartridge packed with sodium sulfate,
The extraction was repeated twice, then solvent was removed from the combined
organic layers. This material was mixed with 50% tnfluoroacetic acid in
dichloromethane {1 mL), and the reaction was shaken at RT for 4 h. After removal of
solvent, the residue was freated with a solution of tin(H) chioride 45 mg, 0.2 mmob) in
EHOH (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 mlL) and filtered through a Waters Oasis™ filter piate, then
purified by reversed-phase HPLC using one of the following methods: 1) Column:
Walers Sunfire C. 19x100 mm, 5 um; Mobile phase A 0.05% TFA in water (w/v),
Mobile phase B: 0.05% TFA in MeCN (v/v}; Gradient: 5% B to 100% B, linear; 2}
Coharn Waters XBridge O 18100 mos, um; Mobile phase A 0.03% NHOH in
water (v/v); Mobile phase B 0.03% NH,OH in MeCN {(v/v); Gradient: 5% B 1o 100%
B, linear.

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 IPAC Name Meth | HPLC | MW mMs®
Of Ret'n
Prep | Time
{rin}
{38)-3-amino-1-hydroxy-6-[3-
{triffucromethoxy) phenyi]-3.4-
\\ . frifluoroacetate sal
Faliiy (3S3-amino-t-hydroxy-6-{2-
s I {trifluoromethoxy) pheml]-3,4- _— - N
1821 ey dihydroquinolin-2(1H}-one, B 077133509 | 3385
i
o triffuoroacetate salt
E {38)-3-amino-6-{2 5
AN diftuorophenyli-1-hydroxy-3 4- i
w33 [ ] dihydroguinolin-2(1H)-one, 8 |067' | 200.00 | 369.3°
R triffuoroacatate salt

o {38)-F-amino-t-hydroxy-6-(4-
" S methoxy-3-mathyipheny!)-3 4-

134 j%] dihydroquinolin-2(1H-one, B

rifluoroacetate salt

0.73° | 20813 | 3775

(35)-3-amino-f-hydroxy-8-(2-

SN 6&/ Y
. Sl mathyiphenyl)-3,4- ¥ a ot oagr ab
135 “ L dihydroquinolin-2{1Hyone, B 1071 126812 3474
- frifiucrogcetate salt
N {35)-3-amine-8-(2-fluorophenyl)-
138 | |7 § ‘ifhydrf}xy-:%{aii-dihyquuimim B 0651 57940 | 351 4°
P E 2{1Hrone, rifluoroaceiate salt
(35-3-amino-1-hydroxy-8-(4-
A | methoxy-2-methyipheny!)-34- , .
137 A dihydroquinolin-2{1H}-one, B 070" {20813 | 377 4°
N wifluoroacetate salt
|
rf;fif‘\v\?‘{‘ (38}-3-amino-6-(2,3-dihydro-1-
| E benzofuran-S-yl-1-hydroxy-3 4~ :
138 1 ) dihydroquinolin-2(1Hr-one, B 0.64 296.12 | 3754
Q trifiuoroacetate salt
\._.J
ﬁ\\(ﬁg {38)-3-amine-8-(3-fluorophenyl)
| - 1-hydroxy-3 4-difydroguinolin- . . 5
139 | &y~ Z(1H)-one, trifluoroaceiate saft | B 0.66 27210 | 3514
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Ex# | R IUPAC Name Meth | HPLC | MW’ | mg®
OF Ret'n
Prep | Time
{min)
§ AN é?xfg;j;)iﬁgg;?}“i@{ggd rosty-3,4
v b : “ 3 Xy-3,4- ‘ 7 »B
140 P ,) dihydroquinolin-2¢1Hi-ane, B 074 268.07 | 367.3
cr o trifluoroacetate salt
x,;;g\f;s; (38)-3-amino-6-(2-
ol ) ethoxyphenyl-1-hydroxy-3,4- . .
141 I‘%f’\@ dihydroguinolin-2{1H-one, B 0.65° | 29813 | 3778
L riffuoroacetate sall
PN {35)}3-amino-B-{4-fluorophenyl)-
142 i T i Thydroxy-34-dibydroquinolin- |8 | 0.68° | 272.10 | 351.3°
F»-f-L\a;fi“ 2(1Hrone, vifluorcacetate salt
PN (3S)3-amino-6-(3-
& i chiorophenyl)-1-hydroxy-3,4- )
143 | dihvdroquinolin-2¢1H}-one, B 0.73° | 288.07 | 36747
éf frifiuoroacetate salt
RN {38)-3-amino-1-hydroxy-8-{3-
] {trifluoromeathyiiphenyl]-3,4- o ‘. s
144 1 S dihydroquinolin-2(1 Hi-one, B 078" | 32200 14014
OF, triftuoroacetate salt
é”;\ 2 (38)-3-amino-6-{2 3~
dichlorophenyl-t-hydroxy-3.4- .
145 %l/‘ ol dihydroquinalin-2({1H}-one, B .78 | 32203 | 4014
& irfluoroacetate salt
,ﬁx\{}g {38)-3-amino-t-hydrogy-86-(3~
) P methyiphenyi-3,4- . , .
148 | Y dihydroquinolin-2(1H}-one, B 0.85° 128812 347.5
| riffuoroacetate salt
o {(38)-3-amino-6-{2 4-
o ol . N ared o . eyt g o
147 | | difiorophenyt)-1-hydroxy-3.4- | 5 g get | o9 09 | 360.4°
NN dibydroquinolin-2(1#-one,
Foo™ B fluoroacetate salt
F {38}-3-aming-6-(2,6-
I diftuorophenyt-1-hydroxy-3,4- )
148 f’”“; ¢! dihydroquinolin-2{1 H)-one, B | 065 |29009]2014
S LA trifluoroacetate sall
=T "F
e B {38)-3-amino-o-(Z-athyiphenyl}-
- 1-hydroxy-3 4-dilydroguinolin- 3 nq 45
149 B\ P 2(1H)yone, trifluoroacetate salt | & 0.76° | 282.14 1 3614
|
PNy {SS}u&amim«’i ~hydroxy-6- ) .
150 | | phenyl-3 4-dihydroguinolin- B 84’ 254 11 1 3533.3°
S 21 H-one, rifluorcacetale salt
PN % {38)-3-amino- -hydroxy-8-(2-
L1 & methoxypyridin-3-v)-3 4- , P B
151 ﬁ\r l\ P dihydroquinolin-2{1Hrone, B a.54 28511 | 384.4
N O wifluoroacetate salt
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Ex# | R IUPAC Name Meth | HPLC | MW’ | mg®
OF Ret'n
Prep | Time
{min)
g,"‘l {38 -3-amino-8-(2-chiore-5-
A % fiuorophenvi)-1-hydrony-3 4~
S dihydroquinolin-2¢1Hi-ane, s 5
152 &:jﬁj riflucrogcetate sall B 072 306.06 | 3854
F
o (35J-amino-f-hydroxy-8-(4-
TR methoxyphenyl 3,4+ i o 5
183 J\ _# | dhydroguinolin-2(1Hy-one, B 1084 128412 3630
O triftuorcacetats sall
P (35»3-amino-G-{2-
A chilorophenyD-T-hydroxy-3,4- N n p——
154 k\a_l_ dihydroquinolin-2{1+one, 8 .70 288.07 | 367.1
C trifluoroacetate salt
O (38)-3-amino- 1-hydroxy-8-{3-
e LT Ry methoxyphenyl}-3 4- T DV S
155 *'\ j dihydroquinolin-2{1H}-one, B 065 204.12 | 3634
- iriflucroacetate salt
{(38y-3-amino-B-{ 3-chioro-4~
Fol o fAuorophanoxy-1-hydraxy-3.4~
188 b ﬂ\ . {ﬁihy{i{'{}quméﬁﬁvE{“iH}«Qi‘%@, " 2282 399 05 1 393 1
o S \Qﬁ;; frifluoroacetate salt '
o~ F (35)-3-amine-6-(2 5.
" e diffuorophanoxy-1-hydroxy-3,.4- . e
187 ,@i‘%ﬁ,&\ 3% | dihydroquinaiin-2(1H)-one, c 21 308.08 | 3079
F O™ | wifluoroacetate salt
%\-Fs (38)-3-amino-8-{4-chioro-3-
Ol {triffuoromethybiphenoxyl-i- ‘ -
158 T l hydroxy-3,4-tihydrogquinofin- c 2.50 372.05 | 573.0
g% | 2(THone, ifluoroacetate salt
CFy (38)3-amino-B-f4-fluoro-3-
e (rifhuoromethyhphenoxyl - 3 .
158 T ﬂ | hydroxy-3,4-dihydraquinotin- C 23871 350.08 | 357.1
Ry ‘\»Dﬁg 2(1Hone, kifluoroacetate salt
{35)-3-amino-8-{2-fluoro-3-
CFy (frifluoromethyhiphenoxyl- -
\ E hydroxy-3, d-dihydroguinoclin- X
180 [ = 2{tHone, frifluoroacetate salt C 237 356.08 | 3570
'\-\»;3"”'»@322
Pl oy (35)-3-amino-8-(2-chioro-4-
o I fluorophenoxy)-t-hydeaxy-3,4- 4 v
161 ‘“f':’ ~o& dihydroquinalin-2{1H}-one, ¢ 2.22 32205 3231
i triffucroacetate salt
PR (35)-3-aming-8-(3,4-
N diftuorophenoxy - 1-hydroxy-3,4- O la
€20 1 s | dhydroquinolin-2(1#)-one, C 218 | 306.08 | 3071
F O7F 1 wifluoroacetate salt
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Ex#

IPAC Name

Meth
Of
Prep

HPLC
Ret'n
Time
{min)

M

ms®

{38 3~-aming-6-(3,4-
dichiorophenoxy-1-hydroxy-3,4-
dihvdroquinolin-2{1H-one,
frifluoroacetale salt

z.41°

33802

164

4-{l{35)-3-amino-1-hydroxy-2-
oxo-1,2 3 d-letrahydroguinolin-g-
vilonyl-2-
{trifluoromethybibenzonitrile,
irifluorcaceiate salt

364 .0

{38pI-amino-6-{ S-flutro.2-
methylphenooy - 1-hvdroxy-3,.4-
dihydrogquinadin-2{ 1Hyone,
frifluoroacetate sall

302,11

{38 3-amino-6-]3-flucro-5-
{triftluoromethybiphenoxyp-i-
hydroxy-3 4-dihydroguinolin-
2(1MN-one, frifluoroacetate salt

2.41°

356.08

3571

167

{38)-3-amino-6-(4-chioro-3-
fluorophenoxy)- T-hyidroxy-3 4~
dihvdroquinglin-2(1H}-one,
iriftuoroaceiate salt

{ASy-S~amino-8-{3-chioro-5~
fluorophanoxy1-hydraxy-3.4~
ditydroguinalin-2{1Hone,
irflucroacetate salt

i

i

i

M
R

‘ "{33?;

{35r3-amino-T-hydroxy-8-{3-
{triflucromethoxy iphenoxyl-3.4-
dinydroguinolin-2{ 1 H-one,
rifluoroacetate salt

2.35%

354.08

3551

170

C
A

~
E: i

N “a, );i;"'\\

o

(35%3-amino-B-{{S-chioropyridin-
Jeyhaxyl-T-hydroxy-3,4-
dinydroguinolin-2{ 1 H-one,
aromonium sait

"

-

1.83*

30806

308.0,
3080

FHPLC mfzthéﬁ:‘ Column, Waters Acguily HES T3, 1.8 ym, 2.1 x 50 mim;, Mobile phase A

0.08% TFA inwater (viv), Mobile phase B. 0.05% TFA in MeCN (viv); Gradient: 5% B

0 98% B, fingar over 1.8 min, hold at 85% B to 2.0 min; Flow rate 1.3 ml/min,
“ HELC method: Column Walers Atlantis dCew; & pm, 4.8 x 50 mum; Mobile phase &

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

1o 95% B, linear over 4.0 min, hold at 95% B to 5.0 min; Flow rate 2.0 ml/min.
¥ Caloulated Exact Molecular Weight.

“ Mass spastrurm: observed on mvz (M+1)
(M DMSO )
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Table 4
OH
X,
RQ’"Q\Q‘M"A\«” N,
Ex. | R IUPAC Name Method | HPLC mw | mst
Mo, of Prep Ret'n
Time
{min}
o . J-amino-~-1-hydroxy-8-{{8-
T methoxypyridin-3-viioxy]- 3 .2 £ | ana -
171 %/j,\& 3 4-dibydroguinofin21 M. | £ 68 | 1.80 301.11 1 302.2
one, ammonium salt

"~ Purification of this compound was carried out using reversed-phase HPLC (Colurmn;
Waters XBridge Cis, 5 pm; Mobile phase A G.03% NHLOH in water {viv); Mobile phase

C B 0.03% NHLOH in MeCON {(viv), Gradient 10% to 100% 8.

“HPLC method: Column: Waters Allantis dCiqr 5 um, 4.6 X 50 mm; Mobile phase A
0.05% TFA In water (viv), Mobile phase B: 0.05% TFA in MeCN {v/v); Gradient: 5% B

10 98% B, finear over 4.0 min, hold gt 95% B 10 5.0 min; Flow rate 2.0 mU/min.

> Caleulated Exact Molecular Weight.

T Mass spactrum: observed ion mdz (M+1)

The compounds shown in Table X, below, and their pharmaceutically
acceptable salls may be prepared according o the procedures described herein,
mraking non-critical changes well known o those of ordinary skill in organic synthesis.
Table X

Ex. | HIPAC Name
Mo,

172 1 (35)-3-amine-6-2 3-dihvdro- TH-inden-4-vioxy - 1-hydroxy-3 4-dihydroe-1 S-naphthyridin-
2{1Hrone

173 | 24188 -6-aming-8-hydroxy-7-0x0-5 8,7 8-letrahydro-1.8-naphthyridin-3-yiloxy}-5-
methoxyvbenzonitrile

174 | (38--aming-1-hvdroxy-6-C-methoxyphenoxy-3 4-dilwdro-1 B-naphthyridin-20 1 H)-one

175 1 (35r3-amine-t-hydroxy-B-(4-methoxyphenoxy)-3,4-dihydro~ 1 S-naphthwidin-2(1H)-one

176 | (38)-3-amino-6-(3 4-dichlorophenoxy - 1-hydroxy-3 4-dihydro-1,8-naphthyridin-2{1 M-
onge

177 | G35y-S-amino-6-{2-fluorophenory}- 1-hydroxy-3, 4-dihydro~-1 S~naphthyridin-2{ 14}-one

178 | (3S-3-aming-6-(3-chloro-5-fluorophenoxy - 1-hydray-3 4-dibydro-1 B-naphthyridin-
2{1H)-one

179 | (35)»3-amine-G-{d-fluoro-Z-methoxyphenaoy - T-hydroxy-3,4-dihydro-1, 8-naphthyridin-
2{1H)-ons

180 | (33)-3-amino-6-(3-chiorophenoxy)-1-hydroxy-3 A-aihydro-1 8-naphinyridin-2(1 H)-one

181 | (ESp3-amino-T-hydroy-G-phenooy-3 4-divdre- 1, 3-naphihwidin-2{1 H-one

182 | (35F3-amino-6-(5-fluore-Z-meathyiphenao - -hydroxy-3 4-difrydro-1 B-naphthyridin-
2(1H)-one

183 | (35»3-amino-1-hydroxy-8-{2-(mathyisulfonyliphenoxy]-3 4-dihydro-1, B-naphthyridin-
2(1H)-one

184 | 2-{{{B 5 -G-amino-B-hydroxy-7T~-oxo-5,8,7 8-tetrahydro-1,8-naphthyridin-3-
yiloxyibenzonitiile
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Ex. | IPAC Name

Mo,

185 | 3-{{BSr-B-amino-S-hydroxy-7-0x0-5 6,7 8-tetrahydro-1, B-naphthyridin-3-
yiloxyibenzonitnile

186 | 4-HHESMG-amino-S-hydroxy-7-0x0-5,6,7 S-tetrahydro-1, 8-naphihyridin-3-
yvioxyibenzoniile

187 | (35)-3-amino-6-(2 3-dihydro-1H-inden-5-vloxy - 1-hydroxy-3 4-dibydro- 1, 8-naphthyridin-
2{1H-one

188 | (35)-3-amino-6-{(d-chicrophenoxy-1-hydroxy-3 4-dihvdro-1 8-naphthyridin-2{ 1 H)-one

189 (38-3-aming-1-hydroxy-6-[3-(rifluoromethyhiphenoxy]-3 4-ditydro-1 B-naphthyridin-
21 H)-one

180 | (35r3-amino-8-{3-ethyiphenoxy -1 -hydroxy-3 4-dihydro-1, B-naphthyridin-2{ 1 Hy-one

181 | {33)-3-amino-6-{2-chiorophenaxy - 1-hydroxy-3 4-dihydro- 1, 8-naphthyridin-2{ 1H)-one

192 | (35)-G-amino-6-{2 3-dimelhyiphenoxy - -hydroxy-3 d-dihvdro-1, 8-naphihyridin-2{ 1 H)-
a8

193 | (38F-3-amino-8-(2-fluoro-S-methyiphenoxy - 1-hydroxy-3, 4-dihydro-1 8-naphthyridin-
2{1H)-one

184 | (38rF-amino-G-{4-chloro-2-methviphenoxy - 1-hydroxy-3,4-dihydro-1, 8-naphthyridin-
2(1H)-one

185 | (383-3~-amino-6-{2-chloro-d-methylphenoxy ) -hydroxy-3 4-dihydro-1, B-naphthyridine
2{iHrone

186 | (38%3-amino-8-(3 S-diflunrophenoxyi-1-hydroxy-3, 4-dihydro- 1, 8-naphthyridin- 201 H)-
one

197 | 68 G-aming-S-hydroxy-7-0x0-5 8,7 8-tetrahvdro-1, B-naphthyridin-3-vijoxy-2-
fluorobenzonitrile

TOE | {38 3eaming- b-hydroxy-8- 2- riffuoromethyhphenoxy -3, 4-dibydro-1 B-naphthyridin.
201Hone

188 | (35)r3F-amine-a-2-chloro-d-flucrophenoxy - T-hydroxy-3 4-dihydro- 1, 8-naphthyridin-
2{1H-one

200§ 35F3-amino-8-3-chioro-4-fluorophencxy - T-hydroxy-3 4-dihydro-1,8-naphthyridin-
2{1Hone

201 | (38k3-amino-6-{2 4-difluorophenoxy b 1-hydroxy-3, 4-dihydro- 1, B-naphihyridin-20 1 H)-
ans

202 | {38)-3-amino-§-(2 G-ciiffuoraphenoxy - Hhydroxy-3 4-dibiydro- 1. 8-naphdhwridin-2( 1 H)-
one

203 | (35)rFamine-8-{4-flunro-2-rmethyiphenoxy - Hhydroxy-3,4-dihydro-1,8-naphthyridine
2{1H-one

204 | 3-aming-6-(4-chloro-3-flucrophanoxy}-1-hydroxy-3, 4-dildro-1, B-naphthyridin-2{1#)-
one

205 | 3-amino-8-(2, 3-diffuorophenowy - t-hydroxy-3 4-dihydro-1 S-naphthyridin-2{ 1 Hone

208 | S-aminoe-8-{2-cyclopropyl-4-flucrophenony-1-hydroxy-3,4-dinydro-1, 8-naphthyridin-
2{1H-one

207 | 2-H658-armino-B-hydroxy-7-0x0-5,8,7 8-tetrahvdro~1, S-naphthyridin-3-yljoxy}-5-
flunrobenzonitrile

208 | 4-{65)8-amino-B-hythroxy-7-0x0-8,6,7 B-tetrahydro-1,8-naphthyridin-3-wloxy}-3-
fluorobenzonitrile

208 | 4-{[{03)-G-amino-8-hydroxy-7-0x0-5,6,7 8-tetrahydro-1,8-naphthyridin-3-yljoxy}-2-
chiorobenzoniiriia

210 | (38-3-amine-6-2-chioro-8-fluorophenoxy - 1-hydroxy-3 4-dibwydro- 1, B-naphthyridin-
Z{1Hone

211 | (38F3-amino-8-(3-chioro-2-fluorophanoxy - -hydrony-3 4-dihydro-1 B-naphthyridin-
2{1H}-one

212 | (35)-3-amino-1-hydroxy-6-{2-(tetrahvdrofuran-2-yiphenoxyl-3,4-dihydro-1,8-
naphihyridin-2{1 H-one
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Ex.
MNo

HIPAC MName

553

(38 3-amino-B-{anilinomethyl-1-hydroxy-3,4-dibvdroquinolin-2(1H-one

214

{35-3-amino-1-hvdroxy-6-{{letrahydro-2H-pyran-d-ylamino ymeathyll-3,4-dihydroguinolin-
201 Hone

215

(38)-3-amino-1-hydroxy-8-{morpholin-d-yimethyi-3 4-dihydroquinolin-2{ 14 }-one

218

{38-J-amino--hydrooy-B-{piperidine Tyimsthyl-3 A-dibvdroguinolin-2{ 1 H)-one

217

{35-3-amino-T-hydroxye-8-{[( t-methyl- 1 Hpyrazol-&yhaminolmethyi’-3,4-
dihydroguinolin-2(1H4-one

{3 53-3-arnino-T-hydroxy-B-{methyl{phenybaminojmethyl}-3 d-dibydroquinolin-2{1Hy-
one

{35)-3-amino- T-hydroxy-8-{meathyi{pyridin-2-yhaminojmethyl}- 3 4-dihydrogquinolin-
2{1Hyone

{35-G-amino-1-hydroxy-6-{{melhvi{4d-methylpyrimidin-2-yhaminoimaihyl}-3 4~
dihydroguinelin-201H1-one

{38} 3-amino--hydroxy-G-{{methyli3-{riffuoromethoxyiphenyliaminolmethyl -3 ,4-
dihvtroguinolin-2{1Hr-one

338 3-amino-T-hydroxy-2-0x0- 1,2, 3, 4-tetrabydroquinoin-g-
vimethvidmathwhaminol- 1H-pyrazole-d-carbonitile

{38)-3-armino- T-hydroxy-8-{{meathyi{ S-methylisoxazol-b-yhaminclmethyi}-3 4-
dibvdroquinglin-2{1 Hone

{38¥IF-amino-1-hydroxy-8-{imethyi{S-{triflucromethyliphenyvilaminoimethyl 3.4~
dibvdroquinglin-2{1 Hone

{38¥3-amino-6-{[oycobulvmethvliaminoimethyl- -hydroxy-3 4-difvdroguinolin-2{ T H)-
one

2-HEG3) 3-amino-1-hydroxy-2-ox0- 1, 2,3 4-{etrahydroquinolin-&-
yiimathymetinhaminaibenzonitrile

{353-3-amino-1-hydroxy-8-{ methyi{G-methvipyridin-3-yhaminoimethyl}-3 4~
dihydroguinolin-2{1Hxone

(383-F-amino-B-{J{ 1, 3-dimethyi- 1 H-pyrazobS-y i methyhaminoimethyil- -hydroxy-3 4-
dihvdroquinalin-2{1H)-one

{33¥-3-amino--hydroxe-B-Umethyll2-{riffluoromethoxyiphenvilaminoimethyiy 3 4-
dibydroguinddin-2{1Hong

{38 S-amino- -hydroxy-B-(imethylid-{riffuoromethoxyphenyllaminolmethyl}-3 4-
dihydroguinolin-2(1 Hi-ong

4-HH38r3-amine-1-hydroxy-2-oxo-1,2,3 4-letrabhydroguinctin-g-
yimeathvimethvbhaminoibenzonitris

{38)3-amino-1-hydrowy-B-{{methyl{ {-methyi- { H-pyrazol-3-yhaminolmethyll-3,4-
dibvdroquinglin-2{1 Hone

2435 3-amino-T-hydroxy-2~-0xo-1,2,3 4-tetrahydroguinolin-g-
viimethyli{methybaminol-4-chiorobenzonitrile

(335 3-amino-1-hydroxy-G-{[methyvi{pyridazin-3-yhaminoimethyl)- 3, 4-dihydroquinolin-
2{1H)-one

{353-3-amino-1-hydroxy-8-{[isoxazol-3-yiimethyllaminoimethylh-3,4-dihydrogquinolin.
2{1Hone

(35)%-3-amino-t-hydroxy-B-{[(2-methoxyphenvimethyDaminolmethyiy-3 4-
dihydroguinolin-2{ 1 H-one

{353-3-amino-8-{ 3-chiorophenyiiimethylamino]methyl- 1-hydroxy-3,4-dihydroguinotin
Z{1HFone

238

{38)-3-amino-6-{(2 8-diftuorophenyl i methyhaminolmethyll- t-hydroxy-3,4-
dibydroguinglin-2{1H}-one

3-HI(38)3-amino-1-hydroxy-2-ox0- 1, 2,3 4-letrahydroquinolin-8-
viimethyli{mathyllaminobenzonitrie
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Ex.

HIPAC MName

540

{38)-3-amino-8-{[(3, 5-diffuoropheny! methybaminolmethyil-t-hydroxy-3,4-
dihydroguinolin-2(1Hrone

{3S-G-aming- T-hydroxy-B-{methyl S-methvipyridin-2-vhaminoimeathyil-3 4~
dihvdroquinolin-2{1H-one

{38)-3-amino-1-hydroxy-8-{{{d-methoxyphenvimathyilaminolmethyll-3 4-
dinydroguinolin-2{ 1 H}one

(35)-3-amino--hydroxy-6-{{meathyiG-methyipyridin-2-vhaminoimethyl}-3.4-
dilyydroguinadin-2{ 1 Hrone

{38}--aming-B-{(d-chiorophenyl)(methyDaminometyll- T -hydrosoy-3 4-dilidroguinolin-
2(1H)-one

245

{35»-3-amino-8-{[{Z-chiorophenylimethyllamino]methyil- -hydroxy-3 4-dihydroguinolin-
2{1H)one

348

{353-amino-1-hydroxy-8-{mathyl{ 3-methyipyridin-2-yi )aminojmethyi}-3,4-
dibvdroguinalin-2{1Hrone

247

{33¥-3-amino-6-{[(3 4-dichinrophenvliimethyliaminoimethvikt-hydraxy-3.4~
dibydroguinglin-2{1 Hi-one

248

{38k 3-amino-6-{{4-flucrophenvii{imethyhaminoimethyi}- 1 -hydroxy-3 d-dihydroguinolin-
2 1Hone

{38)-3-amino-6-{{ 3-chioro-4-fluorophemdi{methyliaminolmathvll-1-hivdsoxy-3,4-
dibydrogquinalin-2{1Hrone

(35)3-amino-8-{[{4-chioro-2-fluorophenyi{methyhaminolmethyl}-{-hvdroxy-3,4-
dihvdroquinolin-2{1H-one

{38)-3-aminc-8-{[{ 3-chioro-2-fuorophenyh{methylaminoimethyll- t-hydroxy-3.4-
ditydroguinolin-2(1H-one

{33¥J-amino-6-{[{3-fuorophenyl{methyhaminoimethyll- T-hydroxy-3, 4-dihydrogquinolin.
2 1HYone

{38)-3-amino~1-hydroxy--{[isoxazol-d-viimathyliaminoimethyl}- 3, 4-dihydroguinolin.
2{1H-one

254

{38-G-aming-T-hydroxy-8-{{methyi{S-methyipyrimidin-2-vhaminojmethyl}-3,4-
dihvdroquinolin-2{1H-one

255

{38)-3-amino-6-{[(2, 3-difiuorophenylYmethyllaminolmethyll-1-hydroxy-3,4-
dihydroguingdin-201H}-one

258

{385¥-3-amino-8-{[{2-chioro-4-fluoropheny(methyvliaminolmethyi}-1-hydroxy-3 .4~
dilyydroguinadin-2{ 1 Hrone

257

{38} 2-aming-1-hydroxy-B-{{methyl2-{riffluoromethyvliphendlaminoimethvl)-3,4-
dihvthroguinolin-2{(1M-one

(35)3-amino-8-{[{ Z-chioro-S-fluorophenyl{methyhaminolmethyl}- 1 -hvdroxy-3,4-
dihydroguinolin-2{1Hyrone

{35)-3-amino-T-hydroxy-6-{{methyi{ -methyl-  H-pyrazol-5-yhaminolmethyll-3,.4-
dihydroguinolin-2{1H)-one

J-amine-8-{1 3-banzoxazol-Z-vioxy)-1-hydroxy-3 4-dibwdroguinolin-2{ 1 H-one

Jamino--hydroxy-8-{{E-methoxy-1, 3-benzoxazol-2-yloxy]-3 d-dihydroaguinolin-2{ 1 M
one

8- 3-aming-1-hydroxy-2-0x0- 1,2, 3 4-tetrahivdroguinolin-8-yhoxyl-2-methyinicolinonitrile

2-[(3-amino-1-hydroxy-Z-oxo-1.2, 3 S-tetrahydroguinolin-S-vhoxy4-methyinicolinonitrile
3-aming-{-hydroxy-8-{quinoxalin-2-yloxy)-3 4-dibiydroguinolin-2(1H-one

2-[(F-amino-1-hydroxy-2-ox0-1,2, 3 d-letvahvdroguinolin-8-yhoxyl-G-rethyinicotinonitile

J-amino-1-hydroxy-8-{TH-pyrazoiof3 4-dipyrimidin-4-vioxy -3, 4-dihydroguinolin-2( 1 H)-
Qne

Z-amino-T-hydroxy-8-{guinazolin-4-yloxky)-3 4-dilydroquinolin-2{ 1 H-one

J-amine-8-I{ 3-chloropyridin-2-vhoxy]-1-hydroxy-3 4-dihydroguinolin-2{ 1 H)-one

methyl 8-(3-amino-1-hvdroxy-2-0x0-1,2. 3 4-tetrahvdroguinolin-g-vhoxyinicotinate
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HIPAC MName

J-arnino-1-hydroxy-8-{pyrimidin-d-vioxyr 3 A-dibydroquinolin-2{1H-one

S-amino-1-hydroxy-8-6-methyipyrimidin-4-yhoxyl-3 4-dihvdroquinalin-2{1H-one

J-amino-1-hydroxy-8-{{(4-methvipyrimidin-2-vhoxy]-3 4-dilydroquinolin-2{ 1Hrone

I-aming-8-[B-athyipyrimidin-d-yhiony - -hvdroxy-3 4-dihvdroguinolin-Z{ 1H)-one

3-amino-B-{{5-chiore-8-athvipyrimidin-d-yhoxykt-hydroxy-3 4-dihydroquinolin-2{ 1H)-
ona

2-[{3-amino-1t-hydroxy-2-ox0-1,2 3 4-letrahydroguinolin-g-yhoxy}-4,6-
dimathyinicotinenitrile

J-aming-1-hydroxy-6-{[4-(eifluoromethylpyrimidin-2-viloxyd-3 4-dihydroguinolin-2{ 1H)-
e

J-amino-1-hydroxy-6-{quinazolin-2-yvloxy 3 4-dibwdroquinolin-2{1+}-one

S-amino-T-hydroxy-6-[{2-methylpyrazolo 1, S-alpyrimidin-S-vhoxyl-3 4-dihydroguinelin-
2(1H)-one

J-amino-t-hydroxy-8-[{S-methyl-7 H-pyrrolof 2, 3-dpyrimidin-d-yhoxy}-3.4-
dinydroguinolin-2{ 1 H)-oneg

S-aming-1-hydroxy-6-(7 H-pyrrolof 2, 3-dlpyrimidin-d-yloxy -3, 4-dihydroquinolin-201 H)-
ong

J-amine-1-hyvdroxy-6-{oyrazolol 1 5-glpyrimidin-7-vioxy-3 4-dihvdroguinolin-2{1H-one

J-amino-1-hydroxy-8-H{@-methyl-8M-purin-8-yDoxyl-3 4-dihvdroguinolin-2( 1 M)-one

3-arnino-8-12 S-dimethyipyrimidin-d-yhoxyl-1-hydroxgy-3 4-dihydroguinolin-2{ 1 H-one

S-amino-8-[{4, S-dimethyipyrinidin-2-yloryl-1-hydroxy-3 4-dihvdroguinolin-2(1H)-one

J-amine-1-hydroxy-6-{ 3-methviguinexalin-Z-vlioxyl-3 4-dihvdroguinolin-2{ 1 H-one

3-amino-1-hydroxy-8-{3-(riflucromethyvlipyridin-2-vijoxyd-3 4-dihydroguinclin-2{ 1 M-ona

F-amino-68-103, S-dichloropyndin-2-yhoxyi-1-hydroxny-3 4-dinvdroguinolin-2{ 1 H)-one

S-amino-8-[{8-fluoropyrimidin-2-vhoxyl I-hydroxy-3 4-dihydroguinolin- 2 1Hrone

J-arming-{-hydroxy-8-(pyride]2, 3-dipyrimidin-d-vloxy 1-3 4-diltydroguinolin-21£-one

3-amino-8-{{S-flucropyridin-2-vhoxyl-1-hydroxy-3 4-dihydroguinolin-2{1 M-one

Z-amino-8-1{7-flugroquinazolin-4-yDowyi-1-hydroxy-3 4-gihyiroquinolin-2{ 1 H-one

3-amino-6-{{8-fluoroguinazolin-d-yljoxyi-1-hvdroxy-3 d~dihvdroguinolin-2{ 1 H)-one

J-amine-8-1{7 -fluoroguinazolin-Z-yhoxyi-1-hydroxy-3 d-dihydroguinolin-2( 1 H-one

J-amino-8-{{5-ethylpyrimidin-2-yhoxyi-1-hydroxy-3 4-dihydroquinolin-2{1M)-cne

Z-amino-1-hydroxy-8-(pyndol2 3-dlpyrimidin-2-vioxy -3 4-dihydroguinolin-2{ 1 Hi-one

3-amino-6-l{5-chloropyrimidin-2-ylioxy - 1-hydroxy-3 4-dihydrogquinolin-2{ 1 H-one

J-amine--hydroxy-6-[{3-mealhvlisoxazoloid S-dipyrimidin-7-vhoxv]-3 4-dihydroguinalin
2{1H)-one

J-amino--hydroxy-6-j{8-methyi{1,2 4itrtazoiol 1, 5-alpyrimidin-7-yioxy}- 3.4~
dihydroguinalin-2{ 1H»ONS

299

3-amino-1-hydroxy-6-{{ S-methyipyrimidin-4-yhoxy]-3 4-dihydrogquinolin-2(1H)-one

300

S-amino-8-{{5-ethylpyrimidin-4-yhoxy}- I-hydroxy-3, d-dibhydroguinolin-2{ 1H)-one

301

3-aming-8-{{5-fluoro-2-methyipyrimidin-d-yioxyl-1-hydroxy-3, 4-tdihydroguinolin-2{ 1 #)-
Qe

302

J-amine-G-{{-sthyl-b5-flucropynimidin-d-yhoxy} T-hydroxy-3 4-gihydroguinelin-2{ 1 H-one

303

J-amine-1-hydroxy-B-(imidazol 1. 2- alpyridin-5-vioxy -3 4-dihydroguinelin-2{ 1 H)-ong

304

4-[{3-amino-1-hydroxy-2-oxo-1,2, 3 4-letrahvdrogquinolin-g-vhoxylguinoline-8-carbonilrile

305

J-aming-1-hydroxy-6-{imidazof1,2-blpvridazin-3-vioxy)-3 d-dihvdroguinolin-2{ 1 Hi-one

306

J-amino--hydroxy-B-{pyrazin-2-yioxy -3 4-dildroguinalin-2{ 1 H-ons

307

Z-amine-8-1(3 6-dimethylpwrazin-2-yhoxy]-1-hydroxy-3 4-dihydrogquinolin-2{1 H-ong

308

3-amino-1-hydroxy-6-{{ T-methyi- 1H-benzimidazol-2-yhoxvl-3 4-dihydroguinolin-2{ 1 H)~
one

308

J-amino-1-hydrory-6-[{2-methvipyridin-d-yhioxy-3.4-dihydroguinolin-2( 1 H-one

310

S-amino-T-hydroxy-6-{ 141, 2 d-triazob S-vloxy )3 4-dihvdroguinolin-2{1Hpone

311

J-amino-8-1(1, 3-dimethyl-1H-pyrazol-S-yhoxy]- 1-hydroxy-3 4-dihydroguinelin-2{1H-ona
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HIPAC MName

312

J-amino-8-{8, 7-dihydro-S5H-oyclopentalblpyridin-2-yloxy)- 1 -hvdroxy-3 4-dihydroguinolin-
2{1H-one

313

J-armno-1-hydroxy-8-1 3-sooropyinyrazin-2-vhoxvl-3 4-dihvdroguinglin-2( 1 Hr-one

314

J-aming-1-hydroxy-6-(8H-pyrralol 2, 3-clovnidin-T-vioxy -3 d-dihydroguinolin-2{ 1 Hi-one

315

I-amino-§-[{5-cyclopropylpyridin-2-v oxyl- 1-hydrony-3 4-dibhydroquinolin-2{ 1H)-one

318

J-amino-1-hydroxy-8-{3-(iriflucromethylipyridin-d-yllowy}-3, 4-dihydroguinolin-2(1 Hi-one

37

J-amino-t-hydroxy-6-[(3-methyl-1H-1 2. 4-iazok-5-yhoxy]-3 4-dihydroquinolin-2(1H)-
one

318

(35)-3-amino- 1-hydrowy-7-(2-methoxyethoxy)-3 4-dihvdroquinolin-2( 1 H)-one

319

{38 -3-amino-1-hydroxy-T-{loxetan-3-viogy 13, 4-dihvdroguinolin-2{ 1 H)one

320

{331 3-amino-1-hydroxy-7-{tetrahydro-2H-pyran-4-vioxy -3 4-dihydrogquinolin-2{ 1 H-one

321

{35%-3-armine- -hydroxy-7-{{ 3R -etrahydrofuran-3-yvioxyl-8 4-dihydroguinolin-2(1 Hy-one

322

{35)-3-amino- T-hydroxy- 735 etrabwydrofuran-3-yloxy}-3 4d-dihydroguinolin-2{ tH)-one

323

(35 3-amino-7-foyciopenivioxy - 1-hydroxy-3 d-dilwdroguinalin-2i Meone

324

{38 2-gming-7-{(oyclopropyiony)-1-hvdroxy-3 4-dihvdroguinoin-2{ 1 H-one

325

{33-3-amino-1-hydroxy-7 -T(TR)-T-methyipropylioxyd-3 4-dibydroguinglin-2{ 14)-one

328

{35)-B-amino-T-hydroxy-7 <[ 1S T-methyipropylioxe-3, 4-dihydroguinolin- 2t H)-one

327

(35-3-amine-7-lovoiohexvioy - -hydrory-3 4-dibvdroguinolin-2( 1H-one

328

{38)3-3-amino-7-{difluoromethoxy)- -hydroxy-3 A-dihydroguinolin-2{ 1 Hr-one

329

{33 -d-arino-7-foyciobubyioxy)-1-hydrowy-3 4-dihvdroguinolin-2{ 1Hrone

330

{35 -3-amino-7-{evclopropyloxy - 1-hydroxy-3 4-diydroquinolin-2{ 1 H-one

331

(7 5y-7-amino-Z-hengyl-S-hydroxy-7 8-dibydropyridaol3 2-dipyrimidin-8(5H-one

33z

{7 S)-F-amino-5-hvdroxy-2-phenoxy-7, 8-dihvdropyridol3 2-dipvrimidin-8{5H-one

333

{7 Sy T-arino-S-hydroxy-2-phenoxy-7 ., 8-dinydropyridol2, 3-blpyrazin-6{5H-one

334

{7 ST -amino-2-benzyt-S-hydrory-7 S-difvedropyridol2 3-Blpyrazin-8{&Hone

335

(35-3-amine-8-hengyl-8-fluore-1-hvdroxy-3 d-dihvdrogquinalin-2 O H-one

338

{35 2-aming-1-hvdroxy-6-{phenvisulforyl -3 4-ditwdro-1 B-naphthyridin-20 1 H-one

337

{35w3-aming-7 -cyclobulyl-1-hydroxy-3 4-dihydroguinolin-2( 1 H-one

338

{3&5)-3-amino--hydroxy-2-oxo-1,2, 3 4-tetrahydroguinoline-8-carbonitrite

338

(35-3-amine-8-cyelobutyl--hedroxy-3 d-diydroguinolin-2{ 1 Hr-one

340

{3581 3-aming-6-cyclopantvi-1 -hydroxy-3 d-dihvdroguinolin-2( 1H)-one

341

{35w3-amino- 1 -hvdroxye-7 -imethyisulfonyl-3 4-dihydroguinalin-2{ 1H-ong

342

{385)-3-amino-1-hydroxy-B-{methyisulfonyl}-3,4-dihvdroguinclin-2{1 Hy-one

343

(35)-F-amino-1-hydroxy-7-{Irfiusromathvi)-3 4-dihydro-1. 8-naphthyridin-2{1H)-one

344

{38}-3-amino-1-hydroxy-7-methyi-3 4-dihydro-1 8-naphthyrndin-2{1Hrone

345

(3 3-F-amino--oyclopropyl-t-hydroxy-3 4-difyydio-1, S-naphithyridin-2 1 H)-one

348

{385)-3-amino-7-cyclobutyl-1-hydrowy-3 4-dildro-1 B-naphthyridin-2{ 14)-one

347

(35)-3-amino-1-hydraxy-b-(rfuaromethvii-a, d-dinydro-1 B-naphthyridin-2( 1 H-one

348

(353-3-amine-B-chloro-1-hydrony-3 4-dihydro- 1, 8-naphthyridin-2 {1 Hrone

348

(3 3-F-amino- -hydroxy-B-methyl-3 d-dihydro-1 B-naphifyridin-20 1 H)-one

350

(385)-3-amino-G-cyclopropyl-t-hydrory-3 d~dihwwdro-1, 8-naphihwridin-2{1 M-one

351

(35)-3-amine-B-eyClobutyl-1-Nydroxy-3.4-gihydro-1, 8-naphihyridin-g{ 1 H)-one

352

{38 3-amino-1-hydroxy-7-{rifuoromethony -3 4-ditydro-1 B-naphthyridin-2{ 1 H)-one

353

(33-Z-amino-7-Orifluoromathyll-1-hydroxy-3 4-dihydroguinolin-20 1 H-one

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

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

making non-criticat changes well known to those of ordinary skill in organic synthesis.
TableY

| Ex. | RIPAC Name
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No

354

£38--aming-1-Hmethvdearbamoyhoxy-8-phenoy-3 4-diydroguinolin-2{ tH)-ons

355

{35 3-aminoe--Hethyicarbarmoyboxy-8-phanoxy-3 4-dihydroguinolin-2{ 1 Hy-one

356

(35p3-amino~1f{isopropylcarbamoyhoxyl-8-phenoxy-3 4-dilvdroquinolin-2{ 1 Hrone

357

(35-3-amine--Hovclopropyicarbamoyhoxyl-B-phenoey-3 4-dihvdogquinalin-2U1 H-one

358

{35 2-gming-1-H fer-butvcarbamaovlioxel-8-phenoxy-3 4-dibydroguinolin-20 HH)-one

358

{35%-3-amino--Hmompholin-d-vicarbonylioxy-8-phenoxy-3 4-dibydroguinoln-2( 1H-one

360

{(38»F-amino-1-{[{4-methyipiperazin-t-yhcarbonyljoxyl-G-phenoxy-3 4-dihydroguinoiin.
201Hh-one

361

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

382

{3Sk-3-amino-1-fidimeathyvicarbamayioxy]-7-(Irifluoromethoxy)-3 4-dihydroguinolin-
2(1H)-one

363

{35»-3-amino-8-banzyi-t-l{dimethylcarbamovhoxyl-7-methoxy-3 4-dihydroquinalin-
2{1Hone

364

3{{38-3-amino-1-{{dimethyicarbamovyhoxy]-T-methoxy-2-0x0-1,2 3,4~
tetrahydroguinalin-g-yiymethylibenzonitrile

{38¥-3-amino-S-henzvi tdimathvicarbamovhioxylT-meathyl-3 4-dihydro-1,8-
naphthynidin-Z2(1H-one

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

acceptable salts, were prepared as described below.

Table £

Ex. | UPAC Name Synthesis

No.

368 | 38kFamino-t-{henzyloxy)-3,4- | Synthesized by treatment of fert-butyl {3831~

dibydroguinolin-2{(1Hrone hydroxy-2-oxo-1,2 3 4-tetrahydroguinolin-3-
viicarbamate (88} with benzyl alcohol, di-ferf-butyi
arodicarboxylate, and wiphenylphosphing in CHCl,
at 50 °C, followed by treatment of the resultant
crude product with TFA,

367 | (3S5rS-amino-T-(pyndin-g- Synthesized similarly to Example 368, using pwridine
vimethoxy 3 4-dihydroguinolin- | 2-y methanol,
2{1H-one

368 | (35r3F-amino-1-i{2,2- Synthesized similarly (o Exampie 73 by reaction of
dirmethylpropanoyhoxyl-3.4- £985) with nmethviacetyt chlonide and tristhvlamine
dihydroquinolin-2{1Hrone i acetonititie and subssquent BOC removal using

TFA in dichloromsthane,

369 | (35)-G-amine- H{5-mathyl-2- Synthesized similarly 1o Examples 366 and 368

oxo-1,3-dioxol-d-yhimethoxy}- using 4-hydroxymethyl-S-methyl-{ 1, 3ldioxol-2-one.

3 d-dihvdroguinglin-2{1 H-one

KAT ll inhibition spechra 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 | (hKAT i) enzyme into KYNA, An inhibitor would
therefore inhibit the decrease in OD370.

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

384 well black plate (30 gyl total assay volumeiwelly
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» 10 pl of 3x concentrated compound;

= 10 ul of 3x concentrated substrate mix (BGG (Sigma G-5009); 3mM L-
Kynurenine in 150 mM Tris Acetate (Sigma K3750); 3 mM a-ketoglutaric acid
iy 150 mM Tris Acetate (Sigma K2010), and 210 uM pyridoxal 5-phosphate

{(PLPY in 150 mM Tris Acetate (Sigma 8255)); and

PCT/IB2010/052349

s 10 ph 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 00370

on a SpectrabMax Plus plate reader. 1058 were generated by comparing the efficacy

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

relative to assay wealls with DMSQ added in place of concentrated compound.

Biological dats for the Examples may be found in Tables 5 and B

Table b

Ex. No, | KATHICs inl) Ex. No. | KATH G, (nhl) Ex. No. | KATH IC., (n)
1 521 23 §5.3> 45 235
2 234 24 50 46 128
3 204 25 48.4 47 118
4 37.5° 26 aa8* 45 523
5 131® 27 51.9 49 105
5 254 28 1330 50 103
7 3280 29 10.5 51 101
8 508* 30 237 52 138
9 2230% 31 497 53 208
10 737 32 359 54 137
11 121 33 33 55 141
12 378 34 35,8 56 91.1
13 57.3 35 49.2* 57 102
14 270 38 78.3 58 174
15 1.1 37 34.1 58 148
16 227 38 133 50 161
17 94 .1 34 138 &1 162
18 13> 40 122 aa 135
1¢ 3040 44 257 63 113
20 127 42 101 &4 141
21 482 43 133 g5 155
22 452 44 118

*Cry value represents the geometric mean of 2-8 1C,, delerminations.

T iCsy value represents the geometric mean of 74 10y determinations.

Table &

Ex. No, | KATH IO, (nM} Ex. No. | KATH IC {n) Ex. No. | KATH ICqp (nll)
a6 231 76 24.6* 7 1681*
a7 42.1% 71 227" 75 352
88 42.7" 72 N/A 78 348
84 43,3 73 1080 77 B804
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Ex. No. | KATH ICx, (nh) Ex. No. | KATH ICs; (n¥) Ex. No. | KATH 10 (nM)
78 17.3° 110 383" 142 02
75 29 5 111 45 2 143 960
80 311 112 39.3 144 145
81 212" 113 301 145 179
&7 414 114 37,00 148 788
83 357% HE 537 147 758
84 411 116 51.9° 148 76.1
85 36.9° 117 53.7° 148 118
&R 880 118 1375° 150 56,77
&7 40 9% 118 411 151 836"
88 20.9° 120 61.9° 153 94.0
83 36.4° 151 NiA 53 62
90 355¢ 122 NIA 154 96.5
91 36.2 123 N/A 155 136°
oz §13% 124 351 158 867"
93 35.6° 125 172 57 68.5°
94 430 158 308 58 126°
95 359 127 282 159 109°
86 49 6% 128 28 5 180 107
97 513% 129 491 161 54.0°
58 316 36 575 162 N
95 19.8° 131 248 163 80.0°
160 103° 132 124 184 423"
101 39.7° 133 86.6° 165 96.6°
107 886" 134 195 168 125"
103 77 5% 135 118 167 1057
154 367 136 129 168 B4 3°
108 88.1° 137 68.0 169 55
108 3520 138 158 170 2895
107 56,7 139 66.1 171 428
168 7.1 140 385
100 288" 141 283

N
H

Prodrug in vivo data

Dogs

iCsp value represents the geometric mean of 2-3 1Cy, determinations.
1Css value represents the geometric mean of 4-9 {Cs, determinations.

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

1o groups of two dogs. Example 71 was also administered intravenously, The

characteristics of the test animals are given in Table 7.

Table 7. Characteristics of axperimenial dogs used in study

Species Doy
Type Beagie
Mumber and sex 2 males
Approximate age 4-8 yagrs

Approx. Body weight

@ — 12 kg at start of reatment
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Sourcs

Marshall Farms

Blood samples wers taken at varous fimes after administration and submitted

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

ysing an LC-MS-MS assay. Pharmacokinetic parameters derjvad from the plasma

analytical data were determined using Watson LIMS 7.2.003 {Thermo Fisher

Scientific, Waltham, MA). The resulis are given in Figure 1 and Tables 8, 8, 10, and

11.

Table B. Pharmacokinetcs of Example 71 in dogs after oral administration of

Example 7102 mo/kg active)

Parameter Subiect: Dog 1 Subiject: Dog 2 Mean
Cinan (HGNL) 254 15.4 204
Tonax {11 0.25 0.28 0.25
T (1) 0.438 0,288 £.369
AUC {ng=hmb} 103 12.2 11.3
AUC Extrap {ngeh/ml.} 10.7 12.5 11.6
% AUC Extrap 3.44 2.35 2.9

F (o) 1.0 1.3 1.2

“valoutated using AUC of 247 nge=hfmL., exposure of Example 71 in dogs following infravenous
administration of Example 71 at 0.5 mo/kg,

Table @ Pharmacokinetics of BExample 71 in dogs afler oral administration of

Example 72 (1 ma/kg active)

Parameter Subject: Uog 1 Subject: Dog 2 Mean
Chngy (NGMLY 125 17.2 14.8
T () 0.5 1.0 0.75
Tao () 1.80 1.58 1.59
AUC {ngehiml} 3G.0 46.3 38.2
AUC Exirap {ngh/mb) 315 49.0 40.3
% AUC Extrap 480 5.48 514
F (%) 8.4 9.8 8.1

“calcutated using AUC of 247 ng-himL, exposure of Example 71 in dogs following infravenous
adminisiration of Example 71 at 0.5 mo/ka.

Ry,

Table 10, Pharmacoekinetics of Fxample 72 in dogs after oral administration of

Example 72 {1 ma/kg active)

Parameter Subject: Dog 1 Subject: Dog 2 Mean
Conar AGIMLY 142 248 185
T (1) 0.5 1 0.75
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T () 2.31 1.84 213
ALIC {ngehfml) 442 721 582
ALIC Exdrap (ngeh/mi) 455 70 823
%% ALIC Extrap 11.7 B77 10.2
F{oa)° 38 54 46
“calculated using AUC of 487 ng<hml., exposure of Example 72 in dogs following infravenous
administration of Example 72 a1 0.47 mg/kg.

Table 11, Pharmacokinetios of Example 4 and 73 ndogs (n= 23 after oral

administration

Ex. No. Dose (Ex. 4 eq} AlCidose AUC increase vs. oral T (1)
{mglka) {ngehimL} administration of Ex. 4
4 1 27.8 1.0 0.5
73 i 1130 41 2.7
Monkevs

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

Table 12. Characteristics of experimental monkeys used in study

Species Monkey

Tvpe Cynomolgus

Mumber and sex 2 males

Approximate age 3 years

Approx. Body weight | 3.5 ~ 8.1 kg a8t start of reslment
Source Charles River Labs -BRF

Blood sampies were taken at various thimes after administration and submitted
1o 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
imit of quantitation at all ime points. Pharmacokinetic parameters derived from the
plasma analytical data were determined using Watson LIME 7 2,003 (Thermo Fisher
Scientific, Waltham, MA). The resulis are given in Figure 2 and Tables 13, 14, and
15,

Tzble 13, Pharmacokinetics of Example 71 in monkevs after oral adminisiration of

Example 71 (3 ma/ka active)

| Parameter | Subject: | Bubject: | Mean
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Monkey 1 Monkey 2
G (NOML) 44 62.8 53.4
T (1) 0.25 0.5 0.38
Tep () 104 0.724 0.882
AUC {(ng=h/mi} 555 134 o948
AUIC Extrap (ngehimil) 587 134 g5.4
Y% AUC Extrap 219 0.388 1.28
F %) 2.2 4.2 3.2

“calculated using AUC of 478 ngeh/mL, plasma exposure of Example 71 in monkeys following
ntravenous administration of Example 71 at 0.5 mgfkg

Table 14 Pharmacokinetics of Exampile 71 in monkevs after oral administration of

Example 72 (3 ma/kg active)

Parameter Subjsct: Bubjsct: Mean
Monkey 1 Monkey 2

Conay (Ngimbl) 308 838 471

Fena (1) 1 i 1

T (B 1.00 0.704 0.8a8

AUC {ngeh/mi) 440 £536 538

AUC Extrap {(ng=himi.) 444 837 541

% ALIC Extrap 0.5 3.189 0.568

F (%Y 16 22 19

“caloulated using AUC of 478 ng-h/mil., plasma exposure of Example 71 in monkeys following
giravenous administration of Example 71 at 0.5 mgikg.
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Table 15 Pharmacokinehcs of Bxample 4 in monkevs after oral adminisiration of

Example 4 (10 mo/kg active’

Parameter Subject: Subject: Subject: Subject: Mearn
Monkey 1 Monkey 2 Monkey 3 Monkey 4

o (NGMLY 200 340 208 133 220
T (1) 1.0 0.25 0.5 1.0 0.69
T ) 078 0.82 (.88 0.63 D73
ALIC {ngehimL) 184 239 141 159 181
ﬁ;i%ﬁjﬁp 188 247 144 163 186
% ALIC Extrap 228 3.05 1.86 2.58 246
F (%" 2.1 238 1.6 1.8 2.1

“calcutated using AUC of 265 ng-himl, plasma exposure of Example 4 in monkeys foliowing

intravenous adminisiration of Example 4 gt 0.3 mofkg.

Table 18, Pharmacekinetics of Exampie 4 in monkeys after orad administration of

Example 73 (10 mo/kg active)

Parameter Subject; Subject: Mean
Monkey 1 Monkey 2

Cmax (DGIML) 2340 1210 2130
T o {1} 10 1.0 1.0
T () 1.0 1.04 (.24
AUC {ng-himb) 4450 3850 4050
AUC Extrap (ng-h/ml.) 4470 3880 4080
% AUC Extrap 0432 0.85 0.691
F (%) 50.8 41.8 46

“ralculated using AUC of 265 ngehimL., plasma exposwre of Example 4 in monkeys following

intravenous administration of Example 4 at 0.3 ma/kg.

74

Ra

Test substances (Examples 4, 73, and 388-368) were administerad by oral

gavage o groups of threa rats. The charactenstics of the test animals are given in

Table 17.
Table 17, Characteristics of experimental monkeys used in study
Species ' Rat
Typea Wistar-Han
Number and sex 3 males
Approximate age 7-8 weeks
Approx, Body weight | 220-240 g
Source Charles River Labs -BRF
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Blood samples were taken at various times afler administration and analyvzed
for the parent drug (Example 4) and prodrugs (Examples 73 and 368-369) using an
LO-MS-MES gssay. Pharmacokinetic parameters derived from the plasma analylical
data were determined using Watson LIMS version 7.2.003 (Thermo Fishar Sclentific,
Waltham, MA). The resulis are given in Table 18,

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

Ex. No. Dose (Ex. 4 eqg} AUQIdose AUC increase vs, oral T ()
tmgfkg) {ngehimL) administration of Ex, 4
4 10 18 1.0 2.48

T3 k] 4250 240 1.04
386 10 28 0.2 1.0
367 7 33 0.2 0.45
388 2 13.8 0.8 0.25
368 & 77 8.4 .86

When introducing elements of the present invention or the sxamplary
aembadiment{s) thereof, the articles "a,” “an,” “the” and "said” are intended {0 mean
that there are one or more of the elemenis. The terms “comprising,” “including” and
*having” are intended 16 be inclusive and mean that there may be additional elements
other than the listed slements. Although this invention has been described with
respect o specific embodimenis, the detalls 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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NH,
6a “RBb X

wherein:

A, XY, and Z are defined as follows:

(i) AisNorCR', Xis NorCR? YisNorCR? and Zis N or CR®*, provided
that no more than two of A, X, Y, and Z are N;

(i) A and X together form a 5- or 8-membered aromatic, N-containing
heteroaromatic, or O-containing heterocycloalkyl ring fused to the ring
containing A and X, Y is N or CR®, and Z is N or CR*, wherein the 5- or
6-membered aromatic, N-containing heteroaromatic, or O-containing
heterocycloalkyl ring is substituted by R' and R,

(i) X andY together form a 5- or 6-membered aromatic, N-containing
heteroaromatic, or O-containing heterocycloalkyl ring fused to the ring
containing X and Y, Ais N or CR', and Z is N or CR*, wherein the 5- or
6-membered aromatic, N-containing heteroaromatic, or O-containing
heterocycloalkyl ring is substituted by R® and R®; or

(iv) Y and Z together form a 5- or 6-membered aromatic, N-containing
heteroaromatic, or O-containing heterocycloalkyl ring fused to the ring
containing Y and Z, A is N or CR', and X is N or CR?, wherein the 5- or
6-membered aromatic, N-containing heteroaromatic, or O-containing
heterocycloalkyl ring is substituted by R® and R*;

R’ is H, halo, alkyl, alkoxy, or cyclopropy};

R?, R®, and R* are independently H, halo, alkyl, aryl, aralkyl, heteroaryl,
alkoxy, cycloalkyloxy, alkoxyaryl, aryloxy, aralkyloxy, heterocycloalkyloxy,
heteroaryloxy, cycloalkyl, alkylaryloxy, alkylheterocycloalkyl, alkylheteroaryloxy,
heterocycloalkyl, CN, CH,NR'R®, NR'R®, C(=O)NR'R®, SO,NR'R®, SO,R™,
NR’SO,R", and NR'C(=0)R", wherein each said alkyl, aryl, aralkyl, heteroaryl,
alkoxy, cycloalkyloxy, alkoxyaryl, aryloxy, aralkyloxy, heterocycloalkyloxy,
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heteroaryloxy, cycloalkyl, alkylaryloxy, alkylheterocycloalkyl, alkylheteroaryloxy,
heterocycloalkyl may be substituted with one or more substituents selected from
hydroxy, amino, halo, alkyl, haloalkyl, CN, alkoxy, haloalkoxy, alkylamino, and
aminoalky};

R%is H, C(=0)R®, C(=0)OR®, C(=ONR¥*R®, or (CH2)R";

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

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

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

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 aminoalkyl;

each R% and R® is independently H, 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 aminoalkyl, or,
when R® is C(=0)NR%R®, R® and R®, together with the nitrogen atom to which they
are attached, form a 5- or 6-membered N-containing heterocyclic ring;

OJ\O
R s "}"HR” ;

R is H, 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 aminoalkyl;

or a pharmaceutically acceptable salt thereof;

provided that the compound of Formula X is not (3S)-3-amino-7-bromo-1-
hydroxy-3,4-dihydroquinolin-2(1H)-one; (3R)-3-amino-7-bromo-1-hydroxy-3,4-
dihydroquinolin-2(1H)-one; rac-3-amino-7-bromo-1-hydroxy-3,4-dihydroquinolin-
2(1H)-one; rac-3-amino-8-chloro-1-hydroxy-3,4-dihydroquinolin-2(1H)-one; rac-3-
amino-7-chloro-1-hydroxy-3,4-dihydroquinolin-2(1H)-one; rac-3-amino-7-fluoro-1-
hydroxy-3,4-dihydroquinolin-2(1H)-one; rac-3-amino-6-chloro-1-hydroxy-3,4-
dihydroquinolin-2(1H)-one; rac-3-amino-5-chloro-1-hydroxy-3,4-dihydroquinolin-
2(1H)-one; rac-3-amino-6-bromo-1-hydroxy-3,4-dihydroquinolin-2(1H)-one; rac-3-
amino-6-fluoro-1-hydroxy-3,4-dihydroquinolin-2(1 H)-one; rac-3-amino-1-hydroxy-4-
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methyl-3,4-dihydroquinolin-2(1H)-one; (3S)-3-amino-1-hydroxy-3,4-dihydroquinolin-
2(1H)-one; or (3R)-3-amino-1-hydroxy-3,4-dihydroquinolin-2(1H)-one;

angd provided that the compound is not 3-amino-3,4-dihydro-1-hydroxycarbostyril; 3-
amino-3,4-dihydro-1-hydroxycarbostyril hydrochloride; 7-methoxy-3-amino-3,4-
dihydro-1-hydroxycarbostyril hydrochloride or cis- or trans-3-amino-3,4-dihydro-1-
hydroxy-4-methylcarbostyril hydrochloride.

2. A compound according to claim 1 wherein:
R%is H;
A, X, Y, and Z are defined as follows:
(i) AisNorCR’, XisNorCR? YisNor CR? and Zis N or CR’, provided
that no more than two of A, X, Y, and Z are N;

(i) A and X together form a 5- or 6-membered aromatic or N-containing
heteroaromatic ring fused to the ring containing Aand X, Y is N or CR?,
and Z is N or CR*, wherein the 5- or 6-membered aromatic or N-
containing heteroaromatic ring is substituted by R' and R?,

(i) X and Y together form a 5- or 6-membered aromatic or N-containing
heteroaromatic ring fused to the ring containing X and Y, Ais N or CR,
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

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

heteroaromatic ring fused to the ring containing Y and Z, A is N or 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, aralky!, heteroaryl,
alkoxy, alkoxyaryl, aryloxy, aralkyloxy, heteroaryloxy, cycloalkyl, alkylaryloxy,
alkylheteroaryloxy, heterocycloalkyl, CN, NR'R®, C(=0)NR'R?, SO,NR'R®,
NR’SO,R?®, and NR’C(=0)R™, wherein each said alkyl, aryl, aralkyl, heteroaryl,
alkoxy, alkoxyaryl, aryloxy, aralkyloxy, heteroaryloxy, cycloalkyl, alkylaryloxy,
alkylheteroaryloxy, and heterocycloalkyl may be substituted with one or more
substituents selected from hydroxy, amino, halo, alkoxy, and aminoalkyl;

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

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



or a pharmaceutically acceptable salt thereof.

3. A compound according to claim 1 wherein:

R® is C(=0)R®, C(=0)NR*R®, or (CH,)R™;

each R* and R® is independently H, 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 aminoalkyl, or,
when R® is C(=0)NR*R%®, R® and R®, together with the nitrogen atom to which they
are attached, form a 5- or 6-membered N-containing heterocyclic ring;
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R10 is .1/1.‘1 R11 i

A

0] O

R' is H, 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 aminoalkyl;

(i)

(ii)

(i)

(iv)

Ais N or CR', Xis N or CR? Yis N or CR® 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
heteroaromatic, or O-containing heterocycloalkyl ring fused to the ring
containing A and X, Y is N or CR®, and Z is N or CR*, wherein the 5- or
6-membered aromatic, N-containing heteroaromatic, or O-containing
heterocycloalkyl ring is substituted by R* and R?

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

Y and Z together form a 5- or 6-membered aromatic, N-containing
heteroaromatic, or O-containing heterocycloalky! ring fused to the ring
containing Y and Z, Ais N or CR', and X is N or CR?, wherein the 5- or
6-membered aromatic, N-containing heteroaromatic, or O-containing
heterocycloalkyl ring is substituted by R® and R*;
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R'is H, halo, alkyl, alkoxy, or cyclopropyl;

R?, R® and R* are independently H, halo, alkyl, aryl, aralkyl, heteroaryl,
alkoxy, cycloalkyloxy, alkoxyaryl, aryloxy, aralkyloxy, heterocycloalkyloxy,
heteroaryloxy, cycloalkyl, alkylaryloxy, alkylheterocycloalkyl, alkylheteroaryloxy,
heterocycloalkyl, CN, CH,NR'R®, NR'R®, C(=O)NR'R®, SO,NR'R?, SO,R™,
NR'SO,R™, and NR'C(=0)R”?, wherein each said alkyl, aryl, aralkyl, heteroaryl,
alkoxy, cycloalkyloxy, alkoxyaryl, aryloxy, aralkyloxy, heterocycloalkyloxy,
heteroaryloxy, cycloalkyl, alkylaryloxy, alkylheterocycloalkyl, alkytheteroaryloxy,
heterocycloalkyl may be substituted with one or more substituents selected from
hydroxy, amino, halo, alkyl, haloalkyl, CN, alkoxy, haloalkoxy, 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 heteroaryl;

or a pharmaceutically acceptable salt thereof.

4. A compound according to claim 1 wherein:

X is CR%

Y is CR%;

Z is CR*

R'is H;

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

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

R*is H; and

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

or a pharmaceutically acceptable salt thereof.

5. A compound according to claim 4 wherein R? is H or benzyl, or a
pharmaceutically acceptable salt thereof.
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6. A compound according to claim 5 wherein R® is H, or a pharmaceutically
acceptable salt thereof.

7. A compound according to claim 1 of Formula XVA:
R* (IJRS
N7 X N O
l
R? = ) N NH,
a
5 RIRT R XVA
wherein:
Rlis H;

R? is arylalkyl that is benzyl, aryloxy that is phenoxy, or heteroaryloxy,
wherein said aryl or heteroaryl may be substituted with one or more substituents
10 selected from hydroxy, amino, halo, alkyl, 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
15 R® is as defined in claim 1;
or a pharmaceutically acceptable salt thereof.

8. A compound according to claim 1 of Formula XVIA;
OF°
R: . _N. _N__O
~N
R? & NH,
R1 Rﬁa Rﬁb XVIA
20 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, haloalky],
CN, alkoxy, haloalkoxy, alkylamino, and aminoalkyl; and
R®is H or alkyl;
25 or a pharmaceutically acceptable sait thereof.
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9. A compound according to claim 8 wherein R® is H or methyl; or a
pharmaceutically acceptable salt thereof.

10. A compound according to claim 3 wherein R® is C(=O)NR*R®, or a
pharmaceutically acceptable salt thereof.

Q 0
?‘«.JLN< | }ZJLNG’

11. A compound according to claim 10 wherein R’ is
o] 0
:,_‘LJJ—N ) 3LJJ-N o)
, or \—/", or a pharmaceutically acceptable salt thereof.

12. A compound according to claim 1 which is selected from:
(35)-3-amino-1-hydroxy-8-(trifluoromethyl)-3,4-dihydroguinolin-2(1H)-one; 3-amino-6-
cyclopropyl-1-hydroxy-3,4-dihydroquinolin-2(1H)-one;
(38)-3-amino-1-hydroxy-7-isopropoxy-3,4-dihydroquinolin-2(1H)-one;
3-amino-7-ethyl-1-hydroxy-3,4-dihydroquinolin-2(1H)-one; ’
(38)-3-amino-5-fluoro-1-hydroxy-3,4-dihydroquinolin-2(1H)-one;
3-amino-7-cyclopropyl-1-hydroxy-3,4-dihydroquinolin-2(1H)-one;
(3S)-3-amino-6-chloro-8-fluoro-1-hydroxy-3,4-dihydroguinolin-2(1H)-one;
(35)-3-amino-1-hydroxy-6-(trifluoromethoxy)-3,4-dihydroquinolin-2(1H)-one;
3-amino-1-hydroxy-2-oxo-1,2,3,4-tetrahydroquinoline-8-carbonitrile;
(38)-3-amino-8-fluoro-1-hydroxy-3,4-dihydroguinolin-2(1H)-one;
(38)-3-amino-1-hydroxy-8-(triflucromethoxy)-3,4-dihydroquinolin-2(1H)-one;
(3S)-3-amino-1-hydroxy-6-phenoxy-3,4-dihydroquinolin-2(1H)-one;
(3S)-3-amino-1-[(dimethylcarbamoyl)oxy]-6-phenoxy-3,4-dihydroquinolin-2(1+)-one;
(3S)-3-amino-1-[(dimethylcarbamoyljoxy]-3,4-dihydroquinolin-2(1 H)-one;
(3S)-3-amino-6-benzyl-1-hydroxy-7-methoxy-3,4-dihydroquinolin-2(1H)-one;
(3S)-3-amino-1-hydroxy-8-(2,2,2-trifluoroethoxy)-3,4-dihydroquinolin-2(1H)-one;
(38)-3-amino-5,6-difluoro-1-hydroxy-3,4-dihydroquinolin-2(1H)-one;
(3S)-3-amino-6-chloro-5-fluoro-1-hydroxy-3,4-dihydroquinolin-2(1H)-one;
(3S)-3-amino-8-(difluoromethyl)-1-hydroxy-3,4-dihydroquinolin-2(1H)-one;
(38)-3-amino-6,8-difluoro-1-hydroxy-3,4-dihydroquinolin-2(1H)-one; and
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3-{[(38)-3-amino-1-hydroxy-7-methoxy-2-ox0-1,2,3,4-tetrahydroquinolin-6-
yllmethyl}benzonitrile;
or a pharmaceutically acceptable salt thereof.

13. A compound according to claim 1 which is (3S)-3-amino-1-hydroxy-7-(2-
methoxyethoxy)-3,4-dihydroquinolin-2(1H)-one, or a pharmaceutically acceptable salt
thereof.

14. A pharmaceutical composition comprising a compound according to any one
of claims 1 to 13, or a pharmaceutically acceptable salt thereof, and a

pharmaceutically acceptable carrier.

15. A compound or a pharmaceutically acceptable salt thereof according to any
one of claims 1-13 for use in the treatment or prevention in a mammal of a condition
selected from the group consisting of acute neurological and psychiatric disorders;
stroke; cerebral ischemia; spinal cord trauma; cognitive impairment, including mild
cognitive impairment; head trauma; perinatal hypoxia; cardiac arrest; hypoglycemic
neuronal damage; dementia; Alzheimer's disease; Huntington's Chorea; amyotrophic
lateral sclerosis; ocular damage; retinopathy; cognitive disorders; idiopathic and
drug-induced Parkinson's disease; muscular spasms and disorders associated with
muscular spasticity including tremors; epilepsy; convulsions; migraine; urinary
incontinence; substance tolerance; substance withdrawal; psychosis; schizophrenia;
negative symptoms associated with schizophrenia; autism, including autism
spectrum disorders; bipolar disorder; depression, including but not limited to Major
Depressive Disorder and treatment-resistant depression; cognitive impairment
associated with depression; cognitive impairment associated with cancer therapy;
anxiety; mood disorders; inflammatory disorders; sepsis; cirrhosis; cancer and/or
tumors associated with immune response escape; frigeminal neuralgia; hearing loss;
tinnitus; macular degeneration of the eye; emesis; brain edema; pain; tardive
dyskinesia; sleep disorders; aftention deficit/hyperactivity disorder; attention deficit
disorder; disorders that comprise as a symptom a deficiency in attention and/or

cognition; and conduct disorder.



10

15

20

25

30

142

16. A compound or a pharmaceutically acceptable salt thereof which is selected
from (3S)-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-dihydroquinolin-2(1H)-one; rac-3-amino-8-chloro-1-hydroxy-3,4-dihydroquinolin-
2(1H)-one; rac-3-amino-7-chloro-1-hydroxy-3,4-dihydroquinolin-2(1H)-one;  rac-3-
amino-7-fluoro-1-hydroxy-3,4-dihydroguinolin-2(1H)-one; rac-3-aminc-6-chloro-1-
hydroxy-3,4-dihydroquinolin-2(1H)-one; rac-3-amino-5-chloro-1-hydroxy-3,4-
dihydroquinolin-2(1H)-one; rac-3-amino-6-bromo-1-hydroxy-3,4-dihydroquinolin-
2(1H)-one;  rac-3-amino-6-fluoro-1-hydroxy-3,4-dihydroquinolin-2(1H)-one;  rac-3-
amino-1-hydroxy-4-methyl-3,4-dihydroquinolin-2(1H)-one;  (3S)-3-amino-1-hydroxy-
3,4-dihydroquinolin-2(1H)-one or (3R)-3-amino-1-hydroxy-3,4-dihydroquinolin-2(1H)-
one for use in the treatment or prevention in a mammal of a condition selected from
the group consisting of acute neurological and psychiatric disordrs; stroke; cerebral
ischemia; spinal cord trauma; cognitive impairment, including mild cognitive
impairment; perinatal hypoxia; cardiac arrest; hypoglycemic neuronal damage;
dementia; Alzheimer’s disease; Huntington’s Chorea; amyotrophic lateral sclerosis;
ocular darﬁage; retinopathy; cognitive disorders; idiopathic and drug-induced
Parkinson’s disease; muscular spasms and disorders associated with muscular
spasticity including tremors; epilepsy; convulsions; migraine; urinary incontinence;
substance tolerance; substance withdrawal; psychosis; schizophrenia; negative
symptoms associated with schizophrenia; autism, including autism spectrum
disorders; bipolar disorders; depression, including but not limited to Major Depressive
Disorders and treatment-resistant depression; cognitive impairment associated with
depression; cognitive impairment associated with cancer therapy; anxiety; mood
disorders; inflammatory disorders; sepsis; cirrhosis; cancer and/or tumors associated
with immune response escape; trigeminal neuralgia; hearing loss; tinnitus; macular
degeneration of the eye; emesis; brain edema; pain; tardive dyskinesia; sleep
disorders; attention deficit/hyperactivity disorder; attention deficit disorder; disorders
that comprise as a symptom a deficiency in attention and/or cognition and conduct
disorders.

17. A compound or a pharmaceutically acceptable salt thereof for use according
to claim 15 or 16 wherein the condition is dementia; cognitive deficit symptoms of




Alzheimer's disease; attention deficit symptoms of Alzheimer's disease; multi-infarct
dementia, alcoholic dementia or other drug-refated dementia, dementia associated
with intracranial tumors or cerebral trauma, dementia associated with Huntington's
disease or Parkinson's disease, or AIDS-related dementia; delirium; amnestic
disorder; post-traumatic stress disorder; mental retardation; a learning disorder (e.g.,
reading disorder, mathematics disorder, or a disorder of written expression);
attention-deficit/hyperactivity disorder; age-related cognitive decline; cognitive deficits
associated with psychoses; or cognitive deficits associated with schizophrenia.




