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BRIDGED COMPOUNDS FOR THE TREATMENT OF BACTERIAL INFECTIONS
JOINT RESEARCH AGREEMENT

[0001] The present invention was made as a result of activities undertaken within the
scope of joint research agreements between Merck & Co., Inc. and Kyorin Pharmaceutical

Co.
FIELD OF THE INVENTION

[0002] The present invention relates to novel bridged compounds (including
pharmaceutically acceptable salts, hydrates and prodrugs thereof), compositions containing
such compounds, synthesis of such compounds, and use of such compounds as antibacterial
agents. The novel compounds of this disclosure and compositions comprising such

compounds are useful for treating bacterial infections and associated diseases and conditions.
BACKGROUND OF THE INVENTION

[0003] Bacterial infection is a major healthcare problem, and the incidence of hospital-
acquired bacterial diseases continues to rise, particularly with drug-resistant strains. See Chu
et al., 1996, J. Med. Chem. 39:3853-3874 and Boucher et. al., 2009, Clin. Infect. Dis. 48:1-
12. As a result of drug resistance, many bacterial infections are either difficult to treat with
today's antibiotics or even untreatable. See Klevens et. al. 2007 J. Am. Med. Assoc. 298,
1763-1771 and Boucher et. al., 2009, Clin. Infect. Dis. 48:1-12. The problem of resistant
bacteria is not confined to human health, but also has an increasing impact on the welfare of
animals and the management of food-producing animals (Schwarz, S. & Chaslus-Dancla,

2001. Vet. Res. 32:201-225; Catry et al., 2003. J. vet Pharmacol. Therap. 26:81-93).

[0004] Antibiotics of nearly all chemical classes are used to treat or prevent infections in
livestock, poultry, aquatic and companion animals (De Briyne et al., 2014. Veterinary Record
1-8.; Mathew et al., 2007. Foodborne Pathogens and Disease 4:115-133). The rise of drug-
resistance in veterinary pathogens poses a threat to animal welfare, food production and,
particularly in the case of zoonotic, food-borne pathogens like Salmonella spp. and
Campylobacter spp., is considered a serious public health concern (Schwarz et al., 2001 Int.

J. Antimicrob. Agents 17:431-437; Swartz, M.N., 2002. Clinical Infectious Diseases 34:S111-
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22; Catry et al., 2003. J. vet Pharmacol. Therap. 26:81-93; Mathew et al., 2007. Foodborne
Pathogens and Disease 4:115-133). The increase of resistance in zoonotic pathogens has led
to the ban of antibiotic growth promotors in Europe (Casewell et al., 2003. Journal of
Antimicrobial Chemotherapy 52:159-161) and to resistance surveillance programs in Europe
and in the US (Gilbert et al., 2007. Future Microbiology 2:493-500; de Jong et al., 2013. Int J
Antimicrob Agents 41:403-409). 1t is therefore imperative to human food safety and animal
health to develop new antibiotics with resistance-breaking properties (Stanton T.B., 2013.

Trends in Microbiology 21:111-113).

[0005] International Publication No. WO 2013/003383 discloses novel bridged bicyclo
compounds of the following formula (including pharmaceutically acceptable salts, hydrates

and prodrugs thereof) useful for treating bacterial infections and associated diseases and

X1 )m
X
Ar1—W \ N R4'
X4 \
X4 7—Ar,

SUMMARY OF THE INVENTION

conditions.

[0006] The present invention relates to bridged compounds. These compounds, or
pharmaceutically acceptable salts thereof, are useful in the treatment of bacterial infections
caused by one or more of various pathogens including, but not limited to, Staphylococcus

aureus.. In particular, the present invention includes a compound of Formula I:

R1 R2
A Q\/Arz
a
Rs

M
|Ar1

Formula (1)
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wherein

Ais CH,, Oor Q;

M is (CHa)n;

n=0-3

R and R; are independently H, N(R4Rs5), or C;-Cg alkyl, wherein the C;-Cg alkyl is
optionally substituted with one or more substituents selected from H, halogen, C;-Cq alkyl,
N(R4R5) or ORs;

R» is H, halogen, ORs, N(R4Rs5), or C;-Cg¢ alkyl, wherein the C;-Cs alkyl is optionally
substituted with one or more substituents selected from H, halogen, C;-Cg alkyl, N(R4R5)or
ORs5; or

R, and R, are taken together to form a 3-7 member ring which includes one or more C, O, or
N(R4)atom;

Qis N(R4)

R4 are each individually H or C;-C alkyl;

Rs are each individually H or C;-C alkyl;

Ar is selected from a group having one of the following structures
I

A\

N\\Z_
G

X

Z1is CRi; or N;

75, Zs and Z¢ are independently selected from CRjp, or N;
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bond; or

Z418 CRy1a or N if the == bond to which it is attached is a double bond;

Xi, X3, X4 and X are independently selected from N or CR,;

wherein at least one of X, X3, X, and X¢ is N;

X, is CH, C—~(Cy¢)alkyl, C—(C,.¢)alkoxy, C-halo, or C-COOH;

Xs is CH, C—~Cj.¢)alkyl or C-halo;

Re 1s H; OH; NR 3R 14; (C¢)alkyl; C(O)OR3; halo; CFs; cyano. allyloxy;
—R5COOR 14; —OR ;sCOOR 14; (C¢)alkoxy, (Cs)cycloalkoxy, (Csg)heterocycleoxy,
(Cs.6)cycloalkylalkoxy, or (Cs.¢)heterocycloalkoxy which are optionally substituted with
NR 3R 14, OH, CF3, COOR 14, cyano, oxo, (Ci)alkyl or (Cj)alkoxy; S(O):R ;3 optionally

substituted with a (C,.)alkyl; or
X

N
o
wherein X is CRy., O or S;
each p and qis 0, 1, or 2, with the proviso that if X is O or S, both p and q

cannot be 0;

each R is independently H, halo, OH, (C,.¢)alkoxy, NR 3R 4, CF3, or cyano;

bond attached to Zs is a double bond; or
Ry, and Ry, together form oxo; and the == bond attached to Z; is a single

bond;

bond;
or Rjp, and Ry, together with the atoms to which they are attached form a 5-

membered saturated, unsaturated or aromatic ring having 0 to 3 N and optionally substituted
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with a (C\.¢)alkyl, wherein R g, and Ry, are H when the == bond attached to Z, is a single

each Rz, Ri3 and R4 is independently H or (Cl_(,)alkyl;

each Rjsis independently (C;-Cg)alkyl or (C,-Ce)alkenyl with the proviso that
when Rg is —OR |5COOR 14, R;5 1s not Cyalkenyl;

Ry, 1s H, OH, (C,¢)alkoxy, cyano, or halo;

R is H, (Ci)alkyl, (C,¢)alkoxy, halo, cyano, or C(O)OR 3.

Ric 1s H, halo or (Cj)alkyl;

and
Ar, is selected from

(1) Cs-Ce-cycloalkyl, optionally substituted with —OH, halo, cyano, NR 3R 4
or (Cj¢)alkyl;

(i1) aryl, wherein aryl is phenyl or naphthyl optionally substituted with 1 to 3
substituents selected from OH, halo, (C,¢)alkoxy and (C,_)alkyl;

(iii) a heterocyclyl, wherein the heterocyclyl is a 5- to 6-membered non-
aromatic or aromatic ring having 1 or 2 heteroatoms selected from N, O or S optionally
substituted with 1 to 3 substituents selected from OH, halo, cyano, (C,_)alkoxy, (C,.¢)alkyl,
NR 3R y4 and a 5- to 6-membered aromatic or non-aromatic ring having 1 or 2 heteroatoms
selected from N, O or S; wherein (C;.¢)alkoxy or (C.¢)alkyl optionally substituted with 1 or 2
halo; or

(iv) a group having one of the following structures:

Z/ 29\ Riga
Ri7a
X

Zyo R17b

Z13

S5 Sy
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¥
o) N Z
Z}< Rzo \ \ N/ I I *Tm
}c‘ Zy /5773 S \28 Z{ Z1s

each Zg, Zo and Zy s independently CRy, or N;
Zy) and Z; are each independently selected from CR R, NRy4, O, and S;
Zy5 and Z,4 are each independently selected from CRy, and N;
Z1518 CRy; or N;
Z16 18 CR1zRyp or NH;
each Z; and Zg is independently NRy or O;
each R ¢, and Ryg, is independently H or CHj;
or Rie and Rygp together form oxo;
Ri7. and Ry are H;
or Ry7, and Ry7, together form oxo or =NOR35;
Rig is H or (C¢)alkoxy;
Rig is H or halo;
each Ry, Ry and Ry, is independently H or halo
each Ry, Ry and R, is independently H, halo or (C1-6)alkyl
X, is H, halo or (C1-6)alkyl

or a pharmaceutically acceptable salt thereof.

[0007] These compounds are potent antibacterial agents useful against pathogens

associated with bacterial infections.

[0008] Additional aspects of the invention relate to compositions comprising the
compounds of the invention, optionally in the presence of a second therapeutic agent. In
addition, aspects of the invention relate to methods of preparing a compound of the invention,
to methods of preparing compositions of the invention, to methods of treating bacterial

infection in patients and animals using a compound of the invention, and to methods of
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controlling bacterial infection in patients and animals using a compound of the invention.

[0009] Other embodiments, aspects and features of the present invention are either further

described in or will be apparent from the ensuing description, examples and appended claims.
DETAILED DESCRIPTION OF THE INVENTION

[0010] The present invention relates to compounds of Formula (I) and pharmaceutically
acceptable salts thereof, as defined above and a first embodiment of the invention. Different
embodiments further describing Formula (I) variables are described below.

In particular, the present invention includes a compound of Formula I:

Ra
Arq
Formula (1)
wherein
Ais CH,, Oor Q;
M is (CHa)y;
n=0-3

R, and R; are independently H, N(R4Rs), or C;-Cg alkyl, wherein the C;-Cg alkyl is
optionally substituted with one or more substituents selected from H, halogen, C;-Cq alkyl,
N(R4R5) or ORs;

R, is H, halogen, ORs, N(R4R5), or C;-Cg alkyl, wherein the C;-Cg alkyl is optionally
substituted with one or more substituents selected from H, halogen, C;-Cg alkyl, N(R4R5)or
ORs; or

R, and R, are taken together to form a 3-7 member ring which includes one or more C, O, or
N(R4)atom;

Qis N(R4)

Ry are each individually H or C,;-Cs alkyl;

Rs are each individually H or C;-C alkyl;

Ar is selected from a group having one of the following structures
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8
JVIVV‘ uvlvm Ri2
R z Rg z
6:[ \I 1\ N Z5 N
Z Z =N : g_
Ry Z; Ry Z; Zs/ S
Re Xs
Y
Xs  _Z
G
e
Rs Z4
X
=
R; Z
Z1is CRj; or N;
75, Z5 and Z¢ are independently selected from CRyp, or N;
Z31s C or N if the == bond to which it is attached is a single bond; or
Z5 18 C if the == bond to which it is attached is a double bond;
Z41s CR R 16, NRy, or O if the == bond to which it is attached is a single
bond; or

Z418 CRy1a or N if the == bond to which it is attached is a double bond;

Xi, X3, X4 and X are independently selected from N or CR,;

wherein at least one of X, X3, X, and X¢ is N;

X, is CH, C—~(Cy¢)alkyl, C—(C,.¢)alkoxy, C-halo, or C-COOH;

Xs is CH, C—~(C\¢)alkyl or C—halo;

Re is H; OH; NR 3R 14; (Cg)alkyl; C(O)OR;3; halo; CFs; cyano, allyloxy;
—R5COOR 14; —OR;sCOOR 14; (C6)alkoxy, (Cs)cycloalkoxy, (Csg)heterocycleoxy,
(Cs6)cycloalkylalkoxy, or (Cs.)heterocycloalkoxy which are optionally substituted with
NR 3R 4, OH, CF;, COOR 4, cyano, oxo, (Cy¢)alkyl or (C)alkoxy; S(O),R ;5 optionally

substituted with a (C,.)alkyl; or
X

oy
s

wherein X is CRy., O or S;
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each p and qis 0, 1, or 2, with the proviso that if X is O or S, both p and q
cannot be 0;

each R is independently H, halo, OH, (C,.¢)alkoxy, NR 3R 4, CF3, or cyano;

bond attached to Zs is a double bond; or

Ry, and Ry, together form oxo; and the == bond attached to Z; is a single

bond;

bond;
or Rjg. and Ry, together with the atoms to which they are attached form a 5-
membered saturated, unsaturated or aromatic ring having 0 to 3 N and optionally substituted

with a (C\.¢)alkyl, wherein R g, and Ry, are H when the == bond attached to Z, is a single

each Rz, Ry3 and R4 is independently H or (Cj.¢)alkyl;

each Rjs is independently (C;-Cg)alkyl or (C,-Cg)alkenyl with the proviso that
when Rg is —OR |5COOR 14, R;5 1s not Cyalkenyl;

Ria 1s H, OH, (C,¢)alkoxy, cyano, or halo;

Ryp is H, (Ci)alkyl, (Cj¢)alkoxy, halo, cyano, or C(O)OR 3.

Ric 1s H, halo or (Cj)alkyl;
and
Ar, is selected from

(1) C5-Cg-cycloalkyl, optionally substituted with —OH, halo, cyano, NR 3R 4
or (Cj¢)alkyl;

(i1) aryl, wherein aryl is phenyl or naphthyl optionally substituted with 1 to 3
substituents selected from OH, halo, (C,¢)alkoxy and (C,_)alkyl;

(iii) a heterocyclyl, wherein the heterocyclyl is a 5- to 6-membered non-
aromatic or aromatic ring having 1 or 2 heteroatoms selected from N, O or S optionally

substituted with 1 to 3 substituents selected from OH, halo, cyano, (C;)alkoxy, (Cj.¢)alkyl,
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NR 3R y4 and a 5- to 6-membered aromatic or non-aromatic ring having 1 or 2 heteroatoms
selected from N, O or S; wherein (C;_¢)alkoxy or (C)alkyl optionally substituted with 1 or 2
halo; or

(iv) a group having one of the following structures:

Z/ZB\ Riga ’ \
i’ Rygb
Ri7a N 0
- J\ A |
Zy R17b Ry
Zy Zy3 Zg Z
Z/ AN X R1g AN 15 Rig
T | >
J\ S F ’7& F Z
- Zypo Zis d Zy 10
R4
Ro _— |

, , Or

each Zg, Zg and Zy; is independently CRy, or N;
Zy) and Z; are each independently selected from CR R, NRy4, O, and S;
Z,3 and Z 4 are each independently selected from CRj, and N;
Z1518 CRj; or N;
Z16 18 CR1zRyp or NH;
each Z7 and Z,g is independently NR4 or O;
each R ¢, and Ryg, is independently H or CHj;
or Ris, and Ry, together form oxo;
Ri7. and Ry are H;
or Ry7, and Ry, together form oxo or =NOR3;
Rig is H or (C¢)alkoxy;
Ry9 is H or halo;
each Ry, Ry and Ry, is independently H or halo
each Ry, Ry and R, is independently H, halo or (C1-6)alkyl
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X, is H, halo or (C1-6)alkyl

or a pharmaceutically acceptable salt thereof.

[0011] In another embodiment, the present invention includes a compound of Formula (1)
wherein Ar, is selected from

(1) C3-Cs-cycloalkyl, optionally substituted with —OH, halo, cyano, NR|3R 4
or (C.¢)alkyl;

(i1) aryl, wherein aryl is phenyl or naphthyl optionally substituted with 1 to 3
substituents selected from OH, halo, (C,¢)alkoxy and (C,_)alkyl;

(iii) a heterocyclyl, wherein the heterocyclyl is a 5- to 6-membered non-
aromatic or aromatic ring having 1 or 2 heteroatoms selected from N, O or S optionally
substituted with 1 to 3 substituents selected from OH, halo, cyano, (Cj.¢)alkoxy, (C.¢)alkyl,
NR 3R y4 and a 5- to 6-membered aromatic or non-aromatic ring having 1 or 2 heteroatoms
selected from N, O or S; wherein (C;_¢)alkoxy or (C)alkyl optionally substituted with 1 or 2
halo; or

(iv) a group having one of the following structures:

Zs
7 / Riga Z S
8 Rygb |
J'\ > Ri7a \zg N 0
~ |

Zyp R17b R4 ,
z fis -
g Zss
® V“ /
N
%N\,
P Zg
b
R4

wherein each Varlable Is as descrlbed for Formula (I).

[0012] In another embodiment, the present invention includes a compound of Formula (1)
wherein Ar, is selected from

a group having one of the following structures:
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Z Z /Z8 AN
Z/ SN " Riga |
? Rygb \
| Ri7a ps N 0
~ Z |
Zyp Zy Ry7b R4
b b
R ——

Zs z

| X >/ Rig Z§< R \ \ N/
SN e > 4" s

I
0 N Z,
| §T1o
AN gl
Zs 214/ , Or

wherein each variable is as described for Formula (I).

[0013] In another embodiment, the present invention includes a compound of Formula (1)

Z Z
Z/ 9\ " Riga
i’ Rygb
R17a
}2\ 7
Zy 212 Rizb .

>

wherein each variable is as described for Formula (I).

wherein Ar; is:

[0014] In another embodiment, the present invention includes a compound of Formula (1)

o
\/E\I;\k
/
N N o}

wherein each variable is as described for Formula (I).

wherein Ar, is:

[0015] In another embodiment, the present invention includes a compound of Formula

D
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@)
R1 Rz \
)—S/Q g
A N N O
R3

—

M
Y G E|3 X
T
NN o
J D

Formula (II)
wherein,
A is CH,, NH, or O;
B, D, G, J are each independently either C or N;
M is (CHa)n;
(n=0-3)
XisH, F, CI, CN, CO;Rs5 or O;
Y is ORs, COR5 or CN;
Rjand Rj are independently H, N(R4Rs), or C;-Cg alkyl, wherein the C;-Cq alkyl is optionally
substituted with one or more substituents selected from H, halogen, C;-Cs alkyl, N(R4Rs)or
ORS;
R, is H, halogen, ORs, N(R4R5), or C;-Cg alkyl, wherein the C;-Cg alkyl is optionally
substituted with one or more substituents selected from H, halogen, C;-Cg alkyl, N(R4R5)or
ORS; or
R, and R; are taken together to form a 3-7 member ring which includes one or more C, O or
N atoms;
Qis NRy;
R4 are each individually H or C;-C¢ alkyl; and
Rs are each individually H or C,-C¢ alkyl

or a pharmaceutically acceptable salt thereof.

[0016] In another embodiment, the present invention includes a compound of Formula
(II) wherein

A is NH;

B and J are C;
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D and G are N;

M is CH,; X is H, F,Cl, CN, ORs, or CO-R5s; and
Y is H, CL, F, CN, ORs, or CO-R;

wherein Rs is defined as above

or a pharmaceutically acceptable salt thereof.

[0017] In another embodiment, the present invention includes a compound of Formula

(111
@]
R Ro AN
Q —
/—A N N @]
M
| 3
Y. G B X
= ‘
\ /
J D
Formula (I1T)
wherein,
A is CH,, NH, or O;
BisN;

D, G, J are each independently either C or N;

M is (CHz)y; (n = 0-3)

XisOorS;

Y is H, F, CI, OR;5, CN, or CO-R;

R; and R; are H,, N(R4Rs5), or C;-Cg alkyl, wherein the C;-Cq alkyl is optionally substituted
with one or more substituents selected from H, halogen, C;-C¢ alkyl, N(R4R5) or ORs5;

R» is H, halogen, ORs, N(R4R5), or C;-C¢ alkyl, wherein the C;-Cs alkyl is optionally
substituted with one or more substituents selected from H, halogen, C;-Cs alkyl, N(R4Rs)or
ORs5; or

R, and R; are taken together to form a 3-7 member ring which includes one or more C, O or
N atoms;

Qis NRy;

R4 are each individually H or C;-C¢ alkyl; and
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Rs are each individually H or C,;-Cg alkyl,

or a pharmaceutically acceptable salt thereof.

[0018] In another embodiment, the present invention includes a pharmaceutically

acceptable salt of the compounds of Formulas (1), (II) or (III).

[0019] In another embodiment, the present invention includes a compound selected from

the following group:
MeO /N | N
Z
X N
MeO /N | N
X N/
MeO /N | X
X N/

MeO N
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O
MeO /N| X F
~
X N
H
N/\EN/\'[NTO
H
X0
MeO Z | N O
NN
N S
and

or a pharmaceutically acceptable salt thereof.

[0020] In another embodiment, the present invention includes a compound selected from
the following group:
6-[[[3-[2-(3-fluoro-6-methoxy-1,5-naphthyridin-4-yl)ethylamino]-

2-hydroxy-propyl]amino]methyl]-4H-pyrido[3,2-b][ 1,4]oxazin-3-
one;

6-[[[3-[2-(3-fluoro-6-methoxy-1,5-naphthyridin-4-yl)ethylamino]-
2-methoxy-propyl]amino]methyl]-4H-pyrido[3,2-b][1,4]oxazin-3-
one;

6-[[[3-[2-(3-fluoro-6-methoxy-1,5-naphthyridin-4-yl)ethylamino]-
2-methyl-propylJamino]methyl]-4H-pyrido[3,2-b][1,4]oxazin-3-
one;

6-[[3-[2-(3-fluoro-6-methoxy-1,5-naphthyridin-4-
yl)ethylamino]propylamino]methyl]-4H-pyrido[3,2-b][1,4]oxazin-
3-ong;

6-[[[2-[2-(3-fluoro-6-methoxy-1,5-naphthyridin-4-
yl)ethylamino]cyclobutyl |methylamino]methyl]-4H-pyrido[3,2-
b][1,4]oxazin-3-one;
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6-[[6-(7-methoxy-2-oxo0-1,5-naphthyridin-1-
yhhexylamino]methyl]-4H-pyrido[3,2-b][1,4]oxazin-3-one; and

6-[[[4-[2-(3-fluoro-6-methoxy-1,5-naphthyridin-4-
yl)ethylamino]tetrahydrofuran-3-ylJmethylamino]methyl]-4H-
pyrido[3,2-b][1,4]oxazin-3-one;

or a pharmaceutically acceptable salt thereof.

[0021] In another embodiment, the present invention includes a pharmaceutical
composition comprising the above compounds and a pharmaceutical carrier, adjuvant or

vehicle.

[0022] In another embodiment, the present invention includes a composition further
comprising a second therapeutic agent selected from the group consisting of antibiotic agents,

anti-inflammatory agents, anti-parasitics and antifungal agents.

[0023] In another embodiment, the present invention includes a composition, wherein the
second therapeutic agent is one or more of an amphenicol, a B-lactam, a tetracycline, an
aminoglycoside, a quinolone, a mutilin, a macrolide, an azole, a non-steroidal anti-

inflammatory drug (NSAID), a glucocorticosteroid or their pharmaceutically acceptable salts .

[0024] In another embodiment, the present invention includes a method of treating an
infectious disease in an animal comprising administration to the animal of an effective

amount of the above pharmaceutical composition to the animal.

[0025] In another embodiment, the present invention includes a method, wherein the
infectious disease is selected from a respiratory tract disease, a mastitis disease, a skin or soft

tissue disease, a urinary tract disease or a disease caused by opportunistic pathogens.

[0026] In another embodiment, the present invention includes a method, wherein the
animal is a bovine, a swine, a member of the poultry family, an ovine, a fish, a horse, a dog or

a cat.

[0027] In another embodiment, the present invention includes a method, wherein the

infection is Mannheimia haemolytica, Pasteurella multocida, Histophilus somni, Mycoplasma
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bovis, Pseudomonas aeruginosa, Staphylococcus pseudintermedius, Staphylococcus aureus,
Staphylococcus spp., Streptococcus dysgalactiae, Streptococcus uberis, Streptococcus canis,
Escherichia coli, Actinobacillus pleuropneumoniae, Bordetella bronchiseptica or

Rhodococcus equi infection.

[0028] In another embodiment, the present invention includes a use of an effective
amount of the compound of any one of Formulas (I), (II) or (IlI) for the preparation of a

medicament for treating a bacterial infection.

[0029] In another embodiment of the invention, the compound of the invention is selected
from the exemplary species depicted in Examples 1 through 9 shown below (including free

base forms thereof and any pharmaceutically acceptable salts thereof).

[0030] Other embodiments of the present invention include the following (where
reference to a compound of formula (I) encompasses the various embodiments and aspects
described above, as well as their pharmaceutically acceptable salts):

(a) A composition comprising a compound of Formula (I) and a carrier,
adjuvant, or vehicle;

(b) A pharmaceutical composition comprising a compound of Formula (I)
and a pharmaceutically acceptable carrier, adjuvant, or vehicle;

(c) The pharmaceutical composition of (b), further comprising a second
therapeutic agent;

(d) The pharmaceutical composition of (c), wherein the second therapeutic
agent is an antibiotic, an anti-inflammatory; an analgesic; an anti-parasitics; or an antifungal;

(e) A pharmaceutical combination which is (1) a compound of Formula (I)
and (2) a second therapeutic agent, wherein the compound of Formula (1) and the second
therapeutic agent are each employed in an amount that renders the combination effective for
treating bacterial infections;

(f) A method of treating a bacterial infections in a subject in need thereof
comprising administering to the subject an effective amount of a compound of Formula (I);

(g2) The method of (f), wherein the compound of Formula (1), is
administered in combination, either sequentially or concurrently, with a second therapeutic

agent effective against bacterial infections; and
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(h) A method of treating bacterial infections in a subject in need thereof
comprising administering to the subject a pharmaceutical composition of (b), (c), or (d), or

the combination of (e).

[0031] The present invention also includes a compound of the present invention (i) for
use in, (ii) for use as a medicine or medicament for, or (iii) for use in the preparation of a
medicament for: treating bacterial infections. In these uses, the compounds of the present
invention can optionally be employed in combination, either sequentially or concurrently,

with one or more therapeutic agents effective against bacterial infections.

[0032] In the embodiments of the compound as provided above, it is to be understood
that each embodiment may be combined with one or more other embodiments, to the extent
that such a combination provides a stable compound and is consistent with the description of
the embodiments. It is further to be understood that the embodiments of compositions and
methods provided as (a) through (h) above are understood to include all embodiments of the
compounds, including such embodiments as result from combinations of embodiments of the

compound.

[0033] In addition, it is understood that, in the description of embodiments of the
compounds as set forth above, indicated substitutions are included only to the extent that the

substitutents provide stable compounds consistent with the definition.

[0034] Additional embodiments of the invention include the pharmaceutical
compositions, combinations and methods set forth in (a)-(h) above and the uses set forth in
the preceding paragraph, wherein the compound of the present invention employed therein is
a compound of one of the embodiments or aspects of the compounds described above. In all
of these embodiments or aspects as well as those described herein below, the compound may
optionally be used in the form of a pharmaceutically acceptable salt or hydrate when

appropriate.

[0035] In the compounds of generic Formula I, the atoms may exhibit their natural
isotopic abundances, or one or more of the atoms may be artificially enriched in a particular
isotope having the same atomic number, but an atomic mass or mass number different from
the atomic mass or mass number predominantly found in nature. The present invention is
meant to include all suitable isotopic variations of the compounds of generic Formula I. For

example, different isotopic forms of hydrogen (H) include protium (‘H) and deuterium (*H).
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Protium is the predominant hydrogen isotope found in nature. Enriching for deuterium may
afford certain therapeutic advantages, such as increasing in vivo half-life or reducing dosage
requirements, or may provide a compound useful as a standard for characterization of
biological samples. Isotopically-enriched compounds within generic Formula I can be
prepared without undue experimentation by conventional techniques well known to those
skilled in the art or by processes analogous to those described in the Schemes and Examples

herein using appropriate isotopically-enriched reagents and/or intermediates.

[0036] The present compounds (including pharmaceutical acceptable salt and/or hydrate
forms) have broad spectrum antimicrobial (e.g., antibacterial) activities and are useful for the
treatment of bacterial infections. As used herein, unless otherwise indicated, the term
"bacterial infection (s)" includes bacterial infections that occur in mammals as well as
disorders related to bacterial infections that may be treated by administering antibiotics such
as the compounds of the present invention. Such bacterial infections and disorders related to
such infections include one or more of the following: Skin and soft tissue infections,
pyodermas, abscesses, pneumonia, bronchitis, tonsillitis, otitis media, osteomyelitis and
mastitis, puerperal fever, cystitis, gingivitis and periodontitis. Of specific interest are canine
and feline skin, soft tissue infections and pyodermas caused by Staphylococcus
pseudintermedius,  Staphylococcus  epidermidis, coagulase-negative and -positive
Staphylococci, Streptococcus spp. or Pasteurella multocida. Abscesses caused by
Staphylococcus spp., Streptococcus spp., Streptococcus pyogenes, Pasteurella multocida and
Nocardia spp. Pneumonia and other respiratory tract infections in dogs and cats associated
with Bordetella bronchiseptica, Escherichia coli, Pseudomonas aeruginosa, Klebsiella
pneumoniae, Pasteurella spp., Mycoplasma spp., Streptococcus spp., Staphylococcus spp.
Feline and canine urinary tract infections caused by Staphyvlococcus spp., Escherichia coli,
Streptococcus spp., Proteus spp., Klebsiella spp., Enterobacter spp. and Pseudomonas spp.
Bacterial cystitis, gingivitis, periodontitis, oral cavity infections, otitis media and
osteomyelitis in dogs and cats caused by a variety of pathogens as: Escherichia coli,
Staphylococcus spp., Streptococcus spp., Haemophilus haemoglobinophilus, Bacteroides
fragilis, Bacteroides spp., Clostridium spp., Enterobacter spp.,  Peptostreptococcus,
Porphyromonasspp., Prevotella spp., Treponema spp, , Fusobacterium spp, Neisseria spp.,
Pseudomonas spp, Corynebacterium spp., Trueperella pyogenes, Proteus spp, Pasteurella
spp, and Brucella canis. Leptospirosis ehrlichiosis in dogs and cats caused by Leptospira spp.

and Ehrlichia spp., respectively. Pneumonia in foals and goats related to Rhodococcus equi.
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Pneumonia in horses related to Streptococcus equi subsp. equi or zooepidemicus,

Actinobacillus equuli.

[0037] Further bacterial infections and associated diseases treated by the present
compounds are: Bovine respiratory disease related to infection by Mannheimia haemolytica,
Pasteurella multocida, Mycoplasma bovis, Mycoplasma spp., Histophilus somni, Trueperella
pyogenes, Staphylococcus aureus, Chlamydia spp., Bibersteinia trehalosi. Cow enteric
disease related to infection by Escherichia coli; Salmonella spp., Campylobcater spp. Dairy
cow mastitis related to infection by Staphylococcus aureus, Streptococcus uberis,
Streptococcus agalactiae, Streptococcus dysgalactiae, Klebsiella spp., Corynebacterium spp.,
or Enterococcus spp. and Escherichia coli. Bovine and ovine footrot related to infection by
Fusobacterium spp. and Dichelobacter nodosus. Cow metritis related to infection by E. coli;
Trueperella pyogenes, Fusobacterium spp. Cow pink-eye disease related to infection by
Moraxella bovis. Bovine liver abscesses related to Fusobacterium necrophorum and John’ s
Disease related to Mycobacterium avium ssp. paratuberculosis. Swine respiratory disease
related to infection by Actinobacillus pleuropneumoniae, Pasteurella multocida, or
Mycoplasma spp. Swine Glassners Disease related to Haemophilus parasuis. Swine
atropohic rhinitis related to Bordetella bronchiseptica and Pasteurella multocida. Swine
enteric disease related to infection by E. coli, Lawsonia intracellularis, Salmonella spp., or
Brachyspira hyodyisinteriae. Fowl cholera related to Pasteurella multocida and avian
enteritis related to Clostridium perfringens. Infectious arthritis and mycoplasma diseases in
birds related to Staphylococcus spp., Enterococcus spp., Mycoplasma synovia, Mycoplasma

gallisepticum and Escherichia coli.

[0038] In another embodiment, the bacterial infections and disorders related to such
infections includes one or more of the following: Staphylococcus aureus Smith, Enterococcus

faecium, Streptococcus pneumoniae, and Escherichia coli.

[0039] In yet another embodiment, the present compounds are useful for treating an
infectious disease cause by opportunistic pathogens. An opportunistic infection is an
infection cause by a normally nonpathogenic organism in a host whose resistance has been
decreased by such disorders as diabetes, mellitus, AIDS, or cancer or by surgical procedure
(see Mosby’ s Pocket Dictionary of Medicine, Nursing & Allied Health, 2°¢ Ed, 1994, Mosby
—Year Book Inc, St. Louis, MO).
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[0040] Other bacterial infections and disorders related to such infections that may be
treated or prevented in accord with the method of the present invention are referred to in J. P.
Sanford et al., "The Sanford Guide To Antimicrobial Therapy, "26th Edition, (Antimicrobial
Therapy, Inc., 1996).

[0041] It will be appreciated that other active ingredients may be combined with the
compounds of the present invention. Such ingredients include, for example, anti-
inflammatory agents such as corticosteroids, a non-steroidal anti-inflammatory drug
(NSAID), such as flunixin, COX-inhibitors and other analgesics, antiparasitic compounds
such as, for example, indoxacarb, an isoxazoline such as fluralaner or afoxolaner, an
avermectin compound such as ivermectin, doramectin, milbemycin, selamectin, emamectin,
eprinomectin and moxidectin and or optionally a flukicide. It may also be preferred to
employ a second antibiotics. Examples are tetracycline, -p-lactams such as penicillins,
cephalosporins, amoxicillin ceftiofur, and cefquinome. Additional examples are
fluoroquinolones such as, for example, enrofloxacin, danofloxacin, difloxacin, orbifloxacin
and marbofloxacin and a macrolide antibiotic such as tildipirosin, tilmicosin, tulathromycin,
erythromycin, azithromycin and pharmaceutically acceptable salts thereof and the like. Still
further examples of antibiotics are amphenicol, an aminoglycoside, a quinolone, a mutilin, an

azole, a glucocorticosteroid or their pharmaceutically acceptable salts

[0042] The term "acyl", as used herein, refers to a carbonyl containing substituent
represented by the formula -C(O)-R in which R is alkyl, a cycloalkyl, an aryl, a heterocycle,
cycloalkyl- or aryl-substituted alkyl or heterocycle-substituted alkyl wherein the alkyl,
alkoxy, cycloalkyl, aryl and heterocycle are as defined herein. Representative acyl groups

include, but are not limited to, alkanoyl (e.g. acetyl), aroyl (e.g. benzoyl), and heteroaroyl.

[0043] The term "sulfonyl", as used herein, refers to a substituent represented by the
formula -S(O),-R in which R is H, alkyl, a cycloalkyl, an aryl, a heterocycle, cycloalkyl- or
aryl-substituted alkyl or heterocycle-substituted alkyl wherein the alkyl, alkoxy, cycloalkyl,

aryl and heterocycle are as defined herein.

[0044] The term "alkenyl", as used herein, refers to a straight or branched-chain acyclic
unsaturated hydrocarbon having a number of carbon atoms in the specified range and
containing at least one double bond. Thus, for example, "C,-Cs alkenyl" refers to vinyl, (1Z)-

I-propenyl, (1E)-1-propenyl, 2-propenyl, or isopropenyl.
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[0045] The term "alkoxy", as used herein, refers to an alkyl group, as defined herein,
appended to the parent molecular moiety through an oxygen atom. Representative examples
of alkoxy include, but are not limited to, methoxy, ethoxy, propoxy, 2-propoxy, butoxy, tert-
butoxy, pentyloxy, and hexyloxy.

[0046] The term “alkyl”, as used herein, refers to any linear or branched chain alkyl
group having a number of carbon atoms in the specified range, for example 1-8, 1-6 or 1-4.
Thus, for example, “C,.¢ alkyl” (or “C;-C¢ alkyl”) refers to all of the hexyl alkyl and pentyl
alkyl isomers as well as n-, iso-, sec- and t-butyl, n- and isopropyl, ethyl and methyl. As
another example, “C,.4 alkyl” refers to n-, iso-, sec- and t-butyl, n- and isopropyl, ethyl and

methyl. C,¢ alkyl and C;4 alkyl are examples of lower alkyls.

[0047] The term "aryl", as used herein, refers to a mono-or bicyclic carbocyclic ring
system having one or two aromatic rings. Exemplary aryls include, but are not limited to,
phenyl, naphthyl, tetrahydronaphthyl, indanyl, indenyl and the like. Aryl groups (including
bicyclic aryl groups) can be unsubstituted (unless otherwise indicated, such groups are
unsubstituted) or substituted with one, two or three substituents independently selected from
lower alkyl, substituted lower alkyl, haloalkyl, alkoxy, thioalkoxy, amino, alkylamino,
dialkylamino, acylamino, cyano, hydroxy, halo, mercapto, nitro, carboxaldehyde, carboxy,

alkoxycarbonyl and carboxamide.

[0048] The term "cycloalkylalkoxy" refers to a cycloalkyl group, as defined herein,
appended to the parent molecular moiety through an alkoxy group, as defined herein. The
cycloalkyl group may have one or more carbon atoms in common with the alkoxy group. A
(Cs.¢)cycloalkylalkoxy refers to a Csg cycloalkyl group attached to an alkoxy group.
Representative examples of cycloalkylalkoxy include 2-(1-ethylcyclopropyl)methoxy, 2-(1-
propylcyclopropoxy),  2-(2-cthylcyclopropoxy),  2-(3-ethylcyclohexyl)methoxy, 2-(4-
ethylcyclohexyl)methoxy, 2-(4-propylcyclohexyl)methoxy, 2-(2-(4-
propylcyclohexyl)ethoxy), 2-(2-ethylcyclopentyl)methoxy, and 2-(2-
propylcyclopentyloxy)pyridine.

[0049] The terms "cycloalkoxy" or "cycloalkyloxy" refers to a cycloalkyl group, as
defined herein, appended to the parent molecular moiety through an oxygen atom.
Representative examples of cycloalkyloxy include, but are not limited to, cyclopropyloxy,

cyclobutyloxy, cyclopentyloxy, cyclohexyloxy, cycloheptyloxy, and cyclooctyloxy.
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[0050] The term “cycloalkyl”, as used herein, refers to any cyclic ring of an alkane
having a number of carbon atoms in the specified range. Thus, for example, “Cs,
cycloalkyl” (or “Cs-Cs cycloalkyl”) refers to cyclopropyl, cyclobutyl, cyclopentyl, and
cyclohexyl.

[0051] The term “halogen” (or “halo”), as used herein, refers to fluorine, chlorine,

bromine and iodine (alternatively referred to as fluoro, chloro, bromo, and iodo).

[0052] The term "heteroaryl”, as used herein, refers to a cyclic aromatic radical having
from five to ten ring atoms of which one ring atom is selected from S, O and N; zero, one or
two ring atoms are additional heteroatoms independently selected from S, O and N; and the
remaining ring atoms are carbon, the radical being joined to the rest of the molecule via any
of the ring atoms. Exemplary heteroaryls include, but are not limited to, pyridinyl, pyrazinyl,
pyrimidinyl, pyrrolyl, pyrazolyl, imidazolyl, thiazolyl, oxazolyl, isooxazolyl, thiadiazolyl,
oxadiazolyl, thiophenyl, furanyl, quinolinyl, isoquinolinyl, and the like. Heteroaryl groups
(including bicyclic heteroaryl groups) can be unsubstituted or substituted with one, two or
three substituents independently selected from lower alkyl, substituted lower alkyl, haloalkyl,
alkoxy, thioalkoxy, amino, alkylamino, dialkylamino, acylamino, cyano, hydroxy, halo,

mercapto, nitro, carboxaldehyde, carboxy, alkoxycarbonyl and carboxamide.

[0053] The term "heterocycle" (and wvariations therecof such as "heterocyclic" or
"heterocyclyl"), as used herein, broadly refers to (i) a stable 4- to 8-membered, saturated or
unsaturated monocyclic ring, and the ring system contains one or more heteroatoms (e.g.,
from 1 to 6 heteroatoms, or from 1 to 4 heteroatoms) selected from N, O and S and a balance
of carbon atoms (the monocyclic ring typically contains at least one carbon atom and the ring
systems typically contain at least two carbon atoms); and wherein any one or more of the
nitrogen and sulfur heteroatoms is optionally oxidized, and any one or more of the nitrogen
heteroatoms is optionally quaternized. Unless otherwise specified, the heterocyclic ring may
be attached at any heteroatom or carbon atom, provided that attachment results in the creation
of a stable structure. Heterocycle groups (including bicyclic heterocycle groups) can be
unsubstituted or substituted with one, two or three substituents independently selected from
lower alkyl, substituted lower alkyl, haloalkyl, alkoxy, thioalkoxy, amino, alkylamino,
dialkylamino, acylamino, cyano, hydroxy, halo, mercapto, nitro, carboxaldehyde, carboxy,
alkoxycarbonyl and carboxamide. Unless otherwise specified, when the heterocyclic ring has

substituents, it is understood that the substituents may be attached to any atom in the ring,
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whether a heteroatom or a carbon atom, provided that a stable chemical structure results.

[0054] The term "heterocycloalkoxy" means a heterocycle group, as defined herein,
appended to the parent molecular moiety through an alkoxy group, as defined herein. The
heterocycle group may have one or more carbon atoms in common with the alkoxy group. A
(Cs.¢)heterocycloalkoxy refers to a Cs¢ heterocycle group attached to an alkoxy group.
Representative examples of heterocycloalkoxy include, but are not limited to, 2-(5-
ethyltetrahydro-2H-pyran-2-yl)methoxy), 2-pyridin-3-ylethoxy, 3-quinolin-3-ylpropoxy, and
5-pyridin-4-ylpentyloxy.

[0055] The term "heterocycleoxy" means a heterocycle group, as defined herein,
appended to the parent molecular moiety through an oxygen atom. Representative examples

of heterocycleoxy include, but are not limited to, pyridin-3-yloxy and quinolin-3-yloxy.

[0056] The term "oxo", as used herein, means =0 and as used herein, the term "imino"

means =NRy, wherein Ry is as previously defined.

[0057] The term "or", as used herein, denotes alternatives that may, where appropriate, be

combined.

[0058] Unless expressly stated to the contrary, all ranges cited herein are inclusive. For
example, a heterocyclic ring described as containing from “1 to 4 heteroatoms” means the
ring can contain 1, 2, 3 or 4 heteroatoms. It is also to be understood that any range cited
herein includes within its scope all of the sub-ranges within that range. Thus, for example, a
heterocyclic ring described as containing from “1 to 4 heteroatoms” is intended to include as
aspects thereof, heterocyclic rings containing 2 to 4 heteroatoms, 3 or 4 heteroatoms, 1 to 3

heteroatoms, 2 or 3 heteroatoms, 1 or 2 heteroatoms, 1 heteroatom, 2 heteroatoms, and so

forth.

[0059] Any of the various cycloalkyl and heterocyclic/heteroaryl rings and ring systems
defined herein may be attached to the rest of the compound at any ring atom (i.e., any carbon
atom or any heteroatom) provided that a stable compound results. Suitable 5- or 6-membered
heteroaromatic rings include, but are not limited to, pyridyl, pyrrolyl, pyrazinyl, pyrimidinyl,
pyridazinyl, triazinyl, thienyl, furanyl, imidazolyl, pyrazolyl, triazolyl, tetrazolyl, oxazolyl,
isooxazolyl, oxadiazolyl, oxatriazolyl, thiazolyl, isothiazolyl, and thiadiazolyl. Suitable 9- or

10-membered heteroaryl rings include, but are not limited to, quinolinyl, isoquinolinyl,
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indolyl, indazolyl, benzimidazolyl, benztriazoyl, imidazopyridinyl, triazolopyridinyl, and
imidazopyrimidinyl. Suitable 4- to 6-membered heterocyclyls include, but are not limited to,
azetidinyl, piperidinyl, morpholinyl, thiomorpholinyl, thiazolidinyl, isothiazolidinyl,
oxazolidinyl, isoxazolidinyl, pyrrolidinyl, imidazolidinyl, piperazinyl, tetrahydrofuranyl,
tetrahydrothienyl, pyrazolidinyl, hexahydropyrimidinyl, thiazinanyl, thiadiazinanyl,
tetrahydropyranyl, tetrahydrothiopyranyl, and dioxanyl.

[0060] A “stable” compound is a compound which can be prepared and isolated and
whose structure and properties remain or can be caused to remain essentially unchanged for a
period of time sufficient to allow use of the compound for the purposes described herein (e.g.,
therapeutic or prophylactic administration to a subject). Reference to a compound also

includes stable complexes of the compound such as a stable hydrate.

[0061] As a result of the selection of substituents and substituent patterns, certain of the
compounds of the present invention can have asymmetric centers and can occur as mixtures
of stereoisomers, or as individual diastereomers, or enantiomers. Unless otherwise indicated,
all isomeric forms of these compounds, whether isolated or in mixtures, are within the scope
of the present invention. Also included within the scope of the present invention are

tautomeric forms of the present compounds as depicted.

[0062] When any variable occurs more than one time in any constituent or in Formula ()
or in any other formula depicting and describing compounds of the invention, its definition
on each occurrence is independent of its definition at every other occurrence. Also,
combinations of substituents and/or variables are permissible only if such combinations result

in stable compounds.

[0063] The terms “substituted” and "optionally substituted" include mono- and poly-
substitution by a named substituent to the extent such single and multiple substitution
(including multiple substitution at the same site) is chemically allowed. Hence, the terms
specifically contemplate one or more substitutions. Unless expressly stated to the contrary,
substitution by a named substituent is permitted on any atom in a ring (e.g., an aryl, a
cycloalkyl, a heteroaryl, or a heterocyclyl) provided such ring substitution is chemically

allowed and results in a stable compound.

[0064] Compounds of the present invention may be administered in the form of

"pharmaceutically acceptable salts", hydrates, esters, etc., as appropriate. Other salts may,
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however, be useful in the preparation of the compounds according to the invention or of their
pharmaceutically acceptable salts. For example, when the compounds of the present
invention contain a basic amine group, they may be conveniently isolated as trifluoroacetic
acid salts (e.g. following HPLC purification). Conversion of the trifluoroacetic acid salts to
other salts, including pharmaceutically acceptable salts, may be accomplished by a number of
standard methods known in the art. For example, an appropriate ion exchange resin may be
employed to generate the desired salt. Alternatively, conversion of a trifluoroacetic acid salt
to the parent free amine may be accomplished by standard methods known in the art (e.g.
neutralization with an appropriate inorganic base such as NaHCOQOs). Other desired amine
salts may then be prepared in a conventional manner by reacting the free base with a suitable
organic or inorganic acid.  Representative pharmaceutically acceptable quaternary
ammonium salts include the following: hydrochloride, sulfate, phosphate, carbonate, acetate,
tartrate, citrate, malate, succinate, lactate, stearate, fumarate, hippurate, maleate, gluconate,
ascorbate, adipate, gluceptate, glutamate, glucoronate, propionate, benzoate, mesylate,
tosylate, oleate, lactobionate, laurylsulfate, besylate, caprylate, isetionate, gentisate,
malonate, napsylate, edisylate, pamoate, xinafoate, napadisylate, hydrobromide, nitrate,
oxalate, cinnamate, mandelate, undecylenate, and camsylate. When the compounds of the
invention carry an acidic carboxylic acid moiety, in which case suitable pharmaceutically
acceptable salts thereof may include alkali metal salts, e.g., sodium or potassium salts;
alkaline earth metal salts, e.g., calcium or magnesium salts; and salts formed with suitable

organic ligands, e.g., quaternary ammonium salts.

[0065] The present invention includes within its scope prodrugs of the compounds of this
invention. In general, such prodrugs will be functional derivatives of the compounds of this
invention which are readily convertible in vivo into the required compound. Thus, in the
methods of treatment of the present invention, the term "administering" shall encompass the
treatment of the various conditions described with the compound specifically disclosed or
with a compound which may not be specifically disclosed, but which converts to the
specified compound in vivo after administration to the patient. Conventional procedures for
the selection and preparation of suitable prodrug derivatives are described, for example, in
"Design of Prodrugs," ed. H. Bundgaard, Elsevier, 1985, which is incorporated by reference
herein in its entirety. Metabolites of these compounds include active species produced upon

introduction of compounds of this invention into the biological milieu.
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[0066] The term “administration” and variants thercof (e.g., “administering” a
compound) in reference to a compound of the invention mean providing the compound or a
prodrug of the compound to the subject in need of treatment. When a compound of the
invention or a prodrug thereof is provided in combination with one or more other active
agents (e.g., other antibacterial agents useful for treating bacterial infections),
“administration” and its variants are each understood to include concurrent and sequential

provision of the compound or prodrug and other agents.

[0067] As used herein, the term “composition” is intended to encompass a product
comprising the specified ingredients, as well as any product which results, directly or

indirectly, from combining the specified ingredients.

[0068] By “pharmaceutically acceptable,” it is meant that the ingredients of the
pharmaceutical composition must be compatible with each other and not deleterious to the

recipient thereof.

[0069] The term “subject” (alternatively referred to herein as “patient”) as used herein

refers to an animal, who has been the object of treatment, observation or experiment.

[0070] The term “animal” means a bovine, a swine, a member of the poultry family, an

ovine, a fish, a horse, a dog, a cat or a human.

[0071] The term “effective amount” as used herein means that amount of active
compound or pharmaceutical agent that elicits the biological or medicinal response in a
tissue, system, animal or human that is being sought by a researcher, veterinarian, medical
doctor or other clinician. In one embodiment, the effective amount is a “therapeutically
effective amount” for the alleviation of the symptoms of the disease or condition being
treated. When the active compound (i.e., active ingredient) is administered as the salt,
references to the amount of active ingredient are to the free acid or free base form of the

compound.

[0072] The term pharmaceutical carrier shall include adjuvants, excipients or vehicles.
Examples of such pharmaceutical carriers are provided in Remington’s Pharmaceutical

Sciences, 200 edition, edited by A. R. Gennaro, Mack Publishing Co., 2000.

[0073] For the purpose of treating bacterial infection, the compounds of the present
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invention, optionally in the form of a salt or a hydrate, can be administered by means that
produces contact of the active agent with the agent’s site of action. They can be
administered by conventional means available for use in conjunction with pharmaceuticals,
either as individual therapeutic agents or in a combination of therapeutic agents. They can be
administered alone, but typically are administered with a pharmaceutical carrier selected on
the basis of the chosen route of administration and standard pharmaceutical practice. The
compounds of the invention can, for example, be administered by one or more of the
following: orally, parenterally (including subcutaneous injections, intravenous, intramuscular,
intrasternal injection or infusion techniques), by inhalation (e.g., nasal or buccal inhalation
spray, aerosols from metered dose inhalator, and dry powder inhalator), by nebulizer,
ocularly, topically, transdermally, or rectally, in the form of a unit dosage of a pharmaceutical
composition containing an effective amount of the compound and conventional non-toxic
pharmaceutically-acceptable carriers, adjuvants and vehicles. Liquid preparations suitable
for oral administration (e.g., suspensions, syrups, elixirs and the like) can be prepared
according to techniques known in the art and can employ the usual media such as water,
glycols, oils, alcohols and the like. Solid preparations suitable for oral administration (e.g.,
powders, pills, capsules and tablets) can be prepared according to techniques known in the art
and can employ such solid excipients as starches, sugars, kaolin, lubricants, binders,
disintegrating agents and the like. Parenteral compositions can be prepared according to
techniques known in the art and typically employ sterile water as a carrier and optionally
other ingredients, such as a solubility aid. Injectable solutions can be prepared according to
methods known in the art wherein the carrier comprises a saline solution, a glucose solution
or a solution containing a mixture of saline and glucose. Further description of methods
suitable for use in preparing pharmaceutical compositions of the present invention and of
ingredients suitable for use in said compositions is provided in Remington’ s Pharmaceutical

Sciences, 200 edition, edited by A. R. Gennaro, Mack Publishing Co., 2000.

[0074] The compounds of this invention can be administered, e.g., orally or
intravenously, in a dosage range of, for example, 0.001 to 1000 mg/kg of mammal (e.g.,
human) body weight per day in a single dose or in divided doses. An example of a dosage
range is 0.01 to 500 mg/kg body weight per day orally or intravenously in a single dose or in
divided doses. Another example of a dosage range is 0.1 to 100 mg/kg body weight per day
orally or intravenously in single or divided doses. For oral administration, the compositions

can be provided in the form of tablets or capsules containing, for example, 1.0 to 500
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milligrams of the active ingredient, particularly 1, 5, 10, 15, 20, 25, 50, 75, 100, 150, 200,
250, 300, 400, and 500 milligrams of the active ingredient for the symptomatic adjustment of
the dosage to the patient to be treated. The specific dose level and frequency of dosage for
any particular patient may be varied and will depend upon a variety of factors including the
activity of the specific compound employed, the metabolic stability and length of action of
that compound, the age, body weight, general health, sex, diet, mode and time of
administration, rate of excretion, drug combination, the severity of the particular condition,

and the host undergoing therapy.

[0075] The present invention also includes processes for making compounds of Formula
(I). The compounds of the present invention may be prepared according to the following
reaction schemes and examples, using the appropriate intermediates and starting materials

described in the Examples sections below, or modifications thereof.

Abbreviations

AcOH Acetic acid

Boc t-Butyloxycarbonyl

Boc,O di-t-Butyl dicarbonate
BuLi n-Butyllithium

ButOH Butanol

Cat. Catalyst

Cbz Benzyloxycarbonyl (also CBz)
CH;CN Acetonitrile

CH,Cl, Dichloromethane

CsOAc Cesium carbonate

DMA Dimethylacetamide

DME Dimethoxyethane

DCE Dichloroethane

DCM Dichloromethane

DMF N,N-Dimethylformamide
DMS Dimethyl sulfide

DMSO Dimethyl sulfoxide

DPPA Diphenyl phosphoryl azide
Et Ethyl

EtOAc or EA Ethyl acetate
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EtOH Ethanol
Et,O Diethyl ether
Et;N Triethylamine
EMME Diethyl ethoxymethylenemalonate
H, Hydrogen or hydrogen atmosphere
H,0O Water
H,0, Hydrogen peroxide
H,SO4 Sulfuric acid
HCHO Formaldehyde
HCl Hydrochloric acid
HMPA Hexamethylphosphoramide
IBX 2-(Iodoxybenzoic acid
K,;COs Potassium carbonate
KHMDS Potassium hexamethyldisilazide
LAH Lithium aluminum hydride (LiAlH4)
LiCl Lithium chloride
LiHMDS Lithium hexamethyldisilazide
LDA Lithium diisopropyl amide
MCPBA meta-Chloroperoxybenzoic acid (m-CPBA)
Me Methyl
MeOH Methanol
MsCl Methanesulfonyl chloride
NaBH4 Sodium borohydride
NaCl Sodium chloride
NaH Sodium hydride
NalOg4 Sodium periodate
NaOH Sodium hydroxide
NCS N-chlorosuccinimide
NH4Cl Ammonium chloride
NaySOy4 Sodium sulfate
NMM N-Methyl morpholine
NMO 4-Methylmorpholine N-oxide
NMP N-Methyl pyrrolidinone
NOBF4 Nitrosyl tetrafluoroborate

PCT/US2016/014989
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05 Ozone
0s04 Osmium tetroxide
Pd Palladium
PDC Pyridinium dichromate
PE Petroleum Ether
Ph Phenyl
RT orr.t. Room temperature, approximately 25°C
SeO, Selenium dioxide
SOCl, Thionyl chloride
t-BuOH tert-Butanol
t-BuOK Potassium t-butoxide
TBAB Tetrabutylammonium bromide
TBME tert-Butyl methyl ether
TsCl Toluenesulfonyl chloride
TsOH Toluenesulfonic acid hydrate
TEA Triethanolamine
11,0 Triflic anhydride
TFA Trifluoroacetic acid
THF Tetrahydofuran
TLC Thin layer chromatography
TMSCI Trimethysilyl chloride

PCT/US2016/014989
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EXAMPLES
Example 1 — Intermediate D1
Scheme 1: Synthesis of Intermediate D1
BrCH,CO,Et
NaOMe K>COs,
2591 MeoH o _Me;,CO. ~A OO AcOH
| —
N~ NO, Br2 30%
D2 3 steps
PhVinylboronic aC|d
KoCOs
Jeet: ] N(I 1 l
Br OHC
N 76% 87%
D5 D1

6-Bromo-2-nitropyridin-3-ol (D3)

[0076] To a solution of D2 (140 g, 1.00 mol) in methanol (2.5 L) was added a solution of
sodium methoxide [prepared from Na (24.2 g) and methanol (215 mL)] at room temperature.
The mixture was stirred at the same temperature for 30 min. Bromine (51.4 mL, 1.00 mol)
was added drop wise to the mixture at 0 °C and the mixture was stirred at the 0 °C
temperature for 2 hours. The reaction was quenched with acetic acid (18 mL) and the mixture
was concentrated under reduced pressure to give D3, which was used for the next step

without further purification.

Ethyl 2-(6-bromo-2-nitropyridin-3-yloxy)acetate (D4)

[0077] To a suspension of the crude D3 and potassium carbonate (277 g, 2.00 mol) in
acetone (1.4 L) was added ethyl bromoacetate (111 mL, 1.00 mol), the mixture was heated at
reflux for 8 hours. After addition of z-butyl methyl ether (1.4 L) the resulting precipitates
were filtered off. The filtrate was concentrated under reduced pressure to give D4, which was

used for the next step without further purification.

6-Bromo-2H-pyrido[3,2-b][1,4]oxazin-3(4H)-one (D5)

[0078] A suspension of the crude D4 and iron powder (162 g, 2.90 mol) in acetic acid
(1.2 L) was heated at 90 °C for 1.5 hours. After dilution of the mixture with EtOAc (2.4 L),

the resulting precipitates were filtered off. The filtrate was concentrated under reduced
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pressure. Flash column chromatography (hexane/EtOAc = 2:1) of the residue gave D5 (69.0
g, 30%). "H NMR (400 MHz, CDCl3) §4.67 (s, 2H), 7.10 (d, J= 8.8 Hz, 1H), 7.14 (d, /= 8.8
Hz, 1H), 8.01 (brs, 1H).

(E)-6-Styryl-2H-pyrido-[3,2-b][ 1,4]-oxazin-3(4H)-one (D6)

[0079] To a degassed solution of D5 (28.9 g 126 mmol) in 1,4-dioxane (630 mL) and
water (100 mL) was added phenylvinylboronic acid (19.2 g, 126 mmol), potassium carbonate
(35.6 g, 252 mmol) and tetrakis(triphenylphosphine)palladium (4.42 g, 3.79 mmol). The
mixture was heated at reflux for 24 hours. After addition of water (720 mL) the resulting
precipitates were collected by filtration and washed with water (180 mL). Flash column
chromatography (NH silica-gel, hexane/1,4-dioxane = 2:1) of the crude product gave D6
(24.3 g, 76%). "H NMR (400 MHz, CDCl3) §4.68 (s, 2H), 7.01 (d, J = 7.9 Hz, 1H), 7.03 (d, J
=15.9 Hz, 1H), 7.23 (d, J= 7.9 Hz, 1H), 7.36 (t, J = 7.3 Hz, 2H), 7.46 (d, J = 15.9 Hz, 1H),
7.53 (d, J=7.3 Hz, 1H), 8.09 (brs, 1H).

3-0Ox0-3,4-dihydro-2H-pyrido[3,2-b][ 1,4]oxazine-6-carbaldehyde (D1)

[0080] A suspension of D6 (24.0 g, 95.2 mmol) in dichloromethane (1.2 L) and methanol
(420 mL) was bubbled with ozone at =71 °C until a pale blue color appeared. The excess
ozone was removed by bubbling air through the suspension for 30 min. Dimethyl sulfide (36
mL, 490 mmol) was added to the suspension. The mixture was stirred at room temperature
for overnight and concentrated under reduced pressure. After addition of diethyl ether (130
mL) and 0.5 M hydrochloric acid (65 mL) the resulting precipitates were collected by
filtration and washed with water (40 mL x 3) and diethyl ether (40 mL). Treatment of the
crude product with acetone (80 mL) gave D1 (14.7 g, 87%)(19.83% overall yield from D2).
'H NMR (400 MHz, CDCls) & 4.80 (s, 2H), 7.39 (d, J = 7.9 Hz, 1H), 7.69 (d, J = 7.9 Hz,
1H), 8.35 (brs, 1H), 9.89 (s, 1H).

Example 2- Intermediate 1.1

Scheme 2a
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l Pd(PPh3),Cl | Selectfl | i
0 |N\ cl (PPh3),Cly 0 |N\ 0~ electfluor o |N\ F DMF-DMA
P Tributyl(1-ethoxyvinyl)tin = CH3CN Toluene
NO; NO; Z N0,
L2 L3 L4
| 9 | i CFiCOOH [ " | I
Pd/C, H 3 PBr.
OWT/—:Z,OlN\ /T/—>O/N|\F _3>O/N|\F
F DMF F ammonia P DMF
7 NO, Z NHy x N ™ N/
L5 L6 L7 L8
General procedure for preparation of L3
| |
o} IN\ cl Pd(PPhs):Clp o} |N\ o~
= NO, Tributyl(1-ethoxyvinyl)tin Z NO,
L2 L3

[0081] Tributyl(1-ethoxyvinyl)tin (395 mL, 1.34 mol) was added into the mixture of L2
(200 g, 1.07 mol) and Pd(PPh3),CL (7.34 g, 10.67 mmol) in CH;CN (1000 mL) at 65 °C.
The resulting suspension was stirred at 65 °C overnight then cooled to room temperature.
The reaction mixture was quenched with 10% KF aqueous solution (670 mL) and stirred at
room temperature for 1 h. Then the mixture was filtered, and the filtrate was extracted with
EtOAc. The combined organic phases were dried over Na,SOg, concentrated and purified by
column chromatography to give 230 g of compound L3 in 96% yield. 'H NMR (400 MHz
CDCl3) 5 7.92 (d, J = 8.8 Hz, 1H), 6.72 (d, J = 8.8 Hz, 1H), 4.96 (s, 1H), 4.48 (s, 1H), 4.00
(s, 3H), 3.90~3.84 (m, 2H), 1.28 (d, J= 7.2 Hz, 3H).

General procedure for preparation of L4

| | Q
[0} N Selectfluor
| X 0™~ 0. | N\ F
CH3CN
= NO, 3 P

L3 L4

[0082] To a suspension of Selectfluor® (1-Fluoro-4-methyl-1,4-diazoniabicyclo[2.2.2]
octanebis(tetrafluoroborate) (545 g, 2.05 mol) in CH3CN (1500 mL) and H,O (750 mL) was
added L3 (230 g, 1.02 mol) dropwise in CH3CN (750 mL) over 15 min and the resulting

mixture was stirred at room temperature overnight. Then water was added, and the mixture
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was extracted with EtOAc. The combined organic phases were dried over Na,SOy4, and
concentrated to give 200 g of compound L4 in 91% yield. "H NMR (400 MHz CDCls) &
8.29 (d,J=9.2 Hz, 1H), 6.92 (d, J=9.2 Hz, 1H), 5.30 (d, J=47.2 Hz, 2H), 4.03 (s, 3H).

General procedure for preparation of L5

0
| (@] |
O Ny, F  DMFDMA O |N\ v
|
| % NO, Toluene # NO';
L4 L5

[0083] To a solution of L4 (200 g, 0.93 mol) in toluene (1200 mL) was added DMF-
DMA (824 mL). The reaction mixture was heated to 50 °C and stirred overnight under N.
Then the mixture was cooled to room temperature and filtered to give 200 g compound L5 as
a yellow solid in 80% yield. "H NMR (400 MHz CDCls) & 8.27 (d, J = 9.2 Hz, 1H), 7.05 (d,
J=28.4Hz, 0.6H), 6.77 (t, /= 9.2 Hz, 1H), 6.05 (d, J=26.8 Hz, 0.4H), 3.98 (s, 3H), 3.06 (s,
6H).

General procedure for preparation of L6

| Q | ?
O Ny, _ PdC ¢ Ny AN
g o U !
L5 L6

[0084] To a mixture of L5 (200 g, 0.74 mol) in DMF (1000 mL) was added Pd/C (20 g,
10% wt.). The mixture was stirred for 2 h at 50 °C under H, (1.0 kg/cm?). The reaction

mixture was filtered and the filtrate containing L6 was used in the next step directly.

General procedure for preparation of L7

l i CF;COCH | '
0o | N\ = [T]/ —>3 % /Nl ~-F
ammonia
PN, NN
L6 L7

[0085] To a solution containing L6 (200 g, 0.85 mol) in DMF from above was added
TFA/DCM (150 mL/150 mL) and the mixture was stirred at room temperature overnight.

The residue was treated with 2M ammonia in MeOH (385 mL). Then the mixture was cooled
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to 0 °C and filtered to give 90 g compound L7 as a white solid in 56% yield.

General procedure for preparation of .8

| OH PR [ Br
r-
O /N F 3 0. /N . F
g 7 DMF Y >
L7 L8

[0086] To a solution of L7 (90 g, 0.45 mol) in DMF (900 mL) was added PBr; (45 mL) at
0 °C. The mixture was stirred at room temperature overnight. Then the mixture was poured
into ice water and filtered to give 105 g of product L8 as a white solid in 88% yield. 'H
NMR (400 MHz CDCls) & 8.58 (s, 1H), 8.15 (d, J = 9.2 Hz, 1H), 7.08 (d, J = 9.2 Hz, 1H),
4.13 (s, 3H).

Scheme 2b

OH
CHO
MeO E Bu3Sn ﬁfﬂ%‘ OH NalO4
—> MeO — g MeO. /N S F
24 MeO N T 80% |
cad I o . N/
N N/
L10 L1

8-Allyl-7-fluoro-2-methoxy-1,5-naphthyridine (L9)

[0087] A mixture of L8 (5.00 g, 19.5 mmol), allyltributyltin (6.33 mL, 20.4 mmol),
bis{(iri-fer-butylphosphinepalladiom(0} (Pd(-BusP),. 298 mg, 0.584 mmol), and cesium
fluoride (CsF, 8.86 mg, 0.0584 mmol) in degassed 1,4-dioxane (50.0 mL) was stirred at 70
°C for 1 hour. Sufficient EtOAc¢ was added and the mixture was washed with 10% aqueous
potassium fluoride solution. The organic layers were dried over anhydrous magnesium
sulfate, filtered, and concentrated in vacuo. The residue was chromatographed by flash
chromatography on silica gel (hexane/EtOAc = 3:1) to furnished L9 (4.17 g, 98%). '"H NMR
(400 MHz, CDCls): 63.96 (dd, J = 6.7, 1.2 Hz, 2H), 4.09 (s, 3H), 5.05(dd, J =9.8, 1.2 Hz,
1H), 5.17 (d, J = 17.1 Hz, 1H), 6.02-6.11(m, 1H), 7.07(d, J = 9.2 Hz, 1H),8.17 (d,J=9.2
Hz, 1H), 8.63 (s, 1H).

3-(3-Fluoro-6-methoxy-1,5-naphthyridin-4-yl)propane-1,2-diol L10

[0088] A mixture of L9 (2.55 g, 11.7 mmol), N-methylmorpholine-N-oxide (NMO, 12.2
mL, 58.4 mmol, 50% in water), and osmium tetroxide (7.32 mL, 0.584 mmol, 2.5 wt% in

tert-butanol) in acetone (50.0 mL) and water (10.0 mL) was stirred at room temperature for
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85 minutes. Sodium sulfite (7.5 g, 59.5 mmol) was added to the reaction mixture, and the
resulting mixture was stirred at room temperature for 25 minutes. The product from the
reaction mixture was extracted with EtOAc after addition of water. The EtOAc extract was
dried over anhydrous magnesium sulfate, filtered, and concentrated under reduced pressure to
give L10 (2.56 g, 87%). The resulting diol was used for the next reaction without further
purification. 'H NMR (400 MHz, DMSO-ds): & 3.04-3.09 (m, 1H), 3.30-3.44 (m, 3H),
3.94-4.01 (m, 1H), 4.03 (s, 3H), 4.60 (t, J= 5.5 Hz, 1H), 4.67 (d, J = 5.5 Hz, 1H), 8.22 (d, J
= 8.6 Hz, 1H), 8.27 (d, J= 8.6 Hz, 1H), 8.75 (s, 1H). MS (CI") m/z: 253 (MH").
2-(3-Fluoro-6-methoxy-1,5-naphthyridin-4-yl)acetaldehyde L1

[0089] Sodium periodate (8.48 g, 39.6 mmol) was added to a solution of L10 (2.00 g,
7.93 mmol) in tetrahydrofuran (100 mL) and water (50 mL) and the mixture was stirred at
room temperature for 140 minutes. After addition of water, the mixture was extracted with
EtOAc. The organic extract was dried over anhydrous magnesium sulfate, filtered, and
EtOAc was removed under vacuo. Flash chromatography (hexane/EtOAc = 3:1) of the
residue gave L1 (1.40 g, 80%). 'H NMR (400 MHz, CDCls): & 4.02 (s, 3H), 4.20-4.21 (m,
2H), 7.11(d, J= 9.2 Hz, 1H), 8.22 (d, J = 9.2 Hz, 1H), 8.72 (s, 1H), 9.86-9.87 (m, 1H),

Example 3 — Compound Al
Scheme 3a: Synthesis of RHS coupled with linker

20
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Scheme 3b: Synthesis completion of A1l
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Scheme 3a: Synthesis of right hand side (RHS) coupled with linker

LY,

OHC™N H
N_N_C
N NH, _TBDPSCI HNTNH, _ B0 | BocHN™"NH, 1/22nCl,-NaBHACN BocHN/Y\H’U T
OH o OTBDPS 0, OTBDPS 050 OTBOPS g
31 32 3-3 34

Y

H
CbzCl BOCHN/\r\N ’NI N¢°  CHIRALPAK A . N N_oO
o Labm K oo WYY
83% 0 OTBDPS g
35 (+)-3-5
and (-)-3-5

2-(tert-Butyldiphenylsilyloxy)propane-1,3-diamine (3-2)

[0090] To a solution of 3-1 (3.00 g, 33.3 mmol) in dichloromethane (300 mL) was added
triethylamine (5.10 mL, 36.6 mmol), 4-dimethylaminopyridine (DMAP, 40.7 mg, 0.333
mmol), and fert-butyldiphenylsilyl chloride (TBDPSCI, 9.13 mL, 35.0 mmol), and the
mixture was stirred at room temperature for 5 hours. The solvent was removed by
concentration in vacuo and chromatographed by flash chromatography on silica gel
(chloroform/methanol = 5:1) to give 3-2 (8.28 g, 76%). "H NMR (400 MHz, CDCl;): 5 1.08
(s, 9H), 2.70-2.79 (m, 4H), 3.60-3.63 (m, 1H), 7.36-7.45 (m, 6H), 7.67-7.70 (m, 4H). MS
(CT") m/z: 329 (MH").

fert-Butyl 3-amino-2-(tert-butyldiphenylsilyloxy)propylcarbamate (3-3)

[0091] A solution of di-ferz-butyl dicarbonate (Boc,0, 1.91 g, 8.77 mmol) in 1,4-dioxane
(20 mL) was added to a solution of 3-2 (4.32 g, 13.1 mmol) in 1,4-dioxane (50 mL) was
added drop wise over 3 hours. The mixture was stirred at room temperature for 4 hours and
then solvent was removed by concentration under reduced pressure. Dichloromethane (300
mL) was added to the residue and washed with water. The organic layer were dried over
anhydrous magnesium sulfate, filtered, and then concentrated in vacuo. The residue was
chromatographed by flash chromatography on silica gel (chloroform/methanol = 9:1) to give
3-3 (2.46 g, 44%). 'H NMR (400 MHz, CDCls): & 1.08 (s, 9H), 1.16 (br, 2H), 1.41 (s, 9H),
2.67 (qd, J= 5.5, 13.4 Hz, 2H), 3.22 (t, J = 5.5 Hz, 2H), 3.69 (t, ] = 5.5 Hz, 1H), 4.76 (br,
1H), 7.36-7.45 (m, 6H), 7.65-7.67 (m, 4H). MS (CI") m/z: 429 (MH").

tert-Butyl 2-(fert-butyldiphenylsilyloxy)-3-((3-ox0-3,4-dihydro-2H-pyrido[3,2-b][ 1,4]
oxazin-6-yl) methylamino) propylcarbamate (3-4)

[0092] To a solution of 3-3 (265 mg, 0.617 mmol) in chloroform (6.17 mL) and methanol

SUBSTITUTE SHEET (RULE 26)
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(2.00 mL) was added D1 (100 mg, 0.561 mmol), and the mixture was heated until dissolved
completely. The reaction was allowed to cool to room temperature and zinc chloride-sodium
cyanoborohydride (1/2 ZnCl,-NaBH3CN, 0.3 M in MeOH, 1.87 mL, 0.561 mmol,) was added
and the mixture was stirred at room temperature for 1 hour. Water was added and the reaction
mixture was extracted with dichloromethane. The organic extracts were dried over anhydrous
magnesium sulfate, filtered, and then concentrated under reduced pressure and flash
chromatographed on silica gel (chloroform/methanol = 9:1) to give 3-4 (314 mg, 95%). 'H
NMR (400 MHz, CDCls): & 1.07 (s, 9H), 1.42 (s, 9H), 2.55-2.70 (m, 2H), 3.25-3.40 (m,
2H), 3.58 (s, 2H), 3.80-3.95 (m, 1H), 4.59-4.66 (m, 2H), 5.07 (br, 1H), 6.77 (d, J = 7.9 Hz,
1H), 7.13 (d, J = 7.9 Hz, 1H), 7.35-7.44 (m, 6H), 7.65 (d, J = 6.7 Hz, 4H). MS (EST") m/z:
591 (MH").

Benzyl 3-tert-butoxycarbonylamino-2-(fert-butyldiphenylsilyloxy)propyl ((3-oxo-3,4-
dihydro-2H- pyrido[3,2-b][1,4]oxazin-6-yl)methyl)carbamate (3-5)

[0093] To a mixture of 3-4 (725 mg, 1.23 mmol) in saturated aqueous solution of sodium
hydrogen carbonate (4.92 mLl) and tetrahydrofuran (12.3 mlL) was added benzyl
chloroformate (194 microL, 1.29 mmol) at 0 °C. The mixture was stirred at 0 °C for 3 hours.
Water (50 mL) was added to the mixture and extracted with EtOAc. The organic layer were
dried over anhydrous magnesium sulfate, filtered, concentrated in vacuo and flash
chromatographed on silica gel (hexane/EtOAc = 2:1) to afford 3-5 (741 mg, 83%). 'H NMR
(400 MHz, CDCl;, mixture of rotamers): & 1.04, 1.07(each s, total 9H), 1.45 (s, 9H),
2.99-3.01 (m, 1H), 3.10-3.14 (m, 1H), 3.47-3.70 (m, 2.5 3H), 4.07-4.15 (m, 1H),
4.19-4.35 (m, 1H), 4.58 (s, 2H), 4.93-5.05 (m, 2.5H), 5.23 (br, 0.5H), 6.44 (d, J = 8.0 Hz,
0.5H), 6.69 (d, J=8.0 Hz, 0.5H), 6.99 (d, J=8.0 Hz, 0.5H), 7.07-7.11 (m, 1.5 H), 7.24-7.41
(m, 10H), 7.60-7.66 (m, 4H), 8.99-9.05 (m, 1H). MS (ESI") m/z: 725 (MH").

Optical resolution of 3-5 (analytical conditions) Column: CHRALPAK IA (hexane/2-
propanol = 8:2), Flow: 0.5 mL/min. (+)-3-5: tg = 15.58 min, [a]p> = +9.7 (¢ 0.3, MeOH), (-)-
3-5: tg = 19.68 min, [a]p>* =-5.6 (¢ 0.3, MeOH).

Scheme 3b: Synthesis completion of A1.HCl
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Benzyl 2-(tert-butyldiphenylsilyloxy)-3-(2-(3-fluoro-6-methoxy-1,5-naphthyridin-4-yl)
ethylamino)propyl((3-oxo-3,4-dihydro-2H-pyrido[3,2-b][ 1,4]oxazin-6-yl)methyl)carbamate
(3-6)

[0094] A solution of (+)-3-5 (488 mg, 0.673 mmol) in trifluoroacetic acid-chloroform
(1:1, 3.37 mL) was stirred at room temperature for~10 minutes and then concentrated in
vacuo. Flash chromatography (NH silica, chloroform/methanol = 20:1) of the residue gave
the deprotected amine (438 mg) as colorless foam which was dissolved in chloroform (6.73
mL) and was added L1 (148 mg, 0.673 mmol) and zinc chloride-sodium cyanoborohydride
(1/2ZnCl,-NaBH;CN, 0.3 M in MeOH, 2.24 mL, 0.673 mmol) followed by stirring the
mixture at room temperature for 2 hours. Water was added and the mixture was extracted
with dichloromethane. The lower layer was dried over anhydrous magnesium sulfate, filtered,
and concentrated in vacuo. Flash chromatography on silica gel (chloroform/methanol = 19:1)
of the residue gave 3-6 (538 mg, 96%). [o]p> = +14.2 (¢ 0.3, MeOH), 'H NMR (400 MHz,
CDCl;, mixture of rotamers): & 0.97-0.99 (each s, total 9H), 2.55 (dd, J=5.5, 11.6 Hz, 0.5H),
2.66-2.74 (m, 1H), 2.78-2.83 (m, 1H), 2.89-2.99 (m, 1.5H), 3.12 (ddd, J =4.9, 14.1, 23.2
Hz, 1H), 3.28-3.32 (m, 0.5H), 3.36-3.42 (m, 1.5 H), 3.52 (dd, J=9.2, 14.7 Hz, 0.5H), 3.67
(dd, /= 8.0, 14.1 Hz, 0.5H), 3.76 (dd, J = 8.0, 15.3 Hz, 1H), 4.00-, 4.05 (each s, total 3H),
4.23-4.38 (m, 2H), 4.60, 4.61 (cach s, total 2H), 4.93-5.03 (m, 2H), 6.49, 6.67 (each d, J =
7.9 Hz, total 1H), 7.01-7.09 (m, 3H), 7.22-7.38 (m, 10H), 7.56-7.63 (m, 4H), 8.17 (dd, J =
2.4,9.2 Hz, 1H), 8.59 (d, J=3.1 Hz, 1H), MS (ESI") m/z: 829 (MH").

Benzyl 3-(2-(3-fluoro-6-methoxy-1,5-naphthyridin-4-yl)ethylamino)-2-hydroxypropyl ((3-
0x0-3,4-dihydro-2H-pyrido[3,2-b][1,4]oxazin-6-yl)methyl)carbamate (3-7)

[0095]  To a solution of 3-6 (518 mg, 0.625 mmol) in tetrahydrofuran (6.25 mL) was
added a solution of tetrabutylammonium fluoride (TBAF, 1.25 mL, 1 mol/L in THF) and the
mixture was stirred at room temperature for 4 hours. After addition of 50 mL water the

mixture was extracted with EtOAc. The organic extracts were dried over anhydrous
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magnesium sulfate, filtered, and the solvent was removed by concentration under reduced
pressure. The resulting residue was flash chromatographed on silica gel
(chloroform/methanol = 9:1) to afford 3-7 (343 mg, 93%). 'H NMR (400 MHz, CDCls,
mixture of rotamers): & 2.61-2.71 (m, 1H), 2.81 (dt, J = 3.7, 11.6 Hz, 1H), 2.99-3.10 (m,
2H), 3.24-3.43 (m, 3H), 3.54-3.3.63 (m, 1H), 3.96-3.98 (m, 1H), 4.03, 4.07 (each s, total
3H), 4.27-4.52 (m, 2H), 4.57-4.60 (m, 2H), 5.02-5.07 (m, 2H), 6.67 (d, J = 8.0 Hz, 0.5H),
6.95 (d, J = 8.6 Hz, 0.5H), 7.04-7.09 (m, 1.5H), 7.10-7.15 (m, 1H), 7.18-7.23 (m, 1H),
7.27-7.29 (m, 3.5H), 8.15 (dd, /= 1.8, 9.2 Hz, 1H), 8.60 (s, 1H). MS (ESI") m/z: 591 (MH").

Synthesis of A1.HCl

[0096] A suspension of 3-7 (327 mg, 0.554 mmol) and 10% Pd-C (65.4 mg) in acetic
acid (5.54 mL) was stirred at room temperature for 2 hours under H, atmosphere (1 kg/cmz).
After filtration of catalysts, the filtrate was concentrated in vacuo. Flash chromatography (NH
silica, chloroform/methanol = 19:1) of the residue gave free base (-)-Al (255 mg). [a]p” = -
3.1 (¢ 0.3, EtOH), '"H NMR (400 MHz, CDCl5): & 2.61-2.64 (m, 2H), 2.67-2.73 (m, 2H),
3.06-3.11 (m, 1H), 3.25-3.35 (m, 2H), 3.55-3.67 (m, 3H), 3.80-3.88 (m, 1H), 4.12 (s,
3H),4.35 (d, ] = 15.9Hz, 1H), 4.42 (d, J = 15.3 Hz, 1H), 6.69 (d, J = 7.9Hz, 1H), 6.81 (d, J =
9.2 Hz, 1H), 7.02 (d, /= 7.9 Hz, 1H), 7.91 (d, J = 8.6 Hz, 1H), 8.56 (s, 1H).

[0097] To a solution of free base A-1 in EtOH (10.5 mL) and THF (5.26 mL) was added
IM HCI solution (1.05 mL). The mixture was stirred at room temperature and concentrated
under reduced pressure. The residue was dissolved in MeOH, filtered and concentrated under
reduced pressure. Trituration of the residue gave (-)-A1.HCI (222 mg, 88%). '"H NMR (400
MHz, DMSO-dg) & 3.04 (br, 2H), 3.18 (br, 2H), 3.32-3.37 (m, 2H, overlapped with H,0),
3.55-3.59 8m, 2H), 4.10 (s, 3H), 4.15 (s, 2H), 4.28 (br, 1H), 4.68 (s, 2H), 6.21 (d, J = 5.5Hz,
1H), 7.20 (d, J = 7.9Hz, 1H), 7.27 (d, J = 9.2Hz, 1H), 7.43 (d, ] = 9.2Hz, 1H), 8.84 (s, 1H),
9.20 (br, 2H), 9.34 (br, 2H), 11.3 (s, 1H). MS (EST") m/z: 457 (MH").

(+)-A1 can be prepared following scheme 3b and starting with (-) 3-5. The racemic (+)-A1l

can be prepared by following scheme 3b using 3-5 without chiral separation.

Example 4 — Compound A2
Scheme 4: Synthesis of A2
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(S)-tert-Butyl (2,3-dihydroxypropyl)carbamate (4-2)

[0098] To a solution of 4-1 (3.0 g, 32.9 mmol) in EtOH (110 mL) was added (Boc),O
(7.91 g, 36.2 mmol), and the mixture was stirred at room temperature for 1.75 hours. The
reaction mixture was concentrated and flash chromatographed on silica gel (CHCl;/MeOH =
9:1) to give the residue of 4-2 (6.35 g, quant.). "H NMR (400 MHz, CDCl5) & 1.45 (s, 9H),
3.16-3.32 (m, 4H), 3.53-3.64 (m, 2H), 3.71-3.77 (m, 1H), 5.07 (brs, 1H).

(S)-tert-Butyl (3-((tert-butyldimethylsilyl)oxy)-2-hydroxypropyl)carbamate (4-3)

[0099] To a solution of 4-2 (3.00 g, 15.7 mmol) and imidazole (1.28 g, 18.8 mmol) in
DMF (60.4 mL) was added TBSCI (2.62 g, 17.3 mmol) at 0 °C, and the mixture was stirred
at room temperature for 3.5 hours. The reaction mixture was concentrated under reduced
pressure and the residue was diluted with CH,Cl, (50 mL). After the insoluble was filtered
off, filtrate was concentrated under reduced pressure. Flash chromatography of the residue
on silica gel (hexane/EtOAc = 2:1) gave 4-3 (3.40 g, 71%). "H NMR (400 MHz, CDCl;) &
0.07 (s, 6H), 0.90 (s, 9H), 1.45 (s, 9H), 2.83-2.84 (m, 1H), 3.09-3.15 (m, 1H), 3.32-3.38 (m,
1H), 3.53 (dd, J = 9.8, 6.1 Hz, 1H), 3.64 (dd, J = 9.8, 4.9 Hz, 1H), 3.71-3.77 (m, 1H), 4.97
(brs, 1H).

(S)-tert-Butyl (3-((tert-butyldimethylsilyl)oxy)-2-methoxypropyl)carbamate (4-4)
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[00100] To a solution of 4-3 (1.0 g, 3.27 mmol) in THF (32.7 mL) was added NaH (144
mg, 3.60 mmol) and the mixture was stirred at room temperature for 30 minutes. Mel (407
microL, 6.55 mmol) was added and the mixture was stirred at room temperature for 3 hours.
After quenching by addition of water, the mixture was extracted with EtOAc. The organic
extracts were washed with brine, dried over magnesium sulfate and concentrated under
reduced pressure. Flash chromatography (hexane/EtOAc = 5:1) of the residue on silica gel
gave 4-4 (682 mg, 65%). '"H NMR (400 MHz, CDCls) & 0.06 (s, 6H), 0.90 (s, 9H), 1.44 (s,
9H), 3.11-3.24 (m, 1H), 3.29-3.40 (m, 2H), 3.42 (s, 3H), 3.60-3.70 (m, 2H), 4.93 (brs, 1H).

(S)-tert-Butyl (3-hydroxy-2-methoxypropyl)carbamate (4-5)

[00101] A mixture of 4-4 (400 mg, 1.27 mmol) and TBAF (1.0 M THF solution) (1.39
mL, 1.39 mmol) in THF (6.35 mL) was stirred at room temperature for 1 hour, and then
concentrated under reduced pressure. Flash chromatography (CHCl3/MeOH = 19:1) of the
residue on silica gel gave 4-5 (274 mg, quant.). "H NMR (400 MHz, CDCl;) & 1.45 (s, 9H),
2.90 (br, 0.3H), 2.98-3.01 (m, 0.7H), 3.11-3.17 (m, 0.3H), 3.24-3.46 (m, 5.7H), 3.57-3.61 (m,
1.7H), 3.84-3.88 (m, 0.3H), 4.87 (br, 0.7H), 4.96 (br, 0.3H).

Preparation of intermediate compound 4-6’

Scheme 4a

Il\I?,O\ B/\

=
XxN\7  (PPhy),Pd NP
K,COs3
L8 DME/H,0 4-6'
84%

[00102] To a degassed solution of L8 (3.14 g, 12.2 mmol) in dimethoxyethane (80 mL)
and water (24 mL) was added vinylboronic anhydride pyridine complex (4.41 g, 18.3 mmol),
potassium carbonate (1.72 g, 12.2 mmol) and tetrakis(triphenylphosphine)palladium (0.855 g,
0.733 mmol), the mixture was stirred at 100 °C for 3.5 hours. After the mixture was diluted
with water it was extracted with ether. The organic extracts were dried over anhydrous
sodium sulfate, filtered, and then concentrated in vacuo. Flash chromatography

(hexane/EtOAc = 10:1) of the residue gave 4-6” (2.20 g,84%)."H NMR (400 MHz, CDCls) 5
4.10 (s, 3H), 5.94 (dt, J=12.2, 1.8 Hz, 1H), 6.60 (dd, J = 18.3, 1.8 Hz, 1H), 7.09 (d, J=9.2
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Hz, 1H), 7.57 (dd, J=18.3, 12.2 Hz, 1H), 8.18 (d, /= 9.2 Hz, 1H), 8.66 (d, /= 2.4 Hz, 1H).
The synthetic procedure for intermediates 4-6 and 4-6

Scheme 4b
Z N3 NH,
NaN Ho/Lindlar
MeO. N F 3 2
AcOH
\ ./
N DMF XN N 2N
4-6' 46" 4-6

8-(2-Azidoethyl)-7-fluoro-2-methoxy-1,5-naphthyridine (4-6")

[00103] To a solution of 4-6’ (1.00 g, 4.90 mmol) in AcOH (9.8 mL) was added a solution
of NaNj; (1.59 g, 24.5 mmol) in water (9.8 mL) and then DMF (6.0 mL) at room temperature,
the mixture was stirred at the same temperature for 19 hours. The mixture was adjusted to
pH 10 by adding aqueous Na,COs3 solution (40 mL) and extracted with EtOAc. The organic
extracts were washed with brine, dried over Na,SO4 and concentrated under reduced
pressure. Flash chromatography (hexane/acetone = 10:1) of the residue gave 4-6” (1.13 g,
93%). '"H NMR (400 MHz, CDCl3) & 3.52 (t, J = 7.3 Hz, 2H), 3.68 (t, J = 7.3 Hz, 2H), 4.10
(s, 3H), 7.10 (d, J= 8.6 Hz, 1H), 8.20 (d, /=9.2 Hz, 1H), 8.66 (s, 1H).

2-(3-Fluoro-6-methoxy-1,5-naphthyridin-4-yl)ethanamine (4-6)

[00104] A suspension of 4-6’7 (1.00 g, 4.04 mmol) and Lindlar catalyst (300 mg, 30
wt%) in MeOH (40 mL) was stirred at room temperature under H, atmosphere (1 kg/cmz) for
2.5 hours. Catalyst was removed by filtration and the filtrate was concentrated under reduced
pressure. Flash chromatography (CH>Cl,/MeOH/c.NH4OH = 10:1:0.1) of the residue gave 4-
6 (928.8 mg, quant.). "H NMR (400 MHz, CDCl3) 5 3.13 (t, J = 6.7 Hz, 2H), 3.36 (t, J= 6.7
Hz, 2H), 4.09 (s, 3H), 7.08 (d, J = 8.6 Hz, 1H), 8.18 (d, J= 8.6 Hz, 1H), 8.64 (s, 1H).

(R)-tert-Butyl (3-((2-(3-fluoro-6-methoxy-1,5-naphthyridin-4-yl)ethyl)amino)-2-
methoxypropyl)carbamate (4-7)

[00105] To a solution of 4-5 (260 mg, 1.27 mmol) and EtzN (300 micro L, 2.15 mmol) in
EtOAc (6.35 mL) was added MsCl (137 microL, 1.77 mmol) at 0 °C, and the mixture was
stirred at room temperature for 1 hour. After the insoluble was filtered off, filtrate was

concentrated under reduced pressure. Flash chromatography (CHCl;/MeOH = 20:1) of the
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residue gave mesylate (371 mg, quant.).

[00106] To a solution of mesylate in CH3CN (6.35 mL) was added 4-6 (281 mg, 1.27
mmol) and K,CO; (351 mg, 2.54 mmol), and the mixture was stirred at 80 °C for 15 hours.
After addition of water, the mixture was extracted with EtOAc. The organic extracts were
washed with brine, dried over magnesium sulfate and concentrated under reduced pressure.
Preparative silica gel TLC (CHCly/MeOH = 9:1) of the residue gave 4-7 (58.4 mg, 11%). 'H
NMR (400 MHz, CDCl3) & 1.42 (s, 9H), 2.75-2.82 (m, 2H), 3.02-3.07 (m, 2H), 3.24-3.32 (m,
2H), 3.36 (s, 3H), 3.38-3.43 (m, 3H), 4.09 (s, 3H), 4.99 (br, 1H), 7.07 (d, J = 8.6 Hz, 1H),
8.18 (d, J=8.6 Hz, 1H), 8.62 (s, 1H).

(S)-Benzyl (3-((tert-butoxycarbonyl)amino)-2-methoxypropyl)(2-(3-fluoro-6-methoxy-1,5-
naphthyridin-4-yl)ethyl)carbamate (4-8)

[00107] To a solution of 4-7 (55.0 mg, 0.135 mmol) in THF (2.0 mL) and saturated
aqueous solution of NaHCO; (1.0 mL) was added Cbz-Cl (22.3 micro L, 0.148 mmol) at 0
°C, and the mixture was stirred at the same temperature for 2 hours. After addition of water,
the mixture was extracted with EtOAc. The organic extracts were washed with brine, dried
over magnesium sulfate and concentrated under reduced pressure. Flash chromatography
(CHCl3/MeOH = 19:1) of the residue gave 4-8 (43.7 mg, 60%). "H NMR (400 MHz, CDCls)
5 1.41-1.43 (m, 9H), 3.12-3.50 (m, 10 H), 3.68-3.88 (m, 2H), 3.99 (s, 2H), 4.12 (s, 1H), 4.93
(d, J=12.2 Hz, 1H), 4.99 (d, J = 12.2 Hz, 1H), 5.26 (br, 1H), 7.01-7.08 (m, 1H), 7.20-7.34
(m, 5H), 8.11-8.18 (m, 1H), 8.57-8.59 (m, 1H).

(S)-Benzyl (2-(3-fluoro-6-methoxy-1,5-naphthyridin-4-yl)ethyl }(2-methoxy-3-(((3-0x0-3,4-
dihydro- 2H-pyrido[3,2-b][1,4]oxazin-6-yl)methyl)amino)propyl)carbamate (4-9)

[00108] To a solution of 4-8 (43.7 mg, 0.0805 mmol) in CHCI; (1 mL) was added TFA (1
mL), the mixture was stirred at room temperature for 10 min and then concentrated under
reduced pressure to give TFA salt of the free amine which was passed through ion exchange
resin (PoraPak Rxn CX20cc, MeOH then 5%NHj; in MeOH) to remove TFA. The fraction of
5%NH; in MeOH was concentrated under reduced pressure to give free amine. To a solution
of the residue in CHCl3 (2.0 mL) was added D1 (12.8 mg, 0.0718 mmol), and the mixture
was stirred at room temperature for 30 minutes. 1/2ZnCl,-NaBH3;CN (0.3 M MeOH
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solution) (239 micro L, 0.0718 mmol) was added to the reaction mixture and the mixture was
stirred at room temperature for 1 hour. After quenching the reaction by addition of water, the
mixture was extracted with CH,Cl,. The organic extracts were dried over magnesium sulfate,
filtered, and then concentrated under reduced pressure. Preparative TLC (CHCl3/MeOH =
9:1) of the residue gave 4-9 (41.7 mg, 86%). 'H NMR (400 MHz, CDCl;, mixture of
rotamers) & 2.49-2.77 (m, 2H), 3.25-3.81 (m, H), 3.97 (s, 2H), 4.10 (s, 1H), 4.63 (s, 2H), 4.97
(s, 1.3H), 5.12 (s, 0.7H), 6.78 (d, J= 7.9 Hz, 0.3H), 6.88 (d, J = 8.6 Hz, 0.7H), 7.01-7.08 (m,
1H), 7.13-7.17 (m, 1H), 7.22-7.35 (m, 5H), 8.13-8.20 (m, 1H), 8.58, 8.60 (cach s, total 1H).

(R)-6-(((3-((2-(3-Fluoro-6-methoxy-1,5-naphthyridin-4-yl)ethyl)Jamino)-2-
methoxypropyl)amino)methyl)-2H-pyrido[3,2-b][ 1,4]oxazin-3(4H)-one dihydrochloride (A2)

[00109] A suspension of 4-9 (40.0 mg, 0.0662mmol) and 10% Pd/C (12.0 mg, 30 wt%) in
EtOH (1.3 mL) was stirred at room temperature under H, atmosphere (1 kg/cmz) for 3 hours.

Catalyst was removed by filtration and the filtrate was concentrated under reduced pressure.

Preparative TLC (CH,Clo,/MeOH = 9:1) of the residue gave free base of (-)-A2 (10.5 mg).

[00110] To a solution of free base of A2 (10.5 mg, 0.0223 mmol) in EtOH (223 micro L)
was added 1N HCI solution (44.6 micro L, 0.0446 mmol), and the mixture was stirred at
room temperature for 10 min and concentrated under reduced pressure. Trituration of the
residue with Et;O gave (-)- A2.HCI (11.8 mg, 33%) free base: "H NMR (400 MHz, CDCl;) &
2.67-2.77 (m, 2H), 2.88 (d, J = 5.5 Hz, 2H), 3.06-3.19 (m, 2H), 3.35 (s, 3H), 3.35-3.50 (m,
3H), 3.68 (s, 2H), 4.09 (s, 3H), 4.62 (s, 2H), 6.83 (d, J = 7.9 Hz, 1H), 7.05 (d, J = 9.2 Hz,
1H), 7.16 (d, J = 7.9 Hz, 1H), 8.16 (d, J = 9.2 Hz, 1H), 8.61 (s, 1H). [odp® -9.5 (¢ 0.2,
CHCl)

[00111] The enantiomer (+)-A2 can be synthesized by starting with enantiomer of 4-1
following scheme 4. Likewise the racemic (+)-A2 can be prepared by starting with racemic 4-

1.

Example 5 — Compound A3
Scheme 5: Synthesis of A3
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tert-Butyl 2-methyl-3-((3-0x0-3,4-dihydro-2H-pyrido[3,2-b][ 1,4]oxazin-6-yl)methylamino)

propylcarbamate (5-3)

[00112] A mixture of D1 (946 mg, 5.31 mmol) and 5-2 (1.00 g, 5.31 mmol) in CHCI; (53
mL) was stirred at room temperature for 1 hour. A solution of 1/2ZnCl,-NaBH;CN (0.3 M

MeOH solution, 17.7 mL, 5.31 mmol) was added to the reaction mixture and the mixture was

stirred at room temperature for 3.25 hours. After quenching the reaction mixture by addition

of water, the mixture was extracted with CH,Cl,. The organic extracts were dried over

NaSOy, filtered, and then concentrated under reduced pressure. Flash chromatography
(CH,Cl,/MeOH/NH40OH = 10:1:0.01) of the residue on silica gel gave 5-3 (1.71 g, 92%). 'H
NMR (400 MHz, DMSO-ds) & 0.87 (d, J = 6.7 Hz, 3H), 1.35 (s, 9H), 1.80-1.95 (m, 1H),
2.54-2.64 (m, 1H), 2.66-2.76 (m, 1H), 2.81-2.96 (m, 2H), 3.93 (s, 2H), 4.65 (s, 2H), 6.93
(br, 1H), 7.09 (d, J=7.9 Hz, 1H), 7.37 (d, J=7.9 Hz, 1H), 11.3 (s, 1H).

Benzyl (3-((tert-butoxycarbonyl)amino)-2-methylpropyl)((3-oxo-3,4-dihydro-2H-pyrido[3,2-
b][1,4] oxazin-6-yl)methyl)carbamate (5-4a)

[00113] To a solution of 5-3 (1.70 g, 4.85 mmol) in THF (48.5 mL) was added saturated
aqueous solution of NaHCO; (19.4 mL) followed by Cbz-Cl (0.73 mL, 5.09 mmol) at 0 °C.

The mixture was stirred at the same temperature for 50 minutes. After addition of water, the

mixture was extracted with EtOAc. The organic extracts were washed with brine, dried over
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NaSO, and concentrated under reduced pressure. Flash chromatography (hexane/EtOAc =
1:1) of the residue on silica gel gave 5-4 (2.19 g, 90%).Optical resolution of 5-4
(CHIRALPAK IC, hexane/IPA = 1:1, flow: 8 mL/min, 40 °C) gave 5-4a (1.04 g), and 5-4b
(1.21 g). '"H NMR (400 MHz, DMSO-ds) & 0.71-0.83 (m, 3H), 1.34 (s, 9H), 1.86-1.95 (m,
1H), 2.70 (br, 1H), 2.80-3.00 (br, 1H), 3.07-3.14 (br, 2H), 4.31-4.44 (m, 2H), 4.61 (s, 2H),
5.00-5.12 (m, 2H), 6.71-6.78 (m, 2H), 7.17-7.36 (m, 6H), 11.2 (s, 1H).

Benzyl 3-amino-2-methylpropyl((3-oxo-3,4-dihydro-2H-pyrido[3,2-b][ 1,4]oxazin-6-
yl)methyl) carbamate (5-5)

[00114] To a solution of 5-4a (200 mg, 0.413 mmol) in CH,Cl, (0.41 mL) was added TFA
(0.41 mL) at 0 °C. The mixture was stirred at room temperature for 20 minutes and
concentrated under reduced pressure. Dichloromethane (15 mL) was added to the residue
and washed with aqueous NaHCOs. The resulting solution was dried over Na,SQ,, filtered
and concentrated under reduced pressure. Flash chromatography (CH,Cl,/MeOH/NH4OH =
10:1:0.1) of the residue on silica gel gave 5-5 (165 mg, quant.). "H NMR (400 MHz, DMSO-
de¢) 5 0.71-0.89 (m, 3H), 1.77-1.92 (br, 1H), 2.31-2.59 (m, 2H), 3.07-3.16 (m, 1H), 3.21-
3.36 (m, 1H), 4.39 (s, 2H), 4.61 (s, 2H), 4.97-5.13 (m, 2H), 5.81 (br, 2H), 6.67-6.81 (m,
1H), 7.08-7.42 (m, 6H).

Benzyl (3-((2-(3-fluoro-6-methoxy-1,5-naphthyridin-4-yl)ethyl Jamino)propyl)((3-oxo0-3,4-
dihydro- 2H-pyrido[3,2-b][1,4]oxazin-6-yl)methyl)carbamate (5-7)

[00115] To a solution of 5-5 (140 mg, 0.365 mmol) in CHCl; (3.7 mL) was added L1 (80.4
mg, 0.365 mmol), the mixture was stirred at room temperature for 5 minutes. A solution of
1/2ZnCl,-NaBH3;CN (0.3 M MeOH solution, 1.2 mL, 0.365 mmol) was added to the mixture,
and the resulting mixture was stirred at room temperature for 2.4 hours. After quenching the
reaction mixture by addition of water, the mixture was extracted with CH,Cl,. The organic
extracts were dried over NaSQs, filtered, and then concentrated under reduced pressure.
Flash chromatography (CH,Cl,/MeOH/NH4OH = 10:1:0.01) of the residue on silica gel gave
5-7 (140 mg, 65%). 'H NMR (400 MHz, CDCls, mixture of rotamers) & 0.81-0.90 (m, 3H),
2.00-2.18 (m, 1H), 2.37-2.72 (m, 2H), 2.88-3.17 (m, 3H), 3.27-3.49 (m, 3H), 4.04, 4.07
(each s, total 3H), 4.24-4.36 (m, 1H), 4.39-4.52 (m, 1H), 4.62 (s, 2H), 5.00-5.17 (m, 2H),
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6.64, 6.85 (cach d, J = 7.9Hz, total 1H), 7.06 (d, J = 9.2Hz, 1H), 7.09-7.37 (m, 6H), 8.18 (d,
J=9.2 Hz, 1H), 8.61 (s, 1H).

6-(((3-((2-(3-Fluoro-6-methoxy-1,5-naphthyridin-4-yl)ethyl Jamino)-2-
methylpropyl)amino)methyl)-2H-pyrido[3,2-b][1,4]oxazin-3(4H)-one (5-8) and
hydrochloride (A3)

[00116] A suspension of 5-7 (135 mg, 0.23 mmol) and 10% Pd/C (40.5 mg, 30 wt%) in
AcOH (7.6 mL) was stirred at room temperature under H, atmosphere (1 kg/cmz) for 4.5
hours. Catalyst was removed by filtration and the filtrate was concentrated under reduced
pressure. Flash chromatography (amino silica column, CH,Cl,/MeOH = 20:1) of the residue
gave 5-8 (+)- A3 (46.5 mg, 45%). "H NMR (400 MHz, DMSO-ds) 50.80 (d, J = 6.7 Hz, 3H),
1.58-1.70 (m, 1H), 2.28 (dd, J = 11.6, 6.7Hz, 1H) , 2.33-2.58 (m, 3H), 2.87 (t, J = 7.3Hz,
2H), 3.26 (t, J = 7.3Hz, 2H),-3.55 (s, 2H), 4.02 (s, 3H), 4.59 (s, 2H), 6.91 (d, J=7.9 Hz, 1H),
7.21(d,J=9.2 Hz, 1H), 7.25 (d, J=7.9 Hz, 1H), 8.25 (d, /= 9.2 Hz, 1H), 8.74(s, 1H).

[00117] To a solution of 5-8 (43.8 mg, 96.6 umol) in EtOH (0.48 mL) was added 1M HCl
solution (96.6 microl, 96.6 micromol), the mixture was stirred at room temperature for 30
min and concentrated under reduced pressure. Trituration of the residue with EtOH and
CH,Cl, gave (+)-A3.HCI (31.6 mg, 67%). [o]p +29.4 (¢ 0.2, H,0). '"H NMR (400 MHz,
DMSO-de) & 0.88 (brs, 3H), 2.07 (br, 1H), 2.49-2.76 (m, 2H), 2.81-3.06 (m, 2H), 3.15-3.58
(m, 4H), 3.64 (br, 2H), 4.05 (s, 3H), 4.63 (s, 2H), 6.94 (br, 1H), 7.23 (d, /= 9.2 Hz, 1H), 7.31
(d, J=8.6 Hz, 1H), 8.26 (d, J=9.2 Hz, 1H), 8.77 (s, 1H).

[00118] The enantiomer (-) A3 can be prepared starting from enantiomer 5-4b (slower
peak) using scheme 5. The racemic A3 can be prepared likewise using 5-4 without chiral

separation.

Example 6 — Compound A4
Scheme 6: Synthesis of A4
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tert-Butyl (3-(((3-0x0-3,4-dihydro-2H-pyrido[3,2-b][1,4]oxazin-6-
yl)methyl)amino)propyl)carbamate (6-3)

[00119] A mixture of D1 (902 mg, 5.06 mmol) and 6-2 (926 mg, 5.31 mmol) in CHCI;
(50.6 mL) was stirred at room temperature for 1 hour. 1/2ZnCl,-NaBH;CN (0.3 M MeOH
solution, 16.9 mL, 5.06 mmol) was added to the reaction mixture and the mixture was stirred
at room temperature for 1.5 hours. After quenching by addition of water (100 mL), the
mixture was extracted with CH,Cl,. The organic extracts were dried over magnesium sulfate,
filtered, and then concentrated under reduced pressure. Flash chromatography (amino
column, CHCl3/MeOH = 50:1) of the residue gave 6-3 (1.37 g, 81%). '"H NMR (400 MHz,
CDCls) & 1.45 (s, 9H), 1.69 (quint, J = 6.1 Hz, 2H), 2.67-2.73 (m, 2H), 3.21-3.26 (m, 2H),
3.79 (s, 2H), 4.64 (s, 2H), 5.16 (brs, 1H), 6.92 (d, /= 8.0 Hz, 1H), 7.19 (d, J= 8.0 Hz, 1H).

Benzyl (3-((tert-butoxycarbonyl )amino)propyl)((3-oxo-3,4-dihydro-2H-pyrido [3,2-
b][1,4]oxazin-6-yl)methyl)carbamate (6-4)

[00120] To a solution of 6-3 (1.37 g, 4.07 mmol) in THF (40.7 mL) and saturated aqueous
solution of NaHCOj5 (20.4 mL) was added Cbz-Cl (643 microl, 4.28 mmol) at 0 °C. The
mixture was stirred at the same temperature for 2 hours. After addition of water to the
mixture it was extracted with EtOAc. The organic extracts were washed with brine, dried
over magnesium sulfate and concentrated under reduced pressure. Flash chromatography
(CHCl3/MeOH = 19:1) of the residue on silica gel gave 6-4 (1.94 g, quant). '"H NMR (400
MHz, CDs0D) & 1.40-1.42 (m, 9H), 1.70-1.72 (m, 2H), 3.00-3.06 (m, 2H), 3.38-3.43 (m,
2H), 4.44 (s, 2H), 4.59 (s, 2H), 5.07-5.14 (m, 2H), 6.76 (d, J = 8.0 Hz, 0.6H), 6.88 (d, /= 8.0

SUBSTITUTE SHEET (RULE 26)
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Hz, 0.4H), 7.15-7.37 (m, 6H).

Benzyl (3-aminopropyl)((3-ox0-3,4-dihydro-2H-pyrido[3,2-b][1,4]oxazin-6-
yl)methyl)carbamate (6-5)

[00121] To a solution of 6-4 (1.94 g, 4.12 mmol) in CH,Cl, (5 mL) was added TFA (5
mL) at 0 °C, and the mixture was stirred at room temperature for 1 hour. The mixture was
concentrated under reduced pressure and chromatographed by flash chromatography (amino
column, CHCly/MeOH =92/8) of the residue gave 6-5 (1.50 g, 98%). 'H NMR (400 MHz,
CDCls) 81.74(br, 2H), 2.70-2.76 (m, 2H), 3.45(br, 2H), 4.42-4.46 (m, 2H), 4.63 (s, 2H),
5.11-5.18 (m, 2H), 6.72-6.74 (m, 0.6H), 6.92 (br, 0.4H), 7.11-7.38 (m, 6H).

Benzyl (3-((2-(3-fluoro-6-methoxy-1,5-naphthyridin-4-yl)ethyl)Jamino)propyl) ((3-oxo0-3,4-
dihydro-2H-pyrido[3,2-b][1,4]oxazin-6-yl)methyl)carbamate (6-7)

[00122] To a solution of 6-5 (1.50 g, 4.05 mmol) in CHCl; (40 mL) was added L1 (892
mg, 4.05 mmol) and 1/2ZnCl,-NaBH3;CN (0.3 M MeOH solution, 13.5 mL, 4.05 mmol), and
the mixture was stirred at room temperature for 1 hour. After quenching the reaction mixture
by addition of water (100 mL), the mixture was extracted with CH,Cl,. The organic extracts
were dried over magnesium sulfate, filtered, and then concentrated under reduced pressure.
Flash chromatography (amino column, CHCl;/MeOH = 19:1 — 9:1) of the residue gave 6-7
(997 mg, 42%). "H NMR (400 MHz, CDCl3) 51.77 (br, 2H), 2.64-2.70 (m, 2H), 2.98-3.03
(m, 2H), 3.36-3.40 (m, 4H), 4.06 (d, J = 8.8 Hz, 3H), 4.38 (2H, J = 9.3 Hz, 2H), 4.62 (s, 2H),
5.08-5.13 (m, 2H), 6.69 (d, J = 8.0 Hz, 0.6H), 6.87 (d, /= 7.3 Hz, 0.4H), 7.06 (d, /=9.2 Hz,
1H), 7.09-7.33 (m, 5H), 8.18 (d, /= 9.2 Hz, 1H), 8.61 (s, 1H).

6-(((3-((2-(3-Fluoro-6-methoxy-1,5-naphthyridin-4-yl)ethyl )Jamino)propyl )Jamino)methyl)-
2H-pyrido[3,2-b][1,4]oxazin-3(4H)-one (6-8) (A4) and dihydrochloride (A4)

[00123] A suspension of 6-7 (995 mg, 1.73 mmol) and 10% Pd/C (299 mg, 30 wt%) in
AcOH (17.3 mL) was stirred at room temperature under H, atmosphere (1 kg/cm?®) for 4
hours. Catalyst was removed by filtration and the filtrate was concentrated under reduced
pressure. Flash chromatography (amino column, CHCI;/MeOH = 19:1 - 9:1) of the residue
gave 6-8 (A4) (760 mg, 99%). 'H NMR (400 MHz, CDCl3) & 1.70 (quint, J = 6.7 Hz, 2H),
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2.65 (t,J = 6.7 Hz, 2H), 2.76 (t, J = 6.7 Hz, 2H), 3.05 (t, J = 6.7 Hz, 2H), 3.39 (t, J = 6.7 Hz,
2H), 3.71 (s, 2H), 4.07 (s, 3H), 4.63 (s, 2H), 6.86 (d, J = 7.9 Hz, 1H), 7.06 (d, J = 9.2 Hz,
1H), 7.16 (d, J = 7.9 Hz, 1H), 8.18 (d, J = 8.6 Hz, 1H), 8.62 (s, 1H).

[00124] To a solution of 6-8 (400 mg, 0.908 mmol) in EtOH (5.0 mL) was added 1M HCI
solution (1.82 mL, 1.82 mmol), the mixture was stirred at room temperature for 10 min and
concentrated under reduced pressure. Trituration of the residue with EtOH gave A4.HCl
(385 mg, 83%). 'H NMR (400 MHz, DMSO- d¢) & 2.00-2.15 (m, 2H), 3.06-3.09 (m, 4H),
3.22-3.32 (m, 2H), 3.50-3.58 (m, 2H), 4.07 (s, 2H), 4.10 (s, 3H), 4.68 (s, 2H), 7.20 (d, /= 8.6
Hz, 1H),~7.27 (d, J = 9.2 Hz, 1H), 7.42 (d, J = 7.9 Hz, 1H), 8.30 (d, J = 9.2 Hz, 1H), 8.83(s,
1H), 9.31 (br, 4H), 11.3 (br, 1H).

Example 7 — Compound A5

Scheme 7a: Synthesis of diamino cyclobutyl linker (7-8)

i) DPPA
HﬂH MeOH \\l:l" i) t-BuOH \D" NaOMe
0 0 HOOC COOMe BocHN' COOMe

O
71 7-2 7-3
EL DIBAH Ek, MsCl, Et3N NaNj
\\ ,
BocHN' COOMe BocHN' OH BocHN OMs
7-4 7-6
Lindlar cat.

\\R N H2 \\R N H
BocHN 3 BocHN 2
7-7 7-8

Note-Stereochemical representation is relative
Scheme 7b: Synthesis of A5
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cis-2-(Methoxycarbonyl)cyclobutanecarboxylic acid (7-2)

g e
0 o quant HOOC ‘CoOOMe

O
71 7-2

[00125] A solution of perhydrocyclobuta[c]furan-1,3-dione (7-1) (19.0 g, 146 mmol) in
MeOH (95 mL) was heated under reflux for 4 hours and concentrated under reduced pressure
to give 7-2 (24.1 g, quant.). This was used for the next step without further purification. (The
product was solidified upon storage in the refrigerator.) 'H NMR (CDCl3) 6.21-2.26 (m,
2H), 2.36-2.45 (m, 2H), 3.42-3.46 (m, 2H), 3.69 (s, 3H), 8.44 (brs, 1H). MS (CT") m/z: 159
(MH+). HRMS (CI") for C;H 04 (MH+): caled, 159.0657; found, 159.0636. IR (ATR) cm™:
2956, 1704, 1205, 1172.

Methyl cis-2-((tert-butoxycarbonyl)amino)cyclobutanecarboxylate (7-3)
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[00126] A mixture of the acid 7-2 (10.0 g, 63.2 mmol), Molecular Sieves (4A, 12.6 g) and
triethylamine (9.69 mL, 69.6 mmol) in toluene (316 mL) was added DPPA (15.0 mL, 69.6
mmol), the mixture was stirred at room temperature for 3 hours. The mixture was heated
under reflux for 1 hour. The insoluble materials were removed by filtration and the filtrate
was concentrated under reduced pressure. The residue was diluted with +-BuOH (100 mL)
and the mixture was heated under reflux for 6 hours. The mixture was cooled to room
temperature, quenched with 10% citric acid solution (20 mL) and the mixture was
concentrated under reduced pressure. The aqueous mixture was adjusted to pH 8-9 with
saturated NaHCOQO; solution. The mixture was extracted with EtOAc. The organic extracts
were dried over anhydrous magnesium sulfate, filtered, and concentrated under reduced
pressure to dryness. Flash chromatography (hexane/EtOAc = 75:25) of the residue on silica
gel gave 7-3 (10.19 g, 70% yield). "H NMR (CDCls) & 1.43 (s, 9H), 1.93-2.00 (m, 2H), 2.22
(quint. J = 9.8 Hz, 1H), 2.33-2.39 (m, 1H), 3.39 (br, 1H), 3.71 (s, 3H), 4.42-4.50 (m, 1H),
5.34 (br, 1H). MS (CI") m/z: 230 (MH+). HRMS (CT") for C11H20NO4 (MH+): calcd,
230.1392; found, 230.1356. IR (ATR) cm™: 3334, 2957, 1728, 1684, 1521, 1164.

Methyl trans-2-((tert-butoxycarbonyl)amino)cyclobutanecarboxylate (7-4)

NaOMe EL
R N

BocHN  ‘COOMe  52% BocHN' COOMe
7-3 7-4

[00127] To a solution of NaOMe (3.53 g, 65.4 mmol) in MeOH (200 mL) was added a
solution of 7-3 (3.00 g, 13.1 mmol) in MeOH (25 mL), the mixture was heated under reflux
for 2 hours. The mixture was adjusted to pH 5 with 1 N HCI and then concentrated under
reduced pressure. The aqueous mixture was extracted with EtOAc. The organic extracts were
dried over anhydrous magnesium sulfate, filtered, and volatile material was removed by
concentration under reduced pressure. Flash chromatography (hexane/EtOAc = 1:1) of the
residue on silica gel gave 7-4 (1.59 g, 52% yield). '"H NMR (CDCl3) & 1.43 (s, 9H),1.88-1.98
(m, 3H), 2.21-2.26 (m, 1H), 2.99 (brs, 1H), 3.69 (s, 3H), 4.22 (brs, 1H), 4.81 (brs, 1H). MS
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(CI+) m/z: 230 (MH+). HRMS (CI+) for C;HyoNO4 (MH+): caled, 230.1392; found,
230.1408. IR (ATR) em’': 3372, 2983, 1727, 1684, 1519, 1167.

tert-Butyl (trans-2-(hydroxymethyl)cyclobutyl)carbamate (7-5)

m- R
\‘ \\
BocHN COOMe  95%  BocHN OH

7-4 7-5

[00128] To a solution of DIBAH (1.04M in n-hexane, 22.1 mL, 23.0 mmol) was added a
solution of 7-4 (1.10 g, 4.80 mmol) in toluene (6.34 mL) at -78 °C over 15 minutes. The
reaction mixture was stirred at the same temperature for 30 minutes and quenched by addition
of 10% citric acid solution at -78 °C. The resulting precipitates was removed by filtration
using a celite pad and washed with CH,Cl,. The combined filtrates were dried over
anhydrous magnesium sulfate, filtered, and then concentrated under reduced pressure. Flash
chromatography (hexane/EtOAc = 2:1) of the residue over silica gel gave 7-5 (915 mg, 95%
yield). '"H NMR (400 MHz, CDCl3) & 1.31-1.41 (m, 1H), 1.43 (s, 9H), 1.67-1.85 (m, 2H),
2.18-2.24 (m, 1H), 2.27-2.37 (m, 1H), 3.47-3.65 (m, 3H), 4.03 (brd, J = 9.8 Hz, 1H), 4.86
(brs, 1H).

(trans-2-((tert-Butoxycarbonyl)amino)cyclobutylymethyl methanesulfonate (7-6)

Ek, MsCl, EtsN Ek’
N _> .
BocHN' OH BocHN' OMs

7-5 7-6

[00129] To a solution of 7-5 (600 mg, 2.98 mmol) and triethylamine (623 microL, 4.47
mmol) in THF (20 mL) was added MsCI (277 microL, 3.58 mmol) under cooling in an ice-
bath. The mixture was stirred at the same temperature for 1 hours. Water was added to the
mixture and the mixture was extracted with EtOAc. The organic extracts were dried over
anhydrous magnesium sulfate, filtered, and then solvent was removed under reduced pressure
to give 7-5. This was used for the next step without further purification. "H NMR (400 MHz,
CDCl3) & 1.43 (s, 9H), 1.56 (quint, J = 9.8 Hz, 1H), 1.76 (quint, J = 9.8 Hz, 1H), 1.84-1.91
(m, 1H), 2.22-2.29 (m, 1H),2.45-2.54 (m, 1H), 3.04 (s, 3H),3.91 (mbrs, 1H), 4.22-4.30 (m,
2H), 4.71 (brs, 1H).
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tert-Butyl (trans-2-(azidomethyl)cyclobutyl )carbamate 7-7

[N _> [N
BocHN' OMs  99%  BocHN' N3

7-6 7-7

[00130] To a solution of crude 7-6 in DMF (29.8 mL) was added and NaNj3 (388 mg, 5.96
mmol) and heated while stirring at 70 °C for 45 minutes. After addition of water the mixture
was extracted with EtOAc. The combined extracts were diluted with hexane and the mixture
washed with water and brine. The organic extracts were dried over anhydrous magnesium
sulfate, filtered, and then concentrated under reduced pressure to dryness. Flash
chromatography (hexane/EtOAc = 75:25) of the residue on silica gel gave 7-7 (666 mg, 99%
yield). "H NMR (400 MHz, CDCL;) & 1.41-1.50 (m, 1H), 1.43 (s, 9H), 1.72 (quint, J = 9.8
Hz, 1H), 1.89 (q, J = 9.2 Hz, 1H), 2.22-2.29 (m, 1H), 2.32-2.37 (m, 1H), 3.34 (dd, J = 12.2,
7.3 Hz, 1H), 3.44 (dd, J = 12.8, 5.5 Hz, 1H), 3.81-3.89 (m, 1H), 4.69 (brs, 1H). MS (CI")
m/z: 227 (MH"). HRMS (CT") for CoH9N40, (MH"): caled, 227.1508; found, 227.1525. IR
(ATR) cm™: 3341, 2978, 2870, 2091, 1684, 1513, 1161

tert-Butyl (trans-2-(aminomethyl)cyclobutyl)carbamate (7-8)

Lindlar cat.
L= L
N e N
BocHN’ Na quant  BocHN’ NH
7-7 7-8

[00131] A suspension of 7-7 (666 mg, 2.94 mmol) and Lindlar cat. (233 mg, 35 wt%) in
methanol (29.4 mL) was stirred at room temperature under H, atmosphere (1 kg/ecm?) for 3.3
hours. After removal of the insoluble materials by filtration, the filtrate was concentrated
under reduced pressure to give amine 7-8 (637 mg, quant.). This was used for the next step
without further purification. '"H NMR (400 MHz, CDCl3) 6 1.20-1.35 (m, 3H), 1.43 (s, 9H),
1.66 (quint, ] = 9.8 Hz, 1H), 1.80 (q, J = 9.8 Hz, 1H), 2.08-2.16 (m, 1H), 2.19-2.26 (m, 1H),
2.70-2.80 (m, 2H), 3.70-3.77 (m, 1H), 4.77 (brs, 1H). MS (CI") m/z: 201 (MH"). HRMS
(CI+) for C;oH>1N,O» (MH+): caled, 201.1603; found, 201.1627. IR (ATR) em’: 3320, 2977,
2857, 1678, 1526, 1496, 1274, 1162.
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tert-Butyl trans-2-(((3-ox0-3,4-dihydro-2H-pyrido[3,2-b][1,4]oxazin-6-
yl)methylamino)methyl)cyclobutylcarbamate (7-10)

Bl X,
BocHNoI:k/NHz —> BocHN'
710

§ 98%

[00132] To a solution of 7-8 (450 mg, 2.25 mmol) in CHCl; (30.0 mL) and MeOH (5.0
mL) was added D1 (400 mg, 2.25 mmol), and the mixture was stirred at room temperature for
30 min followed by addition of solution of 1/2 ZnCl,-NaBH3;CN (0.3M in MeOH) (7.49 mL,
2.25 mmol) and stirring the mixture for 30 min. The reaction mixture was quenched with
water and extracted with CH,Cl,. The organic extracts were dried over magnesium sulfate,
filtered, and concentrated under reduced pressure. The residue was purified by silica gel
column chromatography on silica-gel (CHCl;/MeOH=90/10) to afford 7-10 as colorless oil
(796 mg, 98%). "H NMR (400 MHz, CD;0D) & 1.28-1.35 (m, 1H), 1.39 (s, 9H), 1.76-1.85
(m, 2H), 2.10-2.15 (m, 1H), 2.32-2.34 (m, 1H), 2.56-2.65 (m, 2H), 3.62-3.73 (m, 3H), 4.62
(s, 2H), 6.95 (d, 1H), 7.24 (d, 1H), 7.89 (s, 1H).

tert-Butyl trans-2-(((benzyloxycarbonyl)(3-o0x0-3,4-dihydro-2H-pyrido[3,2-b][ 1,4]oxazin-6-
yl)methylamino)methyl)cyclobutylcarbamate (7-11)

AU L, =2 A0,
BocHN' Na HCOB BocHN'
7-10

THF 711
92%

[00133] To a solution of 7-10 (796 mg, 2.20 mmol) in THF (22.0 mL) was added saturated
NaHCOs; solution (11.0 mL) followed by Cbz-Cl (363 microl, 2.42 mmol) at 0 °C, the
mixture was stirred at room temperature for 3 h. The mixture was diluted with water and
extracted with EtOAc. The organic extracts were washed with brine, dried over magnesium
sulfate, filtered, and concentrated under vacuo. The residue was purified by flash
chromatography on silica gel (hexane/EtOAc=1/2) to afford 7-11 (1.00 g, 92%). This mixture

was separated by chiral high performance liquid chromatography.
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O
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Optical resolution of 7-11 (analytical conditions)

Column: CHRALPAK IA, Solvent: MTBE/EtOAc = 70/30, Flow: 0.5 mL/min.
trans-7-11a: tg = 16.44 min.

trans-7-11b: tg = 21.74 min.

Note-Stereochemical representation is relative

Benzyl (trans-2-aminocyclobutyl)methyl((3-o0x0-3,4-dihydro-2H-pyrido[3,2-b][1,4]oxazin-6-
yl)methyl)carbamate (7-12)

o T o e ':U;(I X,

7-11b ( trans) 71

CHO R(I:bz /I Ol
MeO N F >
. ; N A
K)JL\I N NSNS0
H
F

N’ L1
—» e N
87% “ N
\ y/
N 7-14

Note-Stereochemical representation is relative

[00134] To a solution of trans-7-11b (slower enantiomer, 397 mg, 0.80 mmol) in CHCl;
(2.5 mL) was added TFA (2.5 mL) at room temperature, and the mixture was stirred at room
temperature for 10 min. The reaction mixture was concentrated under reduced pressure to
give a residue which was purified by column chromatography (NH-silica,
CHCI/MeOH=90/10) to afford intermediate amine 7-12 as colorless foam (319 mg). The
amine was dissolved in CHCI; (8.0 mL), then L1 (176 mg, 0.80 mmol) and 1/2 ZnCl,-
NaBH3;CN (0.3M in MeOH) (2.67 mL, 0.80 mmol) were added, and the mixture was stirred
at room temperature for 1 hour. The reaction mixture was quenched with water and extracted

with CH,Cl,. The organic extracts were dried over magnesium sulfate, filtered and
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concentrated under reduced pressure to give a residue which was purified by column
chromatography on silica gel (CHCl;/MeOH=19/1) to afford 7-14 as pale yellow foam (417
mg, 87%).

Synthesis of 7-15 and A5

0
Y YE 0! o LX)
N N, N NSNS0
H N H 0 H H
F

MeO._N | N 10% Pd-C/H, MeO N | Xl ()-trans AS
AL 2 91% A2 115
N 7-14 N

HCI
—_—
88%
Note-Stereochemical representation is relative

(-)-trans A5.HCI

[00135] A suspension of 7-14 (400 mg, 0.666 mmol) and Pd/C (80.0 mg, 20wt%) in
AcOH (6.7 mL) was hydrogenated at room temperature for 4 hours. The insoluble catalyst
was filtered through a pad of Celite and washed with EtOH. The filtrate was concentrated
under reduced pressure. The residue was purified by column chromatography (NH-silica,
CHCl13/MeOH=30/1) to afford 7-15 (-)-trans A5 as pale yellow foam (283 mg, 91%). [o]p
-35.5 (¢ 0.83, CHCl3)

[00136] To a solution of 7-15 (150 mg, 0.322 mmol) in EtOH (3.2 mL) was added 1N HCI
solution (643 ul, 0.643 mmol), the mixture was stirred at room temperature for 10 min and
concentrated in vacuo. The residue was triturated of the residue with EtOH-Et,O (1/3) gave (-
)-trans A5.HCI as light brown solid (153 mg, 88%). 'H NMR (400 MHz, DMSO-ds): &
1.59-1.69 (m, 1H), 2.00-2.17 (m, 4H), 2.97-3.21 (m, 4H), 3.53 (brs, 2H), 3.65 (br, 1H),
4.08 (br, 2H), 4.10 (s, 3H), 4.68 (s, 2H), 7.23 (d, ] = 7.9Hz, 1H), 7.27 (d, ] = 9.2Hz, 1H), 7.43
(d, J =8.6Hz, 1H), 8.31 (d, ] = 9.2Hz, 1H), 8.83 (s, 1H), 9.27 (br, 1H), 9.46 (br, 1H), 9.97 (br,
1H), 11.3 (s, 1H). MS (ESI") m/z: 467 (MH"). IR (ATR) cm™: 2946, 2724, 1709, 1615, 1489,
1273.

[00137] (+)-trans AS can be similarly synthesized from the trans-7-11a following scheme
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7b. Likewise both cis-enantiomers can be prepared directly using 7-3 following schemes 7a

and 7b eliminating the racemization step (reaction of NaOMe) followed by separation of the

cis-7-11 intermediate.

Example 8 — Compound A7
The synthetic procedure of A7 is presented in following three schemes.

Scheme &a.
0 a S b S c 0o d
\ / —_— —_— —_— —_—
90% H H 60% from 2
MEO2C COQMe MEOQC CO2Me HOQC COQH 0 0 °
O
81 8-2 8-3 8-4
o} e o o}
—_— +
O U 8
HO.,C COMe g7=1.02 BocHN CO,Me BocHN CO.Me
8-5 8-6 8-7
Reagents
a) RhALO3, Hs (5 kgffcm?), MeOH, t, 9h.
b) LiIOH, THF-H,0, rt, overnight.
¢) AcO, reflux, 8h.
d) MeOH, reflux, 2h.
e) i) DPPA (1.2eq), EtsN (1.3eq), toluene, rt, 0.5h, ii) 80 °C, 1h, iii) +-BuOH, 80 °C, overnight.
Note-Stereochemical representation is relative
Scheme 8b.
0] (i 0 )
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) iy NaOMe, i) LAH

9 MsCl, Et;N
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Hexane : EtOH : MTBE e e
10 5040 i) 10% Pd-C, Hp
BocHN N1 BocHN J) NaBH(OAc)3
k) Cbz-Cl
(+)-trans-8-14 tr =16 min : (-)-trans-8-14 (44%)
[o]o24 =- 68 (C 0.30, CHCl3)
tr = 20 min: (+)-trans-8-14 (46%)
[o]o25 = +65 (¢ 0.30, CHCl3)

Note-Stereochemical representation is relative
Scheme 8c.
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O a O. b O. c O d
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MeO.C  CO,Me MeO,C  CO,Me HO,C  COH o o o
O
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HO,C CO:Me B:7= 0 1 0%)CHN CO-Me BocHN CO.Me
8-5 8-6 8-7
Reagents

a) Rh/AILO,, Hs (5 kgffom?), MeOH, rt, Sh.

b) LiOH, THF-H,0, rt, overnight.

¢) Ac,0, reflux, 8h.

d) MeOH, reflux, 2h.

e) i) DPPA (1.2eq), EtsN (1.3eq), toluene, rt, 0.5h, ii) 80 °C, 1h, iii) +-BuOH, 80 °C, overnight.

Dimethyl tetrahydrofuran-3,4-dicarboxylate (8-2)

[00138] A suspension of 8-1 (5.00 g, 27.1 mmol) and Rh/AL,O; catalyst (1.0 g) in
methanol (25 mL) was stirred at room temperature for 4 hour under 4.7 kg/em® H,
atmosphere. After reaction was complete insoluble materials were filtered off and the filtrate
was concentrated under reduced pressure. Flash chromatography (hexanes/EtOAc = 2:1) of
the residue on silica gel gave cis-8-2 (more polar, 4.62 g, 90%) and trans-8-2 (less polar, 500
mg, 10%).

Tetrahydrofuran-3,4-dicarboxylic acid (8-3)
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[00139] A mixture of 8-2 (20.4 g, 108 mmol) in concentrated HCl (108 mL) and water
(108 mL) was heated under reflux for 54 hours, and then concentrated under reduced pressure
to give crude 8-3. This was used for the next step without further purification. "H NMR (400
MHz, DMSOdg): & 3.23-3.26 (m, 2H), 3.84-3.94 (m, 4H), 12.38 (s, 2H).

Tetrahydrofuro-[3,4-c]furan-1,3-dione (8-4)

[00140] A mixture of the crude product 8-3 and Ac,O (130 mL) was heated at 145 °C for 8
hours, and then concentrated under vacuo to give crude compound 8-4. This was used for
next step without further purification'H NMR (400 MHz, DMSOds): & 3.68-3.75 (m, 2H),
3.77-3.82 (m, 2H), 4.20 (d, J = 9.2 Hz, 2H).

4-(Methoxycarbonyl)tetrahydrofuran-3-carboxylic acid (8-5)

[00141] A mixture of the unpurified 8-4 in MeOH (150 mL) was heated under reflux for 2
hours, and then concentrated under reduced pressure. Flash chromatography
(hexanes/EtOAc/AcOH = 1:1:0.1) of the residue gave 8-5 (11.3 g, 60% for 3 steps). 'H NMR
(400 MHz, CDCls): &6 3.35-3.42 (m, 2H), 3.71 (s, 3H), 4.09-4.17 (m, 4H), 5.85 (br, 1H).

Methyl 4-(fert-butoxycarbonylamino)tetrahydrofuran-3-carboxylate (8-6 and 8-7)

[00142] To a solution of 8-5 (1.90 g, 10.9 mmol) in toluene (54.5 mL) was added Et;N
(1.67 mL) and DPPA (2.59 mL) at room temperature, the mixture was stirred at the same
temperature for 2 hours. The resulting mixture was heated under reflux for 3 hours and then
concentrated under reduced pressure. The reaction mixture was diluted with -BuOH (18.1
mL) and heated under reflux for 18 hours and then concentrated under vacuo. Flash
chromatography (hexanes/EtOAc = 2:1) of the residue gave isomeric compounds 8-6 and 8-7
(1.42 g, 53%). Compounds 8-6 and 8-7 were separated by careful flash chromatography but
separation was not needed at this step, because 8-6 was epimerized to 8-7. In addition, cis-
and trans- alcohol 8-8 of the next step were separated more easily. 8-6: "H NMR (400 MHz,
CDCls): 6 1.43 (s, 9H), 3.31(dd, J = 14.7, 7.3 Hz, 1H), 3.67 (dd, J=4.9, 9.2 Hz, 1H), 3.72 (s,
3H), 3.94 (dd, J=9.2, 5.5 Hz, 1H), 4.02 (t, J = 8.6 Hz, 1H), 4.10 (dd, /= 7.3, 9.2 Hz, 1H),
4.58 (br, 1H), 5.06 (br, 1H). 8-7: '"H NMR (400 MHz, CDCls): & 1.44 (s, 9H), 2.99 (br, 1H),
3.67 (m, 1H), 3.73 (s, 3H), 3.93 (dd, /= 6.1, 9.1 Hz, 1H), 3.98 (dd, J=6.1, 9.7 Hz, 1H), 4.14
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(t,J=9.1 Hz, 1H), 4.47 (br, 1H), 4.80 (br, 1H).

Scheme 8b.
o O o
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[a]p24 = - 68 (¢ 0.30, CHCly)
tr = 20 min: (+)-trans-8-14 (46%)
[a]p25 = + 65 (¢ 0.30, CHCly)

Epimerization of 8-6 to 8-7

[00143] To a solution of NaOMe in MeOH [prepared from Na (465.0 mg) and MeOH (224
mL)] was added a solution of the cis-rich mixture of 8-6 and 8-7 (1.10 g, 4.48 mmol) in
MeOH (10 mL) at room temperature. The mixture was stirred at the same temperature for 4
hours. The reaction mixture was cooled in ice bath was acidified (pH 3.0) by slow addition of
IM HCI and then concentrated under reduced pressure. The reaction mixture was diluted with
EtOAc and washed with brine. The organic extracts were dried over anhydrous sodium
sulfate, filtered, and then concentrated under reduced pressure. Flash chromatography
(chloroform/methanol = 20:1) of the residue gave the frans-rich mixture of 8-6 and 8-7
(1.095 g, 99.5%, 8-6:8-7=0.23:1 by NMR).

tert-Butyl trans-4-(hydroxymethyl)tetrahydrofuran-3-ylcarbamate (8-8)

[00144] To a solution of LiAlIH4 (8.15 mL, 1M solution in Et;0) in Et,0O (6 mL) was
added a solution of the frans-rich mixture of 8-6 and 8-7 (1.00 g, 4.08 mmol) in Et,O (2 mL)
at -78 °C. The reaction mixture was stirred at the same temperature for 4 hours. After
carefully quenching the reaction mixture by addition of a solution of THF-H,O (0.7 mL+0.7
mL), 5 N sodium hydroxide (0.3 mL) was added and stirred at room temperature for 1 hour.

The resulting precipitates were filtered and thoroughly washed with CH,Cl,/MeOH (10:1).
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The combined filtrate was dried over anhydrous sodium sulfate, filtered, and then
concentrated to dryness under reduced pressure. Flash chromatography (chloroform/methanol
= 20:1) of the residue over silica gel gave trans-8-8 (633 mg, 71%) and cis-8-8 (102 mg,
11%). '"H NMR (400 MHz, CDCls) & 1.45 (s, 9H), 2.24-2.30 (m, 1H), 3.32 (br, 1H), 3.47 (t,
J=7.3 Hz, 1H), 3.53-3.67 (m, 3H), 3.98-4.07 (m, 3H), 4.79 (br, 1H).

trans-4-(tert-Butoxycarbonylamino)tetrahydrofuran-3-yl)methyl methanesulfonate (8-9)

[00145] To a solution of frans-8-8 (600 mg, 2.76 mmol) and Et;N (462 microl, 3.31
mmol) in THF (13.8 mL) was added MsCl (235 microL, 3.04 mmol) under ice bath cooling.
The reaction mixture was stirred at the same temperature for 2 hours. After quenching the
reaction by addition of ice water, the mixture was concentrated to remove organic solvent and
the mixture was extracted with EtOAc. The organic extracts were dried over anhydrous
sodium sulfate, filtered, and concentrated under reduced pressure to give crude 8-9. This

material was used without further purification. (Mesylate 8-9 was crystallized from Et,0.)

tert-Butyl trans-4-(azidomethyl)tetrahydrofuran-3-ylcarbamate (8-10)

[00146] To a solution of the crude 8-9 in DMF (13.8 mL) was added NaN; (539 mg, 8.29
mmol) in DMF and stirred at 70 °C for 17.5 hours. Water (10 mL) was added and the reaction
mixture was extracted with Et,;O. The organic extracts were dried over anhydrous sodium
sulfate, filtered, and then concentrated to dryness under reduced pressure. Flash
chromatography (chloroform/methanol = 20:1) of the residue on silica gel gave azide 8-10
(587 mg, 88% in 2 steps). 'H NMR (400 MHz, CDCls) & 1.45 (s, 9H), 2.28 (br, 1H), 3.38
(dd, J=12.2,7.9 Hz, 1H), 3.49-3.61 (m, 3H), 3.98-4.01 (m, 3H), 4.71 (br, 1H).

tert-Butyl trans-4-(((3-ox0-3,4-dihydro-2H-pyrido[3,2-b][1,4]oxazin-6-
yl)methylamino)methyl)tetrahydrofuran-3-ylcarbamate (8-13)

[00147] To a solution of 8-10 (570 mg, 2.35 mmol) in MeOH (12 mL) was added Lindlar
cat. (171 mg, 30 wt%) and the inhomogeneous mixture was stirred at room temperature under
H, atmosphere (1 kg/cm?). After completion of the reaction the catalyst was filtered off and

the filtrate was concentrated to dryness in vacuo to give amine 8-11.
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[00148] To a solution of the amine 8-11 in DMF (12 mL) was added pyridoxazine
aldehyde D1 (419 mg, 2.35 mmol) and AcOH (2.7 mL, 47.1 mmol). The mixture was stirred
at room temperature for 30 min and NaBH(OAc); (249 mg, 1.17 mmol) was added to the
mixture, and the mixture was stirred at room temperature 30 min. Then additional
NaBH(OAc); (249 mg, 1.17 mmol) was added and stirred for additional 30min, followed by
addition of additional NaBH(OAc); (199 mg, 0.939 mmol) and stirring of the mixture for 14
hours. The reaction mixture was concentrated under reduced pressure and diluted with
CH,Cl,. The mixture was washed with water and saturated Na,COs solution. The organic
extracts were dried over Na,SOy, filtered and concentrated in vacuo. Flash chromatography
(CHCl3/MeOH = 15:1-10:1) of the residue on silica gel gave 8-13 (550 mg, 62%). '"H NMR
(400 MHz, CDCls) &6 1.43 (s, 9H), 2.21 (br, 1H), 2.58-2.80 (m, 2H), 3.45 (dd, J = 9.2, 6.7
Hz, 1H), 3.54 (dd, J = 9.2, 4.9 Hz, 1H), 3.70-3.85 (m, 2H), 3.90-3.95 (m, 1H), 3.95-4.09
(m, 2H), 4.62 (s, 2H), 4.82-4.92 (m, 1H), 6.80-6.90 (m, 1H), 7.17 (d, J=7.9 Hz, 1H).

tert-Butyl trans-4-((benzyloxycarbonyl}((3-ox0-3,4-dihydro-2H-pyrido[3,2-b][ 1,4 ]oxazin-6-
yl)methylamino)methyl) -tetrahydrofuran-3-ylcarbamate (8-14)

[00149] To a solution of 8-13 (545 mg, 1.44 mmol) in THF (6.8 mL) and water (6.8 mL)
was added NaHCOs (580 mg, 6.91 mmol) and Cbz-Cl (247 microL, 1.73 mmol) at room
temperature. The mixture was stirred at the room temperature for 3 hours. After addition of
water, the mixture was extracted with EtOAc. The organic extracts were washed with brine,
dried over Na,SO4and concentrated under vacuum. Flash chromatography (hexane/EtOAc =
1:2) of the residue over silica gel gave 8-14 (643 mg, 87%). "H NMR (400 MHz, DMSO-d)
5 1.36 (s, 9H), 2.40-2.49 (m, 1H), 3.31-3.44 (m, 4H), 3.70-3.90 (m, 3H), 438 (d, /=16 5
Hz, 1H), 4.45 (d, J = 15.9 Hz, 1H), 4.59 (s, 2H), 5.07 (s, 2H), 6.75 (d, J = 8.6 Hz, 1H), 6.88
(br, 1H), 7.22-7.36 (m, 6H), 11.0 (s, 1H).

Optical resolution of 8-14 (analytical conditions)
Column: CHRALPAK IA, Solvent: Hexane/EtOH/MTBE = 10/50/40, Flow: 0.4 mL/min.
(-)-trans-8-14: tg = 16.76 min, [a]p>" -68.8 (¢ 0.30, CHCL,).

(+)-trans-8-14: tg = 20.87 min, [a]p> 65.6 (c 0.30, CHCls).

Scheme &c.
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Benzyl (trans-4-aminotetrahydrofuran-3-yl)methyl((3-oxo-3,4-dihydro-2H-pyrido[3,2-
b][1,4]oxazin-6-yl) methyl)carbamate (trans-8-15).

[00150] To a solution of (+)-trans-8-14 (270 mg, 0.527 mmol) in CH,Cl, (1 mL) was
added TFA (1 mL) at 0 °C, and the mixture was stirred at room temperature for 1 hour.
CH,Cl, was added to the reaction mixture and 5N NaOH solution was added at 0 °C to
adjust pH 11. The resulting mixture was extracted with CHCI;-MeOH (20/1). The organic
extracts were washed with brine, dried over Na,SO4 and concentrated to dryness under
reduced pressure to afford trans-8-15 (220 mg, quant.). This was used for the next reaction
without further purification. 'H NMR (400 MHz, DMSO-dg) 6 2.09-2.20 (m, 1H), 3.08-3.31
(m, 3H), 3.39-3.44 (m, 2H), 3.78-3.82 (m, 2H), 4.42 (s, 2H), 4.58 (s, 2H), 5.08 (s, 2H), 6.76
(d,J=7.9Hz, 1H), 7.24 (d, J=7.9 Hz, 1H), 7.23-7.35 (m, 5H).

Benzyl ((3R,4R)-4-(2-(3-fluoro-6-methoxy-1,5-naphthyridin-4-
yl)ethylamino)tetrahydrofuran-3-yl)methyl ((3-ox0-3,4- dihydro-2H-pyrido[3,2-
b][1,4]oxazin-6-yl)methyl)carbamate (trans-8-17).

[00151] To a solution of the crude trans-8-15 (213 mg, 0.516 mmol) in DMF (4.1 mL)
was added L1 (114 mg, 0.516 mmol) and AcOH (590 microL, 10.3 mmol), and the mixture
was stirred at room temperature for 1 hour. NaBH(OAc); (109 mg, 0.516 mmol) was added
to the reaction mixture and the resulting mixture was stirred at room temperature, and then
concentrated under reduced pressure. The reaction mixture was diluted with EtOAc and

washed with saturated Na,COj; solution. The organic extracts were dried over NaySOu,
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filtered and concentrated under reduced pressure. Flash chromatography (CHCIl;/MeOH =
20:1) of the residue gave frans-8-17 (116 mg, 36%). '"H NMR (400 MHz, DMSO-ds) &
2.22-2.30 (m, 1H), 2.75-2.84 (m, 2H), 2.89-3.06 (m, 1H), 3.20-3.37 (m, 6H), 3.66-3.84
(m, 2H), 4.01 (s, 3H), 4.33 (d, J=15.9 Hz, 1H), 4.40 (d, J = 15.9 Hz, 1H), 4.58 (s, 2H), 5.02
(s, 2H), 6.68-6.75 (m, 1H), 7.20 (d, J = 9.2Hz, 1H), 7.19-7.30 (m, 6H), 8.25 (d, J = 9.2 Hz,
1H), 8.72 (s, 1H).

Synthesis of A7

[00152] A suspension of frans-8-17 (845 mg, 1.37 mmol) and 10% Pd/C (254 mg, 30
wt%) in AcOH (13.7 mL) was stirred at room temperature under H, atmosphere (1 kg/cm?)
for 4 hours. Catalyst was removed by filtration and the filtrate was concentrated under
reduced pressure. The residue was adjusted to pH 11 with 2N NaOH solution. The mixture
was extracted with CHCI3-MeOH (20/1). The organic extracts were dried over NaySOu,
filtered and concentrated under reduced pressure. Flash chromatography (CHCIl;/MeOH =
10:1) of the residue on silica gel gave (-)-trans A7 (538 mg, 81%). '"H NMR (400 MHz,
CDCl3) & 2.05-2.16 (m, 1H), 2.56-2.66 (m, 2H), 2.95-3.09 (m, 2H), 3.14 (dd, J = 11.0, 4.9
Hz, 1H), 3.32-3.42 (m, 2H), 3.48-3.55 (m, 2H), 3.70 (s, 2H), 3.93 (dd, /=9.2, 6.1 Hz, 1H),
3.99 (dd, J =8.6, 7.3 Hz, 1H), 4.07 (s, 3H), 4.64 (s, 2H), 6.84 (d,J= 7.9 Hz, 1H), 7.08 (d, J =
9.2 Hz, 1H), 7.16 (d, J = 7.9 Hz, 1H), 8.19 (d, J = 9.2 Hz, 1H), 8.62 (s, 1H).[a]p” -22.5 (¢
0.30, CHCls).

[00153] (+)-trans A7 can be synthesized from (-)-trans 8-14 following the synthesis of (-)-
A7. Similarly both cis-enantiomers can be prepared from 8-6 without racemization with

NaOMe following rest of the reactions of schemes 8b and 8c including chiral separation.

Example 9 — Compound A6

Scheme 9: The synthesis of A6
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7-Fluoro-2-methoxy-1,5-naphthyridine (9-2).

[00154] A suspension of L8 (4.00 g, 15.6 mmol), sodium hydrogen carbonate (2.88 g) and
10% Pd-C catalyst (600 mg) in dichloromethane (31 mL) and ethanol (31 mL) was stirred at
room temperature for 5 hours under 1.0 kg/cm? H, atmosphere. After reaction was complete
insoluble materials were filtered off. The filtrate was diluted with water and extracted with
dichloromethane. Organic extracts were washed with brine, dried over NaSOj4 and
concentrated under reduced pressure to give 9-2 (2.54 g, 91%). "H NMR (400 MHz, CDCl;)
5 4.08 (s, 3H), 7.09 (d, J=9.2 Hz, 1H), 7.79 (dd, J = 9.5, 2.8 Hz, 1H), 8.19 (d, /= 9.2 Hz,
1H), 8.68 (d, J=3.1 Hz, 1H).

2,7-Dimethoxy-1,5-naphthyridine (9-3)

[00155] To a solution of 9-2 (1.00 g, 5.61 mmol) in methanol (28 mL) was added NaOMe
(3.20 g) and methanol (15 mL), the mixture was stirred at 60 °C for 37 hours. The mixture
was diluted with water and the resulting precipitates were collected by filtration to give 9-3
(829 mg, 78%). The filtrate was concentrated under reduced pressure to remove methanol.
The resulting aqueous mixture was extracted with dichloromethane. Organic extracts were

washed with brine, dried over NaSO, and concentrated under reduced pressure. Flash
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chromatography (hexane/EtOAc = 8:3) of the residue on silica gel gave the additional
product of 9-3 (129.3 mg, total 958.3 mg, 90%). "H NMR (400 MHz, CDCls) & 3.97 (s, 3H),
4.07 (s, 3H), 6.96 (d, J=9.2 Hz, 1H), 7.46 (d, J= 2.4 Hz, 1H), 8.14 (d, /= 9.2 Hz, 1H), 8.53
(d,/=3.1 Hz, 1H).

7-Methoxy-1,5-naphthyridin-2(1H)-one (9-4)

[00156] A solution of 9-3 (940 mg, 4.94 mmol) in 6 N HCI (5 mL) was stirred at 110°C
for 2.5 hours. The mixture was adjusted to pH 3 by addition of aqueous NaOH while cooling
in an ice bath. The resulting precipitates were collected by filtration to give 9-4 (842 mg,
97%) as a powder. '"H NMR (400 MHz, DMSO-ds) & 3.87 (s, 3H), 6.52 (d, J = 9.2 Hz, 1H),
7.12 (d,J=2.4 Hz, 1H), 7.85 (d, J = 9.8 Hz, 1H), 8.20 (d, /= 2.4 Hz, 1H).

((6-Bromohexyl)oxy)(tert-butyl)dimethylsilane (9-6a)

[00157] To a solution of 9-5 (2.00 g, 11.0 mmol) and imidazole (1.50 g, 22.1 mmol) in
DMF (22.1 mL) was added TBSCI (2.00 g, 13.3 mmol) at 0 °C, and the mixture was stirred
overnight at room temperature. The reaction mixture was diluted with EtOAc (150 mL) and
washed with water and brine. The organic extracts were dried over magnesium sulfate,
filtered, and then concentrated under reduced pressure. Flash chromatography
(Hexane/EtOAc = 100:0 — 19:1) of the residue gave the mixture of 9-6a and 9-6b (2.49 g, 9-
6a:9-6b = ratio 3:1). "H NMR (400 MHz, CDCl3) 5 0.05 (s, 6H), 0.89 (s, 9H), 1.33-1.39 (m,
2H), 1.41-1.47 (m, 2H), 1.49-1.56 (m, 2H), 1.74-1.82 (m, 1.5H), 1.85-1.89 (m, 0.5H), 3.41
(t,J=6.7 Hz, 0.5H), 3.54 (t, J= 6.7 Hz, 1.5H), 3.61 (t,J= 6.7 Hz, 2H).

1-(6-(tert-Butyldimethylsilyloxy)hexyl)-7-methoxy-1,5-naphthyridin-2(1/)-one (9-7)

[00158] To a solution of 9-4 (500 mg, 2.84 mmol) in DMF (15.8 mL) was added NaH
(186 mg, 4.26 mmol) and 3:1 mixture of 9-6a and 9-6b (1.68 g). The mixture was stirred at
room temperature for 1 hour followed by at 70 °C for 1 hour. The reaction mixture was
quenched by addition of water (10 mL), extracted with EtOAc and washed with water and
brine. The organic extracts were dried over magnesium sulfate, filtered, and then
concentrated under reduced pressure. Flash chromatography (CH,Cl,/MeOH = 19:1) of the
residue on silica gel gave compound 9-7 (408 mg, 37%). "H NMR (400 MHz, CDCls) 5 0.04
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(s, 6H), 0.88 (s, 9H), 1.39-1.58 (m, 6H), 1.70—1.77 (m, 2H), 3.61 (t, J = 6.1 Hz, 2H), 3.98 (5,
3H), 4.20-4.24 (m, 2H), 6.75 (d, J = 9.8 Hz, 1H), 7.04 (d, J = 2.5 Hz, 1H), 7.84 (d, J = 9.8
Hz, 1H), 8.28 (d, /= 2.5 Hz, 1H).

1-(6-Hydroxyhexyl)-7-methoxy-1,5-naphthyridin-2(1/)-one (9-8)

[00159] A mixture of 9-7 (299 mg, 0.764 mmol) and TBAF (1.0 M THF solution, 917
microL, 0.917 mmol) in THF (7.64 mL) was stirred at room temperature for 2 hours and then
concentrated under reduced pressure. Flash chromatography (EtOAc/MeOH = 19:1 — 9:1) of
the residue on silica gel gave compound 9-8 (157 mg, 74%). "H NMR (400 MHz, CDCl;) &
1.46-1.62 (m, 6H), 1.72-1.80 (m, 2H), 3.63-3.67 (m, 2H), 3.99 (s, 3H), 4.22-4.26 (m, 2H),
6.76 (d, J=9.8 Hz, 1H), 7.05 (d, /= 2.4 Hz, 1H), 7.84 (d, J= 9.8 Hz, 1H), 8.29 (d, /= 2.4
Hz, 1H).

6-(7-Methoxy-2-oxo0-1,5-naphthyridin-1(2H)-yl)hexyl methanesulfonate (9-9)

[00160] To a solution of 9-8 (153 mg, 0.554 mmol) and EtzN (154 microL, 1.11 mmol) in
CHCl, (5.5 mL) was added MsCl (55.7 microL, 0.72 mmol) under ice bath cooling. The
mixture was stirred at the same temperature for 2 hours. After quenching the reaction by
addition of water, the mixture was extracted with EtOAc and washed with water and brine.
The organic extracts were dried over magnesium sulfate, filtered, and concentrated under
reduced pressure to give crude 9-9 (212 mg). This material was used for the next step without
further purification. 'H NMR (400 MHz, CDCls) & 1.49-1.53 (m, 4H), 1.72-1.82 (m, 4H),
3.01 (s, 3H), 3.99 (s, 3H), 4.22-4.25 (m, 4H), 6.75 (d, J = 9.2 Hz, 1H), 7.04 (d, J = 2.4 Hz,
1H), 7.85 (d, J=9.8 Hz, 1H), 8.29 (d, /=2.4 Hz, 1H).

1-(6-Azidohexyl)-7-methoxy-1,5-naphthyridin-2(1/)-one (9-10)

[00161] To a solution of the crude 9-9 (207 mg) in DMF (5.9 mL) was added NaN; (114
mg, 1.75 mmol) and the mixture was stirred at 70 °C for 2 hours. The reaction mixture was
diluted with EtOAc (100 mL) and washed with water and brine. The organic extracts were
dried over magnesium sulfate, filtered, and then concentrated under reduced pressure. Flash
chromatography (CH,Cl,/MeOH = 20:1) of the residue on silica gel gave compound 9-10
(177 mg, quant.). "H NMR (400 MHz, CDCl3) 5 1.46-1.49 (m, 4H), 1.57-1.66 (m, 2H),



WO 2016/123146 PCT/US2016/014989
72

1.71-1.79 (m, 2H), 3.28 (t, J = 6.7 Hz, 2H), 3.99 (s, 3H), 4.21-4.25 (m, 2H), 6.75 (d, J = 9.8
Hz, 1H), 7.04 (d, /= 2.4 Hz, 1H), 7.84 (d, /= 9.8 Hz, 1H), 8.29 (d, /= 2.4 Hz, 1H).

1-(6-Aminohexyl)-7-methoxy-1,5-naphthyridin-2(1/)-one (9-11)

[00162] To a solution of 9-10 (172 mg, 0.572 mmol) in MeOH (5.7 mL) was added
Lindlar catalyst (34.5 mg, 20 wt%) and the inhomogeneous mixture was stirred at room
temperature for 2 hours under H, atmosphere (1.0 kg/cm?). The catalyst was filtered off and
the filtrate was concentrated under reduced pressure. Flash chromatography on an amino
silica column (CH>Cl,/MeOH = 19:1) of the residue gave compound 9-11 (139 mg, 88%). 'H
NMR (400 MHz, CDCls) & 1.25-1.51 (m, 8H), 1.70-1.78 (m, 2H), 2.69 (t, /= 6.4 Hz, 2H),
3.98 (s, 3H), 4.20-4.24 (m, 2H), 6.75 (d, /= 9.8 Hz, 1H), 7.04 (d, /J=2.4 Hz, 1H), 7.84 (d, J
=9.2 Hz, 1H), 8.28 (d, /= 1.8 Hz, 1H).

6-(((6-(7-Methoxy-2-oxo0-1,5-naphthyridin-1(2H)-yl)hexyl)Jamino)methyl)-2 H-pyrido[3,2-
b][1,4]oxazin-3(4H)-one (9-13)

[00163] To a solution of 9-11 (134 mg, 0.486 mmol) in CH,Cl, (4.9 mL) was added D1
(86.6 mg, 0.486 mmol) and the mixture was stirred at room temperature for 45 minutes. Then
1/2ZnCl,-NaBH3;CN (1.62 mL, 0.486 mmol, 0.3 M MeOH solution) was added and the
reaction mixture was stirred at room temperature for 1 hour. Water (20 mL) was added to the
mixture and extracted with CH,Cl,. The organic extracts were dried over magnesium sulfate,
filtered, and then concentrated under reduced pressure. Flash chromatography on an amino
silica column (CH,Cl,/MeOH = 40:1) of the residue gave 9-13 (A6) (138 mg, 65%). 'H NMR
(400 MHz, CDCls3) & 1.46-1.60 (m, 6H), 1.72-1.78 (m, 3H), 2.63 (t, J=6.7 Hz, 1H), 3.76 (s,
2H), 3.98 (s, 3H), 4.22-4.26 (m, 2H), 4.64 (s, 2H), 6.82 (d, /= 9.8 Hz, 1H), 6.89 (d, /=79
Hz, 1H), 7.04 (d, J = 2.4 Hz, 1H), 7.19 (d, /= 7.9 Hz, 1H), 7.85 (d, /= 9.8 Hz, 1H), 8.29 (d,
J=2.4Hz, 1H).

Synthesis of A6

[00164] A mixture of 9-13 (133 mg, 0.304 mmol) and 1N HCI (304 mcroL, 0.304 mmol)
in EtOH (3.0 mL) was stirred at room temperature for 10 min. After concentration, the

residue was triturated with a mixture of EtOH and Et,O (1:5) to give A6.HCI (123 mg, 85%).
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'H NMR (400 MHz, DMSO-d¢) & 1.35-1.39 (m, 4H), 1.59-1.65 (m, 4H), 2.91-2.98 (m,
2H), 3.98 (s, 3H), 4.09-4.11 (m, 2H), 4.24 (1, J = 7.3 Hz, 2H), 4.68 (s, 2H), 6.66 (d, J = 9.8
Hz, 1H), 7.13-7.17 (m, 1H), 7.38 (d, J = 2.4 Hz, 1H), 7.42 (d, J = 8.6 Hz, 1H), 7.86 (d, J =
9.8 Hz, 1H), 8.29 (d, J = 2.4 Hz, 1H), 8.98 (br, 2H), 11.31 (s, 1H).

Example 10 — biological testing

[00165] The antibacterial activity of the present compounds can be demonstrated by
various assays known in the art, for example, by their minimum inhibitory concentration
(MIC) against bacteria and minimum effective concentration (MEC). Compounds provided
in the Examples were generally found to inhibit the growth of gram negative and gram
positive bacteria causing various diseases in livestock and companion animals in the range of

0.03 ug/ml to 12.5 ng/mL.

[00166] The potency of antibacterial agents was measured using the Minimal Inhibitory
Concentration (MIC) assay. The assay measures the ability of test agents to inhibit the

growth of bacteria on agar-containing medium.

[00167] MIC values were determined using a modified agar dilution procedure described
by the Clinical and Laboratory Standards Institute
1. Clinical and Laboratory Standards Institute (CLSI). Performance standards for
antimicrobial disk and dilution susceptibility tests for bacteria isolated from animals;
approved standard — fourth edition. CLSI document VET01-A4 (ISBN 1-56238-878-9).
CLSI, Wayne, Pennsylvania 19087, USA, 2013.

2. Clinical and Laboratory Standards Institute (CLSI). Performance standards for
antimicrobial disk and dilution susceptibility tests for bacteria isolated from animals;
second informational supplement. CLSI document VET01-S2 (ISBN 1-56238-880-0).
CLSI, Wayne, Pennsylvania 19087, USA, 2013.

[00168] Mannheimia haemolytica (one American Type Culture Collection (ATCC) 33396
serotype A2 strain from sheep and three strains from cattle) and Pasteurella multocida (one
ATCC 43137 strain from pig and three strains from cattle) are gram negative bacteria causing

bovine respiratory disease (BRD) in feedlot cattle and dairy cows. Pasteurella multocida is
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also implicated in atopic rhinitis in pigs and pyodermas in cats. Escherichia coli (ATCC
25922 serotype O6, biotype 1 strain and a bovine mastitis isolate) is implicated in a variety of
diseases, e.g. enteritis, mastitis and metritis in bovines or urinary tract infections in dogs and
cats. Mycoplasma bovis (eight strains from pneumonic cattle) is a further causative agent of
pneumonia in cattle and is implicated in causing mastitis in dairy cows. Staphylococcus
aureus (ATCC 29213 and one bovine mastitis isolate) and coagulase-negative Staphylococci
(two bovine mastitis isolates) and Streptococcus uberis (two bovine mastitis isolates) and
Streptococcus dysgalactiae (two bovine mastitis isolates) are gram positive mastitis-causing
bacteria. Staphylococcus pseudintermedius (DSM 21284 cat isolate and a dog otitis isolate) is
a gram positive bacterium and a major cause of pyodermas in dogs. Pseudomonas aeruginosa
(ATCC 27853 and one otitis isolate from dogs) is a gram negative bacterium causing otitis,
pyoderma, respiratoryand urinary tract infections like cystitis in companion animals like dogs

and cats.

Mueller Hinton Agar (MHA BBL; Becton Dickinson and Company, Sparks, MD) was used

as the medium.
Broth-microdilution method according to CLSI document VET01-A4

Preparation of the inoculum

[00169] A culture of the test isolate was plated on Mueller-Hinton agar with 5% sheep
blood and incubated at about 35 °C with about 5% CO, for 18 h to 24 h. After checking for
purity, sufficient well-isolated colonies from each subculture were inoculated into 4-mL to 5-
mL aliquots of sterile cation-adjusted Mueller-Hinton broth (CAMHB). Broth cultures were
incubated at about 35 °C for 2 h to 6 h until they achieved or exceeded the turbidity of
0.5 McFarland standards.

[00170] Incubated broth cultures were adjusted to the turbidity of 0.5 McFarland standards
by adding sterile CAMHB. Turbidity adjusted suspension contained approximately 1 x 10*
colony-forming units (CFU)/mL.

[00171] The culture was further diluted 1:100 with sterile CAMHB to receive an inoculum
with a final concentration of about 1 x 10° CFU/mL.

Inoculation of the microdilution trays

[00172] Microdilution trays containing a doubling dilution series of the compound were
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prepared before the study, stored below — 70 °C and were used within 6 months.
The microdilution trays were inoculated by adding 50 pL of the appropriate sterile broth and

50 pL of the inoculum into each well.

Incubation of the microdilution trays

[00173] The microdilution trays were incubated at about 35 °C for 18 h to 24 h.

Reading and interpretation of the results

[00174] The MIC results were interpreted according to the CLSI documents VET01-A4.
The MIC is the lowest concentration of antimicrobial agent that completely inhibits growth of
the organisms. All wells containing test item were compared with the growth-control wells.
The lowest concentration of compound at which no visible growth (i.e. no turbidity) detected
by the unaided eye was recorded as the MIC. If a “trailing endpoint” occurred, the MIC was
defined as the first concentration at which a markedly reduce (about 90%) of the inoculum

was observed.
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What is claimed is:
1. The compound of Formula (I)
Ry R
Q\/Ar2
/—A
“l” :
Ary
Formula (1)

wherein
Ais CH;, Oor Q;
M is (CHa)y;
n=0-3

R and R; are independently H, N(R4Rs), or C;-Cs alkyl, wherein the C;-Cg alkyl is
optionally substituted with one or more substituents selected from H, halogen, C;-Cs alkyl,
N(R4R5) or ORs;

R, is H, halogen, ORs, N(R4R5), or C,-Cg alkyl, wherein the C;-Cg alkyl is optionally
substituted with one or more substituents selected from H, halogen, C;-Cs alkyl, N(R4Rs)or
ORs5; or

R, and R; are taken together to form a 3-7 member ring which includes one or more C, O,or
N(Ry4)atom;

Q is N(R4)

R4 are each individually H or C,-Cg alkyl;

Rs are each individually H or C;-Cs alkyl;

Ar is selected from a group having one of the following structures
I

"\ /

\
/Z

X
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Z1is CRi; or N;
75, Zs and Z¢ are independently selected from CRjp, or N;

Z418 CRyy, or N if the == bond to which it is attached is a double bond;
X, X3, X4 and X are independently selected from N or CR,;

wherein at least one of X, X3, X4 and X¢ is N;

X, 1s CH, C—~(Cy)alkyl, C—(C,.¢)alkoxy, C-halo, or C-COOH;

Xs is CH, C—~(C\¢)alkyl or C—halo;

Re is H; OH; NR 3R 14; (Cg)alkyl; C(O)OR;3; halo; CFs; cyano, allyloxy;

—R5COOR 14; —OR ;sCOOR 14; (C¢)alkoxy, (Cs)cycloalkoxy, (Csg)heterocycleoxy,

(Cs6)cycloalkylalkoxy, or (Cs.)heterocycloalkoxy which are optionally substituted with
NR 3R 14, OH, CF3, COOR 14, cyano, oxo, (Ci)alkyl or (Cj)alkoxy; S(O):R ;3 optionally
substituted with a (C,.)alkyl; or

cannot be 0;

X
N

o

wherein X is CRy., O or S;

each p and qis 0, 1, or 2, with the proviso that if X is O or S, both p and q

each R is independently H, halo, OH, (C,.¢)alkoxy, NR 3R 4, CF3, or cyano;

bond attached to Zs is a double bond; or

bond;

Ry, and Ry, together form oxo; and the == bond attached to Z; is a single

double bond; or
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bond;
or Rjg. and Ry, together with the atoms to which they are attached form a 5-
membered saturated, unsaturated or aromatic ring having 0 to 3 N and optionally substituted

with a (C\.¢)alkyl, wherein R g, and Ry, are H when the == bond attached to Z, is a single

each Rz, Ry3 and R4 is independently H or (Cj.¢)alkyl;

each Rjsis independently (C;-Cg)alkyl or (C,-Ce)alkenyl with the proviso that
when Rg is —OR |5COOR 14, R;5 1s not Cyalkenyl;

Ry, 1s H, OH, (C,¢)alkoxy, cyano, or halo;

R is H, (Ci)alkyl, (C,¢)alkoxy, halo, cyano, or C(O)OR 3.

Ric 1s H, halo or (Cj)alkyl;

and
Ar, is selected from

(1) Cs-Ce-cycloalkyl, optionally substituted with —OH, halo, cyano, NR 3R 4
or (Cj¢)alkyl;

(i1) aryl, wherein aryl is phenyl or naphthyl optionally substituted with 1 to 3
substituents selected from OH, halo, (C,¢)alkoxy and (C,_)alkyl;

(iii) a heterocyclyl, wherein the heterocyclyl is a 5- to 6-membered non-
aromatic or aromatic ring having 1 or 2 heteroatoms selected from N, O or S optionally
substituted with 1 to 3 substituents selected from OH, halo, cyano, (Cj.¢)alkoxy, (C.¢)alkyl,
NR3R 14 and a 5- to 6-membered aromatic or non-aromatic ring having 1 or 2 heteroatoms
selected from N, O or S; wherein (C;_¢)alkoxy or (C)alkyl optionally substituted with 1 or 2
halo; or

(iv) a group having one of the following structures:
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Zy Zy4 /Z8 x

277 N Riea |
Rqgb
| R16 A
178 73 N [¢]
- 7 |
Zyo Zy2 Ri7b Ry

b

Zg

28/29\ 213\ Rig Ji jizg/&g
- J|\ a )/ ’}i 7 Zig
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Zypo Zis Z
b b
R4
Ro - |
o N Z
\ / %210
) ]
R 2 g N /213
Zy Zy4 , Or

>

each Zg, Zg and Zy; is independently CRy, or N;

Zy) and Z; are each independently selected from CR R, NRy4, O, and S;

Z,3 and Z 4 are each independently selected from CRj, and N;

Z1518 CRy; or N;
Z16 18 CRzRy, or NH;
each Z; and Zg is independently NRy or O;
each Rj¢, and Rygp, 1s independently H or CHj;
or Ris, and Ry, together form oxo;
Ri7. and Ry are H;
or Ry7, and Ry, together form oxo or =NOR3;
Rig is H or (C¢)alkoxy;
Ry9 is H or halo;
each Ry, Ry and Ry, is independently H or halo
each Ry, Ry and R, is independently H, halo or (C1-6)alkyl
X, is H, halo or (C1-6)alkyl

or a pharmaceutically acceptable salt thereof.

2. The compound of claim 1, wherein Ar, is selected from
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(1) C3-Cs-cycloalkyl, optionally substituted with —OH, halo, cyano, NR|3R 4
or (Cy¢)alkyl;

(i1) aryl, wherein aryl is phenyl or naphthyl optionally substituted with 1 to 3
substituents selected from OH, halo, (C)alkoxy and (C;.6)alkyl;

(iii) a heterocyclyl, wherein the heterocyclyl is a 5- to 6-membered non-
aromatic or aromatic ring having 1 or 2 heteroatoms selected from N, O or S optionally
substituted with 1 to 3 substituents selected from OH, halo, cyano, (Cj.¢)alkoxy, (C.¢)alkyl,
NR 3R 4 and a 5- to 6-membered aromatic or non-aromatic ring having 1 or 2 heteroatoms

selected from N, O or S; wherein (C;_¢)alkoxy or (C)alkyl optionally substituted with 1 or 2

halo; or
(iv) a group having one of the following structures:
Riga
Ri7a
/'?‘LL z10 Rib 4 ’
2 T
Za\ 245 R /
19
L) :
’}i Zg/ Zig
)
o) N A
§Z1o .
.
A Z,3
Z Z14/ , Or
3. The compound of claim 1, wherein Ar; is selected from a group having one of the

following structures:



4.

5.

6.
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7z
R4gb
J'\ R::a \zg N 0
~ Z |

Zyo Zp Rqzb R
b b

Roo —

| X >/R19 Z§< R \ \ N/
SN e > 4" s

Z/ ZB\ Risa
Jr\ R16b
Ri7a

- Z

Zyo Zy2 Ry7b i

The compound of claim 1, wherein Ar; is:

OGN

The compound of Formula (IT)

g—%ﬂk
pe o1

Formula (II)
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wherein,

A is CH,, NH, or O;

B, D, G, J are each independently either C or N;
M is (CHa)y;

(n=0-3)

Xis H, F, CI, CN, COsRs or O;

Y is ORs, COsR5 or CN;

PCT/US2016/014989

R' and R; are independently H, N(R4Rs), or C;-Cs alkyl, wherein the C;-Cg alkyl is

optionally substituted with one or more substituents selected from H, halogen, C;-Cq alkyl,

N(R4R5)or ORS;

R» is H, halogen, ORs, N(R4R5), or C;-C¢ alkyl, wherein the C;-Cs alkyl is optionally

substituted with one or more substituents selected from H, halogen, C;-Cs alkyl, N(R4Rs)or

ORS; or

R, and R; are taken together to form a 3-7 member ring which includes one or more C, O or

N atoms;

Qis NRy;

R4 are each individually H or C;-C¢ alkyl; and
Rs are each individually H or C;-C; alkyl

or a pharmaceutically acceptable salt thereof.

7. The compound of claim 6 wherein

A is NH;

B and J are C;

D and G are N;

M is CH»;X is H, F,Cl, CN, ORs;, or CO-R5; and
Y is H, CL, F, CN, ORs, or CO-R;

wherein Rs is defined as in claim 2

or a pharmaceutically acceptable salt thereof.

8. The compound of Formula (I1T)
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0
R4 Ro \
>—S/Q\/EN;[N;\I\Q
A
M
| ks
Y- G B X
1 494
NN /
J D

wherein,

A is CH,, NH, or O;
BisN;

Formula (I1T)

D, G, J are each independently either C or N;

M is (CHy)y; (n = 0-3)

XisOorS;

Y is H, F, CI, OR;5, CN, or CO-R;

R; and R; are H,, N(R4Rs5), or C;-Cg alkyl, wherein the C;-Cq alkyl is optionally substituted
with one or more substituents selected from H, halogen, C;-C¢ alkyl, N(R4R5) or ORs5;

R, is H, halogen, ORs, N(R4R5), or C;-Cg alkyl, wherein the C;-Cg alkyl is optionally
substituted with one or more substituents selected from H, halogen, C;-Cs alkyl, N(R4Rs)or
ORs; or

R, and R, are taken together to form a 3-7 member ring which includes one or more C, O or
N atoms;

Qis NRy;

R4 are each individually H or C;-C¢ alkyl; and

Rs are each individually H or C;-Cg alkyl,

or a pharmaceutically acceptable salt thereof.

9. The pharmaceutically acceptable salt of the compound of any one of claims 1-8.

10. A compound selected from the following group:
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or a pharmaceutically acceptable salt thereof.

11. A compound selected from the following group:
6-[[[3-[2-(3-fluoro-6-methoxy-1,5-naphthyridin-4-yl)ethylamino]-

2-hydroxy-propyl]amino]methyl]-4H-pyrido[3,2-b][ 1,4]oxazin-3-
one;

6-[[[3-[2-(3-fluoro-6-methoxy-1,5-naphthyridin-4-yl)ethylamino]-
2-methoxy-propyl]amino]methyl]-4H-pyrido[3,2-b][1,4]oxazin-3-
one;

6-[[[3-[2-(3-fluoro-6-methoxy-1,5-naphthyridin-4-yl)ethylamino]-
2-methyl-propylJamino]methyl]-4H-pyrido[3,2-b][1,4]oxazin-3-
one;

6-[[3-[2-(3-fluoro-6-methoxy-1,5-naphthyridin-4-
yl)ethylamino]propylamino]methyl]-4H-pyrido[3,2-b][1,4]oxazin-
3-ong;

6-[[[2-[2-(3-fluoro-6-methoxy-1,5-naphthyridin-4-
yl)ethylamino]cyclobutyl |methylamino]methyl]-4H-pyrido[3,2-
b][1,4]oxazin-3-one;

6-[[6-(7-methoxy-2-oxo0-1,5-naphthyridin-1-
yhhexylamino]methyl]-4H-pyrido[3,2-b][1,4]oxazin-3-one; and

6-[[[4-[2-(3-fluoro-6-methoxy-1,5-naphthyridin-4-
yl)ethylamino]tetrahydrofuran-3-ylJmethylamino]methyl]-4H-
pyrido[3,2-b][1,4]oxazin-3-one;

6-[[[3-[2-(3-fluoro-6-methoxy-1,5-naphthyridin-4-yl)ethylamino]-
2-hydroxy-propyl]amino]methyl]-4H-pyrido[3,2-b][ 1,4]oxazin-3-
one;
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6-[[[3-[2-(3-fluoro-6-methoxy-1,5-naphthyridin-4-yl)ethylamino]-
2-methoxy-propyl]amino]methyl]-4H-pyrido[3,2-b][1,4]oxazin-3-
one;

or a pharmaceutically acceptable salt thereof.

12. A pharmaceutical composition comprising the compound of any one of claims 1-11

and a pharmaceutical carrier.

13. The composition of claim 12, further comprising a second therapeutic agent selected
from the group consisting of antibiotic agents, anti-inflammatory agents, anti-parasitics and

antifungal agents.

14. The composition of claim 13, wherein the second therapeutic agent is one or more of
an amphenicol, a B-lactam, a tetracycline, an aminoglycoside, a quinolone, a mutilin, a
macrolide, an azole, a non-steroidal anti-inflammatory drug (NSAID), a glucocorticosteroid

or their pharmaceutically acceptable salts.

15. A method of treating an infectious disease in an animal comprising administration to
the animal of an effective amount of the pharmaceutical composition of claim 12 to the

animal.

16. The method of claim 15, wherein the infectious disease is selected from a respiratory
tract disease, a mastitis disease, a skin or soft tissue disease, a urinary tract disease or a

disease caused by opportunistic pathogens.

17. The method of claim 15, wherein the animal is a bovine, a swine, a member of the

poultry family, an ovine, a fish, a horse, a dog or a cat.

18. The method of claim 15, wherein the infection is a Mannheimia haemolytica,
Pasteurella multocida, Histophilus somni, Mycoplasma bovis, Pseudomonas aeruginosa,
Staphylococcus pseudintermedius, Staphylococcus aureus, Staphylococcus spp.,
Streptococcus dysgalactiae, Streptococcus uberis, Streptococcus canis, Escherichia coli,

Actinobacillus pleuropneumoniae, Bordetella bronchiseptica or Rhodococcus equi infection.
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19.  Use of an effective amount of the compound of any one of claims 1-11 for the

preparation of a medicament for treating a bacterial infection.



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2016/014989

A. CLASSIFICATION OF SUBJECT MATTER
I

NV. (C07D498/04 A61K31/5383  A61P31/04
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

Co7D

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X WO 2008/027932 A2 (ABBOTT LAB [US]; KLEIN 1
LARRY L [US]; CHEN HUI-JU [US]; YEUNG MING
C [U) 6 March 2008 (2008-03-06)

Example 45

X VALERIA AMENDOLA ET AL: "Three-component 1
systems for conventional and window-shaped
response fluorescent pH indicators",
DALTON TRANSACTION,

13 August 2004 (2004-08-13), pages
2850-2854, XP055198860,

DOI: 10.1039/B406115B

Teq, Ccqg, Eng

A WO 2004/041210 A2 (SMITHKLINE BEECHAM CORP 1-19
[US]; AXTEN JEFFREY MICHAEL [US];
GALLAGHER TI) 21 May 2004 (2004-05-21)
claims 1 and 11. Examples

_/__

Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents : . . . . L
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance
"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone

°ited.t°| establish the pul_r;_licdation date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art
"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
5 April 2016 20/04/2016
Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, .
éx%ﬂ1#&34&ﬁh6 Sahagin Krause, H

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2016/014989

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A WO 2008/009700 Al (GLAXO GROUP LTD [GB]; 1-19
BALLELL LLUIS [ES]; BARROS DAVID [ES];
BROOKS GE) 24 January 2008 (2008-01-24)
claims 1 and 21. examples

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2016/014989
Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 2008027932 A2 06-03-2008 CA 2661873 Al 06-03-2008
EP 2081917 A2 29-07-2009
EP 2465855 Al 20-06-2012
EP 2465856 A2 20-06-2012
US 2008161246 Al 03-07-2008
US 2012083490 Al 05-04-2012
US 2012309762 Al 06-12-2012
US 2013131085 Al 23-05-2013
US 2014243340 Al 28-08-2014
WO 2008027932 A2 06-03-2008

WO 2004041210 A2 21-05-2004 AT 479683 T 15-09-2010
AU 2003291227 Al 07-06-2004
EP 1560488 A2 10-08-2005
ES 2350977 T3 28-01-2011
JP 4654035 B2 16-03-2011
JP 2006505603 A 16-02-2006
US 2007004710 Al 04-01-2007
WO 2004041210 A2 21-05-2004

WO 2008009700 Al 24-01-2008 AR 061918 Al 01-10-2008
AU 2007275188 Al 24-01-2008
BR PI0715522 A2 21-05-2013
CA 2658261 Al 24-01-2008
CL 2007002100 Al 08-02-2008
CN 101516889 A 26-08-2009
EA 200970140 Al 30-06-2009
EP 1992628 Al 19-11-2008
EP 2044077 Al 08-04-2009
KR 20090031785 A 27-03-2009
MY 152183 A 29-08-2014
SG 173374 Al 29-08-2011
US 2009270374 Al 29-10-2009
WO 2008009700 Al 24-01-2008

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - description
	Page 58 - description
	Page 59 - description
	Page 60 - description
	Page 61 - description
	Page 62 - description
	Page 63 - description
	Page 64 - description
	Page 65 - description
	Page 66 - description
	Page 67 - description
	Page 68 - description
	Page 69 - description
	Page 70 - description
	Page 71 - description
	Page 72 - description
	Page 73 - description
	Page 74 - description
	Page 75 - description
	Page 76 - description
	Page 77 - description
	Page 78 - claims
	Page 79 - claims
	Page 80 - claims
	Page 81 - claims
	Page 82 - claims
	Page 83 - claims
	Page 84 - claims
	Page 85 - claims
	Page 86 - claims
	Page 87 - claims
	Page 88 - claims
	Page 89 - claims
	Page 90 - wo-search-report
	Page 91 - wo-search-report
	Page 92 - wo-search-report

