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PYRIDO|2,3-B][1,4|OXAZINES OR TETRAHYDROPYRIDO|2,3-
B][1,4]OXAZEPINES AS IAP ANTAGONISTS

FIELD OF THE INVENTION
Disclosed herein are novel 2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine or 1,2,3,4-
tetrahydropyrido[2,3-b][1,4]oxazepine derivatives used as antagonists of IAPs (Inhibitors
Apoptosis Proteins), also known as Smac mimetics. Disclosed herein is the use of these
antagonists for inducing or sensitizing cells to the induction of apoptotic cell death, and the use

of such compounds for treating proliferative diseases such as cancer.

BACKGROUND OF THE INVENTION
Apoptosis plays a critical role in the development and homeostasis of cells in higher organisms
and 1s a tightly regulated process to eliminate damaged or unwanted cells (Kerr, J. F., et al., Br
J Cancer, 1972, 26, 239-257). Aberrations in the apoptotic process are implicated in many
human diseases, including cancer, autoimmune diseases and inflammation (Nicholson, D. W.,
et al., Nature, 2000, 407, 810-816). Indeed, resistance to apoptosis is a hallmark of cancer
(Hanahan, D., et al., cell 2000, 100, 57-70; Hanahan, D., et al., cell, 2011, 144, 646-674).
Apoptosis can be triggered through either the extrinsic stimulation of death receptors or the
intrinsic stimuli released by mitochondria within the cell (Elmore, S., Toxicol Pathol, 2007, 35,
495-516). Inhibitors of apoptosis proteins (IAPs) are a class of pivotal negative regulators of
both extrinsic and intrinsic apoptotic pathways. IAP was initially identified in baculovirus and
able to inhibit apoptosis in the infected cells (Birnbaum, M. J., et al., J Virol, 1994, 68, 2521-
2528). The IAPs are characterized by the presence of baculoviral IAP repeat (BIR) domains.
BIR domain is approximately 70-80 amino acids in length and contains a Zn-binding motif
which can facilitate protein-protein interactions involved in IAP function (Yang, Y.L., Cell Res,
2000, 10, 169-177). The human IAP family contains eight proteins: neuronal IAP (BIRC1),
cellular TAP1 (cIAP1, BIRC2), cellular IAP2 (cIAP2, BIRC3), X chromosome-linked IAP
(XIAP, BIRC4), survivin (BIRCS), ubiquitin-conjugating BIR domain enzyme apollon
(BIRC6), melanoma IAP (ML-IAP, BIRC7), and IAP-like protein 2 (BIRCS8). Among these,
cIAP1, cIAP2 and XIAP play a direct role in apoptosis regulation (Salvesen, G.S., et al., Nat
Rev Mol Cell Bio, 2002, 3, 401-410).
cIAP1 and cIAP2 (cIAPs) inhibit caspase-8 dependent extrinsic apoptotic pathway such as that
induced by TNF-a through their ubiquitin ligase activity (Derakhshan, A., et al., Clin Cancer
Res, 2017, 23, 1379-1387). Upon ligation of TNF-q. to its receptor TNFR1, cIAPs, as well as
tumor necrosis factor receptor type 1-associated death domain (TRADD), receptor-interacting

serine/threonine kinase 1 (RIPK1) and TNF receptor-associated factors (TRAFs) are recruited
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to form complex I leading to activation of canonical nuclear factor-kB (NF-kB) pathway, well
known to promote inflammation, proliferation and cell survival (Samuel T, et al., J Biol Chem,
2006, 281, 1080-1090; Vince J. E., et al., J Biol Chem, 2009, 284, 35906-35915; Wang C., et
al., Nature, 2001, 412, 346-351).

XIAP is the only IAP protein that inhibits both extrinsic and intrinsic apoptotic pathways by
directly counteracting caspase activation through their BIR domains (Deveraux Q. L., et al.,
Nature, 1997, 388, 300-304). The BIR2 domain and the preceding linker region of XIAP
associates to the IAP-binding motif (IBM) and active site of caspase-3 and -7, the executioner
caspases shared by extrinsic and intrinsic apoptosis, and inhibits their function (Chai J., et al.,
Cell, 2001, 104, 769-780; Riedl S. J., et al., Cell, 2001, 104, 791-800). XIAP binds to pro-
caspase-9 via its BIR3 domain and prevents the dimerization and subsequent activation of
caspase-9, the critical initiator caspase in the intrinsic pathway (Shiozaki E.N., et al., Mol Cell,
2003, 11, 519-527).

cIAP1, cIAP2 and XIAP proteins are broadly expressed in various tumor types. And positive
expression of cIAPs and XIAP is associated with high-grade cancer and poor prognosis (Che
X, et al., Urol Oncol, 2012, 30, 450-456, Yang C., et al., J Exp Clin Cancer Res, 2016, 35,
158). Moreover, downregulation or depletion of these IAPs has shown to restore sensitivity to
extrinsic or intrinsic apoptotic stimuli (Gu H., et al., Aging(Albany NY), 2018, 10, 1597-1608).
Taken together, targeting IAP proteins provides a potential anti-tumor strategy.

The second mitochondrial-derived activator of caspases (Smac), also known as direct AP
binding protein with low pI (DIABLQ), is an endogenous antagonist of cIAP1, cIAP2 and
XIAP to promote apoptosis (Du C., et al., Cell, 2000, 102, 33-42; Verhagen A. M., et al., Cell,
2000, 102, 43-53). Smac is normally sequestered in the mitochondria and released into cytosol
when cells undergo apoptosis. In cytosol, the N-terminal mitochondria-targeting sequence of
Smac is cleaved to expose the tetrapeptide (Ala-Val-Pro-Ile) that allows Smac to interact with
the BIR domains of IAPs (Chai J., et al., Nature, 2000, 406, 855-862). Binding of Smac to
BIR3 domain of cIAP1 and cIAP2 stimulates their E3 ubiquitin ligase activity and induces
their proteasomal degradation. Loss of cIAP proteins promotes the formation of RIPK1,
caspase-8 and Fas-associated protein with death domain (FADD) containing complex II and
triggers TNF-o mediated apoptosis (Dueber E. C., et al., Science, 2011, 334, 376-380).
Dimerized Smac binds to the BIR2 and BIR3 domains of XIAP and disrupts its interaction
with caspase-3, -7 and -9, leading to caspase-dependent apoptosis (Micheau, O., et al., Cell,
2003, 114, 181-190; Chai J., et al., Cell, 2001, 104, 769-780; Liu Z., et al., Nature, 2000, 408,
1004-1008).

Smac mimetics are small molecules that contain 4 amino acids that mimic the N-terminal (Ala-

Val-Pro-Ile) of Smac. Similar to Smac, Smac mimetics bind to BIR domains of TAPs and
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antagonize their function to promote apoptosis in cancer cells (Chai J., et al., Cell, 2001, 104,
769-780;, Dueber E. C., et al., Science, 2011, 334, 376-380, Liu Z., et al., Nature, 2000, 408,
1004-1008; Verhagen A. M., et al., Cell, 2000, 102, 43-53). Taken together, Smac mimetics

become a new class of cancer therapeutic candidates.

SUMMARY OF THE INVENTION
In one embodiment, disclosed herein is 2, 3-dihydro-1H-pyrido[2, 3-b][1, 4]oxazine or 1, 2, 3,
4-tetrahydropyrido[2, 3-b][1, 4]oxazepine derivatives of Formula (I). The embodiment
comprises the following aspects:

Aspect 1: A compound of Formula (I):

Ric Ry \
N — Re

=
V
\ /\(Rﬂn M
or a pharmaceutically acceptable salt thereof, or a stereoisomer, a tautomer or a prodrug
thereof,
wherein

Xi and X3 are each independently -O-, -S-, -NR?-, or -CR*RP-;

mi, mz, and m3 are each independently 0, 1 or 2;

Ria, Ry, Rie, Rug, and Ry, which may be the same or different, are each independently
hydrogen, halogen, -Ci-salkyl, -Cz-salkenyl, -Cz-salkynyl, -Cs-scycloalkyl, heterocyclyl, aryl,
heteroaryl, oxo, -CN, -NO2, -OR?, -SR? -SO2R? -COR? -CO2R?, -CONR*R", -
C(ENRAH)NRPRC, -NRARP, -NR*CORP, -NR*CONRPR®, -NR*CO2R", -NR*SONRPRS, -
NR2SO2NRPR¢, -SO2NR?*R”, or -NR?*SO2RP, each of said -Ci.salkyl, -Ca-salkenyl, -Ca-
salkynyl, -Cs.scycloalkyl, heterocyclyl, aryl, or heteroaryl is optionally substituted with 1-3 RY;
nis0,1,2,3 or4;

Rs and Rs are each independently hydrogen, halogen, -Cs-scycloalkyl, or -Ci-salkyl, said -C1-
salkyl or -Cs.scycloalkyl is optionally substituted with at least one halogen or -OR?;

R: and Ry are each independently hydrogen or -Ci-salkyl; or



10

15

20

25

30

35

WO 2021/244608 PCT/CN2021/098123

R4 and Rs together with the same carbon atom to which they are attached form a spiro 3-to 5-
membered carbon ring; or
R: at one of its occurrences and Ry at one of its occurrences together form a bridge comprising
zero, one or two -CHz- moieties in the bridge; or
or Ryp and Ry at one of its occurrences together form a 3- to 6-membered carbon ring;
or Ryg and Ry at one of its occurrences together form a bridge comprising one or two -CHz-
moieties in the bridge;
Rg is hydrogen, halogen, -Ci-salkyl, -Cz-salkenyl, -Cz-salkynyl, -Cs-scycloalkyl, heterocyclyl,
aryl, heteroaryl, oxo, -CN, -NOz, -OR?, -SR? -SO:2R?, -COR?, -CO2R? -CONR?R®, -
C(=NR*)NRPR®, -NR*R" -NR*CORP -NR*CONRPR¢, -NR*CO:RP, -NR*SONRPR¢, -
NR2*SO:NRPRS, -SO:NR*RP, or -NR?*SO2R?, each of said -C1-salkyl, -Ca-salkenyl, -Ca-
salkynyl, -Cs-scycloalkyl, heterocyclyl, aryl, or heteroaryl is optionally substituted with 1-3 R,
Rs and Ry are each independently hydrogen, -Cisalkyl, Ci-salkoxy-Ci-salkyl-, -Cz-salkenyl, -
Ca-salkynyl or Cs.scycloalkyl;
Ry and Ry are each independently hydrogen, -Cisalkyl, -Cssalkenyl, -Casalkynyl, -Csscycloalkyl,
heterocyclyl, aryl, heteroaryl, oxo, -CN, -NO2, -OR?, -SR? -SO2R? -COR?, -CO2R?, -
CONRRP, -C(=NR*)NRPR, -NR*R", -NR*CORP, -NR*CONR'R®, -NR*CO:R?, -
NR*SONRPRS, -NR*SO2NRPRE, -SO2NR*RP, or -NR*SO:2RP, each of said -Ci-salkyl, -Co-
salkenyl, -Cz-salkynyl, -Csscycloalkyl, heterocyclyl, aryl, or heteroaryl is optionally substituted
with 1-3 RY; or
R0 and Ry; together form a spiro 3-to 5-membered carbon ring optionally substituted with 1-3
RY;
Ry and Ry3 are each independently hydrogen, -Cisalkyl, -C;salkenyl, -C;salkynyl, -Csscycloalkyl,
heterocyclyl, aryl, heteroaryl, oxo, -CN, -NO2, -OR?, -SR?, -SO2R? -COR?, -CO2R?, -
CONR*RP, -C(=NR*)NR'R¢, -NR*R", -NR*CORP, -NR*CONRPR®, -NR*CO:R?, -
NR*SONRPR®, -NR?*SO2NRPR®, -SO02NR?*RP, or -NR*SO2RP, each of said -Ci-salkyl, -Co-
salkenyl, -Cz2-salkynyl, cycloalkyl, heterocyclyl, aryl, or heteroaryl is optionally substituted
with 1-3 RY; or
Ri2 and Ry3 together form a spiro 3-to 5S-membered carbon ring optionally substituted with 1-3
RY;
Ri4 and Rys are each independently selected from hydrogen or -Ci-salkyl;
each R? RP and R* are independently hydrogen, -Ci.salkyl, -Ca.salkenyl, -Ca.galkynyl,
cycloalkyl, heterocyclyl, aryl, or heteroaryl; each of said -Ci-salkyl, -Cz-salkenyl, -C2-salkynyl,
cycloalkyl, heterocyclyl, aryl, or heteroaryl is optionally substituted with 1-3 RY; or
(R?* and R"), (R? and R®) or (R" and R®), together with the atom(s) to which they are attached,

form a 3- to 8-member ring, said ring comprising 0, 1 or 2 additional heteroatoms
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independently selected from nitrogen, oxygen or optionally oxidized sulfur as ring member(s),
said ring is optionally substituted with 1-3 RY;

RY, at each of its occurrences, is independently hydrogen, halogen, -C1-salkyl, -C2-salkenyl, -Ca-
salkynyl, -Cs.scycloalkyl, heterocyclyl, aryl, heteroaryl, oxo, -CN, -NOz, -OR¢, -SR?, -SO2R¢, -
SO:NRRf -CORS®, -CO2R¢, -CONRCRf, -C(=NR®)NRR% -NR°R! -NR°COR' -
NRCCONRIRE, -NR¢CO:R!, -NR.SONRRE, -NR¢SO:NR'RE, or -NR¢SO:R!, each of said -Ci-
salkyl, -Ca-salkenyl, -Ca-salkynyl, -Cs-scycloalkyl, heterocyclyl, aryl, or heteroaryl is optionally
substituted with at least one substituent selected from halogen, -Ci.salkyl, -OR®, -NRPRE,
cycloalkyl, heterocyclyl, aryl, or heteroaryl; and

R, Rf, R2 R" and Riare each independently hydrogen, -C1salkyl, Ci-salkoxy-Ci.salkyl-, -Ca-
salkenyl, -Ca-salkynyl, cycloalkyl, heterocyclyl, aryl, aryl-Ci-salkyl- or heteroaryl.

In some embodiments, m2 is 1 and ms is 1, and Rz and R4 together form a bridge comprising
zero, one or two -CHz- moieties in the bridge; or, mz2 is 1 and m3 is 2, and R; and one of the
two Ry together form a bridge comprising zero, one or two -CHz- moieties in the bridge; or, m2
is 2 and ms3 is 1, and one of the two Rz and R4 together form a bridge comprising zero, one or
two -CHz- moieties in the bridge; or, mz is 2 and ms is 2, and one of the two Rz and one of the
two R4 together form a bridge comprising zero, one or two -CHz- moieties in the bridge.

In some embodiments, mz is 1, and Ry, and R4 together form a 3- to 6-membered carbon ring;
or my is 2, and Ryy and one of the two R4 together form a 3- to 6-membered carbon ring.

In some embodiments, mz is 1, and Riq and Ry together form a bridge comprising one or two -
CHz- moieties in the bridge; or mz is 2, and Ryqg and one of the two Ry together form a bridge
comprising one or two -CHa- moieties in the bridge.

Aspect 2: A compound of Formula (II):

Ria Rip
Riz
R4 Ro Ri3
Xz
m, Re
Ry Rs M >0
ms N

Xq

™~
Rie 1d E
R . /ﬁ‘/ \ .
j) =

Reh (1)
or a pharmaceutically acceptable salt thereof, or a stereocisomer, a tautomer or a prodrug
thereof,
wherein
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X; and X are each independently -O-, -S-, -NR?-, or -CR?RP-;

mi, mz, and m3 are each independently O, 1 or 2;

Ria, R, Ric, Rig, and Ry, which may be the same or different, are each independently
hydrogen, halogen, -Ci-salkyl, -Cz-salkenyl, -C2-salkynyl, -Cs-scycloalkyl, heterocyclyl, aryl,
heteroaryl, oxo, -CN, -NO2, -OR? -SR? -SO:R?, -COR?, -CO2R? -CONR?*R", -
C(=NR*NRPR¢, -NR*R", -NR*CORP, -NR*CONRPR¢, -NR*CO:R", -NR*SONR"R¢, -
NR2SO:NRPRE, -SO:NR?RP, or -NR2SO2RP, each of said -Ci-salkyl, -Ca-salkenyl, -Ca-
salkynyl, -Cs.scycloalkyl, heterocyclyl, aryl, or heteroaryl is optionally substituted with 1-3 R¢;
nis0,1,2, 3 or4;

Rs and Rs are each independently hydrogen, halogen, -Cs.scycloalkyl, or -Cisalkyl, said -Ci.
salkyl or -Cs-scycloalkyl is optionally substituted with at least one halogen or -OR?,

R; and Ry are each independently hydrogen or -Ci-salkyl; or

R4 and Rs together with the same carbon atom to which they are attached form a spiro 3-to 5-
membered carbon ring; or

R: at one of its occurrences and Ry at one of its occurrences together form a bridge comprising
zero, one or two -CHz- moieties in the bridge; or

or Ryp and Ry at one of its occurrences together form a 3- to 6-membered carbon ring;

or Ryg and Ry at one of its occurrences together form a bridge comprising one or two -CHz-
moieties in the bridge;

Re is hydrogen, halogen, -Ci-salkyl, -Cz-salkenyl, -Cz-salkynyl, -Cs-scycloalkyl, heterocyclyl,
aryl, heteroaryl, oxo, -CN, -NOz, -OR?, -SR?* -SO2R? -COR? -CO2R? -CONR*RP, -
C(=NR*NRPR¢, -NR*R", -NR*CORP, -NR*CONRPR¢, -NR*CO:R", -NR*SONR"R¢, -
NR?*SO2NRPR¢, -SO:2NR?*RP, or -NR?*SO2R", each of said -Ci-salkyl, -Cz-salkenyl, -Ca-
salkynyl, -Cs-scycloalkyl, heterocyclyl, aryl, or heteroaryl is optionally substituted with 1-3 R¢,
Rs and Ry are each independently hydrogen, -Cisalkyl, Ci-salkoxy-Ci-salkyl-, -Cz2-salkenyl, -
Ca-salkynyl or Cs-scycloalkyl;

Ryp and Ry are each independently hydrogen, -C;_salkyl, -C,salkenyl, -C;galkynyl, -Cs.scycloalkyl,
heterocyclyl, aryl, heteroaryl, oxo, -CN, -NO2, -OR?, -SR? -SO:R? -COR?, -CO2R?, -
CONR?RP, -C(=NR*NRPR¢, -NR*RP, -NR*CORP, -NR*CONRPR¢, -NR*CO:R®, -
NR*SONRPRS, -NR*SO2NRPRE, -SO2NR*RP, or -NR2SO2RP, each of said -Ci-salkyl, -Ca-
salkenyl, -Cz-salkynyl, -Csscycloalkyl, heterocyclyl, aryl, or heteroaryl is optionally substituted
with 1-3 RY; or

Rio and Ry together form a spiro 3-to 5-membered carbon ring optionally substituted with 1-3
R¢;

Rz and Ry3 are each independently hydrogen, -Cisalkyl, -Cssalkenyl, -Czsalkynyl, -Csscycloalkyl,
heterocyclyl, aryl, heteroaryl, oxo, -CN, -NO2, -OR? -SR? -SO:R? -COR?, -CO2R?, -
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CONR?R", -C(=NR*NRPR¢, -NR?RP, -NR*CORP, -NR?CONRPR¢, -NR*CO:R?, -
NR*SONRPRS, -NR*SO2NR'R¢, -SO:NR*RP, or -NR*SO:zRP, each of said -Ci-salkyl, -Co-
salkenyl, -Ca-salkynyl, cycloalkyl, heterocyclyl, aryl, or heteroaryl is optionally substituted
with 1-3 RY; or

Ry and Ry; together form a spiro 3-to S-membered carbon ring optionally substituted with 1-3
RY;
each R? R, and R® are independently hydrogen, -Ci-salkyl, -Cz2-salkenyl, -Ca-salkynyl,
cycloalkyl, heterocyclyl, aryl, or heteroaryl; each of said -Ci-salkyl, -Cz-salkenyl, -Cz-salkynyl,
cycloalkyl, heterocyclyl, aryl, or heteroaryl is optionally substituted with 1-3 RY; or

(R* and R"), (R* and R®) or (R® and R®), together with the atom(s) to which they are attached,
form a 3- to 8-member ring, said ring comprising 0, 1 or 2 additional heteroatoms
independently selected from nitrogen, oxygen or optionally oxidized sulfur as ring member(s),
said ring is optionally substituted with 1-3 RY;

RY, at each of its occurrences, is independently hydrogen, halogen, -Ci-salkyl, -Cz-salkenyl, -Co.
salkynyl, -Cs.scycloalkyl, heterocyclyl, aryl, heteroaryl, oxo, -CN, -NOz, -OR¢, -SR?, -SO2R¢, -
SO;NRCR!, -COR¢, -CO:R¢, -CONRCR!, -C(=NR®)NR'RE, -NR°R!, -NR¢COR, -
NRCCONRIRE, -NR¢CO:R!, -NRSONRRE, -NR¢SO:NRRE, or -NR¢SO:R!, each of said -Ci-
salkyl, -Cz-salkenyl, -Ca-salkynyl, -Cs-scycloalkyl, heterocyclyl, aryl, or heteroaryl is optionally
substituted with at least one substituent selected from halogen, -C1-salkyl, -OR" -NR"RE
cycloalkyl, heterocyclyl, aryl, or heteroaryl; and

R, Rf, R2 R" and Riare each independently hydrogen, -Ci-salkyl, Ci-salkoxy-Ci.salkyl-, -Ca-
salkenyl, -Cz-salkynyl, cycloalkyl, heterocyclyl, aryl, aryl-Ci-salkyl- or heteroaryl.

In some embodiments, mz2 is 1 and ms is 1, and Rz and Ry together form a bridge comprising
zero, one or two -CHz- moieties in the bridge; or, mz is 1 and m3 is 2, and R, and one of the
two R4 together form a bridge comprising zero, one or two -CHz- moieties in the bridge; or, m2
is 2 and ms is 1, and one of the two Rz and R4 together form a bridge comprising zero, one or
two -CHz- moieties in the bridge; or, mz is 2 and ms is 2, and one of the two R, and one of the
two Ry together form a bridge comprising zero, one or two -CHz- moieties in the bridge.

In some embodiments, mz is 1, and Ryp and R4 together form a 3- to 6-membered carbon ring;
or my is 2, and Ryy and one of the two R4 together form a 3- to 6-membered carbon ring.

In some embodiments, mz is 1, and Rya and R4 together form a bridge comprising one or two -
CH2- moieties in the bridge; or mz is 2, and Ryqg and one of the two Ry together form a bridge
comprising one or two -CHa- moieties in the bridge.

Aspect 3: The compound according to Aspects 1 or 2, wherein X is -O-, -S-, -NH-, or -CHa-.
Aspect 4. The compound according to Aspect 3, wherein Xy is -CHa-.
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Aspect 5: The compound according to Aspects 1 or 2, wherein X3 is -O-, -S-, -CHz- or -NR*R?
is H or -Ci-salkyl (methyl or ethyl).

Aspect 6: The compound according to Aspect 5, wherein Xz is -O- or -NR?-; R? is hydrogen or
-Ci-salkyl (methyl or ethyl).

Agspect 7: The compound according to Aspects 1 or 2, wherein m is 0.

Aspect 8: The compound according to Aspects 1 or 2, wherein mz is 1; and m3 is O or 1.
Aspect 9: The compound according to Aspects 1 or 2, wherein Rz, Rs, Ry, and Rs are each
hydrogen, methyl or ethyl, -CH2OH, -CH20CHj3, -CH20C:Hs, -CHF2, -CH2OCH(CHs)2,
cyclopropyl, or CFs.

Aspect 10: The compound according to Aspects 1 or 2, wherein R4 and Rs together with the

same carbon atom to which they are attached form a spiro 3-to S-membered carbon ring.
Ry Rip

Aspect 11: The compound according to Aspect 1 or 2, wherein Rie Ry is

R Rm R1a Rip Ria Rip
R

Ria * Ry R4 Ra\ Rs

0O [0} N
d Rs Rs Ry Rs
N R AN AN
NI 3T N AN
Rid
Ry Ric  Ryg Ric Ryqg ,or Ric Ryq

Wherein Ria, Riv, Ric, Rig, Rz, R3, R4, Rs and Ra are defined as for Formula (I).

Rig Rip
Rq
Xz N
Re . oN s NG Rs
\
y » 3
Agpect 12: The compound according to Aspect 11, wherein Ric Ry is R Rig ;

wherein Ric, R1d, R4 and Rs are independently hydrogen or -Ci-salkyl.

Agspect 13: The compound according to Aspect 12, wherein Ric and R4 are hydrogen, Rid and
Rs are independently hydrogen or -Ci-salkyl; preferably, Ric and R4 are hydrogen, Rid and Rs
are methyl.

Aspect 14: The compound according to Aspect 11, wherein Ria, Rib, Ric, R14, R2, R3, R4, Rs
and Ra are each independently hydrogen, halogen, -Ci-salkyl (such as -CHs3 or -C2Hs), or oxo,
wherein said -Ci-salkyl is optionally substituted with at least one halogen (for example 1-3
halogen).

Aspect 15: The compound according to Aspect 14, wherein Rs is halogen, -C2Hs, -CH3, oxo,
cyclopropyl, CHF2, -CHzF, -CF3, -CH20H, -CH20CH3, -CH20C:Hs, -CH20CH(CHs)2; and R4
is hydrogen or -CHs3; or Rs and Ry together with the carbon atom attached form a 3-to 5-

membered carbon ring; or R> and Ry together form a bridge comprising one -CHz- moiety in



PCT/CN2021/098123

WO 2021/244608

the bridge, and R3 and Rs are each hydrogen; or Ry, and Ry together form a 3-membered

carbon ring, and Rya and Rs are each hydrogen; or Ryq and R4 together form a bridge

comprising two -CHz- moieties in the bridge, and Ric and Rs are each hydrogen.

Aspect 16: The compound according to Aspect 11 or 12, wherein
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5 Aspect 17: The compound according to Aspects 1 or 2, wherein Rinz 1§ RS or
i,
=

Aspect 18: The compound according to Aspect 17, wherein Ry is halogen.

Aspect 19: The compound according to Aspectl8, wherein Ryis F.

Aspect 20: The compound according to Aspects 1 or 2, wherein Rg is hydrogen, -CN, halogen,
10 morpholino, -CONR*RP, -OR? -NR*RP, -Cs.scycloalkyl, phenyl or -C1.salkyl, said -C1-salkyl

or -Cs.scycloalkyl or phenyl is optionally substituted with at least one RY; R? and RP are each

hydrogen, -Cs.scycloalkyl or -Cisalkyl; RY, at each of its occurrences, is independently -CH2F,

-CHEF», -CF3, -F, -Cl, -Br, -1, -OH, -NH_, -SH, -CN, -CONH, -H, -CH3, -C2Hs, -CsH7, -

OH ‘J_r‘ OH
CH:0H, -OCHs, -OC2Hs, morpholino, s , or cyclopropyl.

15 Aspect 21: The compound according to Aspects 1 or 2, wherein Rg is -CONR?*RP, -NR*R" | -
NR?*CO-RP, -NRa-S02-RP, or -OR*; R* and RP are each hydrogen, -Cs.¢ cycloalkyl, -Ci-salkyl,
5- or 6-membered heterocyclyl, aryl or heteroaryl; each of said -Ci-salkyl, -Cs- cycloalkyl, 5-
or 6-membered heterocyclyl, aryl, or heteroaryl is optionally substituted with 1-3 RY; or
R? and R? together with the atom(s) to which they are attached, form a 3- to 8-member ring,

20  said ring comprising 0, 1 or 2 additional heteroatoms independently selected from nitrogen,

10
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oxygen or optionally oxidized sulfur as ring member(s), said ring is optionally substituted with
1-3 RY:

RY, at each of its occurrences, is independently hydrogen, halogen, -C1-salkyl, -C2-salkenyl, -Ca-
salkynyl, -Cs.scycloalkyl, heterocyclyl, aryl, heteroaryl, oxo, -CN, -NOz, -OR¢, -SR?, -SO2R¢, -
SO:NRRf -CORS®, -CO2R¢, -CONRCRf, -C(=NR®)NRR% -NR°R! -NR°COR' -
NRECONRIRE, -NR*CO:R!, -NRSSONR'RE, -NR¢SO;NRIRE, or -NR*SO:R", each of said -C1-
salkyl, -Ca-salkenyl, -Ca-salkynyl, -Cs-scycloalkyl, heterocyclyl, aryl, or heteroaryl is optionally
substituted with at least one substituent selected from halogen, -Ci.salkyl, -OR®, -NRPRE,
cycloalkyl, heterocyclyl, aryl, or heteroaryl; and

R, Rf, R2 R" and Riare each independently hydrogen, -C1salkyl, Ci-salkoxy-Ci.salkyl-, -Ca-
salkenyl, -Ca-salkynyl, cycloalkyl, heterocyclyl, aryl, aryl-Ci-salkyl- or heteroaryl.

Aspect 22: The compound according to Aspect 21, wherein Rg is -CONR?*R? or -NR*CO-R",
R* and RP are each hydrogen, -Ci-3alkyl, -Cs.s cycloalkyl, phenyl, 5- or 6- membered
heterocyclyl (such as azetidine, pyrrolidine, piperidine, oxazolidine, isoxazolidine, oxazinane,
morpholine, piperazine, tetrahydropyran or tetrahydrofuran); said -Ci-salkyl, -Cs.s cycloalkyl,
phenyl, 5- or 6-membered heterocyclyl(such as azetidine, pyrrolidine, piperidine, oxazolidine,
isoxazolidine, oxazinane, morpholine, piperazine, tetrahydropyran or tetrahydrofuran)
optionally substituted with at least one substituent selected from halogen, -Ci-salkyl,
morpholine, ORE or -NR°R; R¢ and Rf are independently hydrogen, halogen, -C1-salkyl or Ci-
salkoxy-Ci-salkyl-.

Aspect 23: The compound according to Aspect 21, wherein Re is -CONR?RP, R?* and RP
together with the nitrogen atom to which they are attached, form a 4- to 6-member ring, said
ring comprising O, 1 or 2 additional heteroatoms independently selected from nitrogen, oxygen
or optionally oxidized sulfur as ring member(s), said ring is optionally substituted with 1-3 RY;
RY, at each of its occurrences, is independently halogen, -Ci-salkyl, or OR®; R® is

independently hydrogen, halogen or -Ci-salkyl.

Aspect 24: The compound according to Aspect 21, wherein Re is -NHz, -CONH>, -CONHCH3,
-CONHC:Hs, -CON(CHs)2, -CONHCH:CF3, -CONHC:H4+OCH3, -CONHC2H4OC2H4OCHG, -

I A
CONHCH(CHs)2, -CONHC:H4OH, -CONHC2H4N(CHs)2, ;51 NH ,

ad A Rt O o O NfNC

o)
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Aspect 25: The compound according to Aspect 20, wherein Re is hydrogen, halogen, -CN, -
OH

10  CONHz, K , cyclopropyl, -CH20H, -CF3, -OH, -CH3 or -OC2Hs.

Aspect 26: The compound according to Aspects 1 or 2, wherein Ryz and Rys are each
independently hydrogen or -Ci-salkyl.
Aspect 27: The compound according to Aspect 26, wherein Rz is hydrogen or -CH3; Rys is
hydrogen or -CH3.

15  Aspect 28: The compound according to Aspects 1 or 2, wherein
Ruo and Ry; are each independently hydrogen, -Ci.salkyl, -Cs.scycloalkyl, -Cs.saryl, 5- to 6-
membered heteroaryl, or -CONR*RP, wherein each of said -Cisalkyl, -Cs.scycloalkyl, -Cs.
earyl, or 5- to 6-membered heteroaryl is optionally substituted with 1-3 RY,
R? and R are each independently hydrogen or -Cysalkyl; or
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(R? and RP), together with the nitrogen atom to which they are attached, form a 3- to 6-member
ring, said ring comprising O or 1 additional oxygen atom; said ring is optionally substituted
with one R%

RY, at each of its occurrences, is independently -Cisalkyl, halogen, aryl or -OR®, wherein R®
are each independently hydrogen or -Cisalkyl, phenylethyl, benzyl, or phenyl.

Aspect 29: The compound according to Aspect 28, wherein Rio is hydrogen; Ri1 is -CONR?R?,
phenyl, benzyl, pyridinyl, or furyl, wherein each of said phenyl, benzyl, pyridinyl or furyl is
optionally substituted with 1-3 R? selected from methyl, methoxy, or halogen; R? and RP each
are independently hydrogen or methyl, or (R* and R), together with the nitrogen atom to which
they are attached, form a 5- to 6-member ring, said ring comprising 0 or 1 additional oxygen
atom.

Aspect 30: The compound according to Aspect 29, wherein Ry is hydrogen; and Ryy is
hydrogen, methyl, ethyl, 1-propyl, 2-propyl, 1-butyl, fert-butyl, 1-methylpropyl, 1, 1-
dimethylethyl, 1-pentyl, 2-pentyl, 3-pentyl, 2-methyl-2-butyl, 3-methyl-2-butyl, 3-methyl-1-
butyl, 2-methyl-1-butyl, 1-hexyl, 2-hexyl, 3-hexyl, 2-methyl-2-pentyl, 3-methyl-2-pentyl, 4-
methyl-2-pentyl, 3-methyl-3-pentyl, 2-methyl-3-pentyl, 2, 3-dimethyl-2-butyl, 3, 3-dimethyl-2-
butyl, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, vinyl, -CH20H, -CH2CH20H, -
CH2CH20CH;s, -CH:0CH3, -CH20CH(CHs)2, -CH20C:Hs, -CH2F, -CHF>, -CF3, -H, -F, -Cl, -
Br, -I, -OH, -NH3, -SH, -CONHz, -CONHCH3, -CON(CHs)2, © , © , ©
-CH20-Ph, -CH2-Ph, -CH20-CH»-Ph, phenyl, 4-methyl-phenyl, 4-methoxy-phenyl, 4-F-
phenyl, benzyl, pyridinyl (4-pyridinyl, 3-pyridinyl or 2-pyridinyl), or furyl (2-furyl or 3-furyl).

>

Aspect 31: The compound according to Aspect 30, wherein Ry is hydrogen; and Ryy is
hydrogen, methyl, ethyl, 2-propyl, -CF3, -CHF2, -CH2CH20CHs, -CH20H, -CH2OCH3, -
CH20CH(CH3)2, -CH20C2Hs, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, -CONHaz, -
WD 1D L
CONHCHj3, -CON(CH3s)2, © , © , o© , -CH20-Ph, -CH20-CHa-Ph,
phenyl, 4-methyl-phenyl, 4-methoxy-phenyl, 4-F-phenyl, benzyl, 4-pyridinyl, 3-pyridinyl, 2-
pyridinyl, 2-furyl or 3-furyl.
Aspect 32: The compound according to any one of Aspects 1-31, wherein the carbon atom to
which Ryp and Ryy are attached is in (S)-configuration in the case that Ry and Ryy are different.
Aspect 33: The compound according to Aspects 1 or 2, wherein Ry and Ry; together form a 3-
membered carbon ring.

Aspect 34: The compound according to Aspects 1 or 2, which is

13
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Rs

g (),
wherein Ria, Rib, Ric, Rid, R2, R3, R4, Rs, Re, R7, Rio, R11, R12, R13 and X are defined as for
Formula (IT).

Aspect 35: The compound according to Aspects 1 or 2, wherein Ri4 and Rys are each
independently selected from hydrogen, or -Ci-salkyl (methyl or ethyl).
Aspect 36: The compound according to Aspect 1, which is
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or a pharmaceutically acceptable salt thereof, or a stereoisomer, a tautomer or a prodrug
thereof.

In one embodiment, disclosed herein is a pharmaceutical composition comprising a compound
disclosed herein, or a pharmaceutically acceptable salt thereof, or a stereoisomer, a tautomer or
a prodrug thereof, and at least one pharmaceutically acceptable carrier or excipient.

In one embodiment, disclosed herein is a method of treating a disease responsive to inhibition
of cIAPs, comprising administering to a subject in need thereof a compound disclosed herein,
or a pharmaceutically acceptable salt, or a sterecisomer, a tautomer or a prodrug thereof.

In one embodiment, disclosed herein is a method of treating cancer modulated by cIAPs,
comprising administering to a subject in need thereof a compound disclosed herein, or a

pharmaceutically acceptable salt, or a stereoisomer, a tautomer or a prodrug thereof.

DETAILED DESCRIPTION OF THE INVENTION
The following terms have the indicated meanings throughout the specification:
As used herein, including the appended Aspects, the singular forms of words such as "a", "an",
and "the", include their corresponding plural references unless the context clearly dictates
otherwise.
The term "or" is used to mean, and is used interchangeably with, the term “and/or” unless the
context clearly dictates otherwise.
The term "alkyl" refers to a hydrocarbon group selected from linear and branched saturated
hydrocarbon groups comprising from 1 to 18, such as from 1 to 12, further such as from 1 to
10, more further such as from 1 to 8, or from 1 to 6, or from 1 to 4, carbon atoms. Examples of
alkyl groups comprising from 1 to 6 carbon atoms (i.e., Ci- alkyl) include, but not limited to,
methyl, ethyl, 1-propyl or n-propyl ("n-Pr"), 2-propyl or isopropyl ("i-Pr"), 1-butyl or n-butyl
("n-Bu"), 2-methyl-1-propyl or isobutyl ("i-Bu"), 1-methylpropyl or s-butyl ("s-Bu"), 1,1-
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dimethylethyl or t-butyl ("t-Bu"), 1-pentyl, 2-pentyl, 3-pentyl, 2-methyl-2-butyl, 3-methyl-2-
butyl, 3-methyl-1-butyl, 2-methyl-1-butyl, 1-hexyl, 2-hexyl, 3-hexyl, 2-methyl-2-pentyl, 3-
methyl-2-pentyl, 4-methyl-2-pentyl, 3-methyl-3-pentyl, 2-methyl-3-pentyl, 2,3-dimethyl-2-
butyl and 3,3-dimethyl-2-butyl groups.
The term "cycloalkyl" refers to a hydrocarbon group selected from saturated cyclic
hydrocarbon groups, comprising monocyclic and polycyclic (e.g., bicyclic and tricyclic) groups
including fused, bridged or spiro cycloalkyl.
The term "aryl" used alone or in combination with other terms refers to a group selected from:
- 5-and 6-membered carbocyclic aromatic rings, e.g., phenyl;
- bicyclic ring systems such as 7- to 12-membered bicyclic ring systems, wherein at
least one ring is carbocyclic and aromatic, e.g., naphthyl and indanyl; and,
- tricyclic ring systems such as 10- to 15-membered tricyclic ring systems wherein at
least one ring is carbocyclic and aromatic, e.g., fluorenyl.
The terms "aromatic hydrocarbon ring" and "aryl" are used interchangeable throughout the
disclosure herein. In some embodiments, a monocyclic or bicyclic aromatic hydrocarbon ring
has 5 to 10 ring-forming carbon atoms (i.e., Cs-10 aryl). Examples of a monocyclic or bicyclic
aromatic hydrocarbon ring include, but not limited to, phenyl, naphth-1-yl, naphth-2-yl,
anthracenyl, phenanthrenyl, and the like. In some embodiments, the aromatic hydrocarbon ring
is a naphthalene ring (naphth-1-yl or naphth-2-yl) or phenyl ring. In some embodiments, the
aromatic hydrocarbon ring is a phenyl ring.
The term “aryl-alkyl-” refers to an alkyl group as defined above which is further substituted by
an aryl group. Examples of an aryl-alkyl group include aryl-Ci-salkyl, such as phenylethyl, or
phenylmethyl (benzyl).
The term "heteroaryl" refers to a group selected from:
- 5-, 6- or 7-membered aromatic, monocyclic rings comprising at least one
heteroatom, for example, from 1 to 4, or, in some embodiments, from 1 to 3, in
some embodiments, from 1 to 2, heteroatoms, selected from nitrogen (N), sulfur (S)
and oxygen (O), with the remaining ring atoms being carbon;
- 7-to 12-membered bicyclic rings comprising at least one heteroatom, for example,
from 1 to 4, or, in some embodiments, from 1 to 3, or, in other embodiments, 1 or 2,
heteroatoms, selected from N, O, and S, with the remaining ring atoms being carbon
and wherein at least one ring is aromatic and at least one heteroatom is present in
the aromatic ring; and
- 11-to 14-membered tricyclic rings comprising at least one heteroatom, for example,
from 1 to 4, or in some embodiments, from 1 to 3, or, in other embodiments, 1 or 2,

heteroatoms, selected from N, O, and S, with the remaining ring atoms being carbon
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and wherein at least one ring is aromatic and at least one heteroatom is present in an

aromatic ring.
When the total number of S and O atoms in the heteroaryl group exceeds 1, those heteroatoms
are not adjacent to one another. In some embodiments, the total number of S and O atoms in
the heteroaryl group is not more than 2. In some embodiments, the total number of S and O
atoms in the aromatic heterocycle is not more than 1. When the heteroaryl group contains more
than one heteroatom ring member, the heteroatoms may be the same or different. The nitrogen
atoms in the ring(s) of the heteroaryl group can be oxidized to form N-oxides. The term “C-
linked heteroaryl” as used herein means that the heteroaryl group is connected to the core
molecule by a bond from a C-atom of the heteroaryl ring
The terms "aromatic heterocyclic ring" and "heteroaryl" are used interchangeable throughout
the disclosure herein. In some embodiments, a monocyclic or bicyclic aromatic heterocyclic
ring has 5-, 6-, 7-, 8-, 9- or 10-ring forming members with 1, 2, 3, or 4 heteroatom ring
members independently selected from nitrogen (N), sulfur (S) and oxygen (O) and the
remaining ring members being carbon. In some embodiments, the monocyclic or bicyclic
aromatic heterocyclic ring is a monocyclic or bicyclic ring comprising 1 or 2 heteroatom ring
members independently selected from nitrogen (N), sulfur (S) and oxygen (O). In some
embodiments, the monocyclic or bicyclic aromatic heterocyclic ring is a 5- to 6-membered
heteroaryl ring, which is monocyclic and which has 1 or 2 heteroatom ring members
independently selected from nitrogen (N), sulfur (S) and oxygen (O). In some embodiments,
the monocyclic or bicyclic aromatic heterocyclic ring is an 8- to 10-membered heteroaryl ring,
which is bicyclic and which has 1 or 2 heteroatom ring members independently selected from
nitrogen, sulfur and oxygen.
"Heterocyclyl", "heterocycle" or "heterocyclic" are interchangeable and refer to a non-aromatic
heterocyclyl group comprising one or more heteroatoms selected from nitrogen, oxygen or
optionally oxidized sulfur as ring members, with the remaining ring members being carbon,
including monocyclic, fused, bridged, and spiro ring, i.e., containing monocyclic heterocyclyl,
bridged heterocyclyl, spiro heterocyclyl, and fused heterocyclic groups. The term “optionally
oxidized sulfur” used herein refers to S, SO or SOs.
Compounds disclosed herein may contain an asymmetric center and may thus exist as
enantiomers. “Enantiomers” refer to two stereoisomers of a compound which are non-
superimposable mirror images of one another. Where the compounds disclosed herein possess
two or more asymmetric centers, they may additionally exist as diastereomers. Enantiomers
and diastereomers fall within the broader class of stereoisomers. All such possible
stereoisomers as substantially pure resolved enantiomers, racemic mixtures thereof, as well as

mixtures of diastereomers are intended to be included. All stereoisomers of the compounds
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disclosed herein and /or pharmaceutically acceptable salts thereof are intended to be included.
Unless specifically mentioned otherwise, the reference to one isomer applies to any of the
possible isomers. Whenever the isomeric composition is unspecified, all possible isomers are
included.

The term "substantially pure" as used herein means that the target sterecisomer contains no
more than 35%, such as no more than 30%, further such as no more than 25%, even further
such as no more than 20%, by weight of any other stereoisomer(s). In some embodiments, the
term "substantially pure" means that the target stereoisomer contains no more than 10%, for
example, no more than 5%, such as no more than 1%, by weight of any other sterecisomer(s).
When compounds disclosed herein contain olefinic double bonds, unless specified otherwise,
such double bonds are meant to include both E and Z geometric isomers.

When compounds disclosed herein contain a di-substituted cyclohexyl or cyclobutyl group,
substituents found on cyclohexyl or cyclobutyl ring may adopt cis and frans formations. Cis
formation means that both substituents are found on the upper side of the 2 substituent
placements on the carbon, while frans would mean that they were on opposing sides.

It may be advantageous to separate reaction products from one another and /or from starting
materials. The desired product of each step or series of steps is separated and /or purified
(hereinafter separated) to the desired degree of homogeneity by the techniques common in the
art. Typically such separations involve multiphase extraction, crystallization from a solvent or
solvent mixture, distillation, sublimation, or chromatography. Chromatography can involve any
number of methods including, for example: reverse-phase and normal phase; size exclusion;
ion exchange; high, medium and low pressure liquid chromatography methods and apparatus;
small scale analytical, simulated moving bed ("SMB") and preparative thin or thick layer
chromatography, as well as techniques of small scale thin layer and flash chromatography. One
skilled in the art will apply techniques most likely to achieve the desired separation.
“Diastereomers” refers to stereoisomers of a compound with two or more chiral centers but
which are not mirror images of one another. Diastereomeric mixtures can be separated into
their individual diastereomers on the basis of their physical chemical differences by methods
well known to those skilled in the art, such as by chromatography and /or fractional
crystallization. Enantiomers can be separated by converting the enantiomeric mixture into a
diastereomeric mixture by reaction with an appropriate optically active compound (e.g., chiral
auxiliary such as a chiral alcohol or Mosher’s acid chloride), separating the diastereomers and
converting (e.g., hydrolyzing) the individual diastereoisomers to the corresponding pure
enantiomers. Enantiomers can also be separated by use of a chiral HPLC column.
"Pharmaceutically acceptable salts" refers to those salts which are, within the scope of sound

medical judgment, suitable for use in contact with the tissues of humans and lower animals
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without undue toxicity, irritation, allergic response and the like, and are commensurate with a
reasonable benefit/risk ratio. A pharmaceutically acceptable salt may be prepared in situ during
the final isolation and purification of the compounds disclosed herein, or separately by reacting
the free base function with a suitable organic acid or by reacting the acidic group with a
suitable base.

In addition, if a compound disclosed herein is obtained as an acid addition salt, the free base
can be obtained by basifying a solution of the acid salt. Conversely, if the product is a free
base, an addition salt, such as a pharmaceutically acceptable addition salt, may be produced by
dissolving the free base in a suitable organic solvent and/or water and treating the solution with
an acid, in accordance with conventional procedures for preparing acid addition salts from base
compounds. Those skilled in the art will recognize various synthetic methodologies that may
be used without undue experimentation to prepare non-toxic pharmaceutically acceptable
addition salts.

As defined herein, "a pharmaceutically acceptable salt thereof™ includes salts of at least one
compound of Formula (I), and salts of the stereoisomers of the compound of Formula (I), such
as salts of enantiomers, and /or salts of diastereomers.

The terms “administration”, “administering”, “treating” and “treatment” herein, when applied
to an animal, human, experimental subject, cell, tissue, organ, or biological fluid, mean contact
of an exogenous pharmaceutical, therapeutic, diagnostic agent, or composition to the animal,
human, subject, cell, tissue, organ, or biological fluid. Treatment of a cell encompasses contact
of a reagent to the cell, as well as the contact of a reagent to a fluid, where the fluid is in
contact with the cell. The term “administration” and “treatment” also means in vitro and ex
vivo treatments, e.g., of a cell, by a reagent, diagnostic, binding compound, or by another cell.
The term “subject” herein includes any organism, preferably an animal, more preferably a
mammal (e.g., rat, mouse, dog, cat, and rabbit) and most preferably a human.

The term "effective amount" or “therapeutically effective amount” refers to an amount of the
active ingredient, such as a compound that, when administered to a subject for treating a
disease, or at least one of the clinical symptoms of a disease or disorder, is sufficient to affect
such treatment for the disease, disorder, or symptom. The “therapeutically effective amount”
can vary with the compound, the disease, disorder, and/or symptoms of the disease or disorder,
severity of the disease, disorder, and/or symptoms of the disease or disorder, the age of the
subject to be treated, and/or the weight of the subject to be treated. An appropriate amount in
any given instance can be apparent to those skilled in the art or can be determined by routine
experiments. In some embodiments, “therapeutically effective amount” is an amount of at least
one compound and /or at least one stereoisomer thereof, and /or at least one pharmaceutically

acceptable salt thereof disclosed herein effective to “treat” as defined above, a disease or
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disorder in a subject. In the case of combination therapy, the “therapeutically effective amount”
refers to the total amount of the combination objects for the effective treatment of a discase, a
disorder or a condition.

The pharmaceutical composition comprising the compound disclosed herein can be
administrated via oral, inhalation, rectal, parenteral or topical administration to a subject in
need thereof. For oral administration, the pharmaceutical composition may be a regular solid
formulation such as tablets, powder, granule, capsules and the like, a liquid formulation such as
water or oil suspension or other liquid formulation such as syrup, solution, suspension or the
like; for parenteral administration, the pharmaceutical composition may be a solution, water
solution, oil suspension concentrate, lyophilized powder or the like. Preferably, the formulation
of the pharmaceutical composition is selected from a tablet, coated tablet, capsule, suppository,
nasal spray or injection, more preferably tablet or capsule. The pharmaceutical composition can
be a single unit administration with an accurate dosage. In addition, the pharmaceutical
composition may further comprise additional active ingredients.

All formulations of the pharmaceutical composition disclosed herein can be produced by the
conventional methods in the pharmaceutical field. For example, the active ingredient can be
mixed with one or more excipients, then to make the desired formulation. The
“pharmaceutically acceptable excipient” refers to conventional pharmaceutical carriers suitable
for the desired pharmaceutical formulation, for example: a diluent, a vehicle such as water,
various organic solvents, etc., a filler such as starch, sucrose, etc. a binder such as cellulose
derivatives, alginates, gelatin and polyvinylpyrrolidone (PVP); a wetting agent such as
glycerol; a disintegrating agent such as agar, calcium carbonate and sodium bicarbonate; an
absorption enhancer such as quaternary ammonium compound; a surfactant such as
hexadecanol; an absorption carrier such as Kaolin and soap clay; a lubricant such as talc,
calcium stearate, magnesium stearate, polyethylene glycol, etc. In addition, the pharmaceutical
composition further comprises other pharmaceutically acceptable excipients such as a
decentralized agent, a stabilizer, a thickener, a complexing agent, a buffering agent, a
permeation enhancer, a polymer, aromatics, a sweetener, and a dye.

The term “disease” refers to any disease, discomfort, illness, symptoms or indications, and can
be interchangeable with the term “disorder” or “condition”.

Throughout this specification and the Aspects which follow, unless the context requires
otherwise, the term "comprise", and variations such as "comprises" and "comprising" are
intended to specity the presence of the features thereafter, but do not exclude the presence or
addition of one or more other features. When used herein the term "comprising" can be

substituted with the term "containing", "including" or sometimes "having".
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Throughout this specification and the Aspects which follow, the term “Cn-m” indicates a range
which includes the endpoints, wherein n and m are integers and indicate the number of
carbons. Examples include Ci.s, Ci-, and the like.

Unless specifically defined elsewhere in this document, all other technical and scientific terms
used herein have the meaning commonly understood by one of ordinary skill in the art to which

this invention belongs.

General Synthesis

Compounds disclosed herein, including salts thereof, can be prepared using known organic
synthesis techniques and can be synthesized according to any of numerous possible synthetic
routes.

The reaction for preparing compounds disclosed herein can be carried out in suitable solvents
which can be readily selected by one of skill in the art of organic synthesis. Suitable solvents
can be substantially non-reactive with the starting materials, the intermediates, or products at
the temperatures at which the reactions are carried out, e.g., temperatures which can range from
the solvent’s boiling temperature. A given reaction can be carried out in one solvent or mixture
of solvents.

The selection of an appropriate protecting group can be readily determined by one skilled in
the art.

Reactions can be monitored according to any suitable method known in the art, such as NMR,
UV, HPLC, LC-MS and TLC. Compounds can be purified by a variety of methods, including
HPLC and normal phase silica chromatography.

Scheme I
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Formular (1)

Compounds of Formula (I) can be prepared as shown in Scheme I. Nucleophilic substitution
between the alcohol and compound (i) afforded compound (ii) which is followed by iron-
mediated reductive cyclization to afford compound (iii). Compound (ii1) was converted to

compound (iv) via borane-mediated reduction. The three-step procedure gave compound (vi).
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Subsequent Negishi or Suzuki coupling afforded compound (vii). Deprotection and the
following acylation afforded compound (ix). Compound (ix) reacted with key intermediate (x)
to afford compound (xi). Final deprotection furnished compound (xii) described in Formula
).

Scheme II
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Compounds of Formula (I) can also be synthesized as shown in Scheme II. Nucleophilic
substitution between compound (i) and Boc-protected amino alcohol afforded compound (ii).
Subsequent Cu or Pd mediated C-N coupling afforded compound (iii) which is followed by
Negishi or Suzuki coupling to give compound (iv). Deprotection afforded compound (v).
Compound (v) reacted with 2-chloroacetyl chloride to afford compound (vi). Compound (vi)
reacted with key intermediate (vii) to afford compound (viii). Final deprotection furnished

compound (ix) described in Formula (I).

ABBREVIATIONS
(Boc)0 di-tert-butyl dicarbonate
Ac20 Acetic anhydride
AcOH Acetic Acid
DCM dichloromethane
DIEA diisopropylethylamine
DMAP 4-dimethylaminopyridine
DMF Dimethylformamide
DMSO Dimethyl sulfoxide
EA Ethyl acetate
EA, EtOAc Ethyl acetate
EDC 1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
EDCI N-Ethyl-N'-(3-dimethylaminopropyl)carbodiimide hydrochloride
Eq. equivalent
EtsN, TEA triethyl amine
EtOH ethanol
Fe iron
HATU 1 -[bis'(d.irpethylam.ino)methylene]-lH- 1,2,3-triazolo[4,5-
b]pyridinium 3-oxid hexafluorophosphate
HCI Hydrochloric Acid
HOBT 1-Hydroxybenzotriazole
MeCN acetonitrile
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MeOH
NaBHa
NBS
Pd(dppf)Cl2
Pd(OAc)2
PE
PreP-HPLC
Prep-TCL
rt

t-BuONO
TFA

THF

TLC
TMSCN
Tol

PCT/CN2021/098123

Methanol

Sodium borohydride

N-Bromosuccinimide
[1,1'-Bis(diphenylphosphino)ferrocene]dichloropalladium(IT)
Palladium( || )acetate

petroleum ether

Preparative High-Performance Liquid Chromatography
Preparative thin-layer chromatography

room temperature

tert-Butyl nitrite

trifluoroacetic acid

tetrahydrofuran

thin-layer chromatography

Trimethylsilyl cyanide

toluene

Representative Examples
Example 1: 7-(4-fluorobenzyl)-1-(2-((2R,5R)-5-methyl-2-(((R)-3-
methylmorpholino)methyl)piperazin-1-yl)acetyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-6-

carbonitrile formate (compound 1)

Y o
HN\H (o]
§HCOOH
:

Step 1: ethyl 2-((5-bromo-3-nitropyridin-2-yl)oxy)acetate

O

O)\/o Ny

=

OsN

Br

To 5-bromo-2-chloro-3-nitropyridine (20 g, 84.2 mmol) and ethyl 2-hydroxyacetate (9.6 g,
92.6 mmol) in anhydrous THF (100 mL) was added NaH (4 4 g, 60% dispersion in mineral oil,

109.5 mmol) slowly at 0 °C. The resulting solution was stirred at room temperature for 1 h. The

reaction was quenched by water (20 mL) and extracted with EtOAc (100 mL*3). The

combined organic layers were dried over Na2SOs, filtered and evaporated in vacuo. The

residue was purified by silica gel chromatography (PE: EtOAc =10 : 1) to give the product
(13 g, 51% yield). LC-MS (M+H) * = 305.0, 307.0.
Step 2: 7-bromo-1H-pyrido[2,3-b][1,4]oxazin-2(3H)-one
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0o Ny

OLHI/J\Br
Ethyl 2-((5-bromo-3-nitropyridin-2-yl)oxy)acetate (13 g, 42.6 mmol) in AcOH (300 mL) was
added Fe powder (13g, 232 mmol) slowly at 70 °C, the resulting mixture was stirred at 70 °C
for 1 h. AcOH was removed in vacuo, The resulting solid was washed with MeOH (200 mL)
and filtered. Repeat this manipulation for 5 times. MeOH phase was concentrated in vacuo to
give the crude product (9.6 g, 98% yield), which was used directly in the next step. LC-MS
(M+H) © = 228.9, 230.9.
Step 3: 7-bromo-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine
$o!

H 7 Br
7-bromo-1H-pyrido[2,3-b][1,4]oxazin-2(3H)-one (9g, 39.3 mmol) in anhydrous THF (150
mL) was added BH3 (98.3 mL, 1 N in THF) dropwise at room temperature, the resulting
solution was stirred at 60 °C for 1 h. The reaction was cooled to room temperature, quenched
by MeOH (10 mL), adjusted pH to 1~2 by addition of 1 N HCI, and stirred at 60 °C for 1h. The
reaction mixture was cooled to room temperature, Water (100mL) was added and adjusted pH
to 8~9. The mixture was extracted with EtOAc (100 mL*3), the combined organic layers were
dried over Na2S0Ou4, filtered and evaporated in vacuo to give the crude product (7.46 g, 88%

yield), which was used in the next step directly. LC-MS (M+H) *=215.1, 217 1.
Step 4: tert-butyl 7-bromo-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate

[O N\

|

Boc
7-bromo-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine (6.9 g, 32 mmol), (Boc)20 (10.5 g, 48
mmol), DMAP (3.9 g, 32 mmol) and Et3N (6.46 g, 64 mmol) in THF (200 mL) was stirred at

room temperature for 12 hours. The reaction was washed with water (100 mL), extracted with

EtOAc (100 mL*3), the combined organic layers were dried over Na2SO4, filtered and

evaporated in vacuo. The residue was purified by silica gel chromatography (PE : EtOAc=5:
1) to give the product (9 g, 90% yield). LC-MS (M+H) *=315.2, 317.2.
Step 5: 7-bromo-1-(tert-butoxycarbonyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine 5-oxide

?
[O Na
| +
S,
Boc
To tert-butyl 7-bromo-2,3-dihydro-1H-pyrido[2,3-b][1,4]Joxazine-1-carboxylate (7 g, 22.2

mmol) in DCM (200 mL) was added 3-chlorobenzoperoxoic acid (11.5 g, 66.67 mmol) at room

temperature, the resulting mixture was stirred at 50 °C for 18 h. The reaction mixture was
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cooled to room temperature and filtered to remove the solid, washed with saturated a.q
NaHCO:s solution (100 mL), extracted with DCM (100mL *3), the combined organic layers
were dried, filtered and concentrated. The residue was purified by silica gel chromatography
(DCM : MeOH = 20 : 1) to give the product (5.8 g, 78.8% yield). LC-MS (M+H) *=331.1,
333.1.
Step 6: tert-butyl 7-bromo-6-cyano-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate
[ojl/\Nj:CN

l;l & Br

Boc
To a solution of 7-bromo-1-(tert-butoxycarbonyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine 5-
oxide (2.9 g, 8.8 mmol) in MeCN (100 mL) was added TMSCN (13.04 g, 131.4 mmol) at room
temperature under N2, the resulting solution was stirred at 80 °C for 12 h. The reaction was
concentrated in vacuo, the residue was purified by silica gel chromatography (DCM : MeOH =
50: 1) to give the product (715 mg, 24% yield). LC-MS (M+H) *=340.2, 342.2.
Step 7: tert-butyl 6-cyano-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-

carboxylate
O_Ny_CN

(I

N
|

Boc

F
To a solution of tert-butyl 7-bromo-6-cyano-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-
carboxylate (715 mg, 2.1 mmol) and bis(tri-tert-butylphosphine)palladium (54 mg, 0.11 mmol)
in anhydrous THF (100 mL) was added (4-fluorobenzyl)zinc(II) chloride (8.4 mL, 4.2 mmol,
0.5 M solution in THF) dropwise, the resulting solution was stirred at 60 °C for 2 h. The
reaction was quenched by MeOH (5 mL) and concentrated in vacuo, the residue was purified
by silica gel chromatography (PE : EtOAc=5:1) to give the product (470 mg, 61% yield).
LC-MS (M+H) " =370.4.

Step 8: 7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-6-carbonitrile
O_-N._CN

e

N
H

F
To a solution of tert-butyl 6-cyano-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazine-1-carboxylate (360 mg, 0.98 mmol) in DCM (10 mL) was added HCl in 1,4-
dioxane solution (4 N, 2.5 mL, 10 mmol), the resulting solution was stirred at room

temperature for 12 h. The solution was concentrated in vacuo. The mixture was neutralized
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with aq. NaHCO:s solution and extracted with EtOAc. The combined organic layers were dried,
filtered and concentrated to afford the title compound (260 mg, 99% yield). LC-MS (M+H) © =
270.4.

Step 9: 1-(2-chloroacetyl)-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4 ]oxazine-0-

carbonitrile

0Ny CN
O
C|\/&O
F

2-chloroacetyl chloride (111 mg, 0.98 mmol) was added to a solution of 7-(4-fluorobenzyl)-
2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-6-carbonitrile (100 mg, 0.37 mmol) and EtsN (99
mg, 0.98 mmol) in MeCN (10 mL) at room temperature, the resulting solution was stirred at
room temperature for 12 h. The solution was concentrated in vacuo and the residue was
purified by Prep-TLC (DCM : MeOH = 20 : 1) to afford the title product (68 mg, 53% yield).
LC-MS (M+H) *=346.3.

Step 10: methyl ((benzyloxy)carbonyl)-L-seryl-D-alaninate

IS SN
o
DIEA (36.9 g, 286.4 mmol) was added dropwise to a cooled mixture of (R)-2-amino-propionic
acid methyl ester hydrochloride (20 g, 143.2 mmol), EDC (33 g, 171.8 mmol),
((benzyloxy)carbonyl)-L-serine (34.3 g, 143.2 mmol) and DCM (700 mL). The resultant
mixture was stirred at ambient temperature for 16 h under nitrogen atmosphere. The mixture
was concentrated, the residue was diluted with saturated sodium carbonate solution, water and
extracted with EtOAc. The combined organic layers were washed with 2M HCI solution,
saturated brine solution, dried over Na2SQO4 and concentrated to afford the product (20 g, 43%
yield). LC-MS (M+H) * = 325.1.

Step 11: (3S,6R)-3-(hydroxymethyl)-6-methylpiperazine-2,5-dione
HO_

YN

HN o

To methyl ((benzyloxy)carbonyl)-L-seryl-D-alaninate (10 g, 30.8 mmol) was added 10% Pd/C
(500 mg), MeOH (100 mL) and cyclohexene (65 mL) under nitrogen. The mixture was heated
to reflux and stirred at this temperature for overnight. The hot reaction mixture was filtered
through celite with the cake being washed with hot MeOH. The combined filtrates were

concentrated. The resulting solid was slurried in 2-butanone and petroleum ether was added
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gradually over 10 min. After stirring for 30 min, the solid was filtered, further washed with
PE/2-butanone (v/v=2/1) mixture. The cake was thoroughly dried to afford the product (2.5 g,
51% yield). LC-MS (M+H) *=159.1.

Step 12: ((2R,5R)-5-methylpiperazin-2-yl)methanol hydrochloride salt
HO_

'/:\NH HCI
HN

To (35,6R)-3-(hydroxymethyl)-6-methylpiperazine-2,5-dione (2.5 g, 15.8 mmol) was added a
solution of borane in THF (1M, 126 mL, 126.4 mmol) and the mixture was heated to 70 °C for
18 h. The solution was cooled in ice, then MeOH (30 mL) was gradually added, followed by
5N HCI (8 mL). The mixture was warmed to 70 °C for 2 h and then cooled to room
temperature. The resulting solid was filtered, washed with THF and dried to afford the product
(2.0 g, 77% yield). LC-MS (M+H) "= 131.1.

Step 13: tert-butyl (2R,5R)-5-(hydroxymethyl)-2-methylpiperazine-1-carboxylate

HO\_

(.\ NH
Boc” N

To ((2R,5R)-5-methylpiperazin-2-yl)methanol hydrochloride salt (2 g, 12.0 mmol) in MeOH
(20 mL) at 0 °C was added TEA (3.6 g, 36.0 mmol). Then (Boc):0 (6.3 g, 28.8 mmol) was
added dropwise. The resulting mixture was slowly warmed to room temperature and heated to
50 °C for overnight. The resulting mixture was concentrated and the residue was dissolved in
ethanol (40 mL). A solution of NaOH (2.4 g, 60 mmol) in water (40 mL) was added and the
reaction was heated to 100 °C for 18 h, then cooled to ambient temperature. The mixture was
neutralized with 1N HCI to pH ~9, then extracted with DCM. The combined organic layers
were dried, filtered and concentrated to afford the title product (1.6 g, 58% yield). LC-MS
(M+H) * =231.1.

Step 14: tert-butyl (2R,5R)-4-benzyl-5-(hydroxymethyl)-2-methylpiperazine-1-carboxylate
HO_

'/’\N,Bn
e
A mixture of tert-butyl (2R,5R)-5-(hydroxymethyl)-2-methylpiperazine-1-carboxylate (1.6 g,
6.9 mmol), benzaldehyde (805 mg, 7.6 mmol), sodium triacetoxyborohydride (1.8 g, 8.5
mmol) and DCM (30 mL) was stirred at room temperature for overnight. Then the mixture was
partitioned between saturated NaHCO3 solution and DCM. The combined organic layers were

dried, filtered and concentrated. The residue was purified by silica gel column chromatography
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(DCM : MeOH = 20 : 1) to afford the title product (2.0 g, 90% yield). LC-MS (M+H) * =
321.2.

Step 15: tert-butyl (2R, 5R)-4-benzyl-5-(chloromethyl)-2-methylpiperazine-1-carboxylate
Cl

K;\N’Bn
e
Methanesulfonyl chloride (0.6 mL, 7.4 mmol) was added to a solution of tert-butyl (2R,5R)-4-
benzyl-5-(hydroxymethyl)-2-methylpiperazine- 1-carboxylate (2.0 g, 6.2 mmol) containing
TEA (2.6 mL, 18.4 mmol) in DCM (30 mL) at 0 °C. The mixture was stirred at room
temperature for overnight. The reaction was partitioned between NH4Cl solution and DCM.
The combined organic layers were dried, filtered and concentrated. The crude material was
purified by silica gel column chromatography (PE: EtOAc = 3: 1) to afford the title product
(1.4 g, 67% yield). LC-MS (M+H) *=339.2.
Step 16: tert-butyl (2R,5S)-4-benzyl-2-methyl-5-(((R)-3-methylmorpholino)methyl)piperazine-
1-carboxylate
Y
A

(\N,Bn

To tert-butyl (2R,5R)-4-benzyl-5-(chloromethyl)-2-methylpiperazine-1-carboxylate (1.4 g, 4.1
mmol) in MeCN (20 mL) was added K2COs (1.7 g, 12.3 mmol), KI (1.4 g, 8.4 mmol) and (R)-
3-methylmorpholine (630 mg, 6.2 mmol). The mixture was stirred at 70 °C for overnight. The
solid was filtered off and the solvent was concentrated. The residue was partitioned between
water and DCM. The combined organic layers were dried, filtered and evaporated. The crude
residue was purified by silica gel column chromatography (DCM : MeOH = 40 : 1) to afford
the product (1.3 g, 78% yield). LC-MS (M+H) * = 404.3.

Step 17: tert-butyl (2R,5S)-2-methyl-5-(((R)-3-methylmorpholino)methyl)piperazine-1-

carboxylate

To tert-butyl (2R,5S)-4-benzyl-2-methyl-5-(((R)-3-methylmorpholino)methyl)piperazine-1-
carboxylate (1.3 g, 3.2 mmol) in EtOH (20 mL) was cautiously added Pd/C (130 mg) and
several drops of AcOH. The mixture was stirred under Ha atmosphere at ambient temperature

for 3 h. The mixture was concentrated and extracted with DCM. The combined organic layers
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were washed with saturated NaHCOs solution, dried, filtered and concentrated. The obtained
title compound (1.0 g) was used in next step without purification. LC-MS (M+H) *=314.2.
Step 18: tert-butyl (2R, 5S)-4-(2-(6-cyano-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methyl-5-(((R)-3-methylmorpholino)methyl)piperazine-1-

carboxylate
o)

LN

< 3
: N;/ ’}':
N ~./ CN
Boc’l\ll/\l\)/\g/
F

A solution of 1-(2-chloroacetyl)-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-
6-carbonitrile (68 mg, 0.196 mmol), tert-butyl (2R,5S)-2-methyl-5-(((R)-3-
methylmorpholino)methyl)piperazine-1-carboxylate (62 mg, 0.196 mmol), KI (65 mg, 0.392
mmol) and K2COs (81 mg, 0.588 mmol) in MeCN (10 mL) was stirred at room temperature for
2 h. The reaction solution was concentrated in vacuo to remove solvent, the residue was
washed with H20 (10 mL), extracted with EtOAc (10 mL * 3). The combined organic layers
were concentrated and purified by Prep-TLC (DCM : MeOH = 20 : 1) to afford the title
compound (80 mg, 65.5% yield). LC-MS (M+H) * = 623.7.

Step 19: 7-(4-fluorobenzyl)-1-(2-((2R,5R)-5-methyl-2-(((R)-3-
methylmorpholino)methyl)piperazin-1-yl)acetyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]Joxazine-6-
carbonitrile formate (compound 1)

To tert-butyl (2R,5S)-4-(2-(6-cyano-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methyl-5-(((R)-3-methylmorpholino)methyl)piperazine-1-
carboxylate (80 mg, 0.128 mmol) in DCM (10 mL) was added hydrochloric acid in 1,4-
dioxane solution (4 N, 2.5 mL), the resulting solution was stirred at room temperature for 4 h.
The solution was concentrated in vacuo, dissolved in MeOH (10 mL), adjusted pH to 8 ~ 9 by
addition of aq NaHCOs3 solution, then concentrated in vacuo to removed solvents and the
residue was purified by Prep-HPLC (gradient eluent: CH3;CN/H20 from 10% to 25%,
containing 0.1% FA respectively) to afford compound 1 as formic acid salt (30 mg, 41% yield).
'H NMR (400 MHz, DMSO-d6) § 11.31 - 9.78 (m, 1H), 8.63 (s, 1H), 8.26 (s, 2H), 7.31 - 7.22
(m, 2H), 7.22 - 7.11 (m, 2H), 4.53 - 4.34 (m, 2H), 4.17 -3.79 (m, 6H), 3.52 - 3.31 (m, 2H), 3.26
-2.53 (m, 10H), 2.23 - 2.09 (m, 1H), 2.04 - 1.92 (s, 1H), 1.91 - 1.78 (m, 1H), 1.08 - 1.01 (m,
3H), 0.90 - 0.82 (m, 3H). LC-MS (M+H) *=523.5.

Example 2: 1-(7-(4-fluorobenzyl)-2,3-dihydro- 1H-pyrido[2,3-b][ 1,4]oxazin-1-y1)-2-((2R,5R)-
5-methyl-2-(((R)-3-methylmorpholino)methyl)piperazin-1-yl)ethan-1-one formate (compound
2)

38



10

15

WO 2021/244608 PCT/CN2021/098123

HN\K o "HCOOH

The title compound of Step 1 (1.56 g) was prepared in a manner similar to that described in
Example 1 step 7 from tert-butyl 7-bromo-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-
carboxylate and (4-fluorobenzyl)zinc(I1) chloride. LCMS (M+H) * = 345.2.

Step 2: 7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine
N

o}
L
=

N
H

F
The title compound of Step 2 (100 mg) was prepared in a manner similar to that described in
Example 1 step 8 from tert-butyl 7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazine-1-carboxylate. LC-MS (M+H) © = 2452,

Step 3: 2-chloro-1-(7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)ethan-1-

one
[O N\
I
N Z
M}%
F

The title compound of Step 3 (80 mg) was prepared in a manner similar to that described in
Example 1 step 9 from 7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine and 2-
chloroacetyl chloride. LC-MS (M+H) * =321.1.

Step 4: tert-butyl (2R,58)-4-(2-(7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-
1-yl)-2-oxoethyl)-2-methyl-5-(((R)-3-methylmorpholino)methyl)piperazine-1-carboxylate
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The title compound of Step 4 (80 mg) was prepared in a manner similar to that described in
Example 1 step 18 from 2-chloro-1-(7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)ethan-1-one and tert-butyl (2R,5S)-2-methyl-5-(((R)-3-
methylmorpholino)methyl)piperazine-1-carboxylate. LC-MS (M+H) ™ = 598.6.

Step 5: 1-(7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-y1)-2-((2R,5R)-5-
methyl-2-(((R)-3-methylmorpholino)methyl)piperazin-1-yl)ethan-1-one formate (compound 2)
Compound 2 (20 mg) as its formic acid salt was prepared in a manner similar to that described
in Example 1 step 19 from tert-butyl (2R,5S)-4-(2-(7-(4-fluorobenzyl)-2,3-dihydro-1H-
pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-oxoethyl)-2-methyl-5-(((R)-3-
methylmorpholino)methyl)piperazine-1-carboxylate. 'H NMR (400 MHz, DMSO-d6) & 8.64 -
8.11 (s, 3H), 7.85 (s, 1H), 7.30 - 7.19 (m, 2H), 7.18 - 7.04 (m, 2H), 4.45 - 4.26 (m, 2H), 4.07 -
3.71 (m, 6H), 3.52 - 3.33 (m, 2H), 3.22 - 3.04 (m, 2H), 3.03 - 2.59 (m, 7H), 2.47 - 2.37 (m,
1H), 2.21 - 2.07 (m, 1H), 2.04 - 1.91 (m, 1H), 1.89 - 1.74 (m, 1H), 1.02 (d, /= 5.8 Hz, 3H),
0.91 - 0.74 (m, 3H). LC-MS (M+H) * = 498.6.

Example 3: 7-(4-fluorobenzyl)-1-(2-((2R,5R)-5-methyl-2-(((R)-3-
methylmorpholino)methyl)piperazin-1-yl)acetyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4Joxazine-6-

carboxamide formate (compound 3)
X
N (\ Q

Ne?Z N o
\
(\N/\n/ —
HN\H 6] NH,
‘HCOOH

F
Step 1: 7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4 ]oxazine-6-carboxamide
0]

To tert-butyl 6-cyano-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-1-
carboxylate (680 mg, 1.84 mmol) in DMSO (6 mL) and H20 (10 mL) was added KOH (1.55 g,
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27.6 mmol), the resulting solution was stirred at 120 °C for 12 h. Solvents was removed in
vacuo, the residue was purified by Prep- TLC (DCM : MeOH = 30 : 1) to afford the title
product (40 mg, 7.5% yield). LC-MS (M+H) * = 288.1.

Step 2: 7-(4-fluorobenzyl)-1-(2-((2R,5R)-5-methyl-2-(((R)-3-
methylmorpholino)methyl)piperazin-1-yl)acetyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4 Joxazine-6-
carboxamide formate (compound 3)

Compound 3 (30 mg) as its formic acid salt was prepared in a manner similar to that described
in Example 1 step 9 and step 18~19 from 7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazine-6-carboxamide and tert-butyl (2R,5S)-2-methyl-5-(((R)-3-
methylmorpholino)methyl)piperazine-1-carboxylate. 'H NMR (400 MHz, DMSO-d6) § 10.26 -
8.03 (m, 4H), 7.79 (s, 1H), 7.44 (s, 1H), 7.30 - 7.17 (m, 2H), 7.14 — 6.99 (m, 2H), 4.52 - 4.17
(m, 4H), 4.13 - 3.72 (m, 4H), 3.54 - 3.29 (m, 2H), 3.17 - 3.02 (m, 2H), 3.01 - 2.76 (m, 4H),
2.73 -2.57 (m, 3H), 2.48 - 2.35 (m, 1H), 2.21 - 2.08 (m, 1H), 2.04 - 1.90 (m, 1H), 1.88 - 1.71
(m, 1H), 1.05 - 0.95 (m, 3H), 0.92 - 0.80 (m, 3H). LC-MS (M+H) © =541.6.

Example 4: 1-(6-bromo-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-y1)-2-
((2R,5R)-5-methyl-2-(((R)-3-methylmorpholino)methyl)piperazin-1-yl)ethan-1-one
(compound 4)

X

! 0
3 g\/ N
N AL
HN\K o)
F

Step 1: 6-bromo-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine
O _N Br

(I

N
H

F
To 7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine (612 mg, 2.51 mmol) in
DMF (15 mL) was added NBS (446 mg, 2.51 mmol) in portions at 0 °C, the resulting solution
was stirred at room temperature for 2 h. Water (30 mL) was added and the mixture was
extracted with EtOAc( 15mL * 3). The combined organic layers were dried, filter and
concentrated. The residue was purified by silica gel chromatography (DCM : MeOH =50 : 1)
to give the title product (350 mg, 43.2% yield). LC-MS (M+H) * = 323.0, 325.0.

Step 2: tert-butyl 6-bromo-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-

carboxylate
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To 6-bromo-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine (350 mg, 1.1
mmol) in THF (10 mL) was added TEA (330 mg, 3.3 mmol). The mixture was cooled to 0 °C.
Then (Boc)20 (480 mg, 2.2 mmol) was added dropwise. The mixture was stirred at room
temperature for overnight. The mixture was concentrated and the resulting residue was purified
by silica gel column chromatography (PE : EtOAc =3 : 1) to afford the title product (300 mg,
64% yield). LC-MS (M+H) "=423.1, 425.1.

Step 3: 1-(6-bromo-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)-2-
((2R,5R)-5-methyl-2-(((R)-3-methylmorpholino)methyl)piperazin-1-yl)ethan-1-one
(compound 4)

Compound 4 as formic acid salt was prepared in a manner similar to that described in Example
1 step 8~9 and step 18~19 from tert-butyl 6-bromo-7-(4-fluorobenzyl)-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine-1-carboxylate and tert-butyl (2R,5S)-2-methyl-5-(((R)-3-
methylmorpholino)methyl)piperazine-1-carboxylate. The salt was neutralized with aq.
NaHCOs and extracted with EtOAc. The combined EtOAc layers were dried, filtered and
concentrated. The residue was further lyophilized to afford compound 4 (27 mg) as free base.
'H NMR (400 MHz, DMSO-d6) & 8.46 (s, 1H), 8.25 (s, 1H), 7.28 - 7.18 (m, 2H), 7.17 - 7.09
(m, 2H), 4.52 - 429 (m, 2H), 4.12 - 3.89 (m, 3H), 3.88 - 3.60 (m, 2H), 3.55 - 3.09 (m, 4H),
3.08 -2.58 (m, 7H), 2.45 - 2.26 (m, 2H), 2.16 (s, 1H), 2.03 - 1.92 (m, 1H), 1.85 - 1.73 (m, 1H),
1.01-0.91 (m, 3H), 0.91 - 0.74 (m, 3H). LC-MS (M+H) " =576 5.

Example 5: 1-(7-(4-flucrobenzyl)-6-methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)-2-
((ZR,5R)-5-methyl-2-(((R)-3-methylmorpholino)methyl)piperazin-1-yl)ethan-1-one

(compound 5)

e

~h (Y
Isata®
. éf

Step 1: tert-butyl 7-(4-fluorobenzyl)-6-methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-

carboxylate
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To a solution of tert-butyl 6-bromo-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazine-1-carboxylate (300 mg, 0.709 mmol) and methylboronic acid (128 mg, 2.13
mmol) in 1,4 - dioxane (20 mL) and H20 (5 mL) was added Pd(PPhs)4 (82 mg, 0.071 mmol)
and Cs2CO3 (699 mg, 2.15 mmol), the resulting solution was stirred at 100 °C for 12 h. The
reaction solution was cooled to room temperature and washed by H2O (25mL) and extracted
with EtOAc(20mL * 3). The combined organic layers were dried over Na2SO4, concentrated in
vacuo and purified by silica gel chromatography (PE : EtOAc =5 : 1) to give the title product
(250 mg, 98% yield). LC-MS (M+H) *=359.2.

Step 2: 1-(7-(4-fluorobenzyl)-6-methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)-2-
((2ZR,5R)-5-methyl-2-(((R)-3-methylmorpholino)methyl)piperazin-1-yl)ethan-1-one
(compound 5)

Compound 5 as formic acid salt was prepared in a manner similar to that described in Example
1 step 8~9 and step 18~19 from tert-butyl 7-(4-fluorobenzyl)-6-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine-1-carboxylate and tert-butyl (2R,5S)-2-methyl-5-((R)-3-
methylmorpholino)methyl)piperazine-1-carboxylate. The salt was neutralized with aq.
NaHCO:s and extracted with EtOAc. The combined EtOAc layers were dried, filtered and
concentrated. The residue was further lyophilized to afford compound 5 (12.6 mg) as free base.
'H NMR (400 MHz, DMSO-d6) & 8.49 -8.06 (m, 1H), 7.21 - 7.03 (m, 4H), 4.45 - 4.24 (m, 2H)
4.10 - 3.96 (m, 2H), 3.92 - 3.84 (m, 2H), 3.85 - 3.70 (m, 1H), 3.59 - 3.41 (m, 3H), 3.29 - 3.15
(m, 1H), 3.07 - 2.65 (m, 5H), 2.63 - 2.53 (m, 2H), 2.31 - 2.18 (m, 4H), 2.18 - 2.06 (m, 1H),
2.01 - 1.84 (m, 2H), 1.78 - 1.65 (m, 1H), 1.00 - 0.66 (m, 6H). LC-MS (M+H) ~=512.3.
Example 6: 1-(6-cyclopropyl-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-
y)-2-((2R,5R)-5-methyl-2-(((R)-3-methylmorpholino)methyl)piperazin-1-yl)ethan-1-one

s

(compound 6)

0

S
Ayt
ol S g)/\q

Step 1: tert-butyl 6-cyclopropyl-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-

1-carboxylate
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To a solution of tert-butyl 6-bromo-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazine-1-carboxylate (73 mg, 0.173 mmol) and cyclopropyl boronic acid (22 mg, 0.258
mmol) in toluene (10 mL) and H20 (5 mL) was added Pd(OAc): (2 mg, 0.009 mmol) and
tricyclohexylphospine (5 mg, 0.018 mmol) and K3PO4 (109 mg, 0.518 mmol), the resulting
solution was stirred at 80 °C under Nz for 12 h. The reaction solution was concentrated in
vacuo to remove toluene, washed with water (10 mL) and extracted with EtOAc (10mL * 3).
The combined organic layers were dried over Na2SOs, filtered and concentrated to afford crude
product (78 mg), which was used in the next step without further purification. LC-MS (M+H) *
=385.3.

Step 2: 1-(6-cyclopropyl-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-
((2R,5R)-5-methyl-2-(((R)-3-methylmorpholino)methyl)piperazin-1-yl)ethan-1-one
(compound 6)

Compound 6 as formic acid salt was prepared in a manner similar to that described in Example
1 step 8~9 and step 18~19 from tert-butyl 6-cyclopropyl-7-(4-fluorobenzyl)-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine-1-carboxylate and tert-butyl (2R,5S)-2-methyl-5-(((R)-3-
methylmorpholino)methyl)piperazine-1-carboxylate. The salt was neutralized with aq.
NaHCOs and extracted with EtOAc. The combined organic layers were dried, filtered and
concentrated. The residue was further lyophilized to afford compound 6 (10 mg) as free base.
'H NMR (400 MHz, DMSO-d6) § 8.54 (s, 1H), 8.29 (s, 1H), 7.26 - 7.16 (m, 2H), 7.16 - 7.06
(m, 2H), 4.43 - 4.19 (m, 2H), 4.12 - 3.92 (m, 4H), 3.82 - 3.72 (m, 1H), 3.53 - 3.43 (m, 3H),
3.29-3.17 (m, 1H), 3.05 - 2.78 (m, 2H), 2.77 - 2.63 (m, 3H), 2.61 - 2.55 (m, 1H), 2.31 - 2.05
(m, 4H), 2.01 - 1.86 (m, 2H), 1.80 - 1.66 (m, 1H), 0.95 - 0.66 (m, 10H). LC-MS (M+H) * =
5384.

Example 7: 1-(7-(4-fluorobenzyl)-6-(trifluoromethyl)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)-2-((2R,5R)-5-methyl-2-(((R)-3-methylmorpholino)methyl )piperazin-1-
yl)ethan-1-one (compound 7)

84

N O
J g\/“\‘
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F
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Step 1: tert-butyl 7-(4-fluorobenzyl)-6-(trifluoromethyl)-2,3-dihydro-1H-pyrido[2,3-

b][1,4]oxazine-1-carboxylate

[O |N\ CF3
'l\‘ =
Boc

F

To a solution of tert-butyl 6-bromo-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazine-1-carboxylate (110 mg, 0.26 mmol) and methyl 2,2-difluoro-2-
(fluorosulfonyl)acetate (200 mg, 1.04 mmol) in DMF (5 mL) was added Cul (99 mg, 0.52
mmol), the resulting solution was stirred at 120 °C for 1 hour. The reaction solution was cooled
to room temperature, washed by H20 (10 mL) and extracted with EtOAc (10 mL * 3). The
combined organic layers were dried over Na2SOs, filtered and concentrated in vacuo, the
residue was purified by silica gel column chromatography (PE: EtOAc =5 : 1) to give the title
product (73 mg, 68% yield). LC-MS (M+H) *=413.2.

Step 2: 1-(7-(4-fluorobenzyl)-6-(trifluoromethyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4 ]Joxazin-1-
y1)-2-((2R,5R)-5-methyl-2-(((R)-3-methylmorpholino)methyl)piperazin-1-yl)ethan-1-one
(compound 7)

Compound 7 as formic acid salt was prepared in a manner similar to that described in Example
1 step 8~9 and step 18~19 from tert-butyl 7-(4-fluorobenzyl)-6-(trifluoromethyl)-2,3-dihydro-
1H-pyrido[2,3-b][1,4]oxazine- 1-carboxylate and tert-butyl (2R,5S)-2-methyl-5-(((R)-3-
methylmorpholino)methyl)piperazine-1-carboxylate. The salt was neutralized with aq.
NaHCOs and extracted with EtOAc. The combined organic layers were dried, filtered and
concentrated. The residue was further lyophilized to afford compound 7 (26.4 mg) as free base.
"H NMR (400 MHz, DMSO-d6) § 8.58 (s, 1H), 7.27 - 7.05 (m, 4H), 4.53 - 4.35 (m, 2H), 4.16 -
3.95 (m, 4H), 3.92 - 3.81 (m, 1H), 3.78 - 3.65 (m, 1H), 3.53 - 3.37 (m, 2H), 3.19 - 3.07 (m,
1H), 2.97 - 2.77 (m, 4H), 2.76 - 2.57 (m, 3H), 2.47 - 2.29 (m, 2H), 2.20 - 2.09 (m, 1H), 2.01 -
1.89 (m, 1H), 1.83 - 1.73 (m, 1H), 0.97 - 0.89 (m, 3H), 0.89 - 0.80 (m, 3H). LCMS (M+H) "=
566.3.

Example 8: 1-(7-(4-fluorobenzyl)-6-(hydroxymethyl)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)-2-((2R,5R)-5-methyl-2-(((R)-3-methylmorpholino)methyl)piperazin-1-
yl)ethan-1-one (compound 8)
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Step 1: 1-(tert-butoxycarbonyl)-7-(4-fluorobenzyl)-6-methyl-2,3-dihydro-1H-pyrido[2,3-

b][1,4]oxazine 5-oxide
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The title compound of Step 1 (1.2 g) was prepared in a manner similar to that described in
Example 1 step 5 from tert-butyl 7-(4-fluorobenzyl)-6-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazine-1-carboxylate. LC-MS (M+H) ©=375.2.

Step 2: tert-butyl 6-(acetoxymethyl)-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-

b][1,4]oxazine-1-carboxylate

A solution of 1-(tert-butoxycarbonyl)-7-(4-fluorobenzyl)-6-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazine S-oxide (1.2 g, 3.2 mmol) in Ac20 (20 mL) was stirred at 130 °C for 3 hours.
The reaction solution was cooled to room temperature, water (50 mL) was added and the
mixture was extracted with EtOAc (SmL * 3). The combined organic layers were dried over
Naa2S0s, filtered and concentrated in vacuo to afford crude product (1.0 g) which was used in
the next step directly without purification. LC-MS (M+H) "= 417.2.

Step 3: tert-butyl (2R,55)-4-(2-(6-(acetoxymethyl)-7-(4-fluorobenzyl)-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methyl-5-(((R)-3-

methylmorpholino)methyl)piperazine-1-carboxylate
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The title compound of Step 3 (40 mg) was prepared in a manner similar to that described in
Example 1 step 8~9 and step 18 from tert-butyl 6-(acetoxymethyl)-7-(4-fluorobenzyl)-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate and tert-butyl (2R,5S)-2-methyl-5-(((R)-
3-methylmorpholino)methyl)piperazine-1-carboxylate. LC-MS (M+H) * = 670 4.

Step 4: tert-butyl (2R,5S)-4-(2-(7-(4-fluorobenzyl)-6-(hydroxymethyl)-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methyl-5-(((R)-3-

methylmorpholino)methyl)piperazine-1-carboxylate
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A solution of tert-butyl (2R,5S)-4-(2-(6-(acetoxymethyl)-7-(4-fluorobenzyl)-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methyl-5-(((R)-3-
methylmorpholino)methyl)piperazine-1-carboxylate (40 mg, 0.06 mmol) in MeOH (5 mL) and
H:20 (5 mL) was added NaOH (12 mg, 0.3 mmol), the resulting solution was stirred at room
temperature for 3 hours. The reaction solution was extracted with EtOAc (10mL * 3). The
combined organic layers were dried, filtered and concentrated. The residue was purified by
Prep-TLC (DCM: MeOH = 20 : 1) to afford the title product (20 mg, 53% yield). LC-MS
(M+H) * = 628.3.

Step 3: 1-(7-(4-fluorobenzyl)-6-(hydroxymethyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-
y1)-2-((2R,SR)-5-methyl-2-(((R)-3-methylmorpholino)methyl)piperazin-1-yl)ethan-1-one
(compound 8)

Compound 8 as formic acid salt was prepared in a manner similar to that described in Example
1 step 19 from tert-butyl (2R,5S)-4-(2-(7-(4-fluorobenzyl)-6-(hydroxymethyl)-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methyl-5-(((R)-3-
methylmorpholino)methyl)piperazine-1-carboxylate. The salt was neutralized with aq.
NaHCO:s and extracted with EtOAc. The combined organic layers were dried, filtered and
concentrated. The residue was further lyophilized to afford compound 8 (5.7 mg) as free base.
'H NMR (400 MHz, DMSO-d6) & 8.34 (s, 1H), 7.26 - 7.16 (m, 2H), 7.16 - 7.06 (m, 2H), 5.11
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(s, 1H), 4.49 - 426 (m, 4H), 4.06 - 3.68 (m, 6H), 3.53 - 3.37 (m, 2H), 3.26 - 2.60 (m, 10H),
223 -2.11 (m, 1H), 2.05 - 1.94 (m, 1H), 1.91 - 1.80 (m, 1H), 1.10 - 1.01 (m, 3H), 0.95 -0.76
(m, 3H). LC-MS (M+H) "= 528 3.

Example 9: 1-(7-(4-fluorobenzyl)-6-hydroxy-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]Joxazin-1-yl)-
2-((2R,5R)-5-methyl-2-(((R)-3-methylmorpholino)methyl)piperazin-1-yl)ethan-1-one
(compound 9)
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Step 1: 1-(tert-butoxycarbonyl)-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine
S5-oxide

e}
i

O N

O
N =
|

Boc

F
The title compound of Step 1 (166 mg) was prepared in a manner similar to that described in
Example 1 step 5 from tert-butyl 7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazine-1-carboxylate. LC-MS (M+H) © =361.3.

Step 2: tert-butyl 6-acetoxy-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-1-

carboxylate
O_N_0O

CIY

\

Boc

r

A solution of 1-(tert-butoxycarbonyl)-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazine S-oxide (166 mg, 0.461 mmol) in Ac20 (2 mL) was stirred at 130 °C for 3
hours. The reaction solution was cooled to room temperature, water (5 mL) was added and the
mixture was extracted with EtOAc (5 mL * 3). The combined organic layers were dried over
Na2S04, filtered and concentrated in vacuo to afford the title product (160 mg) which was used
in the next step directly without purification. LC-MS (M+H) = 403.2.
Step 3: 7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-6-0l
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To a solution of tert-butyl 6-acetoxy-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazine-1-carboxylate (160 mg, 0.398 mmol) in DCM (5 mL) was added TFA (1 mL),
the resulting solution was stirred at room temperature for 2 h. The reaction solution was
concentrated in vacuo, the resultant residue was purified by Prep-TLC (DCM: MeOH =15 : 1)
to afford the title product (38 mg, 37% yield). LC-MS (M+H) "= 261.2.

Step 4: 2-chloro-1-(7-(4-fluorobenzyl)-6-hydroxy-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-
yl)ethan-1-one

O Ny _-OH
O
C|\/&O
F

The title compound of Step 4 (60 mg) was prepared in a manner similar to that described in
Example 1 step 9 from 7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-6-o0l and
2-chloroacetyl chloride. LC-MS (M+H) ™ =337.2.

Step 5: tert-butyl (2R,5S)-4-(2-(7-(4-fluorobenzyl)-6-hydroxy-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methyl-5-(((R)-3-methylmorpholino)methyl)piperazine-1-

carboxylate
0

(N

.
: NE/ '}‘:
N S—
Boc’l\? /\g/ >
F

The title compound of Step 5 (20 mg) was prepared in a manner similar to that described in
Example 1 step 18 from 2-chloro-1-(7-(4-fluorobenzyl)-6-hydroxy-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)ethan-1-one and tert-butyl (2R,5S)-2-methyl-5-(((R)-3-
methylmorpholino)methyl)piperazine-1-carboxylate. LC-MS (M+H) ©=614.5.

Step 6: 1-(7-(4-fluorobenzyl)-6-hydroxy-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-
((2R,5R)-5-methyl-2-(((R)-3-methylmorpholino)methyl)piperazin-1-yl)ethan-1-one
(compound 9)

Compound 9 as formic acid salt was prepared in a manner similar to that described in Example

1 step 19 from tert-butyl (2R,5S)-4-(2-(7-(4-fluorobenzyl)-6-hydroxy-2,3-dihydro-1H-
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pyrido[2,3-b][1,4]oxazin-1-y])-2-oxoethyl)-2-methyl-5-(((R)-3-
methylmorpholino)methyl)piperazine-1-carboxylate. The salt was neutralized with aq.
NaHCOs and extracted with EtOAc. The combined organic layers were dried, filtered and
concentrated. The residue was further lyophilized to afford compound 9 (5.2 mg) as free base.
'H NMR (400 MHz, DMSO-d6) § 9.39 (s, 1H), 8.71 (s, 1H), 8.17 (s, 1H), 7.34 - 7.15 (m, 2H),
7.15 - 7.02 (m, 2H), 4.45 - 4.25 (m, 2H), 4.03 - 3.65 (m, 6H), 3.57 - 3.39 (m, 3H), 3.30 - 3.05
(m, 3H), 3.03 - 2.78 (m, 4H), 2.75 - 2.56 (m, 2H), 2.28 - 2.15 (m, 1H), 2.11 - 2.01 (m, 1H),
1.99 - 1.83 (m, 1H), 1.20 - 1.09 (m, 3H), 0.96 - 0.79 (m, 3H). LC-MS (M+H) * = 514.5.
Example 10: 1-(7-(4-fluorobenzyl)-3-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-
2-((2R,5R)-5-methyl-2-(((R)-3-methylmorpholino)methyl)piperazin-1-yl)ethan-1-one
(compound 10)

HsG

T
Ay O
HN\H 0
E
Step lzoethyl 2-((5-bromo-3-nitropyridin-2-yl)oxy)propanoate
0N~ g,

To 5-bromo-2-chloro-3-nitropyridine (11.87 g, 50 mmol) and ethyl 2-hydroxypropanoate (8.85
g, 75 mmol) in anhydrous THF (100 mL) was added NaH (4 g, 60% dispersion in mineral oil,
100 mmol) slowly at 0 °C. The resulting solution was stirred at room temperature for 1 h. The
reaction was quenched by water (20 mL) and extracted with EtOAc¢ (100 mL*3), combined
EtOAc phase was dried over Na2SOg, filtered and evaporated in vacuo. The residue was
purified by silica gel chromatography (PE: EtOAc =10 : 1) to give the title product (8.5 g,
53% yield). LC-MS (M+H) *=319.0, 321.0.
Step 2: 7-bromo-3-methyl-1H-pyrido[2,3-b][1,4]oxazin-2(3H)-one

O.__N
T I
07NN g

H
To ethyl 2-((5-bromo-3-nitropyridin-2-yl)oxy)propanoate (8.5 g, 26.7 mmol) in AcOH (100
mL) was added Fe powder (17.3g, 310 mmol) slowly at 70 °C, the resulting mixture was stirred
at 70 °C for 1 h. AcOH was removed in vacuo, The resulting solid was washed with MeOH
(200 mL), filtered. Repeat this procedure for 5 times. MeOH phase was concentrated in vacuo

to give crude product (2.2 g), which was used directly in next step without purification. LC-MS
(M+H) * = 243.0, 245 0.
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Step 3: 7-bromo-3-methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine
T

” Z Br
To 7-bromo-3-methyl-1H-pyrido[2,3-b][1,4]oxazin-2(3H)-one (2.2 g, 9.05 mmol) in anhydrous
THF (50 mL) was added borane in THF (1N, 23 mL) dropwise at room temperature, the
resulting solution was stirred at 60 °C for 1 h. The reaction was cooled to room temperature,
quenched by MeOH (10 mL), adjusted pH to 1~2 by addition of 1N HCI, and stirred at 60 °C
for 1h. The reaction mixture was cooled to room temperature, Water (100 mL) was added and
adjusted pH to 8~9, extracted with EtOAc (100 mL*3). The combined EtOAc layers were
dried over Na2SOu4, filtered and evaporated in vacuo to give the title product (1.2 g) which was

used in the next step without purification. LC-MS (M+H) ©=229.0, 231.0.
Stepo4: tert-butyl 7-bromo-3-methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]Joxazine-1-carboxylate
N

T,

Boc
To 7-bromo-3-methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine (1 g, 4.37 mmol), DMAP (0.8
g, 6.55 mmol) and Et3N (0.882 g, 8.72 mmol) in THF (30 mL) was added (Boc)20 (1.42 g,
6.55 mmol) dropwise at 0 °C. The mixture was stirred at room temperature for 12 hours. The
reaction was washed with water (50 mL), extracted with EtOAc (50 mL*3). The combined
EtOAc layers were dried over Na2SOs, filtered and evaporated in vacuo. The residue was
purified by silica gel chromatography (PE: EtOAc=5: 1) to give the title product (0.99 g,
69% yield). LC-MS (M+H) * = 329.2, 331.2.
Step 5: tert-butyl 7-(4-fluorobenzyl)-3-methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-
carboxylate

O Ny,
T

N
I

Boc

F
To a solution of tert-butyl 7-bromo-3-methyl-2, 3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-
carboxylate (990 mg, 3 mmol) and bis(tri-tert-butylphosphine)palladium (77 mg, 0.15 mmol)
in anhydrous THF (20 mL) was added (4-fluorobenzyl)zinc(II) chloride solution (0.5N, 12 mL,
6 mmol) dropwise, the resulting solution was stirred at 60 °C for 2 h. The reaction was
quenched by McOH (5 mL) and concentrated in vacuo, the residue was purified by silica gel
chromatography (PE: EtOAc =5: 1) to give the title product (850 mg, 79% yield). LC-MS
(M+H) * =359 4.

Step 6: 7-(4-fluorobenzyl)-3-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine
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To a solution of tert-butyl 7-(4-fluorobenzyl)-3-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazine-1-carboxylate (850 mg, 2.37 mmol) in DCM (10 mL) was added hydrochloric
acid in 1,4-dioxane solution (4 N, 2.5 mL, 10 mmol), the resulting solution was stirred at room
temperature for 12 h. The solution was concentrated in vacuo. NaHCOs3 solution (sat, 20 mL)
was added, extracted with DCM (20 mL). The combined organic layers were washed with
brine (20 mL), dried with Na2SO4, concentrated to afford the title product (550 mg, 90% yield).
LC-MS (M+H) *=259.1.

Step 7: 2-chloro-1-(7-(4-fluorobenzyl)-3-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-
yl)ethan-1-one

AP S
C|\/1§o

The title compound of Step 7 (110 mg) was prepared in a manner similar to that described in
Example 1 step 9 from 7-(4-fluorobenzyl)-3-methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine
and 2-chloroacetyl chloride. LC-MS (M+H) * = 334.9.

Step 8: tert-butyl (2R,5S)-4-(2-(7-(4-fluorobenzyl)-3-methyl-2,3-dihydro-1H-pyrido[ 2,3-
b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methyl-5-(((R)-3-methylmorpholino)methyl)piperazine-1-

carboxylate
o HaC
G
H /N
20"
,N\l) o]
Boc
F

The title compound of Step 8 (45 mg) was prepared in a manner similar to that described in
Example 1 step 18 from 2-chloro-1-(7-(4-fluorobenzyl)-3-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)ethan-1-one and tert-butyl (2R,5S)-2-methyl-5-(((R)-3-
methylmorpholino)methyl)piperazine-1-carboxylate. LC-MS (M+H) * =612 3.

Step 9: 1-(7-(4-fluorobenzyl)-3-methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)-2-
((2R,5R)-5-methyl-2-(((R)-3-methylmorpholino)methyl)piperazin-1-yl)ethan-1-one
(compound 10)
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Compound 10 as formic acid salt was prepared in a manner similar to that described in
Example 1 step 19 from tert-butyl (2R,55)-4-(2-(7-(4-fluorobenzyl)-3-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methyl-5-(((R)-3-
methylmorpholino)methyl)piperazine-1-carboxylate. The salt was neutralized with aq.
NaHCOs and extracted with EtOAc. The combined organic layers were dried, filtered and
concentrated. The residue was further lyophilized to afford compound 10 (8 mg) as free base.
'H NMR (400 MHz, DMSO-d6) & 8.28 (s, 1H), 7.85 (s, 1H), 7.26 (s, 2H), 7.14 - 7.12 (m, 2H),
4.48 (s, 1H), 4.09 - 4.05 (m, 2H), 3.88 (s, 2H), 3.55 (s, 1H), 3.49 - 3.47 (m, 3H), 3.26 - 3.20
(m, 1H), 2.93 (s, 1H), 2.79 - 2.76 (m, 3H), 2.70 - 2.59 (m, 4H), 2.32 - 2.26 (m, 1H), 2.16 (brs,
2H), 2.01 - 1.94 (m, 1H), 1.77 - 1.72 (m, 1H), 1.34 - 1.28 (m, 3H), 0.91 - 0.82 (m, 6H). LC-MS
(M+H)* = 512.0.

Example 11: 1-(6-bromo-7-(4-fluorobenzyl)-3-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl1)-2-((2R,5R)-5-methyl-2-(((R)-3-methylmorpholino)methyl)piperazin-1-
yl)ethan-1-one (compound 11)

O
'

\
Br

F
Step 1: 6-bromo-7-(4-fluorobenzyl)-3-methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine

0] N Br
\[ | KN
N Z

H

E
To 7-(4-fluorobenzyl)-3-methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine (620 mg, 2.4
mmol) in DMF (15 mL) was added NBS (428 mg, 2.4 mmol) at 0 °C, the resulting solution
was stirred at room temperature for 2 h. Water (30 mL) was added and extracted with EtOAc
( 15mL * 3). The combined organic layers were concentrated and purified by silica gel
chromatography (PE : EtOAc =3 : 1) to afford the title product (350 mg, 43% yield). LC-MS
(M+H) * =337.0, 339.0

Step 2: 1-(6-bromo-7-(4-fluorobenzyl)-3-methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-
yl)-2-chloroethan-1-one
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The title compound of Step 2 (140 mg) was prepared in a manner similar to that described in
Example 1 step 9 from 6-bromo-7-(4-fluorobenzyl)-3-methyl-2,3-dihydro- 1H-pyrido[2,3-
b][1,4]oxazine and 2-chloroacetyl chloride. LC-MS (M+H) " =413.3, 415.3.
Step 3: tert-butyl (2R,5S)-4-(2-(6-bromo-7-(4-fluorobenzyl)-3-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methyl-5-(((R)-3-
methylmorpholino)methyl)piperazine-1-carboxylate
HaC

O )
L s

: N—” N\
Ay

o}

N
Boc” \ﬁ

The title compound of Step 3 (80 mg) was prepared in a manner similar to that described in

Br

F

Example 1 step 18 from 1-(6-bromo-7-(4-fluorobenzyl)-3-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)-2-chloroethan-1-one and tert-butyl (2R,5S)-2-methyl-5-(((R)-3-
methylmorpholino)methyl)piperazine-1-carboxylate. LC-MS (M+H) * = 690.3, 692.3.

Step 4: 1-(6-bromo-7-(4-fluorobenzyl)-3-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-
y1)-2-((2R, SR)-5-methyl-2-(((R)-3-methylmorpholino)methyl)piperazin-1-yl)ethan-1-one
(compound 11)

Compound 11 as formic acid salt was prepared in a manner similar to that described in
Example 1 step 19 from tert-butyl (2R,58)-4-(2-(6-bromo-7-(4-fluorobenzyl)-3-methyl-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methyl-5-(((R)-3-
methylmorpholino)methyl)piperazine-1-carboxylate. The salt was neutralized with aq.
NaHCOs and extracted with EtOAc. The combined organic layers were dried, filtered and
concentrated. The residue was further lyophilized to afford compound 11 (10 mg) as free base.
'H NMR (400 MHz, DMSO-d6) 5 8.42 (s, 1H), 7.23 (s, 2H), 7.23 - 7.14 (m, 2H), 4.55 (s, 1H),
4.13 - 4.09 (m, 2H), 3.97 (s, 2H), 3.59 (brs, 1H), 3.55 - 3.42 (m, 3H), 3.27 - 3.21 (m, 1H), 2.95
(brs, 1H), 2.77 - 2.74 (m, 3H), 2.65 - 2.59 (m, 3H), 2.30 - 2.23 (m, 1H), 2.16 (brs, 2H), 2.00 -
1.95 (m, 2H), 1.76 - 1.73 (m, 1H), 133 (d, J = 4.0 Hz, 3H), 0.86 (d, /= 8.0 Hz, 6 H). LC-MS
(M+H) * = 590.0, 592.0.
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Example 12: 1-(6-bromo-7-(4-fluorobenzyl)-3,3-dimethyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl1)-2-((2R,5R)-5-methyl-2-(((R)-3-methylmorpholino)methyl)piperazin-1-

yl)ethan-1-one (compound 12)
CHa

OK,/\N: H3C?/\O N
IS RE
T

Br

F
Step 1: 2-bromo-N-(5-bromo-2-hydroxypyridin-3-yl)-2-methylpropanamide

S
N B
B% N f

To a solution of 3-amino-5-bromopyridin-2-ol (4 g, 21.2 mmol) in THF (40 mL) was added
TEA (6.4 g, 63.5 mmol). The mixture was cooled to 0 °C. 2-bromo-2-methyl-propanoyl
bromide (5.3 g, 23.3 mmol) was added dropwise. The mixture was slowly warmed to room
temperature and stirred for 2 h. The mixture was concentrated, diluted with water and extracted
with EtOAc. The combined organic layers were dried, filtered and concentrated. The residue
was purified by silica gel column chromatography (PE : EtOAc =1 : 1) to afford the title
product (4.2 g, 60% yield). LC-MS (M+H) * =336 9.

Step 2: 7-bromo-3,3-dimethyl-1H-pyrido[2,3-b][1,4]oxazin-2(3H)-one

io | Ny

07N 2 pr

To a solution of 2-bromo-N-(5-bromo-2-hydroxypyridin-3-yl)-2-methylpropanamide (4.2 g,
12.5 mmol) in DMF (100 mL) was added K2CO3 (5.2 g, 37.5 mmol). The mixture was warmed
to 70 °C and stirred for 8 h. After cooling, the mixture was concentrated, diluted with H20 and
extracted with EtOAc. The combined organic layers were dried, filtered and evaporated. The
residue was purified by silica gel column chromatography (DCM : MeOH = 30 : 1) to afford
the title product (1.6 g, 50% yield). LC-MS (M+H) * = 257.0, 259.0.

Step 3: 7-bromo-3,3-dimethyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine

A(o N
)P
N~ gy

H
The title compound of Step 3 (830 mg) was prepared in a manner similar to that described in
Example 1 step 3 from 7-bromo-3,3-dimethyl-1H-pyrido[2,3-b][1,4]oxazin-2(3H)-one. LC-MS
(M+H) * = 243.0, 245 0.

Step 4: tert-butyl 7-bromo-3,3-dimethyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-

carboxylate
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H3C
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Boc
The title compound of Step 4 (830 mg) was prepared in a manner similar to that described in
Example 10 step 4 from 7-bromo-3,3-dimethyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine. LC-
MS (M+H) * = 342.9, 344.9.
5  Step 5: tert-butyl 7-(4-fluorobenzyl)-3,3-dimethyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-

1-carboxylate
H3C

ON
chﬁ[ s
’?| =

Boc

F
The title compound of Step 5 (500 mg) was prepared in a manner similar to that described in
Example 10 step 5 from tert-butyl 7-bromo-3,3-dimethyl-2,3-dihydro-1H-pyrido[2,3-
10 b][1,4]oxazine-1-carboxylate. LC-MS (M+H) ™ =373.0.

Step 6: 7-(4-fluorobenzyl)-3,3-dimethyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine
HsC

HgCA[O | Nx
%

N
H

F
The title compound of Step 6 (280 mg) was prepared in a manner similar to that described in
Example 10 step 6 from tert-butyl 7-(4-fluorobenzyl)-3,3-dimethyl-2,3-dihydro-1H-pyrido[2,3-
15 b][1,4]oxazine-1-carboxylate. LC-MS (M+H) © =273.0.

Step 7: 6-bromo-7-(4-fluorobenzyl)-3,3-dimethyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine
HaC

Hst[O lN\ Br
F

N
H

F
The title compound of Step 7(230 mg) was prepared in a manner similar to that described in
Example 11 step 1 from 7-(4-fluorobenzyl)-3,3-dimethyl-2,3-dihydro-1H-pyrido[2,3-

20 b][1,4]oxazine. LC-MS (M+H) " =351.0, 353.0.

Step 8: 1-(6-bromo-7-(4-fluorobenzyl)-3,3-dimethyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-
1-yl)-2-chloroethan-1-one
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The title compound of Step 8 (100 mg) was prepared in a manner similar to that described in
Example 1 step 9 from 6-bromo-7-(4-fluorobenzyl)-3,3-dimethyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazine and 2-chloroacetyl chloride. LC-MS (M+H) * = 427.0, 429.0.

Step 9: tert-butyl (2R,5S)-4-(2-(6-bromo-7-(4-fluorobenzyl)-3,3-dimethyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methyl-5-(((R)-3-

methylmorpholino)methyl)piperazine-1-carboxylate
CHg

OK,/\NE HSCZLO

/ N
AN L e
@]

N
Boc” \l)

The title compound of Step 9 (85 mg) was prepared in a manner similar to that described in
Example 1 step 18 from 1-(6-bromo-7-(4-fluorobenzyl)-3,3-dimethyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-yl)-2-chloroethan-1-one and tert-butyl (2R,5S)-2-methyl-5-(((R)-3-
methylmorpholino)methyl)piperazine-1-carboxylate. LC-MS (M+H) * = 704.0, 706.0.

Step 10: 1-(6-bromo-7-(4-fluorobenzyl)-3,3-dimethyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)-2-((2R,5R)-5-methyl-2-(((R)-3-methylmorpholino)methyl)piperazin-1-

F

yl)ethan-1-one (compound 12)

Compound 12 as formic acid salt was prepared in a manner similar to that described in
Example 1 step 19 from tert-butyl (2R,5S)-4-(2-(6-bromo-7-(4-fluorobenzyl)-3,3-dimethyl-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethy])-2-methyl-5-(((R)-3-
methylmorpholino)methyl)piperazine-1-carboxylate. The salt was neutralized with aq.
NaHCOs and extracted with EtOAc. The combined organic layers were dried, filtered and
concentrated. The residue was further lyophilized to afford compound 12 (15 mg) as free base.
'H NMR (400 MHz, DMSO-d6) & 8.38 (s, 1H), 7.24 (s, 2H), 7.17 - 7.13 (m, 2H), 4.14 (d, J =
15.6 Hz, 1H), 3.97 (s, 3H), 3.57 - 3.47 (m, 4H), 3.26 (t, /= 9.7 Hz, 1H), 2.96 (brs, 1H), 2.78 -
2.75 (m, 4H), 2.57 -2.55 (m, 2H), 2.30 - 2.27 (m, 1H), 2.15 (s, 2H), 2.02 - 1.88 (m, 2H), 1.77
(d, J=12.4 Hz, 1H), 1.36 (s, 3H), 1.30 (s, 3H), 0.91 - 0.81 (m, 6H). LC-MS (M+H) * = 604.0,
606.0.
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Example 13: 2-((2R,5R)-2-(((18,4S)-2-oxa-5-azabicyclo[2.2.1]heptan-5-yl)methyl)-5-
methylpiperazin-1-yl)-1-(7-(4-fluorobenzyl)-2,3-dihydro- 1H-pyrido[2,3-b][1,4]oxazin-1-

yl)ethan-1-one (compound 13)

o(-/\]

%‘i \
MY
HNf 0

Step 1: tert-butyl (2R,5S)-5-(((18S,4S)-2-0xa-5-azabicyclo[2.2.1]heptan-5-yl)methyl)-4-benzyl-

2-methylpiperazine-1-carboxylate
o™

k/N\

(:\N,Bn
Boc’Nf

The title compound of Step 1 (110 mg) was prepared in a manner similar to that described in
Example 1 step 16 from (1S,4S)-2-oxa-5-azabicyclo[2.2.1]heptane hydrochloride and tert-butyl
(2R,5R)-4-benzyl-5-(chloromethyl)-2-methylpiperazine-1-carboxylate. LC-MS (M+H) * =
402.0.

Step 2: tert-butyl (2R,5S)-5-(((1S,4S)-2-oxa-5-azabicyclo[2.2.1]heptan-5-yl)methyl)-2-

methylpiperazine-1-carboxylate
o5
o N

s

The title compound of Step 2 (60 mg) was prepared in a manner similar to that described in
Example 1 step 17 from tert-butyl (2R,5S)-5-(((18,4S)-2-0xa-5-azabicyclo[2.2.1]heptan-5-
yl)methyl)-4-benzyl-2-methylpiperazine-1-carboxylate. LC-MS (M+H) *=312.0.

Step 3: tert-butyl (2R,5S)-5-(((18S,4S5)-2-oxa-5-azabicyclo[2.2.1]heptan-5-yl)methyl)-4-(2-(7-
(4-fluorobenzyl)-2,3-dihydro- 1H-pyrido[2,3-b][1,4]oxazin-1-y1)-2-oxoethyl)-2-

methylpiperazine-1-carboxylate

(;C/.\]

N (0}
\f g\/ N
Sa s
Boc’N\l) ©
F
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The title compound of Step 3 (30 mg) was prepared in a manner similar to that described in
Example 1 step 18 from tert-butyl (2R,55)-5-(((18,45)-2-oxa-5-azabicyclo[2.2.1]heptan-5-
yDmethyl)-2-methylpiperazine-1-carboxylate and 2-chloro-1-(7-(4-fluorobenzyl)-2,3-dihydro-
1H-pyrido[2,3-b][1,4]oxazin-1-yl)ethan-1-one. LC-MS (M+H) * = 596.0.

Step 4: 2-((2R,5R)-2-(((18S,48)-2-oxa-5-azabicyclo[2.2.1]heptan-5-yl)methyl)-5-
methylpiperazin-1-yl)-1-(7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4 ]oxazin-1-
yl)ethan-1-one (compound 13)

Compound 13 as formic acid salt was prepared in a manner similar to that described in
Example 1 step 19 from tert-butyl (2R,5S)-5-(((1S,4S)-2-oxa-5-azabicyclo[2.2.1]heptan-5-
yl)methyl)-4-(2-(7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-y1)-2-
oxoethyl)-2-methylpiperazine-1-carboxylate. The salt was neutralized with aq. NaHCO3 and
extracted with EtOAc. The combined organic layers were dried, filtered and concentrated. The
residue was further lyophilized to afford compound 13 (8 mg) as free base. "H NMR (400
MHz, CDs;0D) ¢ 8.44 (s, 1H), 7.79 (s, 1H), 7.23 (s, 2H), 7.04 - 7.01 (m, 2H), 4.44 - 441 (m,
2H), 4.31 (s, 1H), 4.10 - 4.07 (m, 2H), 3.93 (brs, 3H), 3.79 (brs, 1H), 3.56 - 3.53 (m, 1H), 3.47
(d, J=7.2Hz, 1H), 3.37 (s, 1H), 2.99 (d, /= 12.0 Hz, 1H), 2.80 - 2.77 (m, 4H), 2.64 (s, 1H),
2.55-2.26 (m, 4H), 1.66 (d, J=9.2 Hz, 1H), 1.54 (d, J= 9.3 Hz, 1H), 1.03 (s, 3H). LC-MS
(M+H) * =496 3.

Example 14: 2-((2R,5R)-2-(((1R,4R)-2-0oxa-5-azabicyclo[2.2.1]heptan-5-yl)methyl)-5-
methylpiperazin-1-yl)-1-(7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-
yl)ethan-1-one (compound 14)

o)
N

Ay
HN\I) 0 §

Step 1: tert-butyl (2R, 55)-5-(((1R,4R)-2-oxa-5-azabicyclo[2.2.1]heptan-5-yl)methyl)-4-benzyl-

2-methylpiperazine-1-carboxylate
o)

NS

K?\N,Bn

N
Boc” \H

The title compound of Step 1 (100 mg) was prepared in a manner similar to that described in
Example 1 step 16 from (1R,4R)-2-oxa-5-azabicyclo[2.2.1]heptane hydrochloride and tert-
butyl (2R,5R)-4-benzyl-5-(chloromethyl)-2-methylpiperazine-1-carboxylate. LC-MS (M+H) *
=402.0.
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Step 2: tert-butyl (2R,5S)-5-(((1R,4R)-2-0xa-5-azabicyclo[2.2.1]heptan-5-y1)methyl)-2-

methylpiperazine-1-carboxylate
o)

N

(\NH

N
Boc”

The title compound of Step 2 (60 mg) was prepared in a manner similar to that described in
Example 1 step 17 from tert-butyl (2R,5S)-5-(((1R,4R)-2-0oxa-5-azabicyclo[2.2.1]heptan-5-
yl)methyl)-4-benzyl-2-methylpiperazine-1-carboxylate. LC-MS (M+H) * =312.0.

Step 3: tert-butyl (2R,5S)-5-(((1R,4R)-2-0xa-5-azabicyclo[2.2.1]heptan-5-yl)methyl)-4-(2-(7-
(4-fluorobenzyl)-2,3-dihydro- 1H-pyrido[2,3-b][1,4]oxazin-1-y1)-2-oxoethyl)-2-

methylpiperazine-1-carboxylate

7

Q
3 N(/'g
N\
Boc’N\l) ©
F

The title compound of Step 3 (30 mg) was prepared in a manner similar to that described in
Example 1 step 18 from tert-butyl (2R,5S)-5-(((1R,4R)-2-oxa-5-azabicyclo[2.2.1]heptan-5-
yDmethyl)-2-methylpiperazine-1-carboxylate and 2-chloro-1-(7-(4-fluorobenzyl)-2,3-dihydro-
1H-pyrido[2,3-b][1,4]oxazin-1-yl)ethan-1-one. LC-MS (M+H) * = 596.0.

Step 4: 2-((2R,5R)-2-(((1R,4R)-2-0xa-5-azabicyclo[2.2.1]heptan-5-y1)methyl)-5-
methylpiperazin-1-yl)-1-(7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-
yl)ethan-1-one (compound 14)

Compound 14 as formic acid salt was prepared in a manner similar to that described in
Example 1 step 19 from tert-butyl (2R,5S)-5-(((1R,4R)-2-oxa-5-azabicyclo[2.2.1]heptan-5-
yDmethyl)-4-(2-(7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-
oxoethyl)-2-methylpiperazine-1-carboxylate. The salt was neutralized with aq. NaHCO3 and
extracted with EtOAc. The combined organic layers were dried, filtered and concentrated. The
residue was further lyophilized to afford compound 14 (5 mg) as free base. 'H NMR (400
MHz, CDs0D) 6 8.54 (s, 1H), 7.80 (s, 1H), 7.22 (s, 2H), 7.04 - 7.02 (m, 2H), 4.42 (brs, 2H),
4.19 (s, 1H), 4.01 - 3.97 (m, 2H), 3.92 (s, 2H), 3.88 - 3.87 (m, 2H), 3.70 (d, /= 16.6 Hz, 1H),
3.46 (d, J=7.6 Hz, 1H), 2.97 (d, /= 12.2 Hz, 1H), 2.90 - 2.86 (m, 1H), 2.80 - 2.72 (m, 4H),
2.68 (s, 1H), 2.54 -2.51 (m, 2H), 2.45 (d, /=12.3 Hz, 1H), 2.31 (d, /=9.4 Hz, 1H), 1.51 (s,
2H), 1.10-1.05 (m, 3H). LC-MS (M+H) * = 496.3.
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Example 15: (S)-4-(difluoromethyl)-3-(((2R,5R)-1-(2-(7-(4-fluorobenzyl)-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-5-methylpiperazin-2-yl)methyl)oxazolidin-2-one

(compound 15)
F

5  Step 1: tert-butyl (2R,5R)-4-benzyl-5-(((S)-4-(difluoromethyl)-2-oxooxazolidin-3-yl)methyl)-

2-methylpiperazine-1-carboxylate
F

The title compound of Step 1 (120 mg) was prepared in a manner similar to that described in

Example 1 step 16 from (S)-4-(difluoromethyl)oxazolidin-2-one and tert-butyl (2R,5R)-4-
10 benzyl-5-(chloromethyl)-2-methylpiperazine-1-carboxylate. LC-MS (M+H) * = 440.0.

Step 2: tert-butyl (2R, 5R)-5-(((S)-4-(difluoromethyl)-2-oxooxazolidin-3-yl)methyl)-2-

methylpiperazine-1-carboxylate
F

The title compound of Step 2 (45 mg) was prepared in a manner similar to that described in

15 Example 1 step 17 from tert-butyl (2R,5R)-4-benzyl-5-(((S)-4-(difluoromethyl)-2-
oxooxazolidin-3-yl)methyl)-2-methylpiperazine-1-carboxylate. LC-MS (M+H) * = 350.0.
Step 3: tert-butyl (2R, 5R)-5-(((S)-4-(difluoromethyl)-2-oxooxazolidin-3-yl)methyl)-4-(2-(7-(4-
fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-oxoethyl)-2-methylpiperazine-

1-carboxylate
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The title compound of Step 3 (15 mg) was prepared in a manner similar to that described in
Example 1 step 18 from tert-butyl (2R,5R)-5-(((S)-4-(difluoromethyl)-2-oxooxazolidin-3-
yD)methyl)-2-methylpiperazine-1-carboxylate and 2-chloro-1-(7-(4-fluorobenzyl)-2,3-dihydro-
1H-pyrido[2,3-b][1,4]oxazin-1-yl)ethan-1-one. LC-MS (M+H) ™ = 634.3.

Step 4: (S)-4-(difluoromethyl)-3-(((2R,5R)-1-(2-(7-(4-fluorobenzyl)-2,3-dihydro- 1H-
pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-5-methylpiperazin-2-yl)methyl)oxazolidin-2-one
(compound 15)

Compound 15 as formic acid salt was prepared in a manner similar to that described in
Example 1 step 19 from tert-butyl (2R,5R)-5-(((S)-4-(difluoromethyl)-2-oxooxazolidin-3-
yDmethyl)-4-(2-(7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-
oxoethyl)-2-methylpiperazine-1-carboxylate. The salt was neutralized with aq. NaHCO3 and
extracted with EtOAc. The combined organic layers were dried, filtered and concentrated. The
residue was further lyophilized to afford compound 15 (5 mg) as free base. 'H NMR (400
MHz, CDs0D) 6 8.54 (s, 1H), 7.80 (s, 1H), 7.23 (s, 2H), 7.03 - 7.01 (m, 2H), 6.09 (t, /= 54.8
Hz, 1H), 4.43 (s, 3H), 4.29 - 421 (m, 2H), 4.08 (s, 1H), 3.92 (s, 2H), 3.88 - 3.84 (m, 3H), 3.70
-3.66 (m, 2H), 3.21 - 3.17 (m, 2H), 2.96 - 2.82 (m, 3H), 2.59 (t, /= 11.3 Hz, 1H), 2.47 (s, 1H),
1.05 (d, J = 4.0 Hz, 3H). LC-MS (M+H) * = 5343,

Example 16: 2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-
y1)-1-(7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)ethan-1-one
(compound 16)

0

7 (3 N
- Ay g\g
HN\K )

Step 1: tert-butyl (2R,5S)-4-benzyl-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-

methylpiperazine-1-carboxylate
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The title compound of Step 1 (80 mg) was prepared in a manner similar to that described in
Example 1 step 16 from (3R,5R)-3,5-dimethylmorpholine hydrochloride and tert-butyl
(2R,5R)-4-benzyl-5-(chloromethyl)-2-methylpiperazine-1-carboxylate. LC-MS (M+H) ™ =
418.3.

Step 2: tert-butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-

carboxylate

) (\NH
Boc’N

The title compound of Step 2 (40 mg) was prepared in a manner similar to that described in
Example 1 step 17 from tert-butyl (2R,5S)-4-benzyl-5-(((3R,5R)-3,5-
dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. LC-MS (M+H) © =328.5.
Step 3: tert-butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-(7-(4-
fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-oxoethyl)-2-methylpiperazine-

1-carboxylate
o}

NG
~ vy O

The title compound of Step 3 (20 mg) was prepared in a manner similar to that described in
Example 1 step 18 from tert-butyl (2R,55)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-
methylpiperazine-1-carboxylate and 2-chloro-1-(7-(4-fluorobenzyl)-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-yl)ethan-1-one. LC-MS (M+H) * = 612.3.

Step 4: 2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-yl)-1-
(7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)ethan-1-one (compound 16)
Compound 16 as formic acid salt was prepared in a manner similar to that described in
Example 1 step 19 from tert-butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-
(7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-oxoethyl )-2-
methylpiperazine-1-carboxylate. The salt was neutralized with NaHCO3 and extracted with

EtOAc. The combined organic layers were dried, filtered and concentrated. The residue was
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further lyophilized to afford compound 16 (4 mg) as free base. 'H NMR (400 MHz, CD30OD) &
8.28 (s, 1H), 7.82 (s, 1H), 7.27 - 7.19 (m, 2H), 7.13 - 7.05 (m, 2H), 4.36 (brs, 1H), 4.30 (brs,
1H), 4.04 - 3.96 (m, 2H), 3.85 (brs, 2H), 3.83 - 3.73 (m, 1H), 3.50 - 3.41 (m, 1H), 3.41 - 3.34
(m, 2H), 3.04 (brs, 2H), 2.90 - 2.82 (m, 1H), 2.73 (brs, 1H), 2.65 (brs, 2H), 2.59 - 2.51 (m, 2H),
228-2.18 (m, 1H), 2.18 - 2.08 (m, 1H), 2.00 - 1.88 (m, 2H), 1.21 (brs, 1H), 0.89 - 0.75 (m,
9H). LC-MS (M+H) * = 512.3.

Example 17: 1-(6-ethoxy-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-
2-((2R,5R)-5-methyl-2-(((R)-3-methylmorpholino)methyl)piperazin-1-yl)ethan-1-one
(compound 17)

X

N Q
J (/ N~
K\N/\n/ — o
HNj) o}
F

Step 1: 6-ethoxy-3-nitropyridin-2-amine
NH,

~ O~ N
NaH (1.2 g, 60% dispersion in mineral oil, 30 mmol) was slowly added to 100 mL of ethanol
and stirred for 10 min at room temperature. 2-amino-6-chloro-3-nitropyridine (5 g, 28.9 mmol)
was added portionwise and the mixture was stirred for 30 min at ambient temperature. After
concentration, water was added and the mixture was extracted with ethyl acetate. The
combined organic layers were dried, filtered and concentrated. The residue was purified by
silica gel column chromatography (PE : EtOAc =3 : 1) to afford the title product (3.0 g, 56%
yield). LC-MS (M+H) *= 184.1,

Step 2: 5-bromo-6-ethoxy-3-nitropyridin-2-amine
o NH2

~_O-_N

BrMNOZ
To 6-ethoxy-3-nitropyridin-2-amine (3.0 g, 16.4 mmol) was added 30 mL of DMF. The
mixture was cooled to 0 °C. NBS (3.2 g, 18.04 mmol) was added to the above cooled mixture
in portions. The new mixture was slowly warmed to room temperature and stirred for 2 h. The
mixture was diluted with water and extracted with EtOAc. The combined organic layers were
washed with aq. Na2S20s3 solution, dried, filtered and concentrated. The residue was purified
by silica gel column chromatography (PE : EtOAc =3 : 1) to afford the title product (3.4 g,
80% yield). LC-MS (M+H) * = 262.0, 264.0.
Step 3: 3-bromo-6-chloro-2-ethoxy-5-nitropyridine
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SO Ny A€l

Br” ~ “No,

To a solution of 5-bromo-6-ethoxy-3-nitropyridin-2-amine (3.4 g, 13.02 mmol) in CH3CN (60
mL) was added CuCl (2.57 g, 26.0 mmol) and t-BuONO (2.68 g, 26.0 mmol). The mixture was
warmed to 65 °C and stirred for 1.5 h. The mixture was diluted with water and extracted with
EtOAc. The combined organic layers were dried, filtered and concentrated. The resultant
residue was purified by silica gel column chromatography (PE : EtOAc =5 : 1) to afford the
title product (2 g, 55% yield). LC-MS (M+H) * = 280.9.
Step 4: ethyl 2-((5-bromo-6-ethoxy-3-nitropyridin-2-yl)oxy )acetate

o]

o) | N O AN

BrI;[Noz
To a solution of 3-bromo-6-chloro-2-ethoxy-5-nitropyridine (2 g, 7.14 mmol) and ethyl 2-
hydroxyacetate (880 mg, 8.5 mmol) was added 60% NaH (340 mg, 8.5 mmol) in portions at 0
°C. The resulting mixture was slowly warmed to room temperature and stirred for overnight.
The mixture was carefully quenched, diluted and extracted with EtOAc. The combined organic
layers were dried, filtered and concentrated. The residue was purified by silica gel column
chromatography(PE : EtOAc =5 : 1) to afford the title product (2 g, 80% yield). LC-MS
(M+H) * =349.0.
Step 5: 7-bromo-6-ethoxy-1H-pyrido[2,3-b][1,4]oxazin-2(3H)-one

O N O
LA
H
The title compound of Step 5 (1 g, crude) was prepared in a manner similar to that described in
Example 1 step 2 from ethyl 2-((5-bromo-6-ethoxy-3-nitropyridin-2-yl)oxy)acetate. The crude

material was used in next step without purification. LC-MS (M+H) ™ =273.0, 275.0.
Step 6: 7-bromo-6-ethoxy-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine

O N O
)OS
Br N
H
7-bromo-6-ethoxy-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine (500 mg, crude) was prepared in
a manner similar to that described in Example 1 step 3 from 7-bromo-6-ethoxy-1H-pyrido[2,3-
b][1,4]oxazin-2(3H)-one. The crude material was used in next step without purification. LC-
MS (M+H) *=259.0, 261.0.
Step 7: tert-butyl 7-bromo-6-ethoxy-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate
~ O N\ O
)OS
Br N

Boc
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The title compound of Step 7 (400 mg) was prepared in a manner similar to that described in
Example 1 step 4 from 7-bromo-6-cthoxy-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine. LC-MS
(M+H) " =359.1, 361.1.
Step 8: tert-butyl 6-ethoxy-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-
carboxylate
~ O N O

X

7N

Boc

£
The title compound of Step 8 (300 mg) was prepared in a manner similar to that described in
Example 1 step 7 from tert-butyl 7-bromo-6-ethoxy-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazine-1-carboxylate and (4-fluorobenzyl)zinc(II) chloride. LC-MS (M+H) * =389.2.
Step 9: 6-ethoxy-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine

~O Ny O]

/N
H

F
The title compound of Step 9 (210 mg) was prepared in a manner similar to that described in
Example 1 step 8 from tert-butyl 6-ethoxy-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazine-1-carboxylate. LC-MS (M+H) * = 289.1.
Step 10: 2-chloro-1-(6-ethoxy-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-
yl)ethan-1-one
~_O~_N O

XL

Z

N
OJ\,Cl

B
The title compound of Step 10 (120 mg) was prepared in a manner similar to that described in
Example 1 step 9 from 6-ethoxy-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine
and 2-chloroacetyl chloride. LC-MS (M+H) * = 365.1.

Step 11: tert-butyl (2R,5S)-4-(2-(6-ethoxy-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methyl-5-(((R)-3-methylmorpholino)methyl)piperazine-1-

carboxylate
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The title compound of Step 11 (100 mg) was prepared in a manner similar to that described in
Example 1 step 18 from 2-chloro-1-(6-ethoxy-7-(4-flucrobenzyl)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)ethan-1-one and tert-butyl (2R,5S)-2-methyl-5-(((R)-3-
methylmorpholino)methyl)piperazine-1-carboxylate. LC-MS (M+H) ™ = 642 4.

Step 12: 1-(6-ethoxy-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4 ]oxazin-1-yl)-2-
((2R,5R)-5-methyl-2-(((R)-3-methylmorpholino)methyl)piperazin-1-yl)ethan-1-one
(compound 17)

Compound 17 as formic acid salt was prepared in a manner similar to that described in
Example 1 step 19 from tert-butyl (2R, 5S)-4-(2-(6-ethoxy-7-(4-fluorobenzyl)-2,3-dihydro-1H-
pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-oxoethyl)-2-methyl-5-(((R)-3-
methylmorpholino)methyl)piperazine-1-carboxylate. The salt was neutralized with aq.
NaHCOs and extracted with EtOAc. The combined organic layers were dried, filtered and
concentrated. The residue was further lyophilized to afford compound 17 (53 mg) as free base.
'H NMR (400 MHz, DMSO-d6) & 8.25 (s, 1H), 7.20 - 7.17 (m, 2H), 7.10 - 7.06 (m, 2H), 4.37 -
4.27 (m, 2H), 4.18 (q, J = 8.0 Hz, 2H), 3.93 - 3.70 (m, 6H), 3.50 - 3.39 (m, 3H), 3.22 - 3.03 (m,
5H), 3.00 - 2.77 (m, 4H), 2.70 - 2.54 (m, 2H), 2.05 - 2.01 (m, 1H), 1.92 - 1.87 (m, 1H), 1.23 (t,
J=8.0Hz 3H), 1.14 (d, ] = 8.0 Hz, 3H), 0.92-0.86 (m, 3H). LC-MS (M+H) *=5423.
Example 18: 1-(8-(4-fluorobenzyl)-3,4-dihydropyrido[2,3-b][1,4]oxazepin-1(2H)-yl)-2-
((2R,5R)-5-methyl-2-(((R)-3-methylmorpholino)methyl)piperazin-1-yl)ethan-1-one
(compound 18)

84

N\_ CﬁN
LT
\l) é

Step 1: N-(3-((3,5-dibromopyridin-2-yl)oxy)propyl)-4-methylbenzenesulfonamide
H
Ts” N O Ny

Br & Br

To the solution of N-(3-hydroxypropyl)-4-methylbenzenesulfonamide (7.6 g, 33 mmol) in THF
(150 mL) under nitrogen at 0 °C was added NaH (1.44 g, 60%, 36 mmol) and stirred for 30
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min. Then 3,5-dibromo-2-fluoropyridine (7.65 g, 30 mmol) was added in portions and stirred at
70 °C for overnight. The reaction was quenched with water and the resulting mixture was
extracted with EtOAc (80 mL x3). The combined organic layers were washed with brine, dried
over Na2SQs, filtered and evaporated. The residue was purified by silica gel column
chromatography (PE: EtOAc =2 : 1) to give the title product (2.4 g, 17% yield). LC-MS
(M+H)* = 464.9.

Step 2: 8-bromo-1-tosyl-1,2,3,4-tetrahydropyrido[2,3-b][1,4]oxazepine

Q. N\
Cxa,

Ts
To the mixture of N-(3-((3,5-dibromopyridin-2-yl)oxy)propyl)-4-methylbenzenesulfonamide
(2.2 g, 4.74 mmol), picolinic acid (466 mg, 3.79 mmol), Cul (1.08 g, 5.69 mmol) and K2COs
(1.96 g, 14.2 mmol) was added DMSO (20 mL). The mixture was stirred at 140 °C for 3 h
under nitrogen atmosphere. The mixture was cooled, diluted with water and extracted with
EtOAc (80 mL x 3). The combined organic layers were washed with brine, dried over Na2SOs,
filtered and evaporated. The residue was purified by silica gel column chromatography (PE:

EtOAc = 5 : 1) to afford the title product (1.03 g, 57% yield). LC-MS (M+H) * = 383.0, 385.0.
Step 3: 8-(4-fluorobenzyl)-1-tosyl-1,2,3 4-tetrahydropyrido[2,3-b][1,4]oxazepine

O N

|\

CJIC
N
Ts

E
The title compound of Step 3 (630 mg) was prepared in a manner similar to that described in
Example 1 step 7 from 8-bromo-1-tosyl-1,2,3, 4-tetrahydropyrido[2,3-b][ 1,4]oxazepine and (4-
fluorobenzyl)zinc(Il) chloride. LC-MS (M+H) " =413.1.

Step 4: 8-(4-fluorobenzyl)-1,2,3 4-tetrahydropyrido[2,3-b][ 1,4]oxazepine

O N
|\
CLJ%]
N
H
F

To the solution of 8-(4-fluorobenzyl)-1-tosyl-1,2,3,4-tetrahydropyrido[2,3-b][ 1,4]oxazepine
(350 mg, 0.85 mmol) in methanol (10 mL) at 80 °C was added Mg (204 mg, 8.5 mmol) in
portions. The mixture was stirred at 80 °C for overnight. The precipitate was filtered off and the
filtrate was evaporated. The residue was purified by silica gel column chromatography (DCM:
MeOH = 50 : 1) to afford the title product (80 mg, 36% yield). LC-MS (M+H) *=259.1.
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Step 5: 2-chloro-1-(8-(4-fluorobenzyl)-3,4-dihydropyrido[2,3-b][ 1,4]oxazepin-1(2H)-yl )ethan-

1-one

O. N\
CJC
N
C|\)§O
F

The title compound of Step 5 (50 mg, crude) was prepared in a manner similar to that described
in Example 1 step 9 from 8-(4-fluorobenzyl)-1,2,3,4-tetrahydropyrido[2,3-b][1,4]oxazepine
and 2-chloroacetyl chloride. The crude material was used in next step directly without
purification. LC-MS (M+H) *=335.1.

Step 6: tert-butyl (2R,5S)-4-(2-(8-(4-fluorobenzyl)-3,4-dihydropyrido[2,3-b][1,4]Joxazepin-

1(2H)-yl)-2-oxoethyl)-2-methyl-5-(((R)-3-methylmorpholino)methyl)piperazine-1-carboxylate
o)

/\( 5
k/N\? <N/\/ y
(\N/\([D( \\

N
Boc” \l)

The title compound of Step 6 (70 mg) was prepared in a manner similar to that described in

F

Example 1 step 18 from 2-chloro-1-(8-(4-fluorobenzyl)-3,4-dihydropyrido[2,3-
b][1,4]oxazepin-1(2H)-yl)ethan-1-one and tert-butyl (2R,5S)-2-methyl-5-(((R)-3-
methylmorpholino)methyl)piperazine-1-carboxylate. LC-MS (M+H) “= 612.4.

Step 7: 1-(8-(4-fluorobenzyl)-3,4-dihydropyrido[2,3-b][1,4]oxazepin-1(2H)-y1)-2-((2R,5R)-5-
methyl-2-(((R)-3-methylmorpholino)methyl)piperazin-1-yl)ethan-1-one (compound 18)
Compound 18 as formic acid salt was prepared in a manner similar to that described in
Example 1 step 19 from tert-butyl (2R,5S)-4-(2~(8-(4-fluorobenzyl)-3,4-dihydropyrido[2,3-
b][1,4]oxazepin-1(2H)-yl)-2-oxoethyl)-2-methyl-5-(((R)-3-
methylmorpholino)methyl)piperazine-1-carboxylate. The salt was neutralized with aq.
NaHCO:s and extracted with EtOAc. The combined organic layers were dried, filtered and
concentrated. The residue was further lyophilized to afford compound 18 (25 mg) as free base.
'H NMR (400 MHz, CD30D) 6 8.14 (s, 1H), 7.77 (s, 1H), 7.29 (s, 2H), 7.06 (s, 2H), 4.70 (s,
1H), 4.46 (s, 1H), 4.19 (s, 1H), 4.01 (s, 2H), 3.90 (s, 1H), 3.58 (s, 1H), 3.45 (s, 1H), 3.04 - 2.63
(m, OH), 2.52 (s, 1H), 2.34 - 2.21 (m, 3H), 2.09 (s, 1H), 1.88 - 1.77 (m, 2H), 1.58 (s, 1H), 1.01
(s, 3H), 0.84 (s, 3H). LC-MS (M+H) * = 512.3.
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Example 19: 1-(7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-
2-((2R,5R)-5-methyl-2-(((R)-3-methylmorpholino)methyl)piperazin-1-yl)ethan-1-one
(compound 19)

04

N Q
: N
mﬁr“é)‘
HN\‘) 0
F

Step 1: tert-butyl (1-((3,5-dibromopyridin-2-yl)oxy)propan-2-yl)carbamate

BocHN © I N\

Br # Br

To the mixture of tert-butyl (1-hydroxypropan-2-yl)carbamate (2 g, 11.4 mmol) and 3,5-
dibromo-2-fluoropyridine (2.6 g, 10.3 mmol) was added THF (40 mL). The mixture was
cooled to 0 °C. NaH (456 mg, 60% dispersion in mineral oil, 11.4 mmol) was added in
portions. The new mixture was slowly warmed to room temperature and stirred for overnight.
The mixture was carefully quenched, diluted and extracted with EtOAc. The combined organic
layers were dried, filtered and evaporated. The crude was purified by silica gel column
chromatography (PE : EtOAc =8 : 1) to afford the title product (4 g, 95% yield). LC-MS
(M+H) * = 409.0.
Step 2: tert-butyl 7-bromo-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate
O_N
jeoll
Boc
The title compound of Step 2 (300 mg) was prepared in a manner similar to that described in
Example 18 step 2 from tert-butyl (1-((3,5-dibromopyridin-2-yl)oxy)propan-2-yl)carbamate.
LC-MS (M+H) * = 329.0.
Step 3: tert-butyl 7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-
carboxylate
):O | N\
N =

Boc

E
The title compound of Step 3 (260 mg) was prepared in a manner similar to that described in
Example 1 step 7 from tert-butyl 7-bromo-2-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazine-1-carboxylate and (4-fluorobenzyl)zinc(Il) chloride. LC-MS (M+H) *=359.2.
Step 4: 7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4 ]oxazine
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O_N
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H
F

The title compound of Step 4 (200 mg) was prepared in a manner similar to that described in
Example 1 step 8 from tert-butyl 7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazine-1-carboxylate. The crude material was used in next step directly without
purification. LC-MS (M+H) *=259.1.

Step 5: 2-chloro-1-(7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-
yl)ethan-1-one

I’
C|\/go

The title compound of Step 5 (150 mg) was prepared in a manner similar to that described in
Example 1 step 9 from 7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine
and 2-chloroacetyl chloride. LC-MS (M+H) * = 335.1.

Step 6: tert-butyl (2R,5S)-4-(2-(7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methyl-5-(((R)-3-methylmorpholino)methyl)piperazine-1-

carboxylate
0

(N

s 9
Ay
Boc/N\H ©
F

The title compound of Step 6 (100 mg, mixture of diastereomers, 1/1 ratio) was prepared in a
manner similar to that described in Example 1 step 18 from 2-chloro-1-(7-(4-fluorobenzyl)-2-
methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)ethan-1-one and tert-butyl (2R,5S)-2-
methyl-5-(((R)-3-methylmorpholino)methyl)piperazine-1-carboxylate. LC-MS (M+H) © =
612.3.

Step 7: 1-(7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-
((2R,5R)-5-methyl-2-(((R)-3-methylmorpholino)methyl)piperazin-1-yl)ethan-1-one
(compound 19)

Compound 19 (mixture of diastereomers, 1/1 ratio) as formic acid salt was prepared in a

manner similar to that described in Example 1 step 19 from tert-butyl (2R,5S)-4-(2-(7-(4-
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fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-oxoethyl)-2-methyl-
5-(((R)-3-methylmorpholino)methyl)piperazine-1-carboxylate. The salt was neutralized with
aq. NaHCOs and extracted with EtOAc. The combined organic layers were dried, filtered and
concentrated. The residue was further lyophilized to afford compound 19 (20 mg, mixture of
diastereomers, 1/1 ratio) as free base. 'H NMR (400 MHz, DMSO-d6) & 8.25 (s, 1H), 7.84 (d, J
=12.0 Hz, 1H), 7.30 - 7.22 (m, 2H), 7.16 - 7.09 (m, 2H), 4.77 - 4.67 (m, 1H), 4.35 - 4.19 (m,
2H), 4.07 - 4.03 (m, 1H), 3.88 (s, 2H), 3.59 - 3.46 (m, 3H), 2.98 - 2.51 (m, 8H), 2.33 - 2.17 (m,
3H), 2.06 - 1.89 (m, 2H), 1.76 (t, J = 12.0 Hz, 1H), 1.19 - 1.12 (m, 3H), 0.91 - 0.82 (m, 6H).
LC-MS (M+H) *=512.3.

Example 19A: 1-((S)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-
1-y])-2-((2R,5R)-5-methyl-2-(((R)-3-methylmorpholino)methyl)piperazin-1-yl)ethan-1-one
(compound 19A)

04

N Q
H N
aad §i§
HN\l) o]
F

Compound 19A as formic acid salt was prepared in a manner similar to that described in
Example 19 from chiral starting material tert-butyl (S)-(1-hydroxypropan-2-yl)carbamate in
step 1 and tert-butyl (2R,5S)-2-methyl-5-(((R)-3-methylmorpholino)methyl)piperazine-1-
carboxylate. The salt was neutralized with aq. NaHCOs and extracted with EtOAc. The
combined organic layers were dried, filtered and concentrated. The residue was further
lyophilized to afford compound 19A (23 mg) as free base. 'H NMR (400 MHz, DMSO-d6) &
8.22 (s, 1H), 7.82 (s, 1H), 7.26 - 7.22 (m, 2H), 7.13 - 7.08 (m, 2H), 4.74 (s, 1H), 4.32 - 4.29
(m, 1H), 4.19 - 4.16 (m, 1H), 4.05 - 4.00 (m, 1H), 3.85 (s, 2H), 3.49 - 3.45 (m, 3H), 3.29 - 3.23
(m, 1H), 2.95 (bro, 1H), 2.82 - 2.64 (m, 3H), 2.59 - 2.53 (m, 2H), 2.30 - 2.12 (m, 4H), 1.95 (t, J
=12.0 Hz, 2H), 1.71 (d, J=8.0 Hz, 1H), 1.15 - 1.10 (m, 3H), 0.85 - 0.83 (m, 6H). LC-MS
(M+H) * =512.5.

Example 19B: 1-((R)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-
1-yl)-2-((2R,5R)-5-methyl-2-(((R)-3-methylmorpholino)methyl)piperazin-1-yl)ethan-1-one
(compound 19B)
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Compound 19B as formic acid salt was prepared in a manner similar to that described in
Example 19 from chiral starting material tert-butyl (R)-(1-hydroxypropan-2-yl)carbamate in
step 1 and tert-butyl (2R,5S)-2-methyl-5-(((R)-3-methylmorpholino)methyl)piperazine-1-
carboxylate. The salt was neutralized with aq. NaHCOs3 and extracted with EtOAc. The
combined organic layers were dried, filtered and concentrated. The residue was further
lyophilized to afford compound 19B (15 mg) as free base. 'H NMR (400 MHz, DMSO-d6) 6
8.25 (s, 1H), 7.83 (s, 1H), 7.27 - 7.24 (m, 2H), 7.14 - 7.09 (m, 2H), 4.67 (s, 1H), 4.38 - 4.19
(m, 3H), 3.88 (s, 2H), 3.58 - 3.51 (m, 2H), 3.31 - 3.16 (m, 2H), 3.00 (s, 1H), 2.88 - 2.72 (m,
3H), 2.63 (s, 2H), 2.32 (s, 2H), 2.17 (s, 2H), 2.00 (s, 2H), 1.79 - 1.76 (m, 1H), 1.21 - 1.11 (m,
3H), 0.93 - 0.81 (m, 6H). LC-MS (M+H) *=512.5.

Example 20: 1-(7'-(4-fluorobenzyl)-1'H,3'H-spiro[cyclopropane-1,2'-pyrido[2,3-
b][1,4]oxazin]-1'-y1)-2-((2R,5R)-5-methyl-2-(((R)-3-methylmorpholino)methyl)piperazin-1-
yl)ethan-1-one hydrochloride (compound 20)

04

N (@]
3 Dg\/ N
(\N/\n/ — \
HN\‘) 0 ‘HCl
F

Step 1: tert-butyl (1-(((3,5-dibromopyridin-2-yl)oxy)methyl)cyclopropyl)carbamate
BOC\NZ/O Ny

" Br | Zpr
The title compound of Step 1 (3.9 g) was prepared in a manner similar to that described in
Example 19 step 1 from tert-butyl (1-(hydroxymethyl)cyclopropyl)carbamate and 3,5-dibromo-
2-fluoropyridine. LC-MS (M+H) * = 423.0.
Step 2: tert-butyl 7'-bromo-1'H,3'H-spiro[cyclopropane-1,2'-pyrido[2,3-b][1,4]oxazine]-1'-
carboxylate

O Ny,
LA,

Boc
To the mixture of tert-butyl (1-(((3,5-dibromopyridin-2-yl)oxy)methyl)cyclopropyl)carbamate
(1.69 g, 4 mmol), Cul (762 mg, 4 mmol), picolinic acid (492 mg, 4 mmol) and Cs:CO3 (2.6 g,
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8 mmol) was added DMSO (15 mL). The mixture was stirred at 120 °C for 2 h under nitrogen
atmosphere. After cooling to room temperature, the mixture was treated with water and the
resulting mixture was extracted with EtOAc (80 mL x3). The combined organic layers were
washed with brine, dried over Na2SQOq, filtered and evaporated. The residue was purified by
silica gel column chromatography (PE/EtOAc = 5:1) to give the title product (360 mg, 27%
yield). LC-MS (M+H)* = 341.0, 343.0.

Step 3: tert-butyl 7'-(4-fluorobenzyl)-1'H,3'H-spiro[cyclopropane-1,2'-pyrido[2,3-

b][ 14]oxaz1ne -1'-carboxylate

&G

The title compound of Step 3 (230 mg) was prepared in a manner similar to that described in
Example 1 step 7 from tert-butyl 7'-bromo-1'H,3'H-spiro[cyclopropane-1,2'-pyrido[2,3-
b][1,4]oxazine]-1'-carboxylate and (4-fluorobenzyl)zinc(Il) chloride. LC-MS (M+H) *=371.1.
Step 4: 7'-(4-fluorobenzy!)-1'H,3'H-spiro[cyclopropane-1,2'-pyrido[2,3-b][ 1,4 ]oxazine]

O _N
| S
VENDEQ
H
F

The title compound of Step 4 (45 mg) was prepared in a manner similar to that described in
Example 1 step 8 from tert-butyl 7'-(4-fluorobenzyl)-1'H,3'H-spiro[cyclopropane-1,2'-
pyrido[2,3-b][1,4]oxazine]-1'-carboxylate. LC-MS (M+H) " =271.1.

Step 5: 2-chloro-1-(7'-(4-fluorobenzyl)-1'H,3'H-spiro[cyclopropane-1,2'-pyrido[2,3-

b][1 4]oxaz1n] 1'-yl)ethan-1-one

%

The title compound of Step 5 (60 mg, crude) was prepared in a manner similar to that described
in Example 1 step 9 from 7'-(4-fluorobenzyl)-1'H,3'H-spiro[cyclopropane-1,2'-pyrido[2,3-
b][1,4]oxazine] and 2-chloroacety! chloride. The crude material was used in next step directly
without purification. LC-MS (M+H)*=347.1
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Step 6: tert-butyl (2R, 5S)-4-(2-(7'-(4-fluorobenzyl)-1'H, 3'H-spiro[cyclopropane-1,2'-
pyrido[2,3-b][1,4]oxazin]-1'-yl)-2-oxoethyl)-2-methyl-5-(((R)-3-

methylmorpholino)methyl)piperazine-1-carboxylate

g

NN Q
Ay
Boc/Nf °
F

The title compound of Step 6 (100 mg) was prepared in a manner similar to that described in
Example 1 step 18 from 2-chloro-1-(7'-(4-fluorobenzyl)-1'H,3'H-spiro[cyclopropane-1,2'-
pyrido[2,3-b][1,4]oxazin]-1'-yl)ethan-1-one and tert-butyl (2R,5S)-2-methyl-5-(((R)-3-
methylmorpholino)methyl)piperazine-1-carboxylate. LC-MS (M+H) ™ = 624 4.

Step 7: 1-(7'-(4-fluorobenzyl)-1'H,3'H-spiro[cyclopropane-1,2'-pyrido[2,3-b][ 1,4 ]oxazin]-1'-
y1)-2-((2R,5R)-5-methyl-2-(((R)-3-methylmorpholino)methyl)piperazin-1-yl)ethan-1-one
hydrochloride (compound 20)

Compound 20 as formic acid salt was prepared in a manner similar to that described in
Example 1 step 19 from tert-butyl (2R,5S)-4-(2-(7'-(4-fluorobenzyl)-1'H,3'H-
spiro[cyclopropane-1,2'-pyrido[2,3-b][1,4]oxazin]-1'-yl)-2-oxoethyl)-2-methyl-5-(((R)-3-
methylmorpholino)methyl)piperazine-1-carboxylate. The salt was neutralized with aq.
NaHCO:s and extracted with EtOAc. The combined organic layers were dried, filtered and
concentrated. The residue was acidified with 1N HCI and lyophilized to afford compound 20
(23 mg) as its hydrochloride salt. '"H NMR (400 MHz, DMSO-d6) 6 8.35 (s, 2H), 7.89 (d, J =
22 Hz, 1H), 7.55(d, /=19 Hz, 1H), 7.30 - 7.21 (m, 2H), 7.15 - 7.06 (m, 2H), 4.30 (s, 2H),
3.95-3.76 (m, 4H), 3.47 (d, J= 11.3 Hz, 1H), 3.41 (d, J = 8.4 Hz, 1H), 3.15 - 3.13 (m, 1H),
2.95 (s, 1H), 2.86 - 2.59 (m, 6H), 2.48 - 2.41 (m, 1H), 2.25 (t,/ = 11.2 Hz, 1H), 2.05 (s, 1H),
1.87 (t,J=10.3 Hz, 1H), 1.67 (d, /= 13.3 Hz, 1H), 1.05 (s, 3H), 0.96 - 0.81 (m, 4H), 0.66 (s,
3H). LC-MS (M+H) =524 4.

Example 21: 1-(7-(4-fluorobenzyl)-6-(1-hydroxycyclopropyl)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)-2-((2R,5R)-5-methyl-2-(((R)-3-methylmorpholino)methyl)piperazin-1-
yl)ethan-1-one (compound 21)
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Step 1: tert-butyl 7-(4-fluorobenzyl)-6-(hydroxymethyl)-2,3-dihydro-1H-pyrido[2,3-

b][1,4]oxazine-1-carboxylate

O_N

[ | OH
|}l =
Boc

To the solution of tert-butyl 6-(acetoxymethyl)-7-(4-flucrobenzyl)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazine-1-carboxylate (5 g, 12 mmol) was added THF/H20 (60 mL, v/v=1/1). The
mixture was cooled to 0 °C. LIOHH20 (1.0 g, 24 mmol) was added in portions. The mixture
was stirred at room temperature for 2h. The mixture was concentrated and extracted with
EtOAc. The combined organic layers were dried, filtered and concentrated to afford the crude
title product (4.5 g) which was directly used in next step without further purification. LC-MS
(M+H) * =375.2.

Step 2: 1-(tert-butoxycarbonyl)-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-

6-carboxylic acid

0
N
[O B OH
’Tj S
Boc
F

To the solution of tert-butyl 7-(4-fluorobenzyl)-6-(hydroxymethyl)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazine-1-carboxylate (1.2 g, 3.2 mmol) and TEMPO (64 mg, 0.41 mmol) in MeCN (20
mL) was added a Phosphate Buffer (20 mL, pH = 7.4). Then an aqueous solution of NaClO2
(1.8 g, 15.9 mmol, 10 mL) and NaClO (1.2 g, 15.9 mmol, 10 mL) was added. The mixture was
stirred at room temperature for overnight. The mixture was adjusted to pH 8 by addition of 1M
NaOH. The mixture was poured into ice cooled saturated aqueous Na2S203 solution and
stirring was continued for 30 min. The pH was adjusted to pH = 3 by addition of 1N HCI and

the aqueous phase was extracted with DCM (30 mL x 3). The combined organic layers were
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washed with brine, dried over Na2SOs, filtered and evaporated to give the crude title product
(1.3 g) which was directly used in next step without further purification. LC-MS (M+H) * =
389.2.
Step 3: tert-butyl 7-(4-fluorobenzyl)-6-(methoxy(methyl)carbamoyl)-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine-1-carboxylate

O

The reaction mixture of 1-(tert-butoxycarbonyl)-7-(4-fluorobenzyl)-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine-6-carboxylic acid (600 mg, 1.55 mmol), N,O-
dimethylhydroxylamine hydrochloride (252 mg, 2.58 mmol), DIPEA (333 mg, 2.58 mmol) and
HATU (589 mg, 1.55 mmol) in DMF (10 mL) was stirred at room temperature for overnight.
The mixture was treated with water and extracted with EtOAc (30mL x 3). The combined
organic layers were washed with brine, dried over Na2SOs, filtered and evaporated. The residue
was purified by column chromatography (PE : EtOAc =2 : 1) to give the title product (640 mg,
98% yield). LC-MS (M+H) * = 432.2.

Step 4: tert-butyl 6-acetyl-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-

carboxylate

To the solution of tert-butyl 7-(4-fluorobenzyl)-6-(methoxy(methyl)carbamoyl)-2,3-dihydro-
1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate (640 mg, 1.53 mmol) in THF (20 mL) under
nitrogen at -78 ° was added MeLi (1.4 mL, 1.6 M in hexane, 2.24 mmol) and stirred for 2h at
the same temperature. The reaction was quenched with a saturated aqueous solution of NH4Cl
and the mixture was extracted with EtOAc (20 mL x 2). The combined organic layers were
washed with brine, dried over Na2SOs, filtered and evaporated. The residue was purified by
column chromatography (PE : EtOAc =2 : 1) to give the title product (380 mg, 64% yield). 'H
NMR (400 MHz, DMSO-d6) & 8.14 (s, 1H), 7.17 (dd, J = 8.1, 5.6 Hz, 2H), 7.08 (t,.J= 8.9 Hz,
2H), 4.37 (s, 2H), 4.24 (s, 2H), 3.84 (s, 2H), 2.50 (s, 3H), 1.42 (s, 9H). LC-MS (M+H) * =
387.1.
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Step 5: tert-butyl 6-(1-((tert-butyldimethylsilyl)oxy)vinyl)-7-(4-fluorobenzyl)-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine-1-carboxylate

[ | x OTBS

To the solution of tert-butyl 6-acetyl-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazine-1-carboxylate (380 mg, 0.98 mmol) and EtsN (298 mg, 2.95 mmol) in DCM (20
mL) at 0 °C was added trifluoromethanesulfonic acid tert-butyldimethylsilyl ester (390 mg,
1.48 mmol) and stirred at room temperature for overnight. The mixture was diluted with DCM,
washed with water and brine, dried over Na2SOs, filtered and evaporated. The residue was
purified by column chromatography (PE : EtOAc =1 : 2) to give the title product (415 mg,
84% yield). '"H NMR (400 MHz, DMSO-d6) & 7.92 (s, 1H), 7.18 — 7.05 (m, 4H), 4.56 (s, 1H),
4.52 (s, 1H), 4.31 (s, 2H), 4.06 (s, 2H), 3.78 (s, 2H), 1.38 (s, 9H), 0.87 (s, 9H), 0.11 (s, 6H).
LC-MS (M+H) *=501.1.

Step 6: 6-(1-((tert-butyldimethylsilyl)oxy)cyclopropyl)-7-(4-fluorobenzyl)-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine

[ | X OTBS
=

N
H

=
To the solution of Et2Zn (3.32 mL, 1 M solution in hexane, 3.32 mmol) in hexane under
nitrogen at 0 °C was added CHzIz2 (1.8 g, 6.64 mmol) and stirred for 30 min. Then a solution of
tert-butyl 6-(1-((tert-butyldimethylsilyl)oxy)vinyl)-7-(4-fluorobenzyl)-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine-1-carboxylate (415 mg, 0.83 mmol) in DCM (15 mL) was added
dropwise and the mixture was stirred at O °C for 2h. The reaction was quenched with a
saturated aqueous solution of NH4Cl and extracted with DCM (20 mL x 2). The combined
organic layers were washed with brine, dried over Na2SOs, filtered and evaporated. The residue
was purified by column chromatography (DCM : MeOH = 20 : 1) to give the title product (180
mg, 52% yield). 'H NMR (400 MHz, DMSO-d6) & 7.26 — 7.04 (m, 4H), 6.48 (s, 1H), 5.94 (s,
1H), 4.18 (s, 2H), 4.11 (s, 2H), 3.20 (s, 2H), 0.88 (d, J = 5.6 Hz, 4H), 0.77 (s, 9H), 0.14 (s, 6H).
LC-MS (M+H) " =415.2,
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Step 7: 1-(6-(1-((tert-butyldimethylsilyl)oxy)cyclopropyl)-7-(4-fluorobenzyl)-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-yl)-2-chlorocthan-1-one
Oo.__N

[ | N OTBS
N =
C'\/go

=
The title compound of Step 7 (210 mg, crude) was prepared in a manner similar to that
described in Example 1 step 9 from 6-(1-((tert-butyldimethylsilyl)oxy)cyclopropyl)-7-(4-
fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine and 2-chloroacetyl chloride. The
crude material was used in next step directly without purification. LC-MS (M+H) *= 491 1.
Step 8: tert-butyl (2R,5S)-4-(2-(6-(1-((tert-butyldimethylsilyl)oxy)cyclopropyl)-7-(4-
fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-y1)-2-oxoethyl)-2-methyl-5-(((R)-3-

methylmorpholino)methyl)piperazine-1-carboxylate
0
k/ N (\O

SR0E

N OTBS
Boc” \‘) X

The title compound of Step 8 (230 mg, 69% yield) was prepared in a manner similar to that

F

described in Example 1 step 18 from 1-(6-(1-((tert-butyldimethylsilyl)oxy)cyclopropyl)-7-(4-
fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-chloroethan-1-one and tert-
butyl (2R,5S)-2-methyl-5-(((R)-3-methylmorpholino)methyl)piperazine-1-carboxylate. LC-MS
(M+H) " =768 4.

Step 9: 1-(7-(4-fluorobenzyl)-6-(1-hydroxycyclopropyl)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)-2-((2R,5R)-5-methyl-2-(((R)-3-methylmorpholino)methyl)piperazin-1-
yl)ethan-1-one (compound 21)

To the solution of tert-butyl (2R,5S)-4-(2-(6-(1-((tert-butyldimethylsilyl)oxy)cyclopropyl)-7-
(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methyl-5-(((R)-
3-methylmorpholino)methyl)piperazine-1-carboxylate (230 mg, 0.3 mmol) in methanol (3 mL)
was added HCI solution in 1,4-dioxane (3 mL, 4M) at 0 °C. The mixture was stirred at room
temperature for 4 h. The solvent was evaporated and the residue was washed with aq. NaHCOs
solution, extracted with EA. The combined organic layers were dried, filtered and
concentrated. The residue was purified by silica gel column chromatography (DCM : MeOH =
10 : 1) to give the title product (60 mg, 36% yield). 'H NMR (400 MHz, DMSO-d6) & 8.22 (s,
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1H), 7.24 (s, 2H), 7.10 (t, /= 8.0 Hz, 2H), 6.03 (s, 1H), 4.43 —4.23 (m, 3H), 4.15(d, J=15.5
Hz, 1H), 3.97 - 3.93 (m, 2H), 3.74 (s, 1H), 3.61 (d, J= 15.7 Hz, 1H), 3.45 (d, /= 10.1 Hz,
1H), 3.36 (s, 1H), 3.17 - 3.12 (m, 1H), 2.28 -2.78 (m, 4H), 2.66 (d, /= 9.9 Hz, 2H), 2.56 (d, J
=10.6 Hz, 1H), 2.33 - 2.30 (m, 2H), 2.12 (s, 1H), 1.93 (s, 1H), 1.74 (d, /= 10.7 Hz, 1H), 0.90
- 0.83 (m, 10H). LC-MS (M+H) *=554.3.

Example 22: 2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-
y1)-1-((S)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)ethan-1-
one (compound 22)

o

k/N\: \(\O
: N—Z N
sa s

éHNjg

Compound as formic acid salt was prepared in a manner similar to that described in Example

F

19 from the corresponding chiral starting material tert-butyl (S)-(1-hydroxypropan-2-
yl)carbamate in step 1 and tert-butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-
methylpiperazine-1-carboxylate. The salt was neutralized with aq. NaHCOs3 and extracted with
EtOAc. The combined organic layers were dried, filtered and concentrated. The residue was
further lyophilized to afford compound 22 (224 mg, 41% yield) as free base. "H NMR (400
MHz, DMSO-d6) 6 8.20 (s, 1H), 7.85 (s, 1H), 7.30 — 7.18 (m, 2H), 7.17 — 7.06 (m, 2H), 4.81 —
4.63 (m, 1H), 438 —4.27 (m, 1H), 4.25 - 4.14 (m, 1H), 3.98 — 3.90 (m, 1H), 3.87 (s, 2H), 3.53
—3.38 (m, 3H), 3.16 — 3.02 (m, 2H), 2.99 — 2.88 (m, 1H), 2.84 — 2.74 (m, 1H), 2.73 — 2.64 (m,
2H), 2.63 — 2.54 (m, 2H), 2.26 (t, /= 10.7 Hz, 1H), 2.13 (t, /= 10.8 Hz, 1H), 2.08 — 1.88 (m,
2H), 1.17 (d, /= 6.0 Hz, 3H), 0.93 — 0.76 (m, 9H). LC-MS (M+H) ™= 526.6.
Example 23: 1-((S)-2-((benzyloxy)methyl)-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-y1)-2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-
methylpiperazin-1-yl)ethan-1-one(compound 23)

Ph
T s
¥ L(/ N
(\N/\n/ _ \

HNj) o)

Step 1: tert-butyl (S)-(1-(benzyloxy)-3-((3,5-dibromopyridin-2-yl)oxy)propan-2-yl)carbamate

F
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Br Br
The title compound of step 1 (19 g, 95% yield) was prepared in a manner similar to that
described in Example 19 step 1 from tert-butyl (R)-(1-(benzyloxy)-3-hydroxypropan-2-
yl)carbamate and 3,5-dibromo-2-fluoropyridine. LC-MS (M+H) * = 515.0.
Step 2: tert-butyl (S)-2-((benzyloxy)methyl)-7-bromo-2,3-dihydro-1H-pyrido[2,3-

b][1,4]oxazine-1-carboxylate

The title compound of step 2 (2.5 g, 38% yield) was prepared in a manner similar to that
described in Example 18 step 2 from tert-butyl (S)-(1-(benzyloxy)-3-((3,5-dibromopyridin-2-
yloxy)propan-2-yl)carbamate. LC-MS (M+H) © = 435.0.

Step 3: tert-butyl (S)-2-((benzyloxy)methyl)-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-

b][1,4]oxazine-1-carboxylate

O._N F
A LT

O ’T‘ =

Boc
The title compound of step 3 (1.5 g, 56% yield) was prepared in a manner similar to that
described in Example 1 step 7 from tert-butyl (S)-2-((benzyloxy)methyl)-7-bromo-2,3-dihydro-
1H-pyrido[2,3-b][ 1,4]oxazine-1-carboxylate and (4-fluorobenzyl)zinc(Il) chloride. LC-MS
(M+H) "= 4652.

Step 4: (S)-2-((benzyloxy))methyl)-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-

b][1,4]oxazine

QLI

The title compound of step 4 (1.1 g, 94% yield) was prepared in a manner similar to that
described in Example 1 step 8 from tert-butyl (S)-2-((benzyloxy)methyl)-7-(4-fluorobenzyl)-
2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate. LC-MS (M+H) ™ = 365.2.

Step 5: (S)-1-(2-((benzyloxy)methyl)-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1 -yl) -2-chloroethan-1-one

@JIL@V

CI
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The title compound of step 5 (750 mg, 56% yield) was prepared in a manner similar to that
described in Example 1 step 9 from (S)-2-((benzyloxy)methyl)-7-(4-fluorobenzyl)-2,3-dihydro-
1H-pyrido[2,3-b][1,4]oxazine and 2-chloroacetyl chloride. LC-MS (M+I1) © = 441.1.

Step 6: tert-butyl (2R,5S)-4-(2-((S)-2-((benzyloxy)methyl)-7-(4-fluorobenzyl)-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-

methylpiperazine-1-carboxylate
Ph

O

The title compound of step 6 (520 mg, 86% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-1-(2-((benzyloxy)methyl)-7-(4-fluorobenzyl)-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)-2-chloroethan-1-one and tert-butyl (2R,5S)-5-
(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. LC-MS (M+H)
t=7324.

Step 7: 1-((S)-2-((benzyloxy)methyl)-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)-2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-
methylpiperazin-1-yl)ethan-1-one (compound 23)

Compound 23 as formic acid salt was prepared in a manner similar to that described in
Example 1 step 19 from tert-butyl (2R,5S)-4-(2-((S)-2-((benzyloxy)methyl)-7-(4-
fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-oxoethyl)-5-(((3R,5R)-3,5-
dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. The salt was neutralized with
aq. NaHCOs and extracted with EtOAc. The combined organic layers were dried, filtered and
concentrated. The residue was furtherly lyophilized to afford compound 23 (210 mg, 47%
yield) as free base. '"HH NMR (400 MHz, DMSO-d6) & 8.31 (s, 1H), 7.83 (s, 1H), 7.3 — 7.23 (m,
5H), 7.23 — 7.16 (m, 2H), 7.15 — 7.08 (m, 2H), 4.97 (brs, 1H), 4.58 — 4.52 (m, 1H), 4.51 —4.39
(m, 2H), 4.27 — 4.20 (m, 1H), 4.19 - 4.11 (m, 1H), 3.88 (s, 2H), 3.55 — 3.49 (m, 1H), 3.48 —
3.41 (m, 3H), 3.31 —3.24 (m, 2H), 3.11 (brs, 2H), 3.05 — 2.98 (m, 1H), 2.83 — 2.72 (m, 1H),
2.68 —2.53 (m, 4H), 2.38 (brs, 1H), 2.27 - 2.17 (m, 1H), 2.08 — 1.98 (m, 1H), 1.98 — 1.90 (m,
1H), 0.85 (d, J = 4.5 Hz, 3H), 0.80 (d, J = 5.6 Hz, 6H). LC-MS (M+H) ~= 632.4.

Example 24: 2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-
y1)-1-((S)-7-(4-fluorobenzyl)-6-(hydroxymethyl)-2-methyl-2,3-dihydro-1H-pyrido[ 2,3-
b][1,4]oxazin-1-yl)ethan-1-one (compound 24)
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Step 1: tert-butyl (S)-(1-((3,5-dibromo-6-methylpyridin-2-yl)oxy)propan-2-yl)carbamate

BocHN © | N\

Br Br
The title compound of step 1 (4.2 g, 75% yield) was prepared in a manner similar to that
5  described in Example 19 step 1 from tert-butyl (S)-(1-hydroxypropan-2-yl)carbamate and 3,5-
dibromo-2-fluoro-6-methylpyridine. LC-MS (M+H) ™ = 423.0.
Step 2: tert-butyl (S)-7-bromo-2,6-dimethyl-2 3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-

carboxylate
O N
LI
l}l Z Br
Boc
10 The title compound of step 2 (890 mg, 15% yield) was prepared in a manner similar to that
described in Example 18 step 2 from tert-butyl (S)-(1-((3,5-dibromo-6-methylpyridin-2-
yl)oxy)propan-2-yl)carbamate. LC-MS (M+H) © =343.1.

Step 3: tert-butyl (S)-7-(4-fluorobenzyl)-2,6-dimethyl-2,3-dihydro-1H-pyrido[2,3-

b][1 4]oxaz1ne 1- carboxylate

The title compound of step 3 (1.0 g, 90% yield) was prepared in a manner similar to that

15

described in Example 1 step 7 from tert-butyl (S)-7-bromo-2,6-dimethyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine-1-carboxylate and (4-fluorobenzyl)zinc(II) chloride. LC-MS (M+H)
*=3732.
20 Step 4: (S)-1-(tert-butoxycarbonyl)-7-(4-fluorobenzyl)-2,6-dimethyl-2,3-dihydro- 1H-
pyrido[2,3-t1][l,4]oxazine 5-oxide
0O

0N F
L0 gy

'}' =

Boc
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The title compound of step 4 (900 mg, 65% yield) was prepared in a manner similar to that
described in Example 1 step 5 from tert-butyl (S)-7-(4-fluorobenzyl)-2,6-dimethyl-2,3-dihydro-
1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate and 3-chlorobenzoperoxoic acid. LC-MS (M+H) *
=389.2.

Step 5: tert-butyl (S)-6-(acetoxymethyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-

pyrido[2,3-b][1,4]oxazine-1-carboxylate
OAc
pode
LA
N =

1
Boc

F

The title compound of step 5 (855 mg, 86% yield) was prepared in a manner similar to that
described in Example 8 step 2 from (S)-1-(tert-butoxycarbonyl)-7-(4-fluorcbenzyl)-2,6-
dimethyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine 5-oxide and Ac20. LC-MS (M+H) " =
431.2.

Step 6: (S)-(7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-6-y])methyl

acetate

OAc
LI
N =
H

The title compound of step 6 (462 mg, 70% yield) was prepared in a manner similar to that
described in Example 1 step 8 from tert-butyl (S)-6-(acetoxymethyl)-7-(4-fluorobenzyl)-2-
methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate. LC-MS (M+H) " =331.1.
Step 7: (S)-(1-(2-chloroacetyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-

b][1,4]oxazin-6-yl)methyl acetate
OAc
O N F

X

LI
Cl o
The title compound of step 7 (570 mg, 90% yield) was prepared in a manner similar to that
described in Example 1 step 9 from (S)-(7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-6-yl)methyl acetate and 2-chloroacetyl chloride. LC-MS (M+H) ™=
407.1.
Step 8: tert-butyl (2R,5S)-4-(2-((S)-6-(acetoxymethyl)-7-(4-fluorobenzyl)-2-methyl-2 3-
dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl1)-2-oxoethyl)-5-(((3R,5R)-3,5-
dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate
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The title compound of step 8 (252 mg, 51% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-(1-(2-chloroacetyl)-7-(4-fluorobenzyl)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-6-yl)methyl acetate and tert-butyl (2R,5S)-5-(((3R,5R)-
3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. LC-MS (M+H) ™= 698.5.
Step 9: tert-butyl (2R,55)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-((S)-7-(4-
fluorobenzyl)-6-(hydroxymethyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-
oxoethyl)-2-methylpiperazine-1-carboxylate

O
~( 9
Ay U

Boc” N \ﬁ ©

The title compound of step 9 (240 mg, 100% yield) was prepared in a manner similar to that
described in Example 8 step 4 from tert-butyl (2R,5S)-4-(2-((S)-6-(acetoxymethyl)-7-(4-
fluorobenzyl)-2-methyl-2,3-dihydro- 1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-oxoethyl)-5-
(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. LC-MS (M+H)
*=656.5.

Step 10: 2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-y1)-1-
((S)-7-(4-fluorobenzyl)-6-(hydroxymethyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-

N

nl/

F

b][1,4]oxazin-1-yl)ethan-1-one (compound 24)

Compound 24 as formic acid salt was prepared in a manner similar to that described in
Example 1 step 19 from tert-butyl (2R,55)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-
((S)-7-(4-fluorobenzyl)-6-(hydroxymethyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methylpiperazine-1-carboxylate. The salt was neutralized
with aq. NaHCOs and extracted with EtOAc. The combined organic layers were dried, filtered
and concentrated. The residue was further lyophilized to afford compound 24 (97 mg, 48%
yield) as free base. 'H NMR (400 MHz, DMSO-d6) & 8.12 (s, 1H), 7.28 — 7.17 (m, 2H), 7.16 —
7.04 (m, 2H), 5.15 - 5.01 (m, 1H), 4.72 (s, 1H), 4.50 — 4.37 (m, 2H), 4.33 (d, /= 10.6 Hz, 1H),
420 (d, /=109 Hz, 1H), 3.97 (s, 2H), 3.94 — 3.83 (m, 1H), 3.54 —3.37 (m, 3H), 3.18 —3.02
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(m, 2H), 2.97 — 2.88 (m, 1H), 2.82 - 2.71 (m, 1H), 2.71 — 2.63 (m, 2H), 2.62 — 2.53 (m, 2H),
231-2.19 (m, 1H), 2.18 —2.05 (m, 1H), 2.02 — 1.89 (m, 2H), 1.19 (d, /= 5.7 Hz, 3H), 0.92 -
0.75 (m, 9H). LC-MS (M+H) ™= 556.6.

Example 25: 1-((S)-7-(4-fluorobenzyl)-6-(hydroxymethyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-y1)-2-((2R,5R)-5-methyl-2-(((R)-3-

methylmorpholino)methyl)piperazin-1-yl)ethan-1-one (compound 25)
0

K/N\ O
: N~ N  oH
N —
LY éﬂ
F

Step 1: tert-butyl (2R,5S)-4-(2-((S)-6-(acetoxymethyl)-7-(4-fluorobenzyl)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methyl-5-(((R)-3-
methylmorpholino)methyl)piperazine-1-carboxylate

o)

: N—Z
N -
oY

Boc”

The title compound in step 1 (259 mg, 54% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-(1-(2-chloroacetyl)-7-(4-fluorobenzyl)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazin-6-yl)methyl acetate and tert-butyl (2R,5S)-2-methyl-5-
(((R)-3-methylmorpholino)methyl)piperazine-1-carboxylate. LC-MS (M+H) "= 684.5.

Step 2: tert-butyl (2R,5S)-4-(2-((S)-7-(4-fluorobenzyl)-6-(hydroxymethyl)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methyl-5-(((R)-3-

methylmorpholino)methyl)piperazine-1-carboxylate
O

) .../

W
\
z

N“n/

The title compound of step 2 (240 mg, 90% yield) was prepared in a manner similar to that
described in Example 8 step 4 from tert-butyl (2R,5S)-4-(2-((S)-6-(acetoxymethyl)-7-(4-
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fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-oxoethyl)-2-methyl-
5-(((R)-3-methylmorpholino)methyl)piperazine-1-carboxylate. LC-MS (M+H) © = 642.5.

Step 3: 1-((S)-7-(4-fluorobenzyl)-6-(hydroxymethyl)-2-methyl-2, 3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-y1)-2-((2R,5R)-5-methyl-2-(((R)-3-methylmorpholino)methyl)piperazin-1-
yl)ethan-1-one (compound 25)

Compound 25 as formic acid salt was prepared in a manner similar to that described in
Example 1 step 19 from tert-butyl (2R,5S5)-4-(2-((S)-7-(4-fluorobenzyl)-6-(hydroxymethyl)-2-
methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-oxoethyl)-2-methyl-5-(((R)-3-
methylmorpholino)methyl)piperazine-1-carboxylate. The salt was neutralized with aq.
NaHCOs and extracted with EtOAc. The combined organic layers were dried, filtered and
concentrated. The residue was further lyophilized to afford compound 25 (103 mg, 51% yield)
as free base. "H NMR (400 MHz, DMSO-d6) § 8.18 (s, 1H), 7.26 — 7.17 (m, 2H), 7.16 - 7.06
(m, 2H), 5.12 - 5.04 (m, 1H), 4.77 (s, 1H), 4.50 — 4.37 (m, 2H), 4.37 — 4.28 (m, 1H), 4.26 -
4.15 (m, 1H), 4.07 — 4.00 (m, 1H), 3.97 (s, 2H), 3.56 - 3.40 (m, 3H), 3.31 - 3.24 (m, 1H), 3.05
—292 (m, 1H), 2.88 — 2.53 (m, 6H), 2.36 —2.23 (m, 1H), 2.23 —2.07 (m, 2H), 2.03 — 1.84 (m,
2H), 1.79 - 1.67 (m, 1H), 1.16 (d, J= 5.9 Hz, 3H), 0.93 - 0.77 (m, 6H). LC-MS (M+H) * =
542.5.

Example 26: 1-((S)-2-cyclopropyl-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-y1)-2-((2R,5R)-5-methyl-2-(((R)-3-methylmorpholino)methyl)piperazin-1-
yl)ethan-1-one (compound 26)

O

AL B
: N—Z N
VY s
HN\l) o)
F
Step 1: (S)-2-amino-2-cyclopropylethan-1-ol

H
H,N °

(S)-2-amino-2-cyclopropylacetic acid (6.9 g, 60 mmol) in anhydrous THF (190 mL) was added
LiAlH4 (4.56 g, 120 mmol) slowly at 0 °C. The resulting solution was stirred at room
temperature for 1 h. The reaction was quenched by water (20 mL) and extracted with EtOAc
(100 mL*3). The combined EtOAc phase was dried over Na2SOs, filtered and evaporated in
vacuo to give crude product (6.4 g) which was used in next step without further purification.
LC-MS (M+H) *=102.0.
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Step 2: (S)-1-cyclopropyl-2-((3,5-dibromopyridin-2-yl)oxy)ethan-1-amine
N o | Ny

Br & Br
3,5-dibromo-2-fluoropyridine (5 g, 20 mmol) and (S)-2-amino-2-cyclopropylethan-1-ol (2.5 g,
25 mmol) in anhydrous THF (100 mL) was added NaH (2 g, 60%, 50 mmol) slowly at 0 °C.
The resulting solution was stirred at room temperature for 1 h. The reaction was quenched by
water (20 mL) and extracted with EtOAc (100 mL*3). The combined EtOAc phase was dried
over Na2SOy, filtered and evaporated in vacuo. The residue was purified by silica gel
chromatography (DCM : MeOH = 10 : 1) to give the product (6.5 g, 97% yield for 2 steps).
LC-MS (M+H) * = 334.9, 336.9,
Step 3: tert-butyl (S)-(1-cyclopropyl-2-((3,5-dibromopyridin-2-yl)oxy)ethyl)carbamate

BocHN © | N\

Br & Br
(S)-1-cyclopropyl-2-((3,5-dibromopyridin-2-yl)oxy)ethan-1-amine (6.5 g, 19.3 mmol),
(Boc)20 (6.3 g, 29 mmol), DMAP (0.1 g, 0.82 mmol) and EtsN (5.8 g, 58 mmol) in DCM (100
mL) was stirred at room temperature for 12 hours. The reaction was washed with water (50
mL), extracted with DCM (50 mL*3), the combined DCM phase was dried over Na2SQOa,
filtered and evaporated in vacuo. The residue was purified by silica gel chromatography (PE :
EtOAc =5 : 1) to give the product (6.5 g, 77% yield). LC-MS (M+H) = 434.9, 436.9.
Step 4: tert-butyl (S)-7-bromo-2-cyclopropyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-

carboxylate
0 N

| X
% N" e
Boc
The title compound of step 4 (1.2 g, 26% yield) was prepared in a manner similar to that
described in Example 18 step 2 from tert-butyl (S)-(1-cyclopropyl-2-((3,5-dibromopyridin-2-
yl)oxy)ethyl)carbamate. LC-MS (M+H) * = 355.0, 357.0.
Step 3: tert-butyl (S)-2-cyclopropyl-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-

b][1 4]oxaz1ne 1- carboxylate

The title compound of step 5 (0.8 g, 62% yield) was prepared in a manner similar to that

described in Example 1 step 7 from tert-butyl (S)-7-bromo-2-cyclopropyl-2,3-dihydro-1H-
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pyrido[2,3-b][1,4]oxazine-1-carboxylate and (4-fluorobenzyl)zinc(IT) chloride. LC-MS (M+H)
=385.2.
Step 6: (S)-2-cyclopropyl-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine

O.__N F
LI T
N 4
H
The title compound of step 6 (0.6 g, 100% yield) was prepared in a manner similar to that
described in Example 1 step 8 from tert-butyl (S)-2-cyclopropyl-7-(4-fluorobenzyl)-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate. LC-MS (M+H) * = 285.0.

Step 7: (S)-2-chloro-1-(2-cyclopropyl-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)ethan-1-one

O N\ F

Bes¥ss

b e

Cl
The title compound of step 7 (520 mg, 68% yield) was prepared in a manner similar to that
described in Example 1 step 9 from (S)-2-cyclopropyl-7-(4-fluorobenzyl)-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine and 2-chloroacetyl chloride. LC-MS (M+H) *=361.1.
Step 8: tert-butyl (2R,5S)-4-(2-((S)-2-cyclopropyl-7-(4-fluorobenzyl)-2,3-dihydro-1H-

pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methyl-5-(((R)-3-

methylmorpholino)methyl)piperazine-1-carboxylate

> PO
20 eS

The title compound of step 8 (300 mg, 66% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-2-chloro-1-(2-cyclopropyl-7-(4-fluorobenzyl)-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)ethan-1-one and tert-butyl (2R,5S)-2-methyl-5-
(((R)-3-methylmorpholino)methyl)piperazine-1-carboxylate. LC-MS (M+H) "= 638.9.

Step 9: 1-((S)-2-cyclopropyl-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-
y1)-2-((2R, 5R)-5-methyl-2-(((R)-3-methylmorpholino)methyl)piperazin-1-yl)ethan-1-one
(compound 26)

Compound 26 as formic acid salt was prepared in a manner similar to that described in
Example 1 step 19 from tert-butyl (2R,55)-4-(2-((S)-2-cyclopropyl-7-(4-fluorobenzyl)-2,3-

89



10

15

20

25

WO 2021/244608 PCT/CN2021/098123

dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methyl-5-(((R)-3-
methylmorpholino)methyl)piperazine-1-carboxylate. The salt was neutralized with aq.
NaHCOs and extracted with EtOAc. The combined organic layers were dried, filtered and
concentrated. The residue was further lyophilized to afford compound 26 (190 mg, 75% yield)
as free base. |H NMR (400 MHz, DMSO-d6) & 8.11 (s, 1H), 7.86 (d, /= 1.8 Hz, 1H), 7.29 -
7.25 (m, 2H), 7.15 - 7.10 (m, 2H), 4.49 - 4.46 (m, 1H), 4.24 - 421 (m, 1H), 4.14 — 4.00 (m,
2H), 3.89 (s, 2H), 3.56 - 5.48 (m, 2H), 3.40 - 3.37 (m, 2H), 3.02 (brs, 1H), 2.85 - 2.82 (m, 1H),
2.71 (brs, 2H), 2.58 - 2.54 (m, 3H), 2.35 — 2.09 (m, 3H), 2.04 (brs, 1H), 1.77 (s, 1H), 0.85 (d, J
= 6.1 Hz, 3H), 0.80 (brs, 4H), 0.52 (d, /= 5.9 Hz, 1H), 0.44 (s, 3H). LC-MS (M+H) "= 538.9.
Example 27: 1-((S)-2-cyclopropyl-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-y1)-2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-
methylpiperazin-1-yl)ethan-1-one (compound 27)

SSe s
HN\l)

Step 1: tert-butyl (2R,5S)-4-(2-((S)-2-cyclopropyl-7-(4-fluorobenzyl)-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-

methylpiperazine-1-carboxylate

Sooy
mﬁr .

The title compound of step 1 (300 mg, 64% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-2-chloro-1-(2-cyclopropyl-7-(4-fluorobenzyl)-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)ethan-1-one and tert-butyl (2R,5S)-5-(((3R,5R)-3,5-
dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. LC-MS (M+H) ™ = 652.9.
Step 2: 1-((S)-2-cyclopropyl-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-
y1)-2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-yl)ethan-1-
one (compound 27)

Compound 27 as formic acid salt was prepared in a manner similar to that described in

Example 1 step 19 from tert-butyl (2R, 5S)-4-(2-((S)-2-cyclopropyl-7-(4-fluorobenzyl)-2,3-
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dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-5-(((3R,5R)-3,5-
dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. The salt was neutralized with
aq. NaHCOs and extracted with EtOAc. The combined organic layers were dried, filtered and
concentrated. The residue was further lyophilized to afford compound 27 (210 mg, 83% yield)
as free base. 'H NMR (400 MHz, DMSO-d6) & 8.11 (s, 1H), 7.87 (s, 1H), 7.28 - 7.25 (m, 2H),
7.12 (t,J = 8.8 Hz, 2H), 4.49 - 4.47 (m, 1H), 4.23 - 421 (m, 1H), 4.11 - 4.09 (m, 1H), 3.96 -
3.93 (m, 1H), 3.89 (s, 2H), 3.50 - 3.48 (m, 2H), 3.25 (s, 1H), 3.15 (brs, 2H), 3.04 - 3.01 (m,
1H), 2.76 - 2.68 (m, 3H), 2.52 (brs, 2H), 2.40 (brs, 1H), 2.22 - 2.19 (m, 1H), 2.07 - 2.02 (m,
1H), 1.96 - 1.91 (m, 1H), 0.84 (brs, 10H), 0.53 - 0.51 (m, 2H), 0.45 (s, 2H). LC-MS (M+H) " =
552.9.

Example 28: 1-((S)-2-ethyl-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-
y1)-2-((2R, 5R)-5-methyl-2-(((R)-3-methylmorpholino)methyl)piperazin-1-yl)ethan-1-

one(compound 28)
O

\\/N\ /\(\ Q
: N—Z N\
N\
HN\l) 0
F
Step 1: tert-butyl (S)-(1-((3,5-dibromopyridin-2-y1)oxy)butan-2-yl)carbamate

BocHN © | N\

Br Z Br
The title compound of step 1 (12 g, 94% yield) was prepared in a manner similar to that
described in Example 19 step 1 from tert-butyl (S)-(1-hydroxybutan-2-yl)carbamate and 3,5-
dibromo-2-fluoropyridine. LC-MS (M+H) *=423.0.
Step 2: tert-butyl (S)-7-bromo-2-ethyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-

carboxylate

O_-N
LA

l}l & Br

Boc
The title compound of step 2 (1.1 g, 11% yield) was prepared in a manner similar to that
described in Example 19 step 2 from tert-butyl (S)-(1-((3,5-dibromopyridin-2-yl)oxy)butan-2-
yl)carbamate. LC-MS (M+H) =343 1.

Step 3: tert-butyl (S)-2-ethyl-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-

carboxylate
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O._N F
LY

N =

Boc
The title compound of step 3 (1 g, 82% yield) was prepared in a manner similar to that
described in Example 1 step 7 from tert-butyl (S)-7-bromo-2-ethyl-2,3-dihydro-1H-pyrido[2,3-

b][1,4]oxazine-1-carboxylate and (4-fluorobenzyl)zinc(Il) chloride. LC-MS (M+H) * =373 .2,
Step 4: (S)-2-ethyl-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine

O. N F
LAY
N NP
H
The title compound of step 4 (700 mg, 95% yield) was prepared in a manner similar to that
described in Example 1 step 8 from tert-butyl (S)-2-ethyl-7-(4-fluorobenzyl)-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine-1-carboxylate. LC-MS (M+H) "= 273.2.
Step 5: (S)-2-chloro-1-(2-ethyl-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4 ]oxazin-1-
yl)ethan-1-one
O N F
LT
N =
o

The title compound of step 5 (550 mg, 61% yield) was prepared in a manner similar to that
described in Example 1 step 9 from (S)-2-ethyl-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazine and 2-chloroacetyl chloride. LC-MS (M+H) * =349 2.

Step 6: tert-butyl (2R,5S)-4-(2-((S)-2-ethyl-7-(4-fluorobenzyl)-2,3-dihydro- 1 H-pyrido[2,3-
b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methyl-5-(((R)-3-methylmorpholino)methyl)piperazine-1-

carboxylate

0
N
N/\

The title compound of step 6 (760 mg, 77% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-2-chloro-1-(2-ethyl-7-(4-fluorobenzyl)-2,3-dihydro-
1H-pyrido[2,3-b][1,4]oxazin-1-yl)ethan-1-one and tert-butyl (2R,5S)-2-methyl-5-(((R)-3-
methylmorpholino)methyl)piperazine-1-carboxylate. LC-MS (M+H) * = 626 4.

Step 7: 1-((S)-2-ethyl-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-
((2R,5R)-5-methyl-2-(((R)-3-methylmorpholino)methyl)piperazin-1-yl)ethan-1-one
(compound 28)
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Compound 28 as formic acid salt was prepared in a manner similar to that described in
Example 1 step 19 from tert-butyl (2R,5S)-4-(2-((S)-2-cthyl-7-(4-fluorobenzyl)-2,3-dihydro-
1H-pyrido[2,3-b][1,4]oxazin-1-y1)-2-oxoethyl)-2-methyl-5-(((R)-3-
methylmorpholino)methyl)piperazine-1-carboxylate. The salt was neutralized with aq.
NaHCOs and extracted with EtOAc. The combined organic layers were dried, filtered and
concentrated. The residue was further lyophilized to afford compound 28 (290 mg, 45% yield)
as free base. 'H NMR (400 MHz, DMSO-d6) 6 8.16 (s, 1H), 7.84 (s, 1H), 7.25 (dd, /=8.4,5.6
Hz, 2H), 7.12 (t, /= 8.8 Hz, 2H), 445 (d, /= 11.7 Hz, 2H), 4.20 (d, /= 11.3 Hz, 1H), 4.09 (d,
J=14.4Hz, 1H), 3.88 (s, 2H), 3.51 (s, 2H), 3.42 (d, /= 159 Hz, 1H), 2.99 (s, 1H), 2.82 (d, J =
9.9 Hz, 2H), 2.73 (d, J= 11.5 Hz, 1H), 2.71 — 2.56 (m, 4H), 2.27 (t, J = 10.8 Hz, 1H), 2.16 (s,
2H), 2.00 (s, 1H), 1.76 (s, 1H), 1.46 (s, 2H), 0.87 — 0.81 (m, 9H). LC-MS (M+H)* = 526.5.
Example 29: 1-((S)-2-benzyl-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-
y1)-2-((2R,5R)-5-methyl-2-(((R)-3-methylmorpholino)methyl)piperazin-1-yl)ethan-1-

one(compound 29)

Y

HN\‘)

Step 1: tert-butyl (S)-(1-((3,5-dibromopyridin-2-yl)oxy)-3-phenylpropan-2-yl)carbamate

0

N
N/\
F

BocHN © | N\

Br & Br
To a solution of tert-butyl N-[(2S)-1-hydroxy-3-phenylpropan-2-yl]carbamate (4.7 g, 18.9
mmol) and 3,5-dibromo-2-fluoropyridine (4.4 g, 17.1 mmol) in THF (80 mL) was added NaH
(865 mg, 21.6 mmol, 60%) in portions at 0 °C under nitrogen atmosphere. The resulting
mixture was stirred for 5 h at room temperature under nitrogen atmosphere. When the reaction
was done, the reaction was then quenched by the addition of water (60 mL). The resulting
solution was extracted with ethyl acetate (60 mL x 3). The organic phases were combined,
washed with brine and dried over Na2SQOa. The solvent was concentrated under reduced
pressure and the residue was purified by flash chromatography (DCM : EtOAc = 3: 1) to yield
the title product (9.9 g, 73% yield). LC-MS (M+H) ™ = 485.0.
Step 2: tert-butyl (S)-2-benzyl-7-bromo-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-

carboxylate
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O N

| AN
I?l Z Br
Boc

To a solution of tert-butyl (S)-(1-((3,5-dibromopyridin-2-yl)oxy)-3-phenylpropan-2-
yl)carbamate (1.5 g, 3.1 mmol) in THF (10 mL) was added Cul (190 mg, 1.0 mmol), Cs2CO3
(2.1 g, 6.4 mmol), and DMEDA (105 mg, 1.3 mmol) at room temperature. The resulting
mixture was stirred for 16 h at 80 °C under nitrogen atmosphere. When the reaction was done,
the resulting mixture was filtered, the filter cake was washed with DCM (2 x 10 mL). The
filtrate was concentrated under reduced pressure and the residue was purified by flash
chromatography (PE : EtOAc =5 : 1) to yield the title product (260 mg, 20% yield). LC-MS
(M+H) " =405.1.

Step 3: tert-butyl (S)-2-benzyl-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-

1-carboxylate

O N F
T LT

l}l P4

Boc

To a solution of tert-butyl (S)-2-benzyl-7-bromo-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-1-
carboxylate (260 mg, 0.6 mmol), chloro[(4-fluorophenyl)methyl]zinc (180 mg, 0.8 mmol), and
Pd(t-BusP)2 (14 mg, 0.03 mmol) in THF (10 mL) was stirred for 2 h at 60 °C under nitrogen
atmosphere. When the reaction was done, the reaction was then quenched by the addition of
MeOH (5 mL). The resulting mixture was concentrated under reduced pressure. The resulting
mixture was diluted with DCM (10 mL). The resulting mixture was filtered, the filter cake was
washed with DCM (2 x 10 mL). The solvent was concentrated under reduced pressure and the
residue was purified by flash chromatography (PE : EtOAc =3 : 1) to yield the title product
(200 mg, 81% yield). LC-MS (M+H) *=435.2.
Step 4: (S)-2-benzyl-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine

O N\ F

Ly

N
H

To a solution of tert-butyl (S)-2-benzyl-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazine-1-carboxylate (200 mg, 0.5 mmol) in DCM (5§ mL) was added HCI (g) in 1,4-
dioxane (1.2 mL, 4.8 mmol, 4M) dropwise at 0 °C. The resulting mixture was stirred for 3 h at

room temperature. When the reaction was done, the resulting mixture was concentrated under
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reduced pressure. The resulting mixture was diluted with sat. NaHCO3 (15 mL) and extracted
with EtOAc (2 x 20 mL). The organic phases were combined, washed with brine and dried
over Na2SOa. The solvent was concentrated under reduced pressure and the residue was
purified by flash chromatography (PE : EtOAc =1 : 1) to yield the title product (120 mg, 78%
yield). LC-MS (M+H) * = 335.0.
Step 5: (S)-1-(2-benzyl-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-
chloroethan-1-one
O N\ F

ALY

Cl o
The title compound of Step 5 (83 mg, crude) was prepared in a manner similar to that described
in Example 1 step 9 from (S)-2-benzyl-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazine and 2-chloroacetyl chloride . The crude material was used in next step directly
without purification. LC-MS (M+H) " =411.0.
Step 6: tert-butyl (2R,5S)-4-(2-((S)-2-benzyl-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methyl-5-(((R)-3-methylmorpholino)methyl)piperazine-1-

carboxylate

o)

L g
Yy

Boc” N\‘) O

The title compound of Step 6 (90 mg, 64% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-1-(2-benzyl-7-(4-fluorobenzyl)-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-yl)-2-chloroethan-1-one and tert-butyl (2R,5S)-2-methyl-5-(((R)-3-
methylmorpholino)methyl)piperazine-1-carboxylate. LC-MS (M+H) © = 688.4.

Step 7: 1-((S)-2-benzyl-7-(4-fluorobenzyl)-2,3-dihydro- 1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-
((2R,5R)-5-methyl-2-(((R)-3-methylmorpholino)methyl)piperazin-1-yl)ethan-1-one

<

n/

F

(compound 29)

To a solution of tert-butyl (2R,5S)-4-(2-((S)-2-benzyl-7-(4-fluorobenzyl)-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methyl-5-(((R)-3-
methylmorpholino)methyl)piperazine-1-carboxylate (90 mg, 0.13 mmol) in DCM (3 mL) was
added HCI (g) in 1,4-dioxane (0.5 mL, 2 mmol, 4 M) dropwise at 0 °C. The resulting mixture

was stirred for 3 h at room temperature. When the reaction was done, the resulting mixture was
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concentrated under reduced pressure. The resulting mixture was diluted with sat. NaHCOs
solution (10 mL). The resulting mixture was extracted with EtOAc (2 x 15 mL). The organic
phases were combined, washed with brine and dried over Na2SOa. The solvent was
concentrated under reduced pressure and the residue was purified by prep-HPLC under the
following conditions: column, XBridge Shield RP18 OBD Column, 30 x 150 mm, 5 um;
mobile phase, acetonitrile in water (with 10 mmol/L NH4HCO3 and 0.1% NH3.H20), 25 % to
55 % gradient in 8 min; detector, UV 254 nm. The title compound (29 mg, 38% yield) was
obtained. '"H NMR (400 MHz, DMSO- d6) & 8.24 (s, 1H), 7.92 (s, 1H), 7.34-7.25 (m, 2H),
7.26 (s, 3H), 7.21-7.10 (m, 2H), 7.08 (s, 2H), 4.76 (s, 1H), 4.37 (d, /= 11.2 Hz, 1H), 4.28-4.20
(m, 1H), 3.93 (d, J= 2.2 Hz, 2H), 3.69 (s, 1H), 3.51 (s, 2H), 3.37 (d, J = 9.4 Hz, 2H), 3.00 (s,
1H), 2.88 (s, 2H), 2.87-2.78 (m, 1H), 2.64-2.57 (m, 4H), 2.44-2.28 (m, 2H), 2.29-2.07 (m, 2H),
1.99 (s, 1H), 1.84 (t,J = 10.6 Hz, 1H), 1.71-1.64 (m, 1H), 0.82 (d, J= 6.2 Hz, 6H). LC-MS
(M+H) * = 588.2.

Example 30: 1-((S)-7-(4-fluorobenzyl)-2-(p-tolyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-
y1)-2-((2R, 5R)-5-methyl-2-(((R)-3-methylmorpholino)methyl)piperazin-1-yl)ethan-1-

one(compound 30)

o)
N—7 N\

Y
HN\I) 0

F

Step 1: (S)-2-amino-2-(p-tolyl)ethan-1-ol
NH,

/O/\/OH

To a solution of (S)-amino(4-methylphenyl)acetic acid (1.9 g, 11.5 mmol) in THF (30 mL) was
added LiAlH4 (17.5 mL, 17.5 mmol, 1M) dropwise at O °C under nitrogen atmosphere. The
resulting mixture was stirred for 16 h at 70 °C under nitrogen atmosphere. When the reaction
was done, the reaction was then quenched by the addition of NaOH (2M) at 0 °C. The resulting
mixture was filtered, the filter cake was washed with THF (2 x 10 mL). The filtrate was
concentrated under reduced pressure. The aqueous layer was extracted with CHz2Clz (2 x 30
mL). The organic phases were combined, washed with brine and dried over Na2SOs. The
solvent was concentrated under reduced pressure to yield the title compound (800 mg, 46%
yield). LC-MS (M+H)* = 152.2.

Step 2: tert-butyl (S)-(2-hydroxy-1-(p-tolyl)ethyl)carbamate
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.Boc
HN

To a solution of (S)-2-amino-2-(p-tolyl)ethan-1-ol (800 mg, 5.3 mmol) and TEA (1.4 g, 13.2
mmol) in THF (20 mL) was added Boc20 (1.7 g, 7.9 mmol) in portions at 0 °C under nitrogen
atmosphere. The resulting mixture was stirred for 5 h at room temperature under nitrogen
atmosphere. When the reaction was done, the reaction was then quenched by the addition of
sat. NaHCOs (20 mL) at room temperature. The resulting solution was extracted with CH2Clz
(2 x 30 mL). The organic phases were combined, washed with brine and dried over Naz2SOa.
The solvent was concentrated under reduced pressure and the residue was purified by flash
chromatography (DCM : MeOH = 10 : 1) to yield the title compound (850 mg, 64% yield).
LC-MS (M+H) "=252.1.

Step 3: tert-butyl (S)-(2-((3,5-dibromopyridin-2-yl)oxy)-1-(p-tolyl)ethyl)carbamate

BocHN © | N\

Br 7 Br
The title compound of step 3 (1.3 g, 86% yield) was prepared in a manner similar to that
described in Example 29 step 1 from tert-butyl (S)-(2-hydroxy-1-(p-tolyl)ethyl)carbamate and
3,5-dibromo-2-fluoropyridine. LC-MS (M+H) ™= 485.0.
Step 4: tert-butyl (S)-7-bromo-2-(p-tolyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-

carboxylate

O__N
1L
N e
Boc

The title compound of step 4 (350 mg, 31% yield) was prepared in a manner similar to that
described in Example 29 step 2 from tert-butyl (S)-(2-((3,5-dibromopyridin-2-yl)oxy)-1-(p-
tolyl)ethyl)carbamate. LC-MS (M+H) " = 405.2.

Step 5: tert-butyl (S)-7-(4-fluorobenzyl)-2-(p-tolyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-

1-carboxylate

O__N
| N
N S
Boc
F
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The title compound of step 5 (275 mg, 73% yield) was prepared in a manner similar to that
described in Example 29 step 3 from tert-butyl (S)-7-bromo-2-(p-tolyl)-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine-1-carboxylate and (4-fluorobenzyl)zinc(II) chloride. LC-MS (M+H)
=4353.

Step 6: (S)-7-(4-fluorobenzyl)-2-(p-tolyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine

(@) N
| N
H
F

The title compound of step 6 (180 mg, 84% yield) was prepared in a manner similar to that
described in Example 29 step 4 from tert-butyl (S)-7-(4-fluorobenzyl)-2-(p-tolyl)-2,3-dihydro-
1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate. LC-MS (M+H) ©=335.1.

Step 7: (S)-2-chloro-1-(7-(4-fluorobenzyl)-2-(p-tolyl)-2,3-dihydro-1H-pyrido[2,3-

b][1 4]0xazm- -yl)ethan 1-one

o

The title compound of step 7 (162 mg, 73% yield) was prepared in a manner similar to that
described in Example 1 step 9 from (S)-7-(4-fluorobenzyl)-2-(p-tolyl)-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine and 2-chloroacetyl chloride. LC-MS (M+H) © = 411.2.

Step 8: tert-butyl (2R,58)-4-(2-((S)-7-(4-fluorobenzyl)-2-(p-tolyl)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methyl-5-(((R)-3-methylmorpholino)methyl)piperazine-1-

carboxylate

o/\( .
mﬁr )

R

The title compound of step 8 (90 mg, 64% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-2-chloro-1-(7-(4-flucrobenzyl)-2-(p-tolyl)-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)ethan-1-one and tert-butyl (2R,5S)-2-methyl-5-
(((R)-3-methylmorpholino)methyl)piperazine-1-carboxylate. LC-MS (M+H) © = 688.4.

F
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Step 9: 1-((S)-7-(4-fluorobenzyl)-2-(p-tolyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-
((2R,5R)-5-methyl-2-(((R)-3-methylmorpholino)methyl)piperazin-1-yl)ethan-1-one
(compound 30)

To a solution of tert-butyl (2R,5S)-4-(2-((S)-7-(4-fluorobenzyl)-2-(p-tolyl)-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methyl-5-(((R)-3-
methylmorpholino)methyl)piperazine-1-carboxylate (90 mg, 0.13 mmol) in DCM (3 mL) was
added HCI (g) in 1,4-dioxane (0.5 mL, 2 mmol, 4 M) dropwise at 0 °C. The resulting mixture
was stirred for 3 h at room temperature. When the reaction was done, the resulting mixture was
concentrated under reduced pressure. The resulting mixture was diluted with sat. NaHCOs
solution (10 mL). The resulting mixture was extracted with EtOAc (2 x 15 mL). The organic
phases were combined, washed with brine and dried over NaxSOa. The solvent was
concentrated under reduced pressure and the residue was purified by prep-HPLC under the
following conditions: column, XBridge Shield RP18 OBD Column, 30 x 150 mm, 5 um;
mobile phase, acetonitrile in water (with 10 mmol/L NHsHCOs and 0.1% NH3.H20), 25 % to
55 % gradient in 8 min; detector, UV 254 nm. The title compound (29 mg, 38% yield) was
obtained. 'H NMR (400 MHz, DMSO- d6) & 8.24 (s, 1H), 7.92 (s, 1H), 7.34-7.25 (m, 2H),
7.26 (s, 3H), 7.21-7.10 (m, 2H), 7.08 (s, 2H), 4.76 (s, 1H), 4.37 (d, J = 11.2 Hz, 1H), 4.28-4.20
(m, 1H), 3.93 (d, /= 2.2 Hz, 2H), 3.69 (s, 1H), 3.51 (s, 2H), 3.37 (d, /= 9.4 Hz, 2H), 3.00 (s,
1H), 2.88 (s, 2H), 2.87-2.78 (m, 1H), 2.64-2.57 (m, 4H), 2.44-2.28 (m, 2H), 2.29-2.07 (m, 2H),
1.99 (s, 1H), 1.84 (t, /= 10.6 Hz, 1H), 1.71-1.64 (m, 1H), 0.82 (d, /= 6.2 Hz, 6H). LC-MS
(M+H) * = 588 2.

Example 31: (S)-7-(4-fluorobenzyl)-2-methyl-1-(2-((2R,5R)-5-methyl-2-(((R)-3-
methylmorpholino)methyl)piperazin-1-yl)acetyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]Joxazine-6-
carboxamide(compound 31)

o

s~
2 N—7 \\ NH,
N =

K\ /I(

HN\H 0
F

Step 1: tert-butyl (S)-7-(4-fluorobenzyl)-6-(hydroxymethyl)-2-methyl-2 3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine-1-carboxylate

OH
): l )
N 4
Boc
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The title compound of step 1 (3 g, 90% yield) was prepared in a manner similar to that
described in Example 21 step 1 from tert-butyl (S)-6-(acetoxymethyl)-7-(4-fluorobenzyl)-2-
methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate. LC-MS (M+1) * = 389.2.
Step 2: (S)-1-(tert-butoxycarbonyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-

b][1,4]oxazine-6-carboxylic acid

(0]
L
I}l P4
Boc
F

The title compound of step 2 (2 g, crude) was prepared in a manner similar to that described in
Example 21 step 2 from tert-butyl (S)-7-(4-fluorobenzyl)-6-(hydroxymethyl)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate. LC-MS (M+H) © = 403.2.

Step 3: tert-butyl (S)-6-carbamoyl-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-

b][1,4]oxazine-1-carboxylate

O
(@] N
oo e
l}l =
Boc
F

The reaction mixture of (S)-1-(tert-butoxycarbonyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-
1H-pyrido[2,3-b][ 1,4]oxazine-6-carboxylic acid (430 mg, 1.1 mmol), NH4Cl (289 mg, 5.3
mmol), DIPEA (276 mg, 2.1 mmol) and HATU (407 mg, 1.1 mmol) in DMF (8 mL) was
stirred at room temperature for overnight. The mixture was treated with water and extracted
with EtOAc (30mL x 3). The combined organic layers were washed with brine, dried over
NazS0q, filtered and evaporated. The residue was purified by column chromatography (PE :
EtOAc =2: 1) to give the title product (340 mg, 79% yield). LC-MS (M+H) *=402.1.

Step 4: (S)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-6-

carboxamide
O
N
LI
N
H
F
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The title compound of step 4 (255 mg, 100% yield) was prepared in a manner similar to that
described in Example 1 step 8 from tert-butyl (S)-6-carbamoyl-7-(4-fluorobenzyl)-2-methyl-
2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate. LC-MS (M+I1) © = 302.1.

Step 5: (S)-1-(2-chloroacetyl)-7-(4-fluorobenzyl)-2-methyl-2, 3-dihydro-1H-pyrido[2,3-

b][1,4]oxazine-6- carboxamlde

=

The title compound of step 5 (200 mg, 62% yield) was prepared in a manner similar to that
described in Example 1 step 9 from (S)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine-6-carboxamide and 2-chloroacetyl chloride. LC-MS (M+H) © =
378.1.

Step 6: tert-butyl (2R,5S)-4-(2-((S)-6-carbamoyl-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methyl-5-(((R)-3-
methylmorpholino)methyl)piperazine-1-carboxylate

(0)

NN Q N
H N—¢ NH
oy "
Boc”\@ © §‘!§
F

The title compound of step 6 (150 mg, 88% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-1-(2-chloroacetyl)-7-(4-fluorobenzyl)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-6-carboxamide and tert-butyl (2R,5S)-2-methyl-5-(((R)-
3-methylmorpholino)methyl)piperazine-1-carboxylate. LC-MS (M+H) * = 655.3.

Step 7: (S)-7-(4-fluorobenzyl)-2-methyl-1-(2-((2R,5R)-5-methyl-2-(((R)-3-
methylmorpholino)methyl)piperazin-1-yl)acetyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-6-
carboxamide (compound 31)

Compound 31 as formic acid salt was prepared in a manner similar to that described in
Example 1 step 19 from tert-butyl (2R,5S)-4-(2-((S)-6-carbamoyl-7-(4-fluorobenzyl)-2-
methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methyl-5-(((R)-3-
methylmorpholino)methyl)piperazine-1-carboxylate. The salt was neutralized with aq.

NaHCO:s and extracted with EtOAc. The combined organic layers were dried, filtered and
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concentrated. The residue was further lyophilized to afford compound 31 (53 mg, 41% yield)
as free base. "H NMR (400 MHz, DMSO-d6) & 8.37 (s, 1H), 7.80 (s, 1H), 7.44 (s, 1H), 7.30 —
7.17 (m, 2H), 7.08 (t, /= 8.8 Hz, 2H), 4.79 (s, 1H), 4.39 -4.26 (m, 4H), 4.07 (d, /= 15.6 Hz,
1H), 3.55 —3.45 (m, 3H), 3.30 - 3.17 (m, 1H), 2.97 (t, J=9.7 Hz, 1H), 2.83 —2.72 (m, 4H),
2.60 —2.56 (m, 2H), 2.37 - 2.06 (m, 4H), 1.96 (t, /= 9.4 Hz, 1H), 1.74 (d, /= 11.6 Hz, 1H),
1.19 (d, J = 6.4 Hz, 3H), 0.86 (d, J = 5.8 Hz, 6H). LC-MS (M+H) * = 555.5.

Example 32: (S)-1-(2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-
methylpiperazin-1-yl)acetyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-

b][1,4]oxazine-6-carboxamide(compound 32)
(0)

S~
: 7N NH,
(\N/Y \

HN\H
F

Step 1: tert-butyl (2R,5S)-4-(2-((S)-6-carbamoyl-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-y])-2-oxoethyl)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-

methylpiperazine-1-carboxylate
O

-

/\(
N Q
: (?\N/ﬁ;g\/ N NH,
Boc/N\H © B ©
F

The title compound of step 1 (100 mg, 60% yield) was prepared in a manner similar to that

—

N
o} 0

described in Example 1 step 18 from (S)-1-(2-chloroacetyl)-7-(4-fluorobenzyl)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-6-carboxamide and tert-butyl (2R,5S)-5-(((3R,5R)-3,5-
dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. LC-MS (M+H) "= 669.3.
Step 2: (S)-1-(2-((2R,5R)-2~(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-
yDacetyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-6-
carboxamide (compound 32)

Compound 32 as formic acid salt was prepared in a manner similar to that described in
Example 1 step 19 from tert-butyl (2R,5S)-4-(2-((S)-6-carbamoyl-7-(4-fluorobenzyl)-2-
methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-5-(((3R,5R)-3,5-
dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. The salt was neutralized with

aq. NaHCOs and extracted with EtOAc. The combined organic layers were dried, filtered and
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concentrated. The residue was further lyophilized to afford compound 32 (15 mg, 17% yield)
as free base. "H NMR (400 MHz, DMSO-d6) & 8.32 (s, 1H), 7.80 (s, 1H), 7.44 (s, 1H), 7.22 (s,
2H), 7.08 (t, /= 8.8 Hz, 2H), 4.75 (s, 1H), 4.43 —4.21 (m, 4H), 3.96 (d, /= 15.4 Hz, 1H), 3.52
(d, /=153 Hz, 1H), 3.42 (d, /=92 Hz, 2H), 3.08 (s, 2H), 2.94 (d, /= 10.5Hz, 1H),2.77 (d, J
=8.4Hz, 1H), 2.71 —2.55 (m, 5H), 2.30 —2.18 (m, 2H), 1.96 (d, /=8.6 Hz, 1H), 1.24 - 1.18
(m, 4H), 0.87 (d, J= 5.8 Hz, 3H), 0.83 (d, J = 6.0 Hz, 6H). LC-MS (M+H) * = 569.5.

Example 33: 1-((S)-7-(4-fluorobenzyl)-2-isobutyl-2,3-dihydro- 1H-pyrido[2,3-b][ 1 ,4]oxazin-1-
y1)-2-((2R,5R)-5-methyl-2-(((R)-3-methylmorpholino)methyl)piperazin-1-yl)ethan-1-

one(compound 33)

Y
HNf o

0
N
N/\

F
Step 1: tert-butyl (S)-(1-((3,5-dibromopyridin-2-yl)oxy)-4-methylpentan-2-yl)carbamate

BocHN © | N\

Br & Br
The title compound of step 1 (6 g, 83% yield) was prepared in a manner similar to that
described in Example 29 step 1 from tert-butyl (S)-(1-hydroxy-4-methylpentan-2-yl)carbamate
and 3,5-dibromo-2-fluoropyridine. LC-MS (M+H) * = 451.0.
Step 2: tert-butyl (S)-7-bromo-2-isobutyl-2 3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-

carboxylate

The title compound of step 2 (760 mg, 15% yield) was prepared in a manner similar to that
described in Example 29 step 2 from tert-butyl (S)-(1-((3,5-dibromopyridin-2-yl)oxy)-4-
methylpentan-2-yl)carbamate. LC-MS (M+H) * = 371.1.

Step 3: tert-butyl (S)-7-(4-fluorobenzyl)-2-isobutyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-

1-carboxylate

O N F
LY

'Tj 7

Boc
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The title compound of step 3 (600 mg, 69% yield) was prepared in a manner similar to that
described in Example 29 step 3 from tert-butyl (S)-7-bromo-2-isobutyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine-1-carboxylate and (4-fluorobenzyl)zinc(II) chloride. LC-MS (M+H)
*=401.2.
Step 4: (S)-7-(4-fluorobenzyl)-2-isobutyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine

O N F

AN

u >~
The title compound of step 4 (350 mg, 91% yield) was prepared in a manner similar to that
described in Example 29 step 4 from tert-butyl (S)-7-(4-fluorobenzyl)-2-isobutyl-2,3-dihydro-
1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate. LC-MS (M+H) * =301.1.
Step 5: (S)-2-chloro-1-(7-(4-fluorobenzyl)-2-isobutyl-2,3-dihydro-1H-pyrido[2,3-
b][1 4]oxazm- -yl)ethan-1-one

JSesved
ok,

The title compound of step 5 (330 mg, 90% yield) was prepared in a manner similar to that
described in Example 1 step 9 from (S)-7-(4-fluorobenzyl)-2-isobutyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine and 2-chloroacetyl chloride. LC-MS (M+H) * =377.1.

Step 6: tert-butyl (2R,585)-4-(2-((S)-7-(4-fluorobenzyl)-2-isobutyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methyl-5-(((R)-3-methylmorpholino)methyl)piperazine-1-

carboxylate

The title compound of step 6 (300 mg, 57% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-2-chloro-1-(7-(4-fluorobenzyl)-2-isobutyl-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)ethan-1-one and tert-butyl (2R,5S)-2-methyl-5-
(((R)-3-methylmorpholino)methyl)piperazine-1-carboxylate. LC-MS (M+H) "= 654.5.

Step 7: 1-((S)-7-(4-fluorobenzyl)-2-isobutyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-
((2R,5R)-5-methyl-2-(((R)-3-methylmorpholino)methyl)piperazin-1-yl)ethan-1-one

(compound 33)
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Compound 33 (13 mg, 6% yield) was prepared in a manner similar to that in Example 29 step 7
from tert-butyl (2R,55)-4-(2-((S)-7-(4-fluorobenzyl)-2-isobutyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methyl-5-(((R)-3-methylmorpholino)methyl)piperazine-1-
carboxylate. 'H NMR (300 MHz, DMSO-d6) & 8.09 (s, 1H), 7.83 (d, J=2.1 Hz, 1H), 7.28-.16
(m, 2H), 7.16-7.04 (m, 2H), 4.65-4.11 (m, 3H), 3.99 (d, /= 15.9 Hz, 1H), 3.86 (s, 2H), 2.92 (s,
2H), 2.82-2.65 (m, 4H), 2.58-2.49 (m, 2H), 2.36-2.14 (m, 3H), 2.11-1.87 (m, 3H), 1.66 (s, 3H),
1.28 (d, /= 34.5 Hz, 3H), 0.91-0.80 (m, 12H). LC-MS (M+H) *= 554 4.

Example 34: 2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-
yD)-1-((S)-7-(4-fluorobenzyl)-2-(methoxymethyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-

yl)ethan-1-one(compound 34)
O/Y ~0

NS
:(-\N/\([)(N

HNj)
F

Step 1: tert-butyl (S)-(1-(benzyloxy)-3-((3-bromo-5-chloropyridin-2-yl)oxy)propan-2-

yl)carbamate
O
o—yoﬁ—m
BocHN Br

The title compound of step 1 (19.5 g, 78% yield) was prepared in a manner similar to that
described in Example 29 step 1 from tert-butyl (R)-(1-(benzyloxy)-3-hydroxypropan-2-
yl)carbamate and 3-bromo-5-chloro-2-fluoropyridine. LC-MS (M+H) * = 471.0.

Step 2: tert-butyl (S)-2-((benzyloxy)methyl)-7-chloro-2,3-dihydro-1H-pyrido[2,3-

b][1 4]oxaz1ne 1-carboxylate

BnoJ Il

To a solution of tert-butyl (S)-(1-(benzyloxy)-3-((3-bromo-5-chloropyridin-2-yl)oxy)propan-2-
yl)carbamate (19.5 g, 41.9 mmol) in dioxane (200 mL) was added XantPhos (4.9 g, 8.4 mmol),
Cs2C0s3 (41.0 g, 125.9 mmol), and Pda(dba)s (3.8 g, 4.2 mmol). The resulting mixture was
stirred for 4 h at 100 °C under nitrogen atmosphere. When the reaction was done, the reaction
was then quenched by the addition of water (200 mL). The resulting solution was extracted
with ethyl acetate (250 mL x 2). The organic phases were combined, washed with brine and

dried over Na2SQs. The solvent was concentrated under reduced pressure and the residue was
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purified by flash chromatography (PE : EtOAc¢ =5 : 1) to yield the title compound (14.3 g,
87% yield). LC-MS (M+H) *=391.1.
Step 3: tert-butyl (S)-2-((benzyloxy)methyl)-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-

b][1 4]oxazme 1-carboxylate

oL, IJv@

To a solution of tert-butyl (S)-2-((benzyloxy)methyl)-7-chloro-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazine-1-carboxylate (14.3 g, 36.6 mmol), [1,3-bis[2,6-bis(propan-2-yl)phenyl]-2,3-
dihydro-1H-imidazol-2-yl]dichloro(3-chloropyridin-1-ium-1-yl)palladium (1.2 g, 1.8 mmol)
and LiBr (9.5 g, 109.7 mmol) in THF (200 mL) and NMP (300 mL) were added chloro[(4-
fluorophenyl)methyl]zinc (15.4 g, 73.2 mmol) under nitrogen atmosphere. The resulting
mixture was stirred for 4 h at room temperature under nitrogen atmosphere. When the reaction
was done, the reaction was then quenched by the addition of 2.5% w/w citric acid (600 mL).
The resulting solution was extracted with ethyl acetate (600 mL x 3). The organic phases were
combined, washed with brine and dried over Na2SOa. The solvent was concentrated under
reduced pressure and the residue was purified by flash chromatography (PE : EtOAc=1: 1) to
yield the title compound (15 g, 74% yield). LC-MS (M+H) ™ = 465 2.
Step 4: tert-butyl (S)-7-(4-fluorobenzyl)-2-(hydroxymethyl)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazine-1-carboxylate

o) N\ F
jeeUes
OH Boc
To a solution of tert-butyl (S)-2-((benzyloxy)methyl)-7-(4-fluorobenzyl)-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine-1-carboxylate (15 g, 32.3 mmol) in MeOH (150 mL) and AcOH (30
mL) was added Pd/C (8.6 g, 8.0 mmol, 10%). The resulting mixture was stirred for 18 h at
room temperature under hydrogen atmosphere. When the reaction was done, the mixture was
filtered through a Celite pad and concentrated under reduced pressure. The residue was basified
to pH = 8 with sat. NaHCOs solution. The resulting mixture was extracted with CHz2Cl2 (200
mL x 3). The organic phases were combined, washed with brine and dried over Na2SOa. The
solvent was concentrated under reduced pressure and the residue was purified by flash
chromatography eluting with (DCM : MeOH = 10 : 1) to yield the title compound (11.0 g, 90%
yield). LC-MS (M+H) *=375.1.
Step 5: tert-butyl (R)-7-(4-fluorobenzyl)-2-(((methylsulfonyl)oxy)methyl)-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine-1-carboxylate
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To a solution of tert-butyl (S)-7-(4-fluorobenzyl)-2-(hydroxymethyl)-2,3-dihydro-1H-

N
\
=

pyrido[2,3-b][1,4]oxazine-1-carboxylate (2.5 g, 6.7 mmol) and TEA (1.3 g, 13.3 mmol) in
DCM (40 mL) were added MsCl (1.2 g, 10.0 mmol) at 0 °C. The resulting mixture was stirred
for 6 h at room temperature under nitrogen atmosphere. When the reaction was done, the
resulting mixture was concentrated under reduced pressure. The residue was purified by flash
chromatography (PE : EtOAc =4 : 1) to yield the title compound (3 g, 92% yield). LC-MS
(M+H)* = 453.0.

Step 6: (R)-(7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-2-yl)methyl

methanesulfonate

L

OMs

The title compound of step 6 (2 g, 85% yield) was prepared in a manner similar to that
described in Example 29 step 4 from tert-butyl (R)-7-(4-fluorobenzyl)-2-
(((methylsulfonyl)oxy)methyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine- 1 -carboxylate. LC-
MS (M+H)* =353.1.

Step 7: (S)-7-(4-fluorobenzyl)-2-(methoxymethyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine

O N F
OV
H:H Z
O

To a solution of (R)-(7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-2-yl)methy]
methanesulfonate (280 mg, 0.8 mmol) and NaOMe (430 mg, 7.9 mmol) in MeOH (15 mL) was
stirred for 16 h at 80 °C under nitrogen atmosphere. When the reaction was done, the resulting
mixture was concentrated under reduced pressure. The resulting mixture was diluted with
water (15 mL) and extracted with ethyl acetate ( 20 mL x 3). The organic phases were
combined, washed with brine and dried over Na2SQa. The solvent was concentrated under
reduced pressure and the residue was purified by flash chromatography (DCM : EtOAc =2 : 3)
to yield the title compound (170 mg, 74% yield). LC-MS (M+H) *= 289.1.

Step 8: (S)-2-chloro-1-(7-(4-fluorobenzyl)-2-(methoxymethyl)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)ethan-1-one

ey
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The title compound of step 8 (110 mg, 81% yield) was prepared in a manner similar to that
described in Example 1 step 9 from (S)-7-(4-fluorobenzyl)-2-(methoxymethyl)-2,3-dihydro-
1H-pyrido[2,3-b][1,4]oxazine and 2-chloroacetyl chloride. LC-MS (M+H) * = 365.0.

Step 9: tert-butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-((S)-7-(4-
fluorobenzyl)-2-(methoxymethyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-oxoethyl)-

2-methylpiperazine-1-carboxylate

T
<
L2, /YN§
)

F
The title compound of step 9 (42 mg, 45% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-2-chloro-1-(7-(4-fluorobenzyl)-2-(methoxymethyl)-
2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)ethan-1-one and tert-butyl (2R,5S)-5-(((3R,5R)-
3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. LC-MS (M+H) "= 656.4.
Step 10: 2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-yl)-1-
((S)-7-(4-fluorobenzyl)-2-(methoxymethyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4 ]oxazin-1-
yl)ethan-1-one (compound 34)
Compound 34 (30 mg, 85% yield) was prepared in a manner similar to that described in
Example 29 step 7 from tert-butyl (2R,55)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-
((S)-7-(4-fluorobenzyl)-2-(methoxymethyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4 ]oxazin-1-y1)-2-
oxoethyl)-2-methylpiperazine-1-carboxylate. "H NMR (300 MHz, DMSO- d6) § 8.27 (s, 1H),
7.84 (s, 1H), 7.30-7.18 (m, 2H), 7.18-7.05 (m, 2H), 4.88 (s, 1H), 4.50 (d, /= 11.4 Hz, 1H),
420 (d,J=11.4,2.7Hz, 1H), 4.08 (d, /= 15.0 Hz, 1H), 3.87 (s, 2H), 3.53-3.43 (m, 2H), 3.41-
3.32 (m, 3H), 3.23 (s, 3H), 3.21-3.09 (m, 2H), 3.06-2.96 (m, 1H), 2.87-2.62 (m, 4H), 2.59-2.50
(m, 2H), 2.46-2.39 (m, 1H), 2.30-2.17 (m, 1H), 2.17-2.04 (m, 1H), 2.01-1.88 (m, 1H), 0.91-
0.79 (m, 9H). LC-MS (M+H) * = 556.3.
Example 35: 1-((S)-7-(4-fluorobenzyl)-2-(methoxymethyl)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-y1)-2-((2R,5R)-5-methyl-2-(((R)-3-methylmorpholino)methyl)piperazin-1-
yl)ethan-1-one(compound 35)

O/ﬁ/ -0
L s
)

HN]) 0
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Step 1: tert-butyl (2R,5S)-4-(2-((S)-7-(4-fluorobenzyl)-2-(methoxymethyl)-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methyl-5-(((R)-3-

methylmorpholino)methyl)piperazine-1-carboxylate
O/\/ o)

L, g
Yy

N
Boc” \‘)

The title compound of step 1 (115 mg, 59% yield) was prepared in a manner similar to that

F

described in Example 1 step 18 from (S)-2-chloro-1-(7-(4-fluorobenzyl)-2-(methoxymethyl)-
2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)ethan-1-one and tert-butyl (2R,5S)-2-methyl-5-
(((R)-3-methylmorpholino)methyl)piperazine-1-carboxylate. LC-MS (M+H) © = 642.5.

Step 2: 1-((S)-7-(4-fluorobenzyl)-2-(methoxymethyl)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl1)-2-((2R,5R)-5-methyl-2-(((R)-3-methylmorpholino)methyl)piperazin-1-
yl)ethan-1-one (compound 35)

Compound 35 (57 mg, 59% yield) was prepared in a manner similar to that described in
Example 29 step 7 from tert-butyl (2R,5S)-4-(2-((S)-7-(4-fluorobenzyl)-2-(methoxymethyl)-
2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methyl-5-(((R)-3-
methylmorpholino)methyl)piperazine-1-carboxylate. 'H NMR (300 MHz, Chloroform-d) &
8.48 (s, 1H), 7.84 (s, 1H), 7.23-7.10 (m, 2H), 7.06-6.92 (m, 2H), 5.11 (t, /= 7.5 Hz, 1H), 4.66-
4.53 (m, 2H), 4.23 (dd, /= 11.3, 2.8 Hz, 1H), 3.89 (s, 2H), 3.76-3.51 (m, 3H), 3.51-3.29 (m,
2H), 3.30 (s, 3H), 3.27-3.09 (m, 2H), 3.09-2.88 (m, 2H), 2.87-2.74 (m, 2H), 2.78-2.65 (m, 1H),
2.62-2.54 (m, 1H), 2.53 (s, 2H), 2.39-2.28 (m, 1H), 2.23-2.02 (m, 2H), 1.96-1.85 (m, 1H), 1.02
(d, T = 6.3 Hz, 3H), 0.96 (d, J = 6.3 Hz, 3H). LC-MS (M+H) * = 542.3.

Example 36: 2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-
y1)-1-((S)-2-(ethoxymethyl)-7-(4-fluorobenzyl)-2,3-dihydro- 1H-pyrido[2,3-b][ 1,4]oxazin-1-
yl)ethan-1-one(compound 36)

0 \\o

L T,
VY Y
HN\‘) 0

F
Step 1: (S)-2-(ethoxymethyl)-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine
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The title compound of step 1 (140 mg, 66% yield) was prepared in a manner similar to that
described in Example 34 step 7 from (R)-(7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-2-yl)methyl methanesulfonate and sodium ethoxide. LC-MS (M+H) * =303 .3.
Step 2: (S)-2-chloro-1-(2-(ethoxymethyl)-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-
b][1 4]oxazm l-yl)ethan 1-one

Hi F
The title compound of step 2 (95 mg, 54% yield) was prepared in a manner similar to that
described in Example 1 step 9 from (S)-2-(ethoxymethyl)-7-(4-fluorobenzyl)-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine and 2-chloroacetyl chloride. LC-MS (M+H) © =379.1.

Step 3: tert-butyl (2R,5S5)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-((S)-2-

(ethoxymethyl)-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)-2-

oxoethyl)-2-methylpiperazine-1-carboxylate

Q

N L(\O

m '
O

Boc” \H

The title compound of step 3 (155 mg, 77% yield) was prepared in a manner similar to that

0

3

ll/

F

described in Example 1 step 18 from (S)-2-chloro-1-(2-(ethoxymethyl)-7-(4-fluorobenzyl)-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)ethan-1-one and tert-butyl (2R,5S)-5-(((3R,5R)-3,5-
dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. LC-MS (M+H) * = 670 .4.
Step 4: 2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-S-methylpiperazin-1-yl)-1-
((S)-2-(ethoxymethyl)-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-
yl)ethan-1-one (compound 36)

Compound 36 (21 mg, 15% yield) was prepared in a manner similar to that in Example 29 step
7 from tert-butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-((S)-2-
(ethoxymethyl)-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)-2-
oxoethyl)-2-methylpiperazine-1-carboxylate. 'H NMR (300 MHz, Chloroform-d) & 8.50 (s,
1H), 7.83 (s, 1H), 7.21-7.11 (m, 2H), 6.98 (t, /= 8.5 Hz, 2H), 5.09 (t,./= 7.4 Hz, 1H), 4.62 (d,
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J=113 Hz, 1H), 4.52 (d,/J=13.7 Hz, 1H), 4.24 (d, J= 11.4, 2.8 Hz, 1H), 3.89 (s, 2H), 3.63
(d, /J=10.9, 3.0 Hz, 2H), 3.56-3.46 (m, 1H), 3.51-3.37 (m, 3H), 3.42-3.26 (m, 2H), 3.21 (d, /=
10.5 Hz, 1H), 3.12 (d, J = 13.7 Hz, 1H), 2.98-2.87 (m, 1H), 2.86-2.77 (m, 3H), 2.72 (d, /=
11.5,2.9 Hz, 1H), 2.58-2.41 (m, 2H), 2.18-2.00 (m, 2H), 1.14 (t, /= 7.0 Hz, 3H), 1.02 (d, /=
6.2 Hz, 3H), 0.96 (d, J= 6.4 Hz, 6H). LC-MS (M+H) * = 570.5.

Example 37: 1-((S)-2-(ethoxymethyl)-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-y1)-2-((2R,5R)-5-methyl-2-(((R)-3-methylmorpholino)methyl))piperazin-1-
yl)ethan-1-one(compound 37)

Step 1: tert-butyl (2R,5S)-4-(2-((S)-2-(ethoxymethyl)-7-(4-fluorobenzyl)-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methyl-5-(((R)-3-

methylmorpholino)methyl)piperazine-1-carboxylate

O N,
oY g
Boc” \ﬁ

The title compound of step 1 (150 mg, 85% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-2-chloro-1-(2-(ethoxymethyl)-7-(4-fluorobenzyl)-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)ethan-1-one and tert-butyl (2R,5S)-2-methyl-5-
(((R)-3-methylmorpholino)methyl)piperazine-1-carboxylate. LC-MS (M+H) *= 656.4.

Step 2: 1-((S)-2-(ethoxymethyl)-7-(4-fluorobenzyl)-2,3-dihydro- 1H-pyrido[2,3-b][ 1 ,4]oxazin-
1-y])-2-((2R,5R)-5-methyl-2-(((R)-3-methylmorpholino)methyl)piperazin-1-yl)ethan-1-one
(compound 37)

Compound 37 (40 mg, 47% yield) was prepared in a manner similar to that described in
Example 29 step 7 from tert-butyl (2R,55)-4-(2-((S)-2-(ethoxymethyl)-7-(4-fluorobenzyl)-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methyl-5-(((R)-3-
methylmorpholino)methyl)piperazine-1-carboxylate. 'H NMR (300 MHz, DMSO-d6) & 8.27
(s, 1H), 7.83 (s, 1H), 7.29-7.17 (m, 2H), 7.17-7.02 (m, 2H), 4.79 (s, 1H), 4.48 (dd, J=11.5, 1.3
Hz, 1H), 4.27-4.10 (m, 2H), 3.86 (s, 2H), 3.60-3.47 (m, 2H), 3.44-3.17 (m, 7H), 3.07-2.92 (m,
2H), 2.86-2.56 (m, SH), 2.44-2.25 (m, 2H), 2.22-2.16 (m, 1H), 2.15-2.03 (m, 1H), 1.87-1.77
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(m, 1H), 1.02 (t,J= 7.0 Hz, 3H), 0.93 (d, /= 6.2 Hz, 3H), 0.81 (s, 3H). LC-MS (M+H) * =
556.3.

Example 38: 1-((S)-7-(4-fluorobenzyl)-2-(isopropoxymethyl)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-y1)-2-((2R,5R)-5-methyl-2-(((R)-3-methylmorpholino)methyl)piperazin-1-
yl)ethan-1-one(compound 38)

OON/\ s 3.,
m“r“é\f‘
HN\H e}

Step 1: (S)-7-(4-fluorobenzyl)-2-(isopropoxymethyl)-2,3-dihydro-1H-pyrido[2,3-

b][1,4]oxazine

g&@’

The title compound of step 1 (240 mg, 87% yield) was prepared in a manner similar to that
described in Example 34 step 7 from (R)-(7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-2-yl)methyl methanesulfonate and sodium isopropoxide. LC-MS (M+H) * =
317.1.

Step 2: (S)-2-chloro-1-(7-(4-fluorobenzyl)-2-(isopropoxymethyl)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)ethan-1-one

O

CI
The title compound of step 2 (225 mg, 90% yield) was prepared in a manner similar to that
described in Example 1 step 9 from (S)-7-(4-fluorobenzyl)-2-(isopropoxymethyl)-2,3-dihydro-
1H-pyrido[2,3-b][ 1,4]oxazine and 2-chloroacetyl chloride. LC-MS (M+H) *=393.0.
Step 3: tert-butyl (2R,5S)-4-(2-((S)-7-(4-fluorobenzyl)-2-(isopropoxymethyl)-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methyl-5-(((R)-3-

methylmorpholino)methyl)piperazine-1-carboxylate
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The title compound of step 3 (150 mg, 86% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-2-chloro-1-(7-(4-fluorobenzyl)-2-
(isopropoxymethyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)ethan-1-one and tert-butyl
(2R,55)-2-methyl-5-(((R)-3-methylmorpholino)methyl)piperazine-1-carboxylate. LC-MS
(M+H) " =670 4.

Step 4: 1-((S)-7-(4-fluorobenzyl)-2-(isopropoxymethyl)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-y1)-2-((2R,5R)-5-methyl-2-(((R)-3-methylmorpholino)methyl)piperazin-1-
yl)ethan-1-one (compound 38)

Compound 38 (63 mg, 73% yield) was prepared in a manner similar to that described in
Example 29 step 7 from tert-butyl (2R,5S)-4-(2-((S)-7-(4-fluorobenzyl)-2-(isopropoxymethyl)-
2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methyl-5-(((R)-3-
methylmorpholino)methyl)piperazine-1-carboxylate. 'H NMR (300 MHz, Chloroform-d) &
8.50 (s, 1H), 7.83 (s, 1H), 7.20-7.09 (m, 2H), 7.04-6.91 (m, 2H), 4.99-4.93 (m, 1H), 4.66-4.52
(m, 2H), 4.23 (d, J=11.3, 2.9 Hz, 1H), 3.88 (s, 2H), 3.74-3.34 (m, 6H), 3.26-3.01 (m, 2H),
3.00-2.88 (m, 1H), 2.87-2.67 (m, 3H), 2.62-2.50 (m, 2H), 2.33 (s, 1H), 2.25-2.03 (m, 2H), 2.01
(s, 1H), 1.95-1.85 (m, 1H), 1.09 (d, /= 6.1 Hz, 3H), 1.06-0.99 (m, 6H), 0.96 (d, /= 6.3 Hz,
3H). LC-MS (M+H) *=570.3.

Example 39: 2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-
y1)-1-((S)-7-(4-fluorobenzyl)-2-(isopropoxymethyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-
1-yl)ethan-1-one(compound 39)

Sy
HN\‘) o§

Step 1: tert-butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-((S)-7-(4-
fluorobenzyl)-2-(isopropoxymethyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-
oxoethyl)-2-methylpiperazine-1-carboxylate
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The title compound of step 1 (150 mg, 86% yield) was prepared in a manner similar to that

F

described in Example 1 step 18 from (S)-2-chloro-1-(7-(4-fluorobenzyl)-2-
(isopropoxymethyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)ethan-1-one and tert-butyl
(2R,55)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. LC-
MS (M+H) * = 684 4.

Step 2: 2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-yl)-1-
((S)-7-(4-fluorobenzyl)-2-(isopropoxymethyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-
yl)ethan-1-one (compound 39)

Compound 39 (60 mg, 72% yield) was prepared in a manner similar to that in Example 29 step
7 from tert-butyl (2R,55)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-((S)-7-(4-
fluorobenzyl)-2-(isopropoxymethyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-y1)-2-
oxoethyl)-2-methylpiperazine-1-carboxylate. 'H NMR (300 MHz, Chloroform-d) & 8.51 (s,
1H), 7.83 (s, 1H), 7.20-7.09 (m, 2H), 7.03-6.91 (m, 2H), 5.05-4.96 (m, 1H), 4.65-4.47 (m, 2H),
4.27-4.19 (m, 1H), 3.88 (s, 2H), 3.68-3.57 (m, 2H), 3.55-3.36 (m, 3H), 3.36-3.26 (m, 2H), 3.22
(d,J=9.8 Hz, 1H), 3.10 (d, J = 13.7 Hz, 1H), 2.98-2.87 (m, 1H), 2.85-2.66 (m, 3H), 2.57-2.44
(m, 2H), 2.16-2.02 (m, 2H), 1.10 (d, /= 6.1 Hz, 3H), 1.05-0.99 (m, 6H), 0.96 (d, /= 6.4 Hz,
6H). LC-MS (M+H) * = 584.3.

Example 40: 2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-
y1)-1-((S)-7-(4-fluorobenzyl)-2-(phenoxymethyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4 ]oxazin-1-
yl)ethan-1-one(compound 40)

0/\/ PhQ

Y
O
T

F
Step 1: (8)-7-(4-fluorobenzyl)-2-(phenoxymethyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine

Oo__N F
| N
L2
H
Ph/o
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The title compound of step 1 (240 mg, 80% yield) was prepared in a manner similar to that
described in Example 34 step 7 from (R)-(7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-2-yl)methyl methanesulfonate and sodium phenolate. LC-MS (M+I) * = 351.0.
Step 2: (S)-2-chloro-1-(7-(4-fluorobenzyl)-2-(phenoxymethyl)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)ethan-1-one

Pty

CI
The title compound of step 2 (160 mg, 80% yield) was prepared in a manner similar to that
described in Example 1 step 9 from (S)-7-(4-fluorobenzyl)-2-(phenoxymethyl)-2,3-dihydro-
1H-pyrido[2,3-b][1,4]oxazine and 2-chloroacetyl chloride. LC-MS (M+H) ©=427.2.
Step 3: tert-butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-((S)-7-(4-
fluorobenzyl)-2-(phenoxymethyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4 ]oxazin-1-y1)-2-oxoethyl)-
2-methylpiperazine-1-carboxylate
Ph
O/Y g
S Y
N—¢
e
o

,Ni)

The title compound of step 3 (100 mg, 46% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-2-chloro-1-(7-(4-fluorobenzyl)-2-(phenoxymethyl)-
2,3-dihydro- 1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)ethan-1-one and tert-butyl (2R,5S)-5-(((3R,5R)-
3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. LC-MS (M+H) *=718.5.
Step 4: 2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-yl)-1-
((S)-7-(4-fluorobenzyl)-2-(phenoxymethyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1 ,4]oxazin-1-
yl)ethan-1-one (compound 40)

Compound 40 (48 mg, 56% yield) was prepared in a manner similar to that in Example 29 step
7 from tert-butyl (2R,55)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-((S)-7-(4-
fluorobenzyl)-2-(phenoxymethyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-y1)-2-oxoethyl)-
2-methylpiperazine-1-carboxylate. "H NMR (300 MHz, Chloroform-d) 6 8.47 (s, 1H), 7.84 (s,
1H), 7.30-7.19 (m, 2H), 7.19-7.09 (m, 2H), 7.03-6.91 (m, 3H), 6.85-6.76 (m, 2H), 5.41 (s, 1H),
4.78-4.61 (m, 2H), 4.38-4.30 (m, 1H), 4.13-3.95 (m, 2H), 3.88 (s, 2H), 3.65-3.55 (m, 2H),
3.34-3.23 (m, 2H), 3.23-3.10 (m, 2H), 2.97-2.85 (m, 1H), 2.76 (s, 4H), 2.57-2.43 (m, 2H),
2.17-2.01 (m, 2H), 1.01 (d, J= 6.2 Hz, 3H), 0.89 (d, J = 6.4 Hz, 6H). LC-MS (M+H) " =618.5.
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Example 41: 1-((S)-7-(4-fluorobenzyl)-2-(phenoxymethyl)-2,3-dihydro-1H-pyrido[ 2,3-
b][1,4]oxazin-1-yl1)-2-((2R,5R)-5-methyl-2-(((R)-3-methylmorpholino)methyl)piperazin-1-

yl)ethan-1-one(compound 41)
PhQ

(\N/\[( \\
HN1) 0]

Step 1: tert-butyl (2R,5S)-4-(2-((S)-7-(4-fluorobenzyl)-2-(phenoxymethyl)-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methyl-5-(((R)-3-

methylmorpholino)methyl)piperazine-1-carboxylate

o(/\'/ Ph~o

N (0]
J L(/'ﬁ
N\
_N (0]
Boc \ﬁ
F

The title compound of step 1 (97 mg, 46% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-2-chloro-1-(7-(4-fluorobenzyl)-2-(phenoxymethyl)-
2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)ethan-1-one and tert-butyl (2R,5S)-2-methyl-5-
(((R)-3-methylmorpholino)methyl)piperazine-1-carboxylate. LC-MS (M+H) * =704.5.

Step 2: 1-((S)-7-(4-fluorobenzyl)-2-(phenoxymethyl)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-y1)-2-((2R,5R)-5-methyl-2-(((R)-3-methylmorpholino)methyl)piperazin-1-
yl)ethan-1-one (compound 41)

Compound 41 (45 mg, 49% yield) was prepared in a manner similar to that described in
Example 29 step 7 from tert-butyl (2R,5S)-4-(2-((S)-7-(4-fluorobenzyl)-2-(phenoxymethyl)-
2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methyl-5-(((R)-3-
methylmorpholino)methyl)piperazine-1-carboxylate. 'H NMR (300 MHz, Chloroform-d) &
8.47 (s, 1H), 7.84 (s, 1H), 7.30-7.19 (m, 2H), 7.19-7.09 (m, 2H), 7.03-6.91 (m, 3H), 6.87-6.75
(m, 2H), 5.41 (t, /=7.5Hz, 1H), 474 (dd, /=11.5, 1.5 Hz, 2H), 4.38-4.30 (m, 1H), 4.11-3.92
(m, 2H), 3.88 (s, 2H), 3.73-3.63 (m, 1H), 3.63-3.48 (m, 2H), 3.21-3.09 (m, 2H), 3.06-2.86 (m,
2H), 2.82-2.68 (m, 3H), 2.56 (t, J = 10.9 Hz, 1H), 2.48 (s, 1H), 2.29 (s, 1H), 2.20-1.98 (m, 3H),
1.96-1.84 (m, 1H), 1.01 (d, /= 6.3 Hz, 3H), 0.86 (d, J = 6.3 Hz, 3H). LC-MS (M+H) * = 604.4.
Example 42: 1-((S)-2-cyclohexyl-7-(4-fluorobenzyl)-2,3-dihydro- 1H-pyrido[2,3-
b][1,4]oxazin-1-yl)-2-((2R,5R)-5-methyl-2-(((R)-3-methylmorpholino)methyl)piperazin-1-
yl)ethan-1-one(compound 42)
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Step 1: 3-bromo-2-fluoro-5-(4-fluorobenzyl)pyridine
FeN F
| N
Br &

To a solution of 3,5-dibromo-2-fluoropyridine (9.5 g, 37.2 mmol), XantPhos (650 mg, 1.1
5 mmol,) and Pd2(dba); (70 mg, 0.07 mmol) in THF (75 mL) was added chloro[(4-

fluorophenyl)methyl]zinc (74.6 mL, 37.3 mmol, 0.5 M solution in THF) dropwise over 5 min
at room temperature. The resulting mixture was stirred for 6 h at 40 °C under nitrogen
atmosphere. When the reaction was done, the resulting mixture was concentrated under
reduced pressure and the residue was purified by flash chromatography (PE : EtOAc=20: 1)

10 toyield the title compound (2.8 g, 31% yield). LC-MS (M+H) * = 284.0.
Step 2: tert-butyl (S)-(2-((3-bromo-5-(4-fluorobenzyl)pyridin-2-yl)oxy)-1-
cyclohexylethyl)carbamate

B ~
OC~NH

The title compound of step 2 (270 mg, 63% yield) was prepared in a manner similar to that
15  described in Example 29 step 1 from 3-bromo-2-fluoro-5-(4-fluorobenzyl)pyridine and tert-

butyl (S)-(1-cyclohexyl-2-hydroxyethyl)carbamate. LC-MS (M+H) *=507.1.

Step 3: tert-butyl (S)-2-cyclohexyl-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-

b][1,4]oxazine-1-carboxylate

O__N
‘ N
l}l Z
Boc
F

20  The title compound of step 3 (195 mg, 86% yield) was prepared in a manner similar to that
described in Example 34 step 2 from tert-butyl (S)-(2-((3-bromo-5-(4-fluorobenzyl)pyridin-2-
yl)oxy)-1-cyclohexylethyl)carbamate. LC-MS (M+H) ™ = 427.3.

Step 4: (S)-2-cyclohexyl-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine
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The title compound of step 4 (130 mg, 89% yield) was prepared in a manner similar to that
described in Example 29 step 4 from tert-butyl (S)-2-cyclohexyl-7-(4-fluorobenzyl)-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate. LC-MS (M+H) " =327 1.

Step 5: (S)-2-chloro-1-(2-cyclohexyl-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)ethan-1-one

O.__N
‘ N
N Z
o
Cl

The title compound of step 5 (105 mg, 88% yield) was prepared in a manner similar to that
described in Example 1 step 9 from (S)-2-cyclohexyl-7-(4-fluorobenzyl)-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine and 2-chloroacetyl chloride. LC-MS (M+H) * = 403 2.

Step 6: tert-butyl (2R,5S)-4-(2-((S)-2-cyclohexyl-7-(4-fluorobenzyl)-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methyl-5-(((R)-3-

methylmorpholino)methyl)piperazine-1-carboxylate

N
7\
N S

_N o}
Boc 1)
F

The title compound of step 6 (40 mg, 30% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-2-chloro-1-(2-cyclohexyl-7-(4-fluorobenzyl)-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)ethan-1-one and tert-butyl (2R,5S)-2-methyl-5-
(((R)-3-methylmorpholino)methyl)piperazine-1-carboxylate. LC-MS (M+H) = 680.5.

Step 7: 1-((S)-2-cyclohexyl-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-

2-((2R,5R)-5-methyl-2-(((R)-3-methylmorpholino)methyl)piperazin-1-yl)ethan-1-one
(compound 42)
Compound 42 (12 mg, 24% yield) was prepared in a manner similar to that described in

Example 29 step 7 from tert-butyl (2R,5S)-4-(2-((S)-2-cyclohexyl-7-(4-fluorobenzyl)-2,3-
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dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methyl-5-(((R)-3-
methylmorpholino)methyl)piperazine-1-carboxylate. 'H NMR (300 MHz, Chloroform-d) &
8.26 (s, 1H), 7.83 (s, 1H), 7.18-7.08 (m, 2H), 7.04-6.92 (m, 2H), 4.67 (d, /=113 Hz, 1H),
4.53-4.30 (m, 2H), 4.17 (dd, /=113, 2.7 Hz, 1H), 3.90 (s, 2H), 3.74-3.45 (m, 3H), 3.19 (s,
1H), 3.04 (d, /= 8.4 Hz, 2H), 2.89-2.65 (m, 4H), 2.53 (d, /= 7.7 Hz, 2H), 2.34 (s, 3H), 2.15 (s,
2H), 2.02-1.89 (m, 3H), 1.79-1.70 (m, 1H), 1.39 (s, 1H), 1.26-0.63 (m, 12H). LC-MS (M+H) *
=580.5.

Example 43: 1-((S)-2-cyclohexyl-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)-2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-
methylpiperazin-1-yl)ethan-1-one(compound 43)

Y

HNf
F

Step 1: tert-butyl (2R,5S)-4-(2-((S)-2-cyclohexyl-7-(4-fluorobenzyl)-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-

methylpiperazine-1-carboxylate

I adaS

N
Boc” \‘)

The title compound of step 1 (61 mg, 41% yield) was prepared in a manner similar to that

F

described in Example 1 step 18 from (S)-2-chloro-1-(2-cyclohexyl-7-(4-fluorobenzyl)-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)ethan-1-one and tert-butyl (2R,5S)-5-(((3R,5R)-3,5-
dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. LC-MS (M+H) ™ = 694 4.
Step 2: 1-((S)-2-cyclohexyl-7-(4-fluorobenzyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)-
2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-yl)ethan-1-one
(compound 43)

Compound 43 (15 mg, 27% yield) was prepared in a manner similar to that in Example 29 step
7 from tert-butyl (2R,5S)-4-(2-((S)-2-cyclohexyl-7-(4-fluorobenzyl)-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-
methylpiperazine-1-carboxylate. 'H NMR (300 MHz, Chloroform-d) § 8.26 (s, 1H), 7.84 (s,
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1H), 7.14 (t, /=17.1 Hz, 2H), 6.98 (t, /= 8.6 Hz, 2H), 4.68 (d, /= 11.3 Hz, 1H), 4.38 (s, 2H),
4.22-4.12 (m, 1H), 3.90 (s, 2H), 3.62 (d, J= 10.9 Hz, 2H), 3.36-3.21 (m, 3H), 3.13-2.96 (m,
1H), 2.80 (s, 4H), 2.69 (d, /= 11.3 Hz, 1H), 2.47 (d, /= 10.1 Hz, 2H), 2.25-1.92 (m, 4H),
1.77-1.53 (m, 3H), 1.49-1.36 (m, 1H), 1.15-1.11 (m, 2H), 1.06-0.86 (m, 13H). LC-MS (M+H) "
=5943.

Example 44: 2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-
yD)-1-((S)-7-(4-fluorobenzyl)-2-phenyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)ethan-1-

one(compound 44)

Yy

e

Step 1: tert-butyl (S)-(2-((3-bromo-5-chloropyridin-2-yl)oxy)-1-phenylethyl)carbamate

F

BocHN © | N\

B~ c
The title compound of step 1 (2.1 g, 38% yield) was prepared in a manner similar to that
described in Example 34 step 1 from tert-butyl (S)-(2-hydroxy-1-phenylethyl)carbamate and 3-
bromo-5-chloro-2-fluoropyridine. LC-MS (M+H) * = 427.0.
Step 2: tert-butyl (S)-7-chloro-2-phenyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-

carboxylate

O N

T
N Z
Boc

The title compound of step 2 (1.5 g, 88% yield) was prepared in a manner similar to that
described in Example 34 step 2 from tert-butyl (S)-(2-((3-bromo-5-chloropyridin-2-yl)oxy)-1-
phenylethyl)carbamate. LC-MS (M+H) © = 347.1.

Step 3: tert-butyl (S)-7-(4-fluorobenzyl)-2-phenyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-

1-carboxylate

e} N F
Ij\/©/

'}‘ 4

Boc
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The title compound of step 3 (750 mg, 41% yield) was prepared in a manner similar to that
described in Example 34 step 3 from tert-butyl (S)-7-chloro-2-phenyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine-1-carboxylate. LC-MS (M+H) "= 421.1.

Step 4: (S)-7-(4-fluorobenzyl)-2-phenyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine

O N F
ALY
H

The title compound of step 4 (550 mg, 96% yield) was prepared in a manner similar to that
described in Example 29 step 4 from tert-butyl (S)-7-(4-fluorobenzyl)-2-phenyl-2,3-dihydro-
1H-pyrido[2,3-b][ 1,4]oxazine-1-carboxylate. LC-MS (M+H) “=321.1.
Step 5: (S)-2-chloro-1-(7-(4-fluorobenzyl)-2-phenyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]Joxazin-
1-yl)ethan-1-one
N =

XL

Cl
The title compound of step 5 (350 mg, 51% yield) was prepared in a manner similar to that
described in Example 1 step 9 from (S)-7-(4-fluorobenzyl)-2-phenyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine and 2-chloroacetyl chloride. LC-MS (M+H) * =397 1.
Step 6: tert-butyl (2R,5S)-5-((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-((S)-7-(4-
fluorobenzyl)-2-phenyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-oxoethyl)-2-

methylpiperazine-1-carboxylate

oY
LN @‘(o

oy
Boc” N ©

F

The title compound of step 6 (150 mg, 57% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-2-chloro-1-(7-(4-fluorobenzyl)-2-phenyl-2,3-dihydro-
1H-pyrido[2,3-b][1,4]oxazin-1-yl)ethan-1-one and tert-butyl (2R,5S)-5-(((3R,5R)-3,5-
dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. LC-MS (M+H) * = 688.4.
Step 7: 2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-yl)-1-
((S)-7-(4-fluorobenzyl)-2-phenyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)ethan-1-one
(compound 44)
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Compound 44 (51 mg, 66% yield) was prepared in a manner similar to that in Example 29 step
7 from tert-butyl (2R,55)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-((S)-7-(4-
fluorobenzyl)-2-phenyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-oxoethyl)-2-
methylpiperazine-1-carboxylate. 'H NMR (300 MHz, DMSO- d6) § 8.62 (s, 1H), 7.82 (d, T =
2.1 Hz, 1H), 7.39-7.27 (m, 3H), 7.24-7.11 (m, 4H), 7.08-6.94 (m, 2H), 6.01 (s, 1H), 4.86 (d, J
=11.7, 1.9 Hz, 1H), 4.57-4.47 (m, 1H), 4.29 (d, J = 14.4 Hz, 1H), 3.92 (s, 2H), 3.55 (dd, J =
11.0, 2.9 Hz, 2H), 3.31 (d, /= 11.6 Hz, 1H), 3.25-3.14 (m, 3H), 2.96 (d, /= 9.0 Hz, 1H), 2.82
(dd, /=119, 2.9 Hz, 1H), 2.74-2.65 (m, 1H), 2.69-2.63 (m, 3H), 2.63-2.44 (m, 2H), 2.37 (t,J
=11.3 Hz, 1H), 2.07-1.95 (m, 1H), 1.18 (d, /= 6.3 Hz, 3H), 0.78 (d, /= 6.3 Hz, 6H). LC-MS
(M+H) * = 588 3.

Example 45: 1-((S)-7-(4-fluorobenzyl)-2-phenyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4 ]oxazin-1-
y1)-2-((2R, 5R)-5-methyl-2-(((R)-3-methylmorpholino)methyl)piperazin-1-yl)ethan-1-

one(compound 45)

O
N
Ay L
HN1) [¢]

F
Step 1: tert-butyl (2R,55)-4-(2-((S)-7-(4-fluorobenzyl)-2-phenyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methyl-5-(((R)-3-methylmorpholino)methyl)piperazine-1-

carboxylate

Yy

N
Boc” \ﬁ

The title compound of step 1 (150 mg, 58% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-2-chloro-1-(7-(4-fluorobenzyl)-2-phenyl-2,3-dihydro-
1H-pyrido[2,3-b][1,4]oxazin-1-yl)ethan-1-one and tert-butyl (2ZR,5S)-2-methyl-5-(((R)-3-
methylmorpholino)methyl)piperazine-1-carboxylate. LC-MS (M+H) © = 674 4.

Step 2: 1-((S)-7-(4-fluorobenzyl)-2-phenyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-y1)-2-
((2R,5R)-5-methyl-2-(((R)-3-methylmorpholino)methyl)piperazin-1-yl)ethan-1-one

F

(compound 45)

Compound 45 (44 mg, 35% yield) as free base was prepared in a manner similar to that in
Example 29 step 7 from tert-butyl (2R,5S)-4-(2-((S)-7-(4-fluorobenzyl)-2-phenyl-2,3-dihydro-
1H-pyrido[2,3-b][1,4]oxazin-1-y1)-2-oxoethyl)-2-methyl-5-(((R)-3-
methylmorpholino)methyl)piperazine-1-carboxylate. 'H NMR (300 MHz, Chloroform-d) &
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8.63 (s, 1H), 7.80 (s, 1H), 7.35-7.11 (m, 7H), 7.06-6.95 (m, 2H), 6.23 (s, 1H), 4.94 (d, J=11.5,
1.9 Hz, 1H), 4.54 (d, /= 11.6, 3.0 Hz, 2H), 3.92 (s, 2H), 3.60 (d, /= 11.5 Hz, 1H), 3.54-3.47
(m, 1H), 3.51-3.42 (m, 1H), 3.18-3.10 (m, 1H), 3.08-2.99 (m, 1H), 2.98 (dd, /=114, 2.3 Hz,
1H), 2.89-2.76 (m, 2H), 2.76-2.67 (m, 2H), 2.55 (t, /= 10.9 Hz, 1H), 2.50 (s, 1H), 2.22-2.17
(m, 1H), 2.09 (t, /J=10.9 Hz, 1H), 2.01-1.91 (m, 1H), 1.83 (dd, /= 13.4, 3.1 Hz, 1H), 1.04 (d,
J=6.2Hz, 3H), 0.58 (d, /= 6.3 Hz, 3H). LC-MS (M+H) * = 574.3.

Example 46: 2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-
y1)-1-((8)-7-(4-fluorobenzyl)-2-isopropyl-2,3-dihydro- 1 H-pyrido[2,3-b][ 1,4]oxazin-1-yl)ethan-

1-one(compound 46)
o

foals
T

Step 1: tert-butyl (S)-(1-((3-bromo-5-(4-fluorobenzyl)pyridin-2-yl)oxy)-3-methylbutan-2-
yl)carbamate

Boc-
OC~NH

e

The title compound of step 1 (2.4 g, 75% yield) was prepared in a manner similar to that
described in Example 29 step 1 from 3-bromo-2-fluoro-5-(4-fluorobenzyl)pyridine and tert-
butyl (S)-(1-hydroxy-3-methylbutan-2-yl)carbamate. LC-MS (M+H) ™ = 467.1.

Step 2: tert-butyl (S)-7-(4-fluorobenzyl)-2-isopropyl-2,3-dihydro-1H-pyrido[2,3-

b][1 4]oxazme 1-carboxylate

b

The title compound of step 2 (370 mg, 95% yield) was prepared in a manner similar to that
described in Example 34 step 2 from tert-butyl (S)-(1-((3-bromo-5-(4-fluorobenzyl)pyridin-2-
yl)oxy)-3-methylbutan-2-yl)carbamate. LC-MS (M+H) * = 387.2.

Step 3: (S)-7-(4-fluorobenzyl)-2-isopropyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4 ]oxazine
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The title compound of step 3(240 mg, 92% yield) was prepared in a manner similar to that
described in Example 29 step 4 from tert-butyl (S)-7-(4-fluorobenzyl)-2-isopropyl-2,3-dihydro-
1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate. LC-MS (M+H) * = 287.1.
Step 4: (S)-2-chloro-1-(7-(4-fluorobenzyl)-2-isopropyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)ethan-1-one

0]

N Z

A

Cl
F
The title compound of step 4 (250 mg, 83% yield) was prepared in a manner similar to that
described in Example 1 step 9 from (S)-7-(4-fluorobenzyl)-2-isopropyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine and 2-chloroacetyl chloride. LC-MS (M+H) *=363.1.
Step 5: tert-butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-((S)-7-(4-
fluorobenzyl)-2-isopropyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-2-

methylpiperazine-1-carboxylate

0
R N
z N—? \

The title compound of step 5 (95 mg, 45% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-2-chloro-1-(7-(4-fluorobenzyl)-2-isopropyl-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)ethan-1-one and tert-butyl (2R,5S)-5-(((3R,5R)-3,5-
dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. LC-MS (M+H) © = 654.3.
Step 6: 2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-yl)-1-
((S)-7-(4-fluorobenzyl)-2-isopropyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)ethan-1-one
(compound 46)
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Compound 46 (30 mg, 31% yield) was prepared in a manner similar to that described in
Example 29 step 7 from tert-butyl (2R,55)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-
((S)-7-(4-fluorobenzyl)-2-isopropyl-2,3-dihydro- 1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-
oxoethyl)-2-methylpiperazine- 1-carboxylate. 'H NMR (300 MHz, Chloroform-d) & 8. 8.26 (s,
1H), 7.83 (s, 1H), 7.19-7.08 (m, 2H), 7.03-6.92 (m, 2H), 4.66 (d, /= 11.2 Hz, 1H), 438 (s,
1H), 4.25-4.15 (m, 1H), 3.90 (s, 2H), 3.66-3.57 (m, 2H), 3.33-3.27 (m, 2H), 3.21 (s, 1H), 2.78
(s, 4H), 2.72-2.62 (m, 1H), 2.58-2.24 (m, 2H), 2.15-2.02 (m, 1H), 2.02-1.89 (m, 4H), 1.06 (d, J
= 6.4 Hz, 3H), 1.03-0.84 (m, 12H). LC-MS (M+H) "= 554.4.

Example 47: 1-((S)-7-(4-fluorobenzyl)-2-isopropyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-
1-y1)-2-((2R,5R)-5-methyl-2-(((R)-3-methylmorpholino)methyl)piperazin-1-yl)ethan-1-

one(compound 47)

Y

HN\K
E

Step 1: tert-butyl (2R,5S)-4-(2-((S)-7-(4-fluorobenzyl)-2-isopropyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methyl-5-(((R)-3-methylmorpholino)methyl)piperazine-1-

carboxylate

O
N
: N—

VY s

N
\

F
The title compound of step 1 (95 mg, 45% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-2-chloro-1-(7-(4-flucrobenzyl)-2-isopropyl-2,3-
dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)ethan-1-one and tert-butyl (2R,5S)-2-methyl-5-
(((R)-3-methylmorpholino)methyl)piperazine-1-carboxylate. LC-MS (M+H) * = 640.3.

Step 2: 1-((S)-7-(4-fluorobenzyl)-2-isopropyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-
2-((2R,5R)-5-methyl-2-(((R)-3-methylmorpholino)methyl)piperazin-1-yl)ethan-1-one
(compound 47)

Compound 47 (36 mg, 44% yield) was prepared in a manner similar to that described in
Example 29 step 7 from tert-butyl (2R,55)-4-(2-((S)-7-(4-fluorobenzyl)-2-isopropyl-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methyl-5-(((R)-3-
methylmorpholino)methyl)piperazine-1-carboxylate. "'H NMR (300 MHz, Chloroform-d) &
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8.26 (s, 1H), 7.87-7.80 (m, 1H), 7.19-7.08 (m, 2H), 7.05-6.92 (m, 2H), 4.65 (dd, /J=11.4,14
Hz, 1H), 4.59-4.28 (m, 2H), 4.27-4.16 (m, 1H), 3.90 (s, 2H), 3.75-3.49 (m, 3H), 3.26-2.96 (m,
3H), 2.90-2.63 (m, 4H), 2.60-2.40 (m, 2H), 2.33 (s, 1H), 2.15 (s, 1H), 2.05-1.76 (m, 4H), 1.02
(dd, /=195, 6.4 Hz, 6H), 0.90 (s, 6H). LC-MS (M+H) * = 540.5.

Example 48: 2-((2R,5R)-2-((3,3-dimethylmorpholino)methyl)-5-methylpiperazin-1-yl)-1-((S)-
7-(4-fluorobenzyl)-6-(hydroxymethyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-
yl)ethan-1-one(compound 48)

o)

LN 3
Ay T

o]

HN\‘)
E

Step 1: tert-butyl (2R,5S)-4-benzyl-5-((3,3-dimethylmorpholino)methyl)-2-methylpiperazine-
1-carboxylate

O
N

Ay
AT

The title compound of step 1(500 mg, 81% yield) was prepared in a manner similar to that
described in Example 1 step 16 from 3,3-dimethylmorpholine and tert-butyl (2R,5R)-4-benzyl-
5-(chloromethyl)-2-methylpiperazine-1-carboxylate. LC-MS (M+H) " = 418.4.

Step 2: tert-butyl (2R,5S)-5-((3,3-dimethylmorpholino)methyl)-2-methylpiperazine-1-

carboxylate

H
N
/Iu.
N
N
O \

Boc
The title compound of step 2 (350 mg, crude) was prepared in a manner similar to that
described in Example 1 step 17 from tert-butyl (2R,5S)-4-benzyl-5-((3,3-
dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. LC-MS (M+H) = 328.3.
Step 3: tert-butyl (2R,5S)-4-(2-((S)-6-(acetoxymethyl)-7-(4-fluorobenzyl)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-oxoethyl)-5-((3,3-dimethylmorpholino)methyl)-

2-methylpiperazine-1-carboxylate
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The title compound of step 3 (550 mg, 59% yield for 2 steps) was prepared in a manner similar
to that described in Example 1 step 18 from (S)-(1-(2-chloroacetyl)-7-(4-fluorobenzyl)-2-
methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-6-yl)methyl acetate and tert-butyl (2R,5S)-5-
((3,3-dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. LC-MS (M+H) * =
698.4.

Step 4: ((S)-1-(2-((2R,5R)-2-((3,3-dimethylmorpholino)methyl)-5-methylpiperazin-1-
yDacetyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-6-yl)methy]
acetate

84

N (0]
;\N/\[;{/’\\‘ OAc
HNW) o) =
F

The title compound of step 4 (120 mg, 70% yield) was prepared in a manner similar to that
described in Example 1 step 8 from tert-butyl (2R,5S)-4-(2-((S)-6-(acetoxymethyl)-7-(4-
fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-oxoethyl)-5-((3,3-
dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. LC-MS (M+H) © = 598 4.
Step 5: 2-((2R,5R)-2-((3,3-dimethylmorpholino)methyl)-5-methylpiperazin-1-y1)-1-((S)-7-(4-
fluorobenzyl)-6-(hydroxymethyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-
yl)ethan-1-one (compound 48)

To a solution of ((S)-1-(2-((2R,5R)-2-((3,3-dimethylmorpholino)methyl)-5-methylpiperazin-1-
yDacetyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-6-y)methyl
acetate (120 mg, 0.2 mmol) in THF (5 mL) was added LiOH (10 mg, 0.4 mmol) in H2O (5
mL). The resulting mixture was stitred for 1 h at room temperature. When the reaction was
done, the resulting mixture was concentrated under reduced pressure. The residue was purified
by prep-HPLC under the following conditions: column, XBridge Shield RP18 OBD Column,
30 x 150 mm, 5 um; mobile phase, acetonitrile in water (with 10 mmol/L NHsHCOs and 0.1%
NH3.H20), 23 % to 53 % gradient in 8 min; detector, UV 254 nm. The title compound (47 mg,
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42% vyield) was obtained. "H NMR (300 MHz, Chloroform-d) & 8.39 (brs, 1 H), 7.14-7.03 (m,
2 H), 7.03-6.91 (m, 2 H), 4.95 (s, 1 H), 4.64-4.47 (m, 2 H), 4.45-4.35 (m, 1 H), 4.35-4.24 (m, 1
H), 4.19-4.08 (m, 1 H), 3.82 (s, 2 H), 3.68-3.60 (m, 2 H), 3.33-3.07 (m, 4 H), 2.89-2.76 (m, 1
H), 2.76-2.67 (m, 1 H), 2.57-2.40 (m, 4 H), 2.44-2.36 (m, 1 H), 2.23-2.01 (m, 2 H), 1.36-1.28
(m, 3 H), 1.05-0.98 (m, 3 H), 0.98-0.89 (m, 6 H). LC-MS (M+H) * = 556.3.

Example 49: 2-((2R,5R)-2-(((2S,5R)-2,5-dimethylmorpholino)methyl)-S-methylpiperazin-1-
y1)-1-((S)-7-(4-fluorobenzyl)-6-(hydroxymethyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)ethan-1-one(compound 49)

N Q
: N—~7 N\ oH
N —
F

Step 1: tert-butyl (2R,5S)-4-benzyl-5-(((2S,5R)-2,5-dimethylmorpholino)methyl)-2-

methylpiperazine-1-carboxylate

oY
\\“'k/N\:

The title compound of step 1 (460 mg, 51% yield) was prepared in a manner similar to that
described in Example 1 step 16 from (2S5, SR)-dimethylmorpholine and tert-butyl (2R,5R)-4-
benzyl-5-(chloromethyl)-2-methylpiperazine-1-carboxylate. LC-MS (M+H) © =418 3.

Step 2: tert-butyl (2R,55)-5-(((2S,5R)-2,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-

carboxylate

The title compound of step 2 (280 mg, 78% yield) was prepared in a manner similar to that
described in Example 1 step 17 from tert-butyl (2R,5S)-4-benzyl-5-(((2S,5R)-2,5-
dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. LC-MS (M+H) ™ =328 3.
Step 3: tert-butyl (2R,5S)-4-(2-((S)-6-(acetoxymethyl)-7-(4-fluorobenzyl)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-5-(((2S,5R)-2,5-
dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate
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The title compound of step 3 (150 mg, 62% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-(1-(2-chloroacetyl)-7-(4-fluorobenzyl)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazin-6-yl)methyl acetate and tert-butyl (2R,5S)-5-(((2S,5R)-
2,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. LC-MS (M+H) © = 698.3.
Step 4: tert-butyl (2R,5S)-5-(((2S,5R)-2,5-dimethylmorpholino)methyl)-4-(2-((S)-7-(4-
fluorobenzyl)-6-(hydroxymethyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-y1)-2-

oxoethyl)-2-methylpiperazine-1-carboxylate
[e)

o

Y

N
Boc”

The title compound of step 4 (130 mg, 92% yield) was prepared in a manner similar to that
described in Example 8 step 4 from tert-butyl (2R,5S)-4-(2-((S)-6-(acetoxymethyl)-7-(4-
fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-oxoethyl)-5-
(((28,5R)-2,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. LC-MS (M+H)
=656.3.
Step 5: 2-((2R,5R)-2-(((2S,5R)-2,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-yl)-1-
((S)-7-(4-fluorobenzyl)-6-(hydroxymethyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)ethan-1-one (compound 49)
Compound 49 as formic acid salt was prepared in a manner similar to that described in
Example 1 step 19 from tert-butyl (2R,5S)-5-(((2S,5R)-2,5-dimethylmorpholino)methyl)-4-(2-
((S)-7-(4-fluorobenzyl)-6-(hydroxymethyl)-2-methyl-2, 3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methylpiperazine-1-carboxylate. The salt was neutralized
with aq. NaHCOs and extracted with EtOAc. The combined organic layers were dried, filtered
and concentrated. The residue was further lyophilized to afford compound 49 (15 mg, 14%
yield) as free base. 'H NMR (400 MHz, DMSO-d6) & 8.22 (s, 1H), 7.21 - 7.17 (m, 2H), 7.14 -
7.09 (m, 2H), 5.07 (t, /= 5.6 Hz, 1H), 4.79 (s, 1H), 4.43 - 432 (m, 3H), 4.22 - 420 (m, 1H),
4.06 - 4.00 (m, 2H), 3.95 - 3.91 (m, 1H), 3.57 - 3.55 (m, 1H), 3.50 - 3.47 (m, 1H), 3.39 - 3.37
(m, 1H), 3.01 - 2.96 (m, 1H), 2.89 - 2.86 (m, 2H), 2.77 - 2.74 (m, 1H), 2.71 (brs, 2H), 2.60
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(brs, 1H), 2.55 (brs, 1H), 2.32 - 2.27 (m, 1H), 2.21 - 2.18 (m, 1H), 1.96 (brs, 1H), 1.64 - 1.55
(m, 2H), 1.16 (d, J= 6.4 Hz, 3H), 0.97 (d, J = 6.2 Hz, 3H), 0.86 (d, /= 6.2 Hz, 6H). LC-MS
(M+H) ™ =556.5.
Example 50: 2-((2R,5R)-2-((7-oxa-4-azaspiro[ 2.5 |octan-4-yl )methyl)-5-methylpiperazin-1-
y1)-1-((S)-7-(4-fluorobenzyl)-6-(hydroxymethyl)-2-methyl-2,3-dihydro-1H-pyrido[ 2,3-
b][l,/\ég)xazin—l—yl)ethan—l—one(compound 50)
o

Q
k/N;\N \(/ "\ oH
T

—

o

F
Step 1: tert-butyl (2R,5S)-5-((7-oxa-4-azaspiro[2.5]octan-4-yl)methyl)-4-benzyl-2-

methylpiperazine-1-carboxylate

Bod
The title compound of step 1 (500 mg, 81% yield) was prepared in a manner similar to that
described in Example 1 step 16 from tert-butyl (2R,5R)-4-benzyl-5-(chloromethyl)-2-
methylpiperazine-1-carboxylate and 7-oxa-4-azaspiro[2.5]Joctane. LC-MS (M+H) * = 416.3.
Step 2: tert-butyl (2R,5S)-5-((7-oxa-4-azaspiro[2.5]octan-4-yl)methyl)-2-methylpiperazine-1-

carboxylate

H
1 N
S "N (\P\
o\) Boc

The title compound of step 2 (320 mg, crude) was prepared in a manner similar to that
described in Example 1 step 17 from tert-butyl (2R,5S)-5-((7-oxa-4-azaspiro[2.5]octan-4-
yl)methyl)-4-benzyl-2-methylpiperazine-1-carboxylate. LC-MS (M+H) * =326.2.

Step 3: tert-butyl (2R,5S5)-5-((7-oxa-4-azaspiro[2.5]octan-4-yl)methyl)-4-(2-((S)-6-
(acetoxymethyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-y1)-
2-oxoethyl)-2-methylpiperazine-1-carboxylate

e

(¢]
H N N oA
N S
oc/,\lj/\/\g/g\/
F

/
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The title compound of step 3 (448 mg, 53% yield for 2 steps) was prepared in a manner similar
to that described in Example 1 step 18 from (S)-(1-(2-chloroacetyl)-7-(4-fluorobenzyl)-2-
methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-6-yl)methyl acetate and tert-butyl (2R,5S)-5-
((7-oxa-4-azaspiro[2.5]octan-4-yl)methyl)-2-methylpiperazine-1-carboxylate. LC-MS (M+H) *
=696.4.

Step 4: tert-butyl (2R,5S)-5-((7-oxa-4-azaspiro[2.5]octan-4-yl)methyl)-4-(2-((S)-7-(4-
fluorobenzyl)-6-(hydroxymethyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)-2-
oxoethyl)-2-methylpiperazine- 1-carboxylate

Q
: N—Z N oH
N
qﬂéw
Boc
F

The title compound of step 4 (240 mg, crude) was prepared in a manner similar to that
described in Example 8 step 4 from tert-butyl (2R,5S)-5-((7-oxa-4-azaspiro[2.5]octan-4-
yDmethyl)-4-(2-((S)-6-(acetoxymethyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methylpiperazine-1-carboxylate. LC-MS (M+H)
*=6544.

Step 3: 2-((2R,5R)-2-((7-oxa-4-azaspiro[2.5]octan-4-yl)methyl)-5-methylpiperazin-1-yl)-1-
((S)-7-(4-fluorobenzyl)-6-(hydroxymethyl)-2-methyl-2,3-dihydro-1H-pyrido[ 2,3-
b][1,4]oxazin-1-yl)ethan-1-one (compound 50)

Compound 50 (25 mg, 11% yield) was prepared in a manner similar to that described in
Example 29 step 7 from tert-butyl (2R,55)-5-((7-oxa-4-azaspiro[2.5]octan-4-yl)methyl)-4-(2-
((S)-7-(4-fluorobenzyl)-6-(hydroxymethyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methylpiperazine-1-carboxylate. 'H NMR (300 MHz,
Chloroform-d) & 8.40 (brs, 1 H), 7.15-7.04 (m, 2 H), 7.04-6.92 (m, 2 H), 4.91 (s, 1 H), 4.66-
4.47 (m, 2 H), 4.44-4.24 (m, 2 H), 4.18-4.07 (m, 1 H), 3.83 (s, 2 H), 3.69-3.63 (m, 2H), 3.43-
3.30 (m, 2 H), 3.20-2.98 (m, 2 H), 2.89-2.76 (m, 4 H), 2.76-2.66 (m, 1 H), 2.55-2.34 (m, 3 H),
2.18-2.05 (m, 1 H), 1.36-1.27 (m, 3 H), 1.05-0.97 (m, 3 H), 0.64-0.41 (m, 4 H). LC-MS (M+H)
*=5544,

Example 51: 2-((2R,5R)-2-(((R)-3-ethylmorpholino)methyl)-5-methylpiperazin-1-yl)-1-((S)-7-
(4-fluorobenzyl)-6-(hydroxymethyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-
yl)ethan-1-one (compound 51)
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Step 1: tert-butyl (2R,5S)-4-benzyl-5-(((R)-3-ethylmorpholino)methyl)-2-methylpiperazine-1-

carboxylate

o)

NN

N
,Nf
Boc

The title compound of step 1 (550 mg, 89% yield) was prepared in a manner similar to that
described in Example 1 step 16 from (R)-3-ethylmorpholine and tert-butyl (2R,5R)-4-benzyl-5-
(chloromethyl)-2-methylpiperazine-1-carboxylate. LC-MS (M+H) * = 418.3.

Step 2: tert-butyl (2R,5S)-5-(((R)-3-ethylmorpholino)methyl)-2-methylpiperazine-1-

carboxylate

epel

Boc
The title compound of step 2 (350 mg, crude) was prepared in a manner similar to that
described in Example 1 step 17 from tert-butyl (2R,5S)-4-benzyl-5-(((R)-3-
ethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. LC-MS (M+H) © = 328.3.
Step 3: tert-butyl (2R,5S)-4-(2-((S)-6-(acetoxymethyl)-7-(4-fluorobenzyl)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-5-(((R)-3-ethylmorpholino)methyl)-2-

methylpiperazine-1-carboxylate

O, -3,
A~ O OAc
Boc’Nj) © g

The title compound of step 3 (534 mg, 58% yield for 2 steps) was prepared in a manner similar
to that described in Example 1 step 18 from tert-butyl (2R,5S)-5-(((R)-3-
ethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate and (S)-(1-(2-chloroacetyl)-7-(4-
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fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-6-y])methyl acetate. LC-MS
(M+H) " = 698.4.

Step 4: tert-butyl (2R,5S)-5-(((R)-3-ethylmorpholino)methyl)-4-(2-((S)-7-(4-fluorobenzyl)-6-
(hydroxymethyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin- 1-yl)-2-oxoethyl)-2-
methylpiperazine-1-carboxylate

o

A

~ \(\O
R N—7 N\ oH
|/\N/Y \\
Boc/Nj) ©
F

The title compound of step 4 (250 mg, 88% yield) was prepared in a manner similar to that
described in Example 8 step 4 from tert-butyl (2R,5S)-4-(2-((S)-6-(acetoxymethyl)-7-(4-
fluorobenzyl)-2-methyl-2,3-dihydro- 1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-oxoethyl)-5-(((R)-3-
ethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. LC-MS (M+H) *= 656.4.

Step 5: 2-((2R,5R)-2-(((R)-3-ethylmorpholino)methyl)-5-methylpiperazin-1-y1)-1-((S)-7-(4-
fluorobenzyl)-6-(hydroxymethyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-
yl)ethan-1-one (compound 51)

Compound 51 (52 mg, 24% yield) was prepared in a manner similar to that in Example 29 step
7 from tert-butyl (2R,5S)-5-(((R)-3-ethylmorpholino)methyl)-4-(2-((S)-7-(4-fluorobenzyl)-6-
(hydroxymethyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-oxoethyl)-2-
methylpiperazine-1-carboxylate. 'H NMR (400 MHz, Chloroform-d) & 8.49 (brs, 1 H), 7.16-
7.08 (m, 2 H), 7.05-6.95 (m, 2 H), 5.01 (s, 1 H), 4.67-4.52 (m, 2 H), 4.52-4.36 (m, 2 H), 4.36-
4.26 (m, 1 H), 3.85 (s, 2 H), 3.79-3.65 (m, 2 H), 3.59-3.50 (m, 1 H), 3.37-3.21 (m, 2 H), 3.05-
2.99 (m, 1 H), 2.98-2.89 (m, 1 H), 2.88-2.83 (m, 2 H), 2.79-2.70 (m, 1 H), 2.68-2.54 (m, 2 H),
2.21-2.12 (m, 3 H), 2.02-1.94 (m, 1 H), 1.70-1.54 (m, 1 H), 1.36-1.29 (m, 4 H), 1.07-1.00 (m, 3
H), 0.92-0.84 (m, 3 H). LC-MS (M+H) ™= 556.4.

Example 52: 1-((S)-7-(4-fluorobenzyl)-6-(hydroxymethyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-y1)-2-((2R,5R)-2-(((R)-3-(methoxymethyl)morpholino)methyl)-5-

methylpiperazin-1-yl)ethan-1-one (compound 52)
O/

X
(\

~ \(\O
B NYN /\'{l OH
HNj) o]
F
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Step 1: tert-butyl (2R, 5S)-4-benzyl-5-(((R)-3-(methoxymethyl)morpholino)methyl)-2-

methylpiperazine-1-carboxylate
O/
o)

A
A
Boc’N\l) /\©

The title compound of step 1 (500 mg, 78% yield) was prepared in a manner similar to that
described in Example 1 step 16 from (R)-3-(methoxymethyl)morpholine and tert-butyl
(2R,5R)-4-benzyl-5-(chloromethyl)-2-methylpiperazine-1-carboxylate. LC-MS (M+H) "=
4343.

Step 2: tert-butyl (2R,5S)-5-(((R)-3-(methoxymethyl)morpholino)methyl)-2-methylpiperazine-

1-carboxylate

\ H

0

Boc
The title compound of step 2 (300 mg, crude) was prepared in a manner similar to that
described in Example 1 step 17 from tert-butyl (2R,58)-4-benzyl-5-((R)-3-
(methoxymethyl)morpholino)methyl)-2-methylpiperazine-1-carboxylate. LC-MS (M+H) * =
3442
Step 3: tert-butyl (2R,5S)-4-(2-((S)-6-(acetoxymethyl)-7-(4-fluorobenzyl)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-5-(((R)-3-

(methoxymethyl)morpholino)methyl)-2-methylpiperazine-1-carboxylate
O/

OI\//T\Q \g\i N oA
Oy G
Boc” \‘) g

The title compound of step 3 (425 mg, 51% yield for 2 steps) was prepared in a manner similar
to that described in Example 1 step 18 from tert-butyl (2R,5S)-5-(((R)-3-
(methoxymethyl)morpholino)methyl)-2-methylpiperazine-1-carboxylate and (S)-(1-(2-
chloroacetyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro- 1H-pyrido[2,3-b][ 1,4 ]oxazin-6-
yl)methyl acetate. LC-MS (M+H) * =714 4.
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Step 4: tert-butyl (2R, 5S)-4-(2-((S)-7-(4-fluorobenzyl)-6-(hydroxymethyl)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-oxoethyl)-5-(((R)-3-

(methoxymethyl)morpholino)methyl)-2-methylpiperazine-1-carboxylate
O/

3,
Ay O~

The title compound of step 4 (170 mg, 60% yield) was prepared in a manner similar to that
described in Example 8 step 4 from tert-butyl (2R,5S)-4-(2-((S)-6-(acetoxymethyl)-7-(4-
fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-oxoethyl)-5-(((R)-3-
(methoxymethyl)morpholino)methyl)-2-methylpiperazine-1-carboxylate. LC-MS (M+H) * =
672.4.

Step 5: 1-((S)-7-(4-fluorobenzyl)-6-(hydroxymethyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yI)-2-((2R,5R)-2-(((R)-3-(methoxymethyl)morpholino)methyl)-5-
methylpiperazin-1-yl)ethan-1-one (compound 52)

Compound 52 (45 mg, 26% yield) as free base was prepared in a manner similar to that in
Example 29 step 7 from tert-butyl (2R,55)-4-(2-((S)-7-(4-fluorobenzyl)-6-(hydroxymethyl)-2-
methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-5-(((R)-3-
(methoxymethyl)morpholino)methyl)-2-methylpiperazine-1-carboxylate. 'H NMR (300 MHz,
Chloroform-d) 6 8.41 (brs, 1 H), 7.17-7.06 (m, 2 H), 7.06-6.94 (m, 2 H), 4.97 (s, 1 H), 4.68-
4.46 (m, 3 H), 4.45-4.27 (m, 2 H), 3.86 (s, 2 H), 3.77-3.60 (m, 2 H), 3.58-3.42 (m, 3 H), 3.39-
3.33 (m, 2 H), 3.26 (s, 3 H), 3.14-2.83 (m, 4 H), 2.83-2.51 (m, 3 H), 2.41 (s, 1 H), 2.32-191
(m, 3 H), 1.36-1.28 (m, 3 H), 1.07-0.99 (m, 3 H). LC-MS (M+H) * = 572.4.

Example 53: 2-((2R,SR)-2-(((R)-3-(ethoxymethyl)morpholino)methyl)-5-methylpiperazin-1-
y1)-1-((S)-7-(4-fluorobenzyl)-6-(hydroxymethyl)-2-methyl-2,3-dihydro- 1H-pyrido[2,3-
b][1,4]oxazin-1-yl)ethan-1-one (compound 53)

o)

7

>N e
Oy
. é“

Step 1: (R)-4-benzyl-3-(ethoxymethyl)morpholine
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To a solution of [(3R)-4-benzylmorpholin-3-ylJmethanol (395 mg, 1.9 mmol) and iodoethane
(740 mg, 4.7 mmol) in DMF (6 mL) was added NaH (96 mg, 4 mmol) in portions at 0 °C under
nitrogen atmosphere. The resulting mixture was stirred for 4 h at 80 °C under nitrogen
atmosphere. When the reaction was done, the reaction was quenched with H20 at room
temperature. The resulting mixture was extracted with EtOAc (2 x 25 mL). The organic phases
were combined, washed with brine and dried over Na2SOs. The solvent was removed under
reduced pressure and the residue was purified by flash chromatography (PE : EtOAc=4: 1) to
yield the title compound (342 mg, 76% yield). LC-MS (M+H) *=236.0.

Step 2: (R)-3-(ethoxymethyl)morpholine

Hn

To a solution of (R)-4-benzyl-3-(ethoxymethyl)morpholine (342 mg, 1.4 mmol) in MeOH (12
mL) was added Pd/C (300 mg, 0.3 mmol, 10%) under nitrogen atmosphere. The mixture was
hydrogenated at room temperature for 16 h under hydrogen atmosphere using a hydrogen
balloon. When the reaction was done, the mixture was filtered through a Celite pad and
concentrated under reduced pressure to yield the title compound (210 mg, crude). LC-MS
(M+H) " =146 3.

Step 3: tert-butyl (2R,55)-4-benzyl-5-(((R)-3-(ethoxymethyl)morpholino)methyl)-2-

methylpiperazine-1-carboxylate

~

o

g\N/'«.. [Nj\
s

Boc
The title compound of step 3 (338 mg, 51% yield for 2 steps) was prepared in a manner similar
to that described in Example 1 step 16 from (R)-3-(ethoxymethyl)morpholine and tert-butyl
(2R,5R)-4-benzyl-5-(chloromethyl)-2-methylpiperazine-1-carboxylate. LC-MS (M+H) ™=
448.3.
Step 4: tert-butyl (2R,5S)-5-(((R)-3-(ethoxymethyl)morpholino)methyl)-2-methylpiperazine-1-

carboxylate
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The title compound of step 4 (280 mg, crude) was prepared in a manner similar to that
described in Example 1 step 17 from tert-butyl (2R,5S)-4-benzyl-5-(((R)-3-
(ethoxymethyl)morpholino)methyl)-2-methylpiperazine-1-carboxylate. LC-MS (M+H) ™ =
358.3.

Step 5: tert-butyl (2R,5S)-4-(2-((S)-6-(acetoxymethyl)-7-(4-fluorobenzyl)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-5-(((R)-3-
(ethoxymethyl)morpholino)methyl)-2-methylpiperazine-1-carboxylate

The title compound of step 5 (307 mg, 55% yield for 2 steps) was prepared in a manner similar
to that described in Example 1 step 18 from tert-butyl (2R,5S)-5-(((R)-3-
(ethoxymethyl)morpholino)methyl)-2-methylpiperazine-1-carboxylate and (S)-(1-(2-
chloroacetyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro- 1H-pyrido[2,3-b][ 1,4]oxazin-6-
yl)methyl acetate. LC-MS (M+H) ©= 728 4.

Step 6: tert-butyl (2R,5S)-5-(((R)-3-(ethoxymethyl)morpholino)methyl)-4-(2-((S)-7-(4-
fluorobenzyl)-6-(hydroxymethyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-y1)-2-
oxoethyl)-2-methylpiperazine-1-carboxylate

Q

The title compound of step 6 (101 mg, 87% yield) was prepared in a manner similar to that
described in Example 8 step 4 from tert-butyl (2R,5S)-4-(2-((S)-6-(acetoxymethyl)-7-(4-
fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-oxoethyl)-5-(((R)-3-
(ethoxymethyl)morpholino)methyl)-2-methylpiperazine-1-carboxylate. LC-MS (M+H) " =
686.5.
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Step 7: 2-((2R,5R)-2-(((R)-3-(ethoxymethyl )morpholino)methyl)-5-methylpiperazin-1-yl)-1-
((S)-7-(4-fluorobenzyl)-6-(hydroxymethyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)ethan-1-one (compound 53)

Compound 53 (54 mg, 42% yield) was prepared in a manner similar to that in Example 29 step
7 from tert-butyl (2R,5S)-5-(((R)-3-(ethoxymethyl)morpholino)methyl)-4-(2-((S)-7-(4-
fluorobenzyl)-6-(hydroxymethyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-
oxoethyl)-2-methylpiperazine-1-carboxylate. 'H NMR (400 MHz, DMSO-ds) & 8.19 (brs, 1 H),
7.26-7.17 (m, 2 H), 7.17-7.07 (m, 2 H), 5.12-5.04 (m, 1 H), 4.75 (s, 1 H), 4.49-4.30 (m, 3 H),
4.25-4.17 (m, 1 H), 4.02-3.93 (m, 3 H), 3.68-3.53 (m, 2 H), 3.46-3.33 (m, 4 H), 3.32-3.23 (m, 2
H), 2.90-2.81 (m, 1 H), 2.81-2.73 (m, 3 H), 2.66-2.53 (m, 2 H), 2.34-2.18 (m, 3 H), 2.08-1.98
(m, 1 H), 1.96-1.87 (m, 1 H), 1.21-1.15 (m, 3 H), 1.10-1.02 (m, 3 H), 0.89-0.83 (m, 3 H). LC-
MS (M+H) * = 586.4.

Example 54: 1-((S)-7-(4-fluorobenzyl)-6-(hydroxymethyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-y1)-2-((2R,5R)-2-(((R)-3-(hydroxymethyl)morpholino)methyl)-5-
methylg)giperazin- 1-yl)ethan-1-one(compound 54)

Sy
K\NY \\ OH
HN\l) 0 é)\

Step 1: (S)-4-benzyl-3-(((tert-butyldimethylsilyl)oxy)methyl)morpholine
OTBDMS

O

To a solution of [(3R)-4-benzylmorpholin-3-ylJmethanol (425 mg, 2.1 mmol) and Imidazole
(350 mg, 5.2 mmol) in DMF (10 mL) was added TBDMSCI (375 mg, 2.5 mmol) in portions at
room temperature under nitrogen atmosphere. The resulting mixture was stirred for 16 h at
room temperature under nitrogen atmosphere. When the reaction was done, the reaction was
quenched with H20 at room temperature. The resulting mixture was extracted with EtOAc (2 x
30 mL). The organic phases were combined, washed with brine and dried over Na2SO4. The
solvent was removed under reduced pressure and the residue was purified by flash
chromatography (PE : EtOAc =4 : 1) to yield the title compound (342 mg, 76% yield). LC-MS
(M+H) * =322.2.

Step 2: (S)-3-(((tert-butyldimethylsilyl)oxy)methyl)morpholine
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The title compound of step 2 (200 mg, crude) was prepared in a manner similar to that
described in Example 53 step 2 from (S)-4-benzyl-3-(((tert-
butyldimethylsilyl)oxy)methyl)morpholine. LC-MS (M+H) = 2322,

Step 3: tert-butyl (2R,5S)-4-benzyl-5-(((S)-3-(((tert-

butyldimethylsilyl)oxy)methyl)morpholino)methyl)-2-methylpiperazine-1-carboxylate
OTBDMS

o]

NN

o

The title compound of step 3 (281 mg, 49% yield for 2 steps) was prepared in a manner similar
to that described in Example 1 step 16 from (S)-3-(((tert-
butyldimethylsilyl)oxy)methyl)morpholine and tert-butyl (2R,5R)-4-benzyl-5-(chloromethyl)-
2-methylpiperazine-1-carboxylate. LC-MS (M+H) * = 534.4.

Step 4: tert-butyl (2R,5S)-5-(((S)-3-(((tert-butyldimethylsilyl)oxy)methyl)morpholino)methyl)-

2-methylpiperazine-1-carboxylate

TBDMSO H
/Il,, N
VO
o\) N

Boc
The title compound of step 4 (220 mg, crude) was prepared in a manner similar to that
described in Example 1 step 17 from tert-butyl (2R,5S)-4-benzyl-5-(((S)-3-(((tert-
butyldimethylsilyl)oxy)methyl)ymorpholino)methyl)-2-methylpiperazine-1-carboxylate. LC-MS
(M+H) " =4443.
Step 5: tert-butyl (2R, 5S)-4-(2-((S)-6-(acetoxymethyl)-7-(4-fluorobenzyl)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-5-(((S)-3-(((tert-

butyldimethylsilyl)oxy)methyl)morpholino)methyl)-2-methylpiperazine-1-carboxylate
OTBDMS

7

k/N\E
AN

N
Bos \H o
F

(o}
4 "I OAc

139



10

15

20

25

WO 2021/244608 PCT/CN2021/098123

The title compound of step 5 (250 mg, 58% yield for 2 steps) was prepared in a manner similar
to that described in Example 1 step 18 from tert-butyl (2R,5S)-5-(((S)-3-(((tert-
butyldimethylsilyl)oxy)methyl)morpholino)methyl)-2-methylpiperazine-1-carboxylate and (S)-
(1-(2-chloroacetyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro- 1H-pyrido[2,3-b][ 1,4]oxazin-0-
yDmethyl acetate. LC-MS (M+H) * = 814.5.

Step 6: tert-butyl (2R,5S)-5-(((S)-3-(((tert-butyldimethylsilyl)oxy)methyl)morpholino)methyl)-
4-(2-((S)-7-(4-fluorobenzyl)-6-(hydroxymethyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-

b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methylpiperazine- 1 -carboxylate
OTBDMS

¢

N

0
~
Pt
Boc’N\‘) ©
F

The title compound of step 6 (162 mg, 68% yield) was prepared in a manner similar to that
described in Example 8 step 4 from tert-butyl (2R,5S)-4-(2-((S)-6-(acetoxymethyl)-7-(4-
fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-oxoethyl)-5-(((S)-3-
(((tert-butyldimethylsilylJoxy)methyl)morpholino)methyl)-2-methylpiperazine-1-carboxylate.
LC-MS (M+H) " =772.4.

Step 7: 1-((S)-7-(4-fluorobenzyl)-6-(hydroxymethyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)-2-((2R,5R)-2-(((R)-3-(hydroxymethyl)morpholino)methyl)-5-
methylpiperazin-1-yl)ethan-1-one (compound 54)

Compound 54 (70 mg, 59% yield) was prepared in a manner similar to that described in
Example 29 step 7 from tert-butyl (2R,5S)-5-(((S)-3-(((tert-
butyldimethylsilyl)oxy)methyl)morpholino)methyl)-4-(2-((S)-7-(4-fluorobenzyl)-6-
(hydroxymethyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin- 1-yl)-2-oxoethyl)-2-
methylpiperazine-1-carboxylate. '"H NMR (400 MHz, Chloroform-d) § 8.43 (brs, 1 H), 7.16-
7.07 (m, 2 H), 7.05-6.96 (m, 2 H), 4.88 (s, 1 H), 4.67-4.51 (m, 2 H), 4.49-4.29 (m, 3 H), 3.96-
3.67 (m, 6 H), 3.65-3.48 (m, 3 H), 3.30-3.22 (m, 1 H), 3.13-3.00 (m, 2 H), 2.99-2.86 (m, 2 H),
2.84-2.77 (m, 1 H), 2.67-2.63 (m, 2 H), 2.40-2.35 (m, 1H), 2.31-2.21 (m, 1 H), 2.18-2.08 (m, 2
H), 1.35-1.29 (m, 3 H), 1.08-1.02 (m, 3 H). LC-MS (M+H) "= 558.3.

Example 55: 2-((2R,5R)-2-(((S)-3-(difluoromethyl)morpholino)methyl)-5-methylpiperazin-1-
y1)-1-((S)-7-(4-fluorobenzyl)-6-(hydroxymethyl)-2-methyl-2 3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)ethan-1-one(compound 55)
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HNj)
Step 1: (S)-4-benzylmorpholine-3-carbaldehyde

T

To a solution of DMSQO (1.95 mL, 27.5 mmol) in DCM (10 mL) was added oxalyl chloride
(1.16 mL, 13.6 mmol) in DCM (5 mL) dropwise at -78 °C under nitrogen atmosphere. The

—=Z

OH

F

resulting mixture was stirred for 15 min at -78 °C under nitrogen atmosphere. To the above
mixture was added [(3R)-4-benzylmorpholin-3-ylJmethanol (950 mg, 4.6 mmol) in DCM (5
mL) dropwise over 30 min at -78 °C. The resulting mixture was stirred for additional 30 min at
-78 °C. To the above mixture was added TEA (7.60 mL, 54.7 mmol) dropwise over 10 min at -
78 °C. The resulting mixture was stirred for additional 1 h at -78 °C. When the reaction was
done, the reaction was quenched with sat. NaHCOs3 at room temperature. The resulting mixture
was extracted with DCM (2 x 50 mL). The organic phases were combined, washed with brine
and dried over Na2SOa. The solvent was removed under reduced pressure and the residue was
purified by flash chromatography (PE : EtOAc =3 : 1) to yield the title compound (455 mg,
48% yield). LC-MS (M+H) * = 206.2.

Step 2: (S)-4-benzyl-3-(difluoromethyl)morpholine
F

E
X,

20

To a solution of (S)-4-benzylmorpholine-3-carbaldehyde (455 mg, 2.2 mmol) in DCM was
added Diethylaminosulphur trifluoride (345 mg, 2.2 mmol) dropwise at 0 °C under nitrogen
atmosphere. The resulting mixture was stirred for 2 h at room temperature under nitrogen
atmosphere. When the reaction was done, the reaction was quenched with sat. NaHCO3 at
room temperature. The resulting mixture was extracted with DCM (2 x 30 mL). The organic
phases were combined, washed with brine and dried over Na2SQa. The solvent was removed
under reduced pressure and the residue was purified by flash chromatography (PE : EtOAc =
2 : 1) to yield the title compound (260 mg, 51% yield). LC-MS (M+H) * = 228.1.

Step 3: (S)-3-(difluoromethyl)morpholine hydrochloride
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(0) F
NH HCI

To a solution of (S)-4-benzyl-3-(difluoromethyl)morpholine (260 mg, 1.1 mmol) in MeOH (12
mL) was added Pd/C (250 mg, 0.2 mmol, 10%) under nitrogen atmosphere. The mixture was
hydrogenated at room temperature for 16 h under hydrogen atmosphere using a hydrogen
balloon. When the reaction was done, the mixture was filtered through a Celite pad. To the
above mixture was added HCl in dioxane (2 mL, 8 mmol, 4 M) dropwise at room temperature.
The resulting mixture was stirred for additional 30 min at room temperature. The resulting
mixture was concentrated under reduced pressure to yield the title compound (200 mg, crude)
which was used in next step without purification. LC-MS (M+H) * = 138.1.

Step 4: tert-butyl (2R,5S)-4-benzyl-5-(((S)-3-(difluoromethyl)morpholino)methyl)-2-

methylpiperazine-1-carboxylate
F

@) F

K/N\

ae

The title compound of step 4 (225 mg, 44% yield for 2 steps) was prepared in a manner similar

to that described in Example 1 step 16 from (S)-3-(difluoromethyl)morpholine hydrochloride
and tert-butyl (2R,5R)-4-benzyl-5-(chloromethyl)-2-methylpiperazine-1-carboxylate. LC-MS
(M+H) * = 440.3.

Step 5: tert-butyl (2R,5S)-5-(((S)-3-(difluoromethyl)morpholino)methyl)-2-methylpiperazine-

1-carboxylate
F

F H
%”’"{“j\
O\) [\‘|

Boc
The title compound of step 5 (180 mg, crude) was prepared in a manner similar to that
described in Example 1 step 17 from tert-butyl (2R,5S)-4-benzyl-5-(((S)-3-
(difluoromethyl)morpholino)methyl)-2-methylpiperazine-1-carboxylate. LC-MS (M+H) * =
350.2.
Step 6: tert-butyl (2R,5S5)-4-(2-((S)-6-(acetoxymethyl)-7-(4-fluorobenzyl)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-5-(((S)-3-
(difluoromethyl)morpholino)methyl)-2-methylpiperazine-1-carboxylate
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The title compound of step 6 (220 mg, 59% yield for 2 steps) was prepared in a manner similar
to that described in Example 1 step 18 from tert-butyl (2R,5S)-5-(((S)-3-
(difluoromethyl)morpholino)methyl)-2-methylpiperazine-1-carboxylate and (S)-(1-(2-
chloroacetyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro- 1H-pyrido[2,3-b][ 1,4 ]oxazin-6-
yl)methyl acetate. LC-MS (M+H) * = 720 4.

Step 7: tert-butyl (2R,5S)-5-(((S)-3-(difluoromethyl)morpholino)methyl)-4-(2-((S)-7-(4-
fluorobenzyl)-6-(hydroxymethyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4 ]oxazin-1-y1)-2-

-|I/

F

oxoethyl)-2-methylpiperazine-1-carboxylate
F

N/'§l OH
—

The title compound of step 7 (134 mg, 65% yield) was prepared in a manner similar to that
described in Example 8 step 4 from tert-butyl (2R,5S)-4-(2-((S)-6-(acetoxymethyl)-7-(4-
fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-oxoethyl)-5-(((S)-3-
(difluoromethyl)morpholino)methyl)-2-methylpiperazine-1-carboxylate. LC-MS (M+H) * =
678.3.

Step 8: 2-((2R,5R)-2-(((S)-3-(difluoromethyl)morpholino)methyl)-5-methylpiperazin-1-yl)-1-
((S)-7-(4-fluorobenzyl)-6-(hydroxymethyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)ethan-1-one (compound 55)

Compound 55 (53 mg, 46% yield) was prepared in a manner similar to that in Example 29 step
7 from tert-butyl (2R,5S)-5-(((S)-3-(difluoromethyl)morpholino)methyl)-4-(2-((S)-7-(4-
fluorobenzyl)-6-(hydroxymethyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4 ]oxazin-1-yl)-2-
oxoethyl)-2-methylpiperazine-1-carboxylate. 'H NMR (400 MHz, Chloroform-d) § 8.41 (brs, 1
H), 7.14-7.04 (m, 2 H), 7.03-6.92 (m, 2 H), 6.32-5.87 (m, 1 H), 5.06-4.77 (m, 1 H), 4.64-4.50
(m, 2 H), 4.44-435 (m, 1 H), 4.35-4.25 (m, 1 H), 4.10-4.02 (m, 1 H), 3.83 (s, 2 H), 3.82-3.57
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(m, 4 H), 3.23-3.07 (m, 2 H), 2.95-2.79 (m, 3 H), 2.78-2.64 (m, 2 H), 2.62-2.36 (m, 4 H), 2.19-

2.07 (m, 1 H), 1.35-1.23 (m, 3 H), 1.06-0.99 (m, 3 H). LC-MS (M+H) ~ = 578 4.

Example 56: 2-((2R,5R)-2-((8-oxa-5-azaspiro[3.5]nonan-5-yl)methyl)-5-methylpiperazin-1-

y1)-1-((S)-7-(4-fluorobenzyl )-6-(hydroxymethyl)-2-methyl-2 3-dihydro-1H-pyrido[2,3-

b][1,4]oxazin-1-yl)ethan-1-one(compound 56)

o’\p

K/N\_ \(\O
: N~ N oH

2
HN\K

oy

&}

F
Step 1: tert-butyl (2R,55)-5-((8-oxa-5-azaspiro[3.5]nonan-5-yl)methyl)-4-benzyl-2-
methylpiperazine-1-carboxylate

(0]

A

The title compound of step 1 (500 mg, 78% yield) was prepared in a manner similar to that
described in Example 1 step 16 from 8-oxa-5-azaspiro[3.5]nonane and tert-butyl (2R,5R)-4-
benzyl-5-(chloromethyl)-2-methylpiperazine-1-carboxylate. LC-MS (M+H) ™ = 430.3.

Step 2: tert-butyl (2R,5S)-5-((8-oxa-5-azaspiro[3.5]nonan-5-yl)methyl)-2-methylpiperazine-1-

carboxylate

e
N
SABN

Boc
The title compound of step 2 (300 mg, crude) was prepared in a manner similar to that
described in Example 1 step 17 from tert-butyl (2R,5S)-5-((8-oxa-5-azaspiro[3.5nonan-5-
yl)methyl)-4-benzyl-2-methylpiperazine-1-carboxylate. LC-MS (M+H) * =340.3.
Step 3: tert-butyl (2R, 5S)-5-((8-oxa-5-azaspiro[3.5|nonan-5-yl)methyl)-4-(2-((S)-6-
(acetoxymethyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-y1)-
2-oxoethyl)-2-methylpiperazine-1-carboxylate

N

K/N\_ \(\ON
H N—7 '\ OAc
N S
/r\‘l/\‘\)/\g/g
Boc’
F
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The title compound of step 3 (350 mg, 42% yield for 2 steps) was prepared in a manner similar
to that described in Example 1 step 18 from tert-butyl (2R,5S)-5-((8-oxa-5-azaspiro[3.5]nonan-
5-yl)methyl)-2-methylpiperazine-1-carboxylate and (S)-(1-(2-chloroacetyl)-7-(4-fluorobenzyl)-
2-methyl-2 3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-6-yl)methyl acetate. LC-MS (M+H) * =
710.4.

Step 4: tert-butyl (2R,5S)-5-((8-oxa-5-azaspiro[3.5 Jnonan-5-yl)methyl)-4-(2-((S)-7-(4-
fluorobenzyl)-6-(hydroxymethyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)-2-
oxoethyl)-2-methylpiperazine- 1-carboxylate

o

K/N\_ \(\0 \
H N—? OH
(\N/Y \\

0

N
Boc” 1)

The title compound of step 4 (250 mg, 75% yield) was prepared in a manner similar to that

F

described in Example 8 step 4 from tert-butyl (2R,5S)-5-((8-oxa-5-azaspiro[3.5]nonan-5-
yDmethyl)-4-(2-((S)-6-(acetoxymethyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-y1)-2-oxoethyl)-2-methylpiperazine-1-carboxylate. LC-MS (M+H)
*=668.4.

Step 5: 2-((2R,5R)-2-((8-oxa-5-azaspiro[ 3.5 Jnonan-5-yl)methyl)-5-methylpiperazin-1-y1)-1-
((S)-7-(4-fluorobenzyl)-6-(hydroxymethyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)ethan-1-one (compound 56)

Compound 56 (59 mg, 28% yield) was prepared in a manner similar to that described in
Example 29 step 7 from tert-butyl (2R,55)-5-((8-0xa-5-azaspiro[3.5]nonan-5-yl)methyl)-4-(2-
((S)-7-(4-fluorobenzyl)-6-(hydroxymethyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methylpiperazine- 1-carboxylate. 'H NMR (300 MHz,
Chloroform-d) & 8.45 (brs, 1 H), 7.17-7.06 (m, 2 H), 7.06-6.93 (m, 2 H), 4.97 (s, 1 H), 4.66-
4.50 (m, 2 H), 4.47-4.37 (m, 1 H), 4.37-4.24 (m, 2 H), 3.85 (s, 2 H), 3.72-3.56 (m, 3 H), 3.48-
3.38 (m, 1 H), 3.22-3.08 (m, 2 H), 2.93-2.66 (m, 3 H), 2.63-2.32 (m, 4 H), 2.32-2.20 (m, 1 H),
2.17-2.00 (m, 3 H), 1.87-1.49 (m, 4 H), 1.37-1.29 (m, 3 H), 1.07-0.99 (m, 3 H). LC-MS (M+H)
*=5683.

Example 57: 1-((S)-7-(4-fluorobenzyl)-6-(hydroxymethyl)-2-(methoxymethyl)-2,3-dihydro-
1H-pyrido[2,3-b][1,4]oxazin-1-y1)-2-((2R,5R)-5-methyl-2-(((R)-3-
methylmorpholino)methyl)piperazin-1-yl)ethan-1-one(compound 57)
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Step 1: tert-butyl (S)-(1-(benzyloxy)-3-((3,5-dibromo-6-methylpyridin-2-yl)oxy)propan-2-

3

yl)carbamate
OBn

BocHNLOINJ{
B N g

The title compound of step 1 (9.8 g, 99% yield) was prepared in a manner similar to that

r

described in Example 19 step 1 from tert-butyl (R)-(1-(benzyloxy)-3-hydroxypropan-2-
yl)carbamate and 3,5-dibromo-2-chloro-6-methylpyridine. LC-MS (M+H) * = 529.0.
Step 2: tert-butyl (S)-2-((benzyloxy)methyl)-7-bromo-6-methyl-2,3-dihydro-1H-pyrido[2,3-

b][ 1,4]oxazine-1-carboxylate

oo, II

The title compound of step 2 (4 g, 74% yield) was prepared in a manner similar to that
described in Example 34 step 2 from tert-butyl (S)-(1-(benzyloxy)-3-((3,5-dibromo-6-
methylpyridin-2-yl)oxy)propan-2-yl)carbamate. LC-MS (M+H) "= 449.1.

Step 3: tert-butyl (S)-2-((benzyloxy)methyl)-7-(4-fluorobenzyl)-6-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine-1-carboxylate

O N\ F

Boc
The title compound of step 3 (2.9 g, 91% yield) was prepared in a manner similar to that
described in Example 1 step 7 from tert-butyl (S)-2-((benzyloxy)methyl)-7-bromo-6-methyl-
2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate and (4-fluorobenzyl)zinc(IT) chloride.
LC-MS (M+H) *=479.2.

Step 4: tert-butyl (S)-7-(4-fluorobenzyl)-2-(hydroxymethyl)-6-methyl-2,3-dihydro-1H-
pyrido[2,3-b][ 1,4]oxazine-1-carboxylate

O N F
LY
HO
N =
Boc
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The title compound of step 4 (2 g, 84% yield) was prepared in a manner similar to that
described in Example 34 step 4 from tert-butyl (S)-2-((benzyloxy)methyl)-7-(4-fluorobenzyl)-
6-methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate. LC-MS (M+H) © = 389.2.
Step 5: tert-butyl (R)-7-(4-fluorobenzyl)-6-methyl-2-(((methylsulfonyl)oxy)methyl)-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate

o L J IIQ

The title compound of step 5 (2.3 g, 99% yield) was prepared in a manner similar to that
described in Example 34 step 5 from tert-butyl (S)-7-(4-fluorobenzyl)-2-(hydroxymethyl)-6-
methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate and MsCl. LC-MS (M+H) * =
467.2.

Step 6: (R)-(7-(4-fluorobenzyl)-6-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4 ]oxazin-2-
yD)methyl methanesulfonate

O.__N F
LI
MsO N =
H

The title compound of step 6 (1.4 g, 75% yield) was prepared in a manner similar to that
described in Example 34 step 6 from tert-butyl (R)-7-(4-fluorobenzyl)-6-methyl-2-
(((methylsulfonyl)oxy)methyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine- 1-carboxylate. LC-
MS (M+H) * = 367.1.

Step 7: (S)-7-(4-fluorobenzyl)-2-(methoxymethyl)-6-methyl-2.3-dihydro-1H-pyrido[2,3-

b][1,4]oxazine

W SICCT

The title compound of step 7 (665 mg, 58% yield) was prepared in a manner similar to that
described in Example 34 step 7 from (R)-(7-(4-fluorobenzyl)-6-methyl-2 3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-2-yl)methyl methanesulfonate and sodium methoxide. LC-MS
(M+H) * =303.1.

Step 8: tert-butyl (S)-7-(4-fluorobenzyl)-2-(methoxymethyl)-6-methyl-2,3-dihydro-1H-
pyrido[2,3-b][ 1,4]oxazine-1-carboxylate

0O N F
LY
_0 N 7
|
Boc

147



10

15

20

WO 2021/244608 PCT/CN2021/098123

The title compound of step 8 (590 mg, 79% yield) was prepared in a manner similar to that
described in Example 1 step 4 from (S)-7-(4-fluorobenzyl)-2-(methoxymethyl)-6-methyl-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazine. LC-MS (M+H) * = 403 .2.
Step 9: (S)-1-(tert-butoxycarbonyl)-7-(4-fluorobenzyl)-2-(methoxymethyl)-6-methyl-2,3-
dihydro-1 H-pyri@o[2,3 -b][1,4]oxazine 5-oxide

O

[
(@] N F
LIy
_O N =
1
Boc

The title compound of step 9 (457 mg, 74% yield) was prepared in a manner similar to that
described in Example 1 step 5 from tert-butyl (S)-7-(4-fluorobenzyl)-2-(methoxymethyl)-6-
methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate. LC-MS (M+H) " =419.2.
Step 10: tert-butyl (S)-6-(acetoxymethyl)-7-(4-fluorobenzyl)-2-(methoxymethyl)-2,3-dihydro-

1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate
OAc
o)

N
VEID)V@
_0 NN

]
Boc

F

The title compound of step 10 (409 mg, 93% yield) was prepared in a manner similar to that

described in Example 8 step 2 from (S)-1-(tert-butoxycarbonyl)-7-(4-fluorobenzyl)-2-

(methoxymethyl)-6-methyl-2,3-dihydro- 1H-pyrido[2,3-b][ 1,4]oxazine 5-oxide. LC-MS (M+H)
=461.2.

Step 11: (S)-(7-(4-fluorobenzyl)-2-(methoxymethyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-

6-yl)methyl acetate

OAc
_0 NN
H

The title compound of step 11 (298 mg, 98% yield) was prepared in a manner similar to that

described in Example 1 step 8 from tert-butyl (S)-6-(acetoxymethyl)-7-(4-fluorobenzyl)-2-

(methoxymethyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate. LC-MS (M+H) * =

361.1.

Step 12: (S)-(1-(2-chloroacetyl)-7-(4-fluorobenzyl)-2-(methoxymethyl)-2,3-dihydro-1H-
pyrido[2,3-b][1,4] oxazm -6-yl)methyl acetate

Nevdsy

Cl\/go
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The title compound of step 12 (400 mg, crude) was prepared in a manner similar to that
described in Example 1 step 9 from (S)-(7-(4-fluorobenzyl)-2-(methoxymethyl)-2,3-dihydro-
1H-pyrido[2,3-b][1,4]oxazin-6-yl)methyl acetate and 2-chloroacetyl chloride. LC-MS (M+IT) *
=437.1.

Step 13: tert-butyl (2R,58)-4-(2-((S)-6-(acetoxymethyl)-7-(4-fluorobenzyl)-2-
(methoxymethyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methyl-5-
(((R)-3-methylmorpholino)methyl)piperazine-1-carboxylate

O/Y o)

NN

{

0
N N\ onc

The title compound of step 13 (400 mg, crude) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-(1-(2-chloroacetyl)-7-(4-fluorobenzyl)-2-
(methoxymethyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-6-yl)methyl acetate and tert-butyl
(2R,5S)-2-methyl-5-(((R)-3-methylmorpholino)methyl)piperazine-1-carboxylate. LC-MS
(M+H) * = 714.4.

Step 14: tert-butyl (2R,58)-4-(2-((S)-7-(4-fluorobenzyl)-6-(hydroxymethyl)-2-
(methoxymethyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-oxoethyl)-2-methyl-5-
(((R)-3-methylmorpholino)methyl)piperazine-1-carboxylate

-0
L(\O
N—7 N oH
/\“/ \\

The title compound of step 14 (110 mg, 61% yield) was prepared in a manner similar to that
described in Example 8 step 4 from tert-butyl (2R,5S)-4-(2-((S)-6-(acetoxymethyl)-7-(4-
fluorobenzyl)-2-(methoxymethyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-oxoethyl)-
2-methyl-5-(((R)-3-methylmorpholino)methyl)piperazine-1-carboxylate. LC-MS (M+H) © =
672.4.

Step 15: 1-((S)-7-(4-fluorobenzyl)-6-(hydroxymethyl)-2-(methoxymethyl)-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-y1)-2-((2R,5R)-5-methyl-2-(((R)-3-
methylmorpholino)methyl)piperazin-1-yl)ethan-1-one (compound 57)
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Compound 57 (20 mg, 15% yield) was prepared in a manner similar to that described in
Example 29 step 7 from tert-butyl (2R,55)-4-(2-((S)-7-(4-fluorobenzyl)-6-(hydroxymethyl)-2-
(methoxymethyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methyl-5-
(((R)-3-methylmorpholino)methyl)piperazine- 1-carboxylate. 'H NMR (300 MHz, DMSO-d6)
5822 (brs, 1 H), 7.25-7.14 (m, 2 H), 7.17-7.04 (m, 2 H), 5.14-5.04 (m, 1 H), 4.85 (s, 1 H),
4.54-4.45 (m, 1 H), 4.45-4.33 (m, 2 H), 4.25-4.09 (m, 2 H), 3.96 (s, 2 H), 3.54-3.45 (m, 2 H),
3.49-3.33 (m, 1 H), 3.30-3.24 (m, 2H), 3.21 (s, 3 H), 3.07-2.95 (m, 1 H), 2.93-2.74 (m, 2 H),
2.73-2.53 (m, 4H), 2.39-2.12 (m, 3 H), 2.10-1.96 (m, 1 H), 1.82-1.71 (m, 1 H), 1.22 (s, 1 H),
0.92-0.85 (m, 3 H), 0.85-0.79 (m, 3H). LC-MS (M+H) ~=572.0.

Example 58: 2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-
y1)-1-((S)-7-(4-fluorobenzyl)-6-(hydroxymethyl)-2-(methoxymethyl)-2,3-dihydro-1H-

pyrido[2,3-b][1,4]oxazin-1-yl)ethan-1-one (compound 58)
o -0

N "

0
N—Z N oH

Ay G
HNj) O

F
Step 1: tert-butyl (2R,5S)-4-(2-((S)-6-(acetoxymethyl)-7-(4-fluorobenzyl)-2-(methoxymethyl)-
2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-oxoethyl)-5-(((3R,5R)-3,5-

dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate
O/\|/ —~0

K/N\_ \\(\O N
: N—7 \ OAc
N —
(\ /\g/

N
Boc” \l)

The title compound of step 1 (400 mg, crude) was prepared in a manner similar to that

F

described in Example 1 step 18 from (S)-(1-(2-chloroacetyl)-7-(4-fluorobenzyl)-2-
(methoxymethyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-6-y])methyl acetate and tert-butyl
(2R,55)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. LC-
MS (M+H) * =728 4.

Step 2: tert-butyl (2R,5S)-5-((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-((S)-7-(4-
fluorobenzyl)-6-(hydroxymethyl)-2-(methoxymethyl)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methylpiperazine-1-carboxylate
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k,N

The title compound of step 2 (109 mg, 59% yield) was prepared in a manner similar to that
described in Example 8 step 4 from tert-butyl (2R,5S)-4-(2-((S)-6-(acetoxymethyl)-7-(4-
fluorobenzyl)-2-(methoxymethyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-oxoethyl)-
5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. LC-MS
(M+H) ™ = 686 4.

Step 3: 2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-yl)-1-
((S)-7-(4-fluorobenzyl)-6-(hydroxymethyl)-2-(methoxymethyl)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)ethan-1-one (compound 58)

Compound 58 (29 mg, 32% yield) was prepared in a manner similar to that in Example 29 step
7 from tert-butyl (2R,55)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-((S)-7-(4-
fluorobenzyl)-6-(hydroxymethyl)-2-(methoxymethyl)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methylpiperazine-1-carboxylate. 'H NMR (400 MHz,
DMSO-ds) & 8.20 (brs, 1 H), 7.25-7.17 (m, 2 H), 7.21-7.07 (m, 2 H), 5.13-5.06 (m, 1 H), 4.86
(s, 1 H), 4.55-4.36 (m, 3 H), 4.26-4.18 (m, 1 H), 4.09-3.95 (m, 3 H), 3.52-3.44 (m, 2 H), 3.43-
3.38 (m, 2 H), 3.24 (s, 3 H), 3.19-3.11 (m, 2 H), 3.09-2.98 (m, 1 H), 2.84-2.75 (m, 1 H), 2.73-
2.51 (m, 5 H), 2.50-2.44 (m, 1 H), 2.30-2.20 (m, 1 H), 2.19-2.10 (m, 1 H), 2.00-1.90 (m, 1 H),
0.90-0.80 (m, 9 H). LC-MS (M+H) ~=586.3.

Example 59: 1-((S)-7-(4-fluorobenzyl)-6-(hydroxymethyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-y1)-2-((2R,5R)-2-(((S)-3-(isopropoxymethyl)morpholino)methyl)-
S5-methylpiperazin-1-yl)ethan-1-one(compound 59)

O

(/\’C {i"' OH
AT
% é”

Step 1: (S)-(4-benzylmorpholin-3-yl)methyl methanesulfonate
OMs

o9e
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The title compound of step 1 (335 mg, 61% yield) was prepared in a manner similar to that
described in Example 34 step S from (R)-(4-benzylmorpholin-3-yl)methanol and MsCl. LC-
MS (M+H) *=286.1.

Step 2: (S)-4-benzyl-3-(isopropoxymethyl)morpholine

0

The title compound of step 2 (230 mg, 78% yield) was prepared in a manner similar to that
described in Example 34 step 7 from (S)-(4-benzylmorpholin-3-yl)methyl methanesulfonate
and sodium isopropoxide. LC-MS (M+H) ™ =250.2.

Step 3: (S)-3-(isopropoxymethyl)morpholine

P

The title compound of step 3 (160 mg, crude) was prepared in a manner similar to that
described in Example 53 step 2 from (S)-4-benzyl-3-(isopropoxymethyl)morpholine. LC-MS
(M+H) * = 160.1.

Step 4: tert-butyl (2R,5S)-4-benzyl-5-(((S)-3-(isopropoxymethyl)ymorpholino)methyl)-2-

methylpiperazine-1-carboxylate

(o)

o~

K/N\

Ay
A O

The title compound of step 4 (310 mg, 46% yield for 2 steps) was prepared in a manner similar
to that described in Example 1 step 16 from (S)-3-(isopropoxymethyl)morpholine and tert-
butyl (2R,5R)-4-benzyl-5-(chloromethyl)-2-methylpiperazine-1-carboxylate. LC-MS (M+H) *
=462.3.

Step 5: tert-butyl (2R,5S)-5-(((S)-3-(isopropoxymethyl)morpholino)methyl)-2-

methylpiperazine-1-carboxylate
‘( HN
o "
_}*N/ &-}‘
O-) Boc

The title compound of step 5 (250 mg, crude) was prepared in a manner similar to that

described in Example 1 step 17 from tert-butyl (2R,58)-4-benzyl-5-(((S)-3-
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(isopropoxymethyl)morpholino)methyl)-2-methylpiperazine-1-carboxylate. LC-MS (M+H) © =
372.3.

Step 6: tert-butyl (2R,5S)-4-(2-((S)-6-(acetoxymethyl)-7-(4-fluorobenzyl)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-oxoethyl)-5-(((S)-3-
(isopropoxymethyl)morpholino)methyl)-2-methylpiperazine-1-carboxylate

O

o1

N\_ \(\O
: N /Rl OAc
Ayt
_N O
Boc ])
F

The title compound of step 6 (130 mg, 52% yield for 2 steps) was prepared in a manner similar
to that described in Example 1 step 18 from tert-butyl (2R,5S)-5-(((S)-3-
(isopropoxymethyl)morpholino)methyl)-2-methylpiperazine-1-carboxylate and (S)-(1-(2-
chloroacetyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro- 1H-pyrido[2,3-b][ 1,4]oxazin-6-
yDmethyl acetate. LC-MS (M+H) * = 742 4.

Step 7: tert-butyl (2R,5S)-4-(2-((S)-7-(4-fluorobenzyl)-6-(hydroxymethyl)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-oxoethyl)-5-(((S)-3-
(isopropoxymethyl)morpholino)methyl)-2-methylpiperazine-1-carboxylate

o)

Ok//\Ni \(iN OH
O
e §

The title compound of step 7 (90 mg, 74% yield) was prepared in a manner similar to that
described in Example 8 step 4 from tert-butyl (2R,5S)-4-(2-((S)-6-(acetoxymethyl)-7-(4-
fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-oxoethyl)-5-(((S)-3-
(isopropoxymethyl)morpholino)methyl)-2-methylpiperazine-1-carboxylate. LC-MS (M+H) * =
700.5.

Step 8: 1-((S)-7-(4-fluorobenzyl)-6-(hydroxymethyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)-2-((2R,5R)-2-(((S)-3-(isopropoxymethyl )morpholino)methyl)-5-
methylpiperazin-1-yl)ethan-1-one (compound 59)

Compound 59 (54 mg, 70% yield) was prepared in a manner similar to that described in
Example 29 step 7 from tert-butyl (2R,55)-4-(2-((S)-7-(4-fluorobenzyl)-6-(hydroxymethyl)-2-
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methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-oxoethyl)-5-(((S)-3-
(isopropoxymethyl )morpholino)methyl)-2-methylpiperazine-1-carboxylate. 'H NMR (400
MHz, Chloroform-d) 6 8.40 (brs, 1 H), 7.13-7.05 (m, 2 H), 7.03-6.93 (m, 2 H), 5.03 (s, 1 H),
4.63-4.47 (m, 2 H), 4.42-4.21 (m, 3 H), 3.84 (s, 2 H), 3.75-3.67 (m, 1 H), 3.66-3.59 (m, 1 H),
3.56-3.37 (m, 6 H), 3.02-2.92 (m, 2 H), 2.92-2.82 (m, 2 H), 2.78-2.67 (m, 2 H), 2.64-2.54 (m, 1
H), 2.43 (s, 1 H), 2.19-2.15 (m, 3H), 1.93-1.81 (m, 1H), 1.33-1.23 (m, 3 H), 1.13-1.07 (m, 6
H), 1.04-0.98 (m, 3 H). LC-MS (M+H) * = 600.3.

Example 60: 1-((S)-7-(2,4-difluorobenzyl)-6-(hydroxymethyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-y1)-2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-

methylpiperazin-1-yl)ethan-1-one(compound 60)
O

S ~5,
:(-\N/TN/

HN\‘)
F

Step 1: tert-butyl (S)-7-(2,4-difluorobenzyl)-2,6-dimethyl-2,3-dihydro-1H-pyrido[2,3-

b][1,4]oxazine-1- carboxylate

Josdag

The title compound of step 1 (1.5 g, 94% yield) was prepared in a manner similar to that
described in Example 1 step 7 from tert-butyl (S)-7-bromo-2,6-dimethyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine-1-carboxylate and (2,4-difluorobenzyl)zinc(Il) chloride. LC-MS
(M+H) “ =391.2.
Step 2: (S)-1-(tert-butoxycarbonyl)-7-(2,4-difluorobenzyl)-2,6-dimethyl-2,3-dihydro-1H-
pyrido[2,3-?][l,4]oxazine 5-oxide

(0]

i
O__N F

LI
’Tjw
Boc F

The title compound of step 2 (590 mg, 47% yield) was prepared in a manner similar to that

OH

described in Example 1 step 5 from tert-butyl (S)-7-(2,4-difluorobenzyl)-2,6-dimethyl-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate. LC-MS (M+H) * = 407.2.

Step 3: tert-butyl (S)-6-(acetoxymethyl)-7-(2,4-difluorobenzyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine-1-carboxylate
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The title compound of step 3 (540 mg, 75% yield) was prepared in a manner similar to that
described in Example 8 step 2 from (S)-1-(tert-butoxycarbonyl)-7-(2,4-difluorobenzyl)-2,6-
dimethyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine 5-oxide. LC-MS (M+H) ™ = 449 2.
Step 4: (S)-(7-(2,4-difluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-6-
yl)methyl acetate

OAc
O N F
/[ | )
F

The title compound of step 4 (150 mg, 96% yield) was prepared in a manner similar to that
described in Example 1 step 8 from tert-butyl (S)-6-(acetoxymethyl)-7-(2,4-difluorobenzyl)-2-
methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate. LC-MS (M+H) *=349.2,
Step 5: (S)-(1-(2-chloroacetyl)-7-(2,4-difluorobenzyl)-2-methyl-2, 3-dihydro-1H-pyrido[2,3-

b][1,4]oxazin-6-yl)methyl acetate
OAc

Sy

The title compound of step 5 (180 mg, crude) was prepared in a manner similar to that
described in Example 1 step 9 from (S)-(7-(2,4-difluorobenzyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-6-yl)methyl acetate and 2-chloroacetyl chloride. LC-MS (M+H) * =
425.1.

Step 6: tert-butyl (2R,5S)-4-(2-((S)-6-(acetoxymethyl)-7-(2,4-difluorobenzyl)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-5-(((3R,5R)-3,5-

dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate
@)

K_/N\_ \(\O
éfz\N/\n/N /Ql OAc
Boc’Nj) ©
F
F

The title compound of step 6 (274 mg, 91% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-(1-(2-chloroacetyl)-7-(2,4-difluorobenzyl)-2-methyl-
2,3-dihydro-1H-pyrido[2,3-b][ 1,4]Joxazin-6-yl)methyl acetate and tert-butyl (2R,5S)-5-
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(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. LC-MS (M+H)
T=716.4.

Step 7: tert-butyl (2R,5S)-4-(2-((S)-7-(2,4-difluorobenzyl)-6-(hydroxymethyl)-2-methyl-2, 3-
dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-oxoethyl)-5-(((3R,5R)-3,5-

dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate.
O

b

d
N (¢]
: \_ {/ N on
eyt
Boc’Nf ©
F
F

The title compound of step 7 (218 mg, 84% yield) was prepared in a manner similar to that
described in Example 8 step 4 from tert-butyl (2R,5S)-4-(2-((S)-6-(acetoxymethyl)-7-(2,4-
difluorobenzyl)-2-methyl-2,3-dihydro- 1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-oxoethyl)-5-
(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. LC-MS (M+H)
T=6744.

Step 8: 1-((S)-7-(2,4-difluorobenzyl)-6-(hydroxymethyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-y1)-2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-
methylpiperazin-1-yl)ethan-1-one (compound 60)

Compound 60 (88 mg, 47% yield) was prepared in a manner similar to that described in
Example 29 step 7 from tert-butyl (2R,5S)-4-(2-((S)-7-(2,4-difluorobenzyl)-6-
(hydroxymethyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-y])-2-oxoethyl)-5-
(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. "H NMR (400
MHz, Chloroform-d) & 8.41 (brs, 1 H), 7.11-7.01 (m, 1 H), 6.89-6.78 (m, 2 H), 5.06-5.00 (m, 1
H), 4.69-4.57 (m, 2 H), 4.51-4.26 (m, 3 H), 3.91-3.77 (m, 2 H), 3.67-3.59 (m, 2 H), 3.37-3.23
(m, 3 H), 3.15-3.08 (m, 1 H), 2.94-2.77 (m, 4 H), 2.76-2.68 (m, 1 H), 2.66-2.51 (m, 2 H), 2.23-
2.11 (m, 2 H), 1.37-1.30 (m, 3 H), 1.06-1.02 (m, 3 H), 1.00-0.94 (m, 6 H). LC-MS (M+H) " =
574 3.

Example 61: (S)-1-(2-((2R,5R)-2-((3,3-dimethylmorpholino)methyl)-5-methylpiperazin-1-
yDacetyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-6-

carboxamide(compound 61)

K/”\; ~S N

N~ \ NH,

HNf 0 o}
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Step 1: tert-butyl (2R,58)-4-(2-((S)-6-carbamoyl-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-5-((3,3-dimethylmorpholino)methyl)-2-

methylpiperazine-1-carboxylate

.t

K/N\— \(\O N
; N~7 '\ NH,
N S
Boc/"(\ﬁ/\g/§‘!)
F

The title compound of step 1 (400 mg, 65% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-1-(2-chloroacetyl)-7-(4-fluorobenzyl)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazine-6-carboxamide and tert-butyl (2R,5S)-5-((3,3-
dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. LC-MS (M+H)* = 669.4.
Step 2: (S)-1-(2-((2R,5R)-2~((3,3-dimethylmorpholino)methyl)-5-methylpiperazin-1-yl)acetyl)-
7-(4-fluorobenzyl)-2-methyl-2,3-dihydro- 1H-pyrido[2,3-b][ 1,4]oxazine-6-carboxamide
(compound 61)

Compound 61 (64 mg, 18% yield) was prepared in a manner similar to that in Example 29 step
7 from tert-butyl (2R,5S)-4-(2-((S)-6-carbamoyl-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-5-((3,3-dimethylmorpholino)methyl)-2-
methylpiperazine-1-carboxylate. '"H NMR (300 MHz, Chloroform-d) & 8.44 (brs, 1H), 7.63 (s,
1 H), 7.28-7.16 (m, 2 H), 7.02-6.89 (m, 2 H), 5.44 (d, J=4.3 Hz, 1 H), 5.01-4.92 (m, 1 H),
4.58-4.45 (m, 2 H), 4.42-4.25 (m, 2 H), 4.20-4.09 (m, 1 H), 3.68-3.59 (m, 2 H), 3.33-3.08 (m, 4
H), 2.89-2.76 (m, 1 H), 2.75-2.66 (m, 1 H), 2.60-2.34 (m, 5 H), 2.22-1.99 (m, 2 H), 1.37-1.28
(m, 3 H), 1.06-0.98 (m, 3 H), 1.06-0.86 (m, 9 H). LC-MS (M+H) * = 569 3.

Example 62: (S)-7-(4-fluorobenzyl)-1-(2-((2R,5R)-2-(((S)-3-
(isopropoxymethyl)morpholino)methyl)-5-methylpiperazin-1-yl)acetyl)-2-methyl-2,3-dihydro-
1H-pyrido[2,3-b][1,4]oxazine-6-carboxamide (compound 62)

0

o

N

~ \(\O
; N N NH,
N =
Y éﬂ
F

Step 1: tert-butyl (2R,5S)-4-(2-((S)-6-carbamoyl-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-5-(((S)-3-(isopropoxymethyl)morpholino)methyl)-

2-methylpiperazine-1-carboxylate
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The title compound of step 1 (60 mg, 63% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-1-(2-chloroacetyl)-7-(4-fluorobenzyl)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-6-carboxamide and tert-butyl (2R,5S)-5-(((S)-3-
(isopropoxymethyl)morpholino)methyl)-2-methylpiperazine-1-carboxylate. LC-MS (M+H) * =
713 .4.

Step 2: (S)-7-(4-fluorobenzyl)-1-(2-((2R,5R)-2-(((S)-3-
(isopropoxymethyl)morpholino)methyl)-5-methylpiperazin-1-yl)acetyl)-2-methyl-2,3-dihydro-
1H-pyrido[2,3-b][1,4]oxazine-6-carboxamide (compound 62)

Compound 62 (11 mg, 22% yield) was prepared in a manner similar to that in Example 29 step
7 from tert-butyl (2R,5S)-4-(2-((S)-6-carbamoyl-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-5-(((S)-3-(isopropoxymethyl)morpholino)methyl)-
2-methylpiperazine-1-carboxylate. 'H NMR (400 MHz, DMSO-ds) & 8.36 (brs, 1 H), 7.80 (s, 1
H), 742 (s, 1 H), 7.28-7.18 (m, 2 H), 7.13-7.01 (m, 2 H), 4.81-4.74 (m, 1 H), 4.45-4.31 (m, 3
H), 431-4.21 (m, 1 H), 4.04-3.95 (m, 1 H), 3.78-3.69 (m, 1 H), 3.58-3.51 (m, 1 H), 3.49-3.35
(m, 3 H), 3.29-3.18 (m, 3 H), 2.91-2.72 (m, 4 H), 2.67-2.59 (m, 1 H), 2.59-2.52 (m, 1 H), 2.33-
2.28 (m, 2 H), 2.28-2.21 (m, 1 H), 2.07-1.98 (m, 1 H), 1.97-1.90 (m, 1 H), 1.26-1.17 (m, 3 H),
1.07-1.00 (m, 6 H), 0.92-0.84 (m, 3 H). LC-MS (M+H) *=613.4.

Example 63: (S)-N-cyclopropyl-1-(2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-
5-methylpiperazin-1-yl)acetyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-

b][1,4]oxazine-6-carboxamide (compound 63)

* ey O

Step 1: tert-butyl (S)-6-(cyclopropylcarbamoyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine-1-carboxylate
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The title compound of step 1 (5.1 g, 95% yield) was prepared in a manner similar to that
described in Example 31 step 3 from (S)-1-(tert-butoxycarbonyl)-7-(4-fluorobenzyl)-2-methyl-
2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-6-carboxylic acid and cyclopropanamine. LC-MS
(M+H) * = 442.4.

Step 2: (S)-N-cyclopropyl-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-

b][1,4]oxazine-6-carboxamide

HN
):O |N 0
N =
H

The title compound of step 2 (3.3 g, 84% yield) was prepared in a manner similar to that
described in Example 1 step 8 from tert-butyl (S)-6-(cyclopropylcarbamoyl)-7-(4-
fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-1-carboxylate. LC-MS
(M+H) * =342.5.

Step 3: (S)-1-(2-chloroacetyl)-N-cyclopropyl-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro- 1 H-
pyrido[2,3-b][1,4]oxazine-6-carboxamide

HN/A
LI
oK,

The title compound of step 3 (3.2 g, 79% yield) was prepared in a manner similar to that
described in Example 1 step 9 from (S)-N-cyclopropyl-7-(4-fluorobenzyl)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-6-carboxamide and 2-chloroacetyl chloride. LC-MS
(M+H) * =418 4.
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Step 4: tert-butyl (2R, 5S)-4-(2-((S)-6-(cyclopropylcarbamoyl)-7-(4-fluorobenzyl)-2-methyl-
2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-oxoethyl)-5-(((3R,5R)-3,5-
dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate

- N—Z N R
S0 ASath

N
Boc” \H © 0

F
The title compound of step 4 (220 mg, 65% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-1-(2-chloroacetyl)-N-cyclopropyl-7-(4-fluorobenzyl)-
2-methyl-2 3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-6-carboxamide and tert-butyl (2R,5S)-5-
(((3R,3R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. LC-MS (M+H)
*=17095.

Step 5: (S)-N-cyclopropyl-1-(2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-
methylpiperazin-1-yl)acetyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazine-6-carboxamide (compound 63)

Compound 63 as formic acid salt was prepared in a manner similar to that described in
Example 1 step 19 from tert-butyl (2R,5S)-4-(2-((S)-6-(cyclopropylcarbamoyl)-7-(4-
fluorobenzyl)-2-methyl-2,3-dihydro- 1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-oxoethyl)-5-
(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. The salt was
neutralized with aq. NaHCOs solution and extracted with EtOAc. The combined EtOAc layers
were dried, filtered and concentrated. The residue was further lyophilized to afford compound
63 (68 mg, 36% yield) as free base. '"H NMR (400 MHz, DMSO-d6) 5 8.38 (s, 1H), 8.32 (s,
1H), 7.26 — 7.19 (m, 2H), 7.11-7.06 (m, 2H), 4.73 (s, 1H), 436 (d, J= 8.0 Hz, 1H), 4.25 (s,
3H), 3.94 (d,/=12.0 Hz, 1H), 3.55 (d, /=16.0 Hz, 1H), 3.41 (d, /= 12.0 Hz, 2H), 3.07 (s,
2H), 2.94 (d, /= 12.0 Hz, 2H), 2.81 - 2.57 (m, 7H), 2.33 —2.22 (m, 2H), 1.98 — 1.94 (m, 1H),
1.23 - 1.16 (m, 3H), 0.89 - 0.79 (m, 9H), 0.69 — 0.63 (m, 2H), 0.59 — 0.53 (m, 2H). LC-MS
(M+H) * = 609.6.

Example 64: (S)-1-(2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-
methylpiperazin-1-yl)acetyl)-7-(4-fluorobenzyl)-2-methyl-N-(2,2,2-trifluoroethyl)-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazine-6-carboxamide (compound 64)
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Step 1: tert-butyl (S)-7-(4-fluorobenzyl)-2-methyl-6-((2,2,2-trifluoroethyl)carbamoyl)-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate

HN" > CF,
0N
LT
N >
Boc
F

5  The title compound of step 1 (220 mg, 98% yield) was prepared in a manner similar to that
described in Example 31 step 3 from (S)-1-(tert-butoxycarbonyl)-7-(4-fluorobenzyl)-2-methyl-
2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-6-carboxylic acid and 2,2,2-trifluoroethan-1-amine.
LC-MS (M+H) * = 484.2.

Step 2: (S)-7-(4-fluorobenzyl)-2-methyl-N-(2,2,2-trifluoroethyl)-2,3-dihydro- 1 H-pyrido[2,3-

10 b][1,4]oxazine-6-carboxamide

HN" > CF;
o._N
S L7
N =
H
F

The title compound of step 2 (130 mg, 80% yield) was prepared in a manner similar to that

described in Example 1 step 8 from tert-butyl (S)-7-(4-fluorobenzyl)-2-methyl-6-((2,2,2-

trifluoroethyl)carbamoyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4 ]oxazine-1-carboxylate. LC-MS
15 (M+H) " =384.1.

Step 3: (S)-1-(2-chloroacetyl)-7-(4-fluorobenzyl)-2-methyl-N-(2,2, 2-trifluoroethyl)-2,3-

dihydro-1H-pyrido[2,3-b][1,4]oxazine-6-carboxamide
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HN™ > CF,
O N
|
/[N =
e A
F

The title compound of step 3 (120 mg, 70% yield) was prepared in a manner similar to that
described in Example 1 step 9 from (S)-7-(4-fluorobenzyl)-2-methyl-N-(2,2,2-trifluoroethyl)-
2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-6-carboxamide and 2-chloroacetyl chloride. LC-MS
(M+H) " =460.2.

Step 4: tert-butyl (2R,55)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-((S)-7-(4-
fluorobenzyl)-2-methyl-6-((2,2,2-trifluoroethyl)carbamoyl)-2,3-dihydro- 1H-pyrido[ 2,3-
b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methylpiperazine-1-carboxylate

&)

S )
TNl

N O
Boc” ©

=
The title compound of step 4 (130 mg, 61% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-1-(2-chloroacetyl)-7-(4-fluorobenzyl)-2-methyl-N-
(2,2,2-trifluoroethyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-6-carboxamide and tert-butyl
(2R,59)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. LC-
MS (M+H) *=7514.

Step 5: (S)-1-(2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-
yl)acetyl)-7-(4-fluorobenzyl)-2-methyl-N-(2,2,2-trifluoroethyl)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazine-6-carboxamide (compound 64)

Compound 64 as formic acid salt was prepared in a manner similar to that described in
Example 1 step 19 from tert-butyl (2R,55)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-
((S)-7-(4-fluorobenzyl)-2-methyl-6-((2,2,2-trifluoroethyl)carbamoyl)-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methylpiperazine-1-carboxylate. The salt was
neutralized with aq. NaHCOs3 solution and extracted with EtOAc. The combined organic layers
were dried, filtered and concentrated. The residue was further lyophilized to afford compound
64 (30 mg, 43% yield) as free base. 'H NMR (400 MHz, DMSO-d6) 6 9.03 (s, 1H), 8.38 (s,
1H), 7.25 — 7.18 (m, 2H), 7.10 — 7.07 (m, 2H), 4.73 (s, 1H), 4.40 — 4.31 (m, 4H), 4.02 (d, J =
12.0 Hz, 1H), 3.65 (d, J= 16.0 Hz, 1H), 3.42 (d, /= 8.0 Hz, 1H), 3.08 (d, /= 8.0 Hz, 3H), 2.85
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~2.78 (m, 3H), 2.67 (d, J = 8.0 Hz, 3H), 2.43 (d, J = 8.0 Hz, 2H), 2.01 (d, /= 12.0 Hz, 1H),
1.22 - 1.17 (m, 3H), 1.00 — 0.94 (m, 3H), 0.88 — 0.81 (m, 6H). LC-MS (M+H) * = 651 4.
Example 65: (S)-1-(2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-
methylpiperazin-1-yl)acetyl)-N-ethyl-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro- 1 H-pyrido[2,3-

b][1,4]oxazine-6-carboxamide (compound 65)

0
NN Q
Tt
HN\‘) 0 X
F

Step 1: tert-butyl (S)-6-(ethylcarbamoyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine-1-carboxylate

HNTS
)io |N\ 0
N =
Boc
F

The title compound of step 1 (200 mg, 98% yield) was prepared in a manner similar to that
described in Example 31 step 3 from (S)-1-(tert-butoxycarbonyl)-7-(4-fluorobenzyl)-2-methyl-
2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-6-carboxylic acid and ethanamine. LC-MS (M+H) *
=430.2.

Step 2: (S)-N-ethyl-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-6-

carboxamide
Jose:
N Z
H

F
The title compound of step 2 (130 mg, 85% yield) was prepared in a manner similar to that
described in Example 1 step 8 from tert-butyl (S)-6-(ethylcarbamoyl)-7-(4-fluorobenzyl)-2-
methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate. LC-MS (M+H) © =330.2.
Step 3: (S)-1-(2-chloroacetyl)-N-ethyl-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine-6-carboxamide
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O N\ o
|
XN =
CI\/&O
F

The title compound (110 mg, 69% yield) was prepared in a manner similar to that described in
Example 1 step 9 from (S)-N-ethyl-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazine-6-carboxamide and 2-chloroacetyl chloride. LC-MS (M+H) * = 406.2.

Step 4: tert-butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-((S)-6-
(ethylcarbamoyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)-
2-oxoethyl)-2-methylpiperazine-1-carboxylate

@)

0

F Ay O
BOC/N\‘) © - o

F
The title compound of step 4 (120 mg, 63% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-1-(2-chloroacetyl)-N-ethyl-7-(4-fluorobenzyl)-2-
methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-6-carboxamide and tert-butyl (2R,5S)-5-
(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. LC-MS (M+H)
T=6974.

Step 5: (S)-1-2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-
yDacetyl)-N-ethyl-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4 ]oxazine-6-
carboxamide (compound 65)

Compound 65 as formic acid salt was prepared in a manner similar to that described in
Example 1 step 19 from tert-butyl (2R,55)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-
((S)-6-(ethylcarbamoyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methylpiperazine-1-carboxylate. The salt was neutralized
with aq. NaHCOs solution and extracted with EtOAc. The combined organic layers were dried,
filtered and concentrated. The residue was further lyophilized to afford compound 65 (33 mg,
32% yield) as free base. "H NMR (400 MHz, DMSO-d6) 6 8.43 (s, 1H), 8.34 (s, 1H), 7.26 —
7.20 (m, 2H), 7.10 — 7.06 (m, 2H), 4.73 (s, 1H), 4.38 — 4.27 (m, 4H), 3.96 (d, /= 16.0 Hz, 1H),
3.58 (d, /=16.0 Hz, 1H), 3.42 (d, J=12.0 Hz, 2H), 3.25 (s, 2H), 3.08 (s, 2H), 2.99 (d, /= 8.0
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Hz, 1H), 2.79 — 2.60 (m, 6H), 2.35 — 2.26 (m, 2H), 1.98 (d, J= 12.0 Hz, 1H), 1.26 — 1.18 (m,

4H), 1.10 — 1.07 (m, 3H), 0.91 (s, 3H), 0.87 — 0.80 (m, 6H). LC-MS (M+H) * = 597 4.

Example 66: (S)-1-(2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-

methylpiperazin-1-yl)acetyl)-7-(4-fluorobenzyl)-N-(2-methoxyethyl)-2-methyl-2,3-dihydro-
5 1H-pyrido[2,3-b][1,4]oxazine-6-carboxamide (compound 66)

(@)

0
SN~ Nt
N e
HN\K ) 0

F
Step 1: tert-butyl (S)-7-(4-fluorobenzyl)-6-((2-methoxyethyl)carbamoyl)-2-methyl-2,3-

dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate

o)
HNT
XO IN\ 0
N Z
Boc
F

10 The title compound of step 1 (170 mg, 97% yield) was prepared in a manner similar to that
described in Example 31 step 3 from (S)-1-(tert-butoxycarbonyl)-7-(4-fluorobenzyl)-2-methyl-
2,3-dihydro- 1H-pyrido[2,3-b][ 1,4]oxazine-6-carboxylic acid and 2-methoxyethan-1-amine.
LC-MS (M+H) *=460.2.

Step 2: (S)-7-(4-fluorobenzyl)-N-(2-methoxyethyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-

15  b][1,4]oxazine-6-carboxamide

HN SO
)io IN\ 5
NP
H
F

The title compound of step 2 (110 mg, 83% yield) was prepared in a manner similar to that

described in Example 1 step 8 from tert-butyl (S)-7-(4-fluorobenzyl)-6-((2-

methoxyethyl)carbamoyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate.
20  LC-MS (M+H) *=360.2.
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Step 3: (S)-1-(2-chloroacetyl)-7-(4-fluorobenzyl)-N-(2-methoxyethyl)-2-methyl-2,3-dihydro-

1H-pyrido[2,3-b][1,4]oxazine-6-carboxamide
NSO

The title compound of step 3 (140 mg, 75% yield) was prepared in a manner similar to that
described in Example 1 step 9 from (S)-7-(4-fluorobenzyl)-N-(2-methoxyethyl)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-6-carboxamide and 2-chloroacetyl chloride. LC-MS
(M+H) * = 436.2.

Step 4: tert-butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-((S)-7-(4-
fluorobenzyl)-6-((2-methoxyethyl)carbamoyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methylpiperazine-1-carboxylate

O

-

/\/ .
N\ y
N N~ N N_—o
N
/N(\l\)/\g/§«o
Boc
F

The title compound of step 4 (160 mg, 67% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-1-(2-chloroacetyl)-7-(4-fluorobenzyl )-N-(2-
methoxyethyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-6-carboxamide and tert-
butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-
carboxylate. LC-MS (M+H) * =727 .4,

Step 5: (S)-1-(2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-
yl)acetyl)-7-(4-fluorobenzyl)-N-(2-methoxyethyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazine-6-carboxamide (compound 66)

Compound 66 as formic acid salt was prepared in a manner similar to that described in
Example 1 step 19 from tert-butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-
((S)-7-(4-fluorobenzyl)-6-((2-methoxyethyl)carbamoyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methylpiperazine-1-carboxylate. The salt was neutralized
with aq. NaHCOs solution and extracted with EtOAc. The combined organic layers were dried,
filtered and concentrated. The residue was further lyophilized to afford compound 66 (56 mg,
48% yield) as free base. 'H NMR (400 MHz, DMSO-d6) 6 8.40 (s, 1H), 8.35 (s, 1H), 7.27 -
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7.19 (m, 2H), 7.10 — 7.07 (m, 2H), 4.77 (s, 1H), 4.45 — 4.23 (m, 4H), 3.97 (d, /= 16.0 Hz, 1H),
3.52(d, J=16.0 Hz, 1H), 3.42 (s, 6H), 3.27 (s, 3H), 3.09 (s, 2H), 2.92 (d, J = 12.0 Hz, 1H),
2.78 —2.56 (m, 6H), 2.27 (t, /= 12.0 Hz, 1H), 2.17 (t, /= 12.0 Hz, 1H), 1.96 (d, /= 12.0 Hz,
1H), 1.26 — 1.17 (m, 4H), 0.91 — 0.80 (m, 9H). LC-MS (M+H) © = 627 4.

Example 67: (S)-1-(2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-
methylpiperazin-1-yl)acetyl)-7-(4-fluorobenzyl)-N-(2-(2-methoxyethoxy )ethyl)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazine-6-carboxamide (compound 67)

K

Q 0
éN\? \(\ N H\/\o/\/
oy O
HN\‘) 0 X

F

Step 1: tert-butyl (S)-7-(4-fluorobenzyl)-6-((2-(2-methoxyethoxy )ethyl)carbamoyl)-2-methyl-
2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate

—

0
HN "0
/[o |N\ o
N
Boc
F

The title compound of step 1 (230 mg, 98% yield) was prepared in a manner similar to that
described in Example 31 step 3 from (S)-1-(tert-butoxycarbonyl)-7-(4-fluorobenzyl)-2-methyl-
2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-6-carboxylic acid and 2-(2-methoxyethoxy)ethan-1-
amine. LC-MS (M+H) * = 504.2.

Step 2: (S)-7-(4-fluorobenzyl)-N-(2-(2-methoxyethoxy )ethyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine-6-carboxamide

0
HN "7
/EO |N\ o
N F
H
F

The title compound of step 2 (160 mg, 88% yield) was prepared in a manner similar to that
described in Example 1 step 8 from tert-butyl (S)-7-(4-fluorobenzyl)-6-((2-(2-
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methoxyethoxy)ethyl)carbamoyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-1-
carboxylate. LC-MS (M+H) * = 404.2.

Step 3: (S)-1-(2-chloroacetyl)-7-(4-fluorobenzyl)-N-(2-(2-methoxyethoxy)ethyl)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazine-6-carboxamide

The title compound of step 3 (150 mg, 71% yield) was prepared in a manner similar to that
described in Example 1 step 9 from (S)-7-(4-fluorobenzyl)-N-(2-(2-methoxyethoxy)ethyl)-2-
methyl-2 3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-6-carboxamide and 2-chloroacetyl chloride.
LC-MS (M+H) *=480.2.

Step 4: tert-butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-((S)-7-(4-
fluorobenzyl)-6-((2-(2-methoxyethoxy)ethyl)carbamoyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methylpiperazine-1-carboxylate

@)

/Y
|\/N\ Q /\/o
:(:\N/\[]/N /R‘ H\/\O
N 0 = 0
Boc 1)
F

The title compound of step 4 (180 mg, 66% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-1-(2-chloroacetyl)-7-(4-fluorobenzyl)-N-(2-(2-
methoxyethoxy )ethyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-6-carboxamide and
tert-butyl (2R,55)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-
carboxylate. LC-MS (M+H) * =771 4.

Step 5: (S)-1-(2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-
yDacetyl)-7-(4-fluorobenzyl)-N-(2-(2-methoxyethoxy )ethyl)-2-methyl-2,3-dihydro-1H-

~

pyrido[2,3-b][1,4]oxazine-6-carboxamide (compound 67)

Compound 67 as formic acid salt was prepared in a manner similar to that described in
Example 1 step 19 from tert-butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-
((S)-7-(4-fluorobenzyl)-6-((2-(2-methoxyethoxy )ethyl )carbamoyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methylpiperazine-1-carboxylate. The salt was

neutralized with aq. NaHCOs solution and extracted with EA. The combined organic layers

168



10

15

20

WO 2021/244608 PCT/CN2021/098123

were dried, filtered and concentrated. The residue was further lyophilized to afford compound
67 (65 mg, 47% yield) as free base. '"H NMR (400 MHz, DMSO-d6) 6 8.43 (s, 1H), 8.35 (s,
1H), 7.27 - 7.19 (m, 2H), 7.10 = 7.07 (m, 2H), 4.77 (s, 1H), 4.40 —4.27 (m, 4H), 3.97 (d, /=
16.0 Hz, 1H), 3.54 —3.34 (m, 11H), 3.24 (s, 3H), 3.09 (s, 2H), 2.93 (d, /= 8.0 Hz, 1H), 2.75
(d, /=12.0 Hz, 1H), 2.68 (s, 2H), 2.61 — 2.56 (m, 3H), 2.27 (t, /= 12.0 Hz, 1H), 2.18 (t, /=
8.0 Hz, 1H), 1.96 (d, J = 12.0 Hz, 1H), 1.26 — 1.18 (m, 4H), 0.91 — 0.80 (m, 9H). LC-MS
(M+H) *=671.5.

Example 68: (S)-1-(2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-
methylpiperazin-1-yl)acetyl)-7-(4-fluorobenzyl)-N,2-dimethyl-2,3-dihydro- 1H-pyrido[2,3-

b][1,4]oxazine-6-carboxamide (compound 68)

o/\/
N/Wl/

HN

Step 1: tert-butyl (S)-7-(4-ﬂuorobenzyl)-2-methy1-6-(methylcarbamoyl)-2,3-dihydro-1H—
pyrido[2,3-b][1,4]oxazine-1-carboxylate

HN™
£O |N\ o
N 2
Boc
F

The title compound of step 1 (258 mg, 96% yield) was prepared in a manner similar to that
described in Example 31 step 3 from (S)-1-(tert-butoxycarbonyl)-7-(4-fluorobenzyl)-2-methyl-
2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-6-carboxylic acid and methylamine. LC-MS (M+H)
T=4162.

Step 2: (S)-7-(4-fluorobenzyl)-N,2-dimethyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4 ]oxazine-6-

carboxamide
HN™
O
N NP
H
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The title compound of step 2 (191 mg, 97% yield) was prepared in a manner similar to that
described in Example 1 step 8 from tert-butyl (S)-7-(4-fluorobenzyl)-2-methyl-6-
(methylcarbamoyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate. LC-MS (M+H) *
=316.2.

Step 3: (S)-1-(2-chloroacetyl)-7-(4-flucrobenzyl)-N,2-dimethyl-2,3-dihydro-1H-pyrido[2,3-

b][1,4]oxazine-6- carboxamlde

2

The title compound of step 3 (232 mg, 95% yield) was prepared in a manner similar to that
described in Example 1 step 9 from (S)-7-(4-fluorobenzyl)-N,2-dimethyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine-6-carboxamide and 2-chloroacetyl chloride. LC-MS (M+H) * =
392.2.

Step 4: tert-butyl (2R,55)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-((S)-7-(4-
fluorobenzyl)-2-methyl-6-(methylcarbamoyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-y1)-
2-oxoethyl)-2-methylpiperazine-1-carboxylate

The title compound of step 4 (184 mg, 62% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-1-(2-chloroacetyl)-7-(4-fluorobenzyl)-N,2-dimethyl-
2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-6-carboxamide and tert-butyl (2R,5S)-5-(((3R,5R)-
3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. LC-MS (M+H) ™ = 683.5.
Step 5: (S)-1-(2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-
yDacetyl)-7-(4-fluorobenzyl)-N,2-dimethyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4 ]oxazine-6-
carboxamide (compound 68)

Compound 68 (64 mg, 40% yield) was prepared in a manner similar to that described in
Example 29 step 7 from tert-butyl (2R,55)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-
((S)-7-(4-fluorobenzyl)-2-methyl-6-(methylcarbamoyl)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methylpiperazine-1-carboxylate. 'H NMR (400 MHz,
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Chloroform-d) & 8.44 (brs, 1 H), 7.85-7.76 (m, 1 H), 7.29-7.22 (m, 2 H), 7.04-6.93 (m, 2 H),
4.84-4.81 (m, 1 H), 4.63-4.51 (m, 2 H), 4.44-4.15 (m, 3 H), 3.64-3.56 (m, 2 H), 3.42-3.24 (m, 4
H), 3.17-3.00 (m, 2 H), 2.99-2.94 (m, 3 H), 2.86-2.78 (m, 4 H), 2.71-2.53 (m, 2 H), 2.24-2.15
(m, 1 H), 1.37-1.28 (m, 6 H), 1.00-0.94 (m, 6 H). LC-MS (M+H)" = 583.4.

Example 69: (S)-1-(2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-
methylpiperazin-1-yl)acetyl)-7-(4-fluorobenzyl)-N-isopropyl-2-methyl-2,3-dihydro-1H-

pyrido[2,3-b][1,4]oxazine-6-carboxamide (compound 69)
o)

O“i ~ %
Ay

HN\‘) o)
F

Step 1: tert-butyl (S)-7-(4-fluorobenzyl)-6-(isopropylcarbamoyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine-1-carboxylate

HN
/EO | N\ o
l}l Z
Boc
F

The title compound of step 1 (273 mg, 95% yield) was prepared in a manner similar to that
described in Example 31 step 3 from (S)-1-(tert-butoxycarbonyl)-7-(4-fluorobenzyl)-2-methyl-
2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-6-carboxylic acid and isopropyl amine. LC-MS
(M+H) * =444 2.

Step 2: (S)-7-(4-fluorobenzyl)-N-isopropyl-2-methyl-2,3-dihydro-1H-pyrido[2,3-

b][1,4]oxazine-6-carboxamide

HN
Jose
N P

H
F

The title compound of step 2 (185 mg, 87% yield) was prepared in a manner similar to that
described in Example 1 step 8 from tert-butyl (S)-7-(4-fluorobenzyl)-6-(isopropylcarbamoyl)-
2-methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate. LC-MS (M+H) * =344 2.
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Step 3: (S)-1-(2-chloroacetyl)-7-(4-flucrobenzyl)-N-isopropyl-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine-6-carboxamide

HNJ\
LI
C|\/§O

The title compound of step 3 (223 mg, 98% yield) was prepared in a manner similar to that
described in Example 1 step 9 from (S)-7-(4-fluorobenzyl)-N-isopropyl-2-methyl-2,3-dihydro-
1H-pyrido[2,3-b][1,4]oxazine-6-carboxamide and 2-chloroacetyl chloride. LC-MS (M+H) * =
420.2.

Step 4: tert-butyl (2R,5S)-5-((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-((S)-7-(4-
fluorobenzyl)-6-(isopropylcarbamoyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-
yl)-2-oxoethyl)-2-methylpiperazine-1-carboxylate

S

N

L~
Oy G
e o

The title compound of step 4 (116 mg, 37% yield) was prepared in a manner similar to that

/

described in Example 1 step 18 from (S)-1-(2-chloroacetyl)-7-(4-fluorobenzyl)-N-isopropy!-2-
methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-6-carboxamide and tert-butyl (2R,5S)-5-
(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. LC-MS (M+H)
T=711.5.

Step 5: (S)-1-(2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-
yDacetyl)-7-(4-fluorobenzyl)-N-isopropyl-2-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazine-6-carboxamide (compound 69)

Compound 69 (34 mg, 34% yield) was prepared in a manner similar to that described in
Example 29 step 7 from tert-butyl (2R,55)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-
((S)-7-(4-fluorobenzyl)-6-(isopropylcarbamoyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methylpiperazine- 1 -carboxylate. 'H NMR (400 MHz,
Chloroform-d) & 8.45 (brs, 1 H), 7.65-7.58 (m, 1 H), 7.30-7.22 (m, 2 H), 7.03-6.95 (m, 2 H),
4.75-4,73 (m, 1 H), 4.57 (s, 2 H), 4.45-4.37 (m, 1 H), 4.34-4.11 (m, 3 H), 3.64-3.56 (m, 2 H),
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3.51-3.36 (m, 2 H), 3.32-3.28 (m, 2 H), 3.23-3.19 (m, 2 H), 2.91-2.79 (m, 4 H), 2.77-2.62 (m, 2
H), 2.25-2.16 (m, 1 H), 1.44-1.38 (m, 3 H), 1.34 (d, /= 6.7 Hz, 3 H), 1.30-1.23 (m, 6 H), 1.00-
0.94 (m, 6 H). LC-MS (M+H) " =611 3.

Example 70: (S)-N-(cyclopropylmethyl)-1-(2-((2R,5R)-2-(((3R,5R)-3,5-
dimethylmorpholino)methyl)-5-methylpiperazin-1-yl)acetyl)-7-(4-fluorobenzyl)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-6-carboxamide (compound 70)

Y

ks’N\; ~(5 N OH
foa s ud
T

Step 1: tert-butyl (S)-6-((cyclopropylmethyl)carbamoyl)-7-(4-fluorobenzyl)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate

HN
£O | Ny o
'}l Z
Boc
F

The title compound of step 1 (290 mg, 98% yield) was prepared in a manner similar to that
described in Example 31 step 3 from (S)-1-(tert-butoxycarbonyl)-7-(4-fluorobenzyl)-2-methyl-
2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-6-carboxylic acid and cyclopropylmethanamine.
LC-MS (M+H) * =456.2.

Step 2: (S)-N-(cyclopropylmethyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-

b][1,4]oxazine-6-carboxamide

HN
)iO I Ny 0
N
H
F

The title compound of step 2 (182 mg, 71% yield) was prepared in a manner similar to that
described in Example 1 step 8 from tert-butyl (S)-6-((cyclopropylmethyl)carbamoyl)-7-(4-
fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4 ]oxazine-1-carboxylate. LC-MS
(M+H) * = 356.2.
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Step 3: (S)-1-(2-chloroacetyl)-N-(cyclopropylmethyl)-7-(4-fluorobenzyl)-2-methyl-2, 3-
d1hydro-1H—pyr1do[2 3-b][1,4]oxazine-6-carboxamide

)

The title compound of step 3 (216 mg, 96% yield) was prepared in a manner similar to that
described in Example 1 step 9 from (S)-N-(cyclopropylmethyl)-7-(4-fluorobenzyl)-2-methyl-
2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-6-carboxamide and 2-chloroacetyl chloride. LC-MS
(M+H) * =432.2.

Step 4: tert-butyl (2R,5S)-4-(2-((S)-6-((cyclopropylmethyl)carbamoyl)-7-(4-fluorobenzyl)-2-
methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-oxoethyl)-5-(((3R,5R)-3,5-
dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate

(0)

K/N\: ON H\}
IS AN
N\‘) 0 §‘!§

The title compound of step 4 (230 mg, 73% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-1-(2-chloroacetyl)-N-(cyclopropylmethyl)-7-(4-
fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-6-carboxamide and tert-
butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-
carboxylate. LC-MS (M+H) * = 723.5.

Step 5: (S)-N-(cyclopropylmethyl)-1-(2-((2ZR,5R)-2-(((3R,5R)-3,5-
dimethylmorpholino)methyl)-5-methylpiperazin-1-yl)acetyl)-7-(4-fluorobenzyl)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-6-carboxamide (compound 70)

Compound 70 (48 mg, 24% yield) was prepared in a manner similar to that described in
Example 29 step 7 from tert-butyl (2R,5S)-4-(2-((S)-6-((cyclopropylmethyl)carbamoyl)-7-(4-
fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-oxoethyl)-5-
(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. 'H NMR (400
MHz, Chloroform-d) & 8.40 (brs, 1 H), 7.92-7.85 (m, 1 H), 7.30-7.21 (m, 2 H), 7.03-6.94 (m, 2
H), 471 (s, 1 H), 4.57 (s, 2 H), 4.46-4.38 (m, 1 H), 4.34-4.27 (m, 1 H), 4.22 (s, 1 H), 3.64-3.56
(m, 2 H), 3.54-3.37 (m, 2 H), 3.34-3.16 (m, 6 H), 2.94-2.66 (m, 6 H), 2.25-2.18 (m, 1 H), 1.45
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(d,J=6.4Hz 3 H),1.35(d,J=6.7Hz, 3 H), 1.10-1.01 (m, 1 H), 1.00-0.86 (m, 6 H), 0.60-
0.49 (m, 2 H), 0.32-0.24 (m, 2 H). LC-MS (M+H) * = 623 4.

Example 71: (S)-1-(2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-
methylpiperazin-1-yl)acetyl)-7-(4-fluorobenzyl)-N-(4-fluorophenyl)-2-methyl-2,3-dihydro-1H-

5  pyrido[2,3-b][1,4]oxazine-6-carboxamide (compound 71)

Step 1: tert-butyl (S)-7-(4-fluorobenzyl)-6-((4-fluorophenyl)carbamoyl)-2-methyl-2,3-dihydro-
1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate

/[O | N\ 0
H“ =
Boc

10 The title compound of step 1 (328 mg, 76% yield) was prepared in a manner similar to that
described in Example 31 step 3 from (S)-1-(tert-butoxycarbonyl)-7-(4-fluorobenzyl)-2-methyl-
2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-6-carboxylic acid and 4-fluoroaniline. LC-MS
(M+H) " =496 3.

Step 2: (S)-7-(4-fluorobenzyl)-N-(4-fluorophenyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-

15  b][1,4]oxazine-6-carboxamide

/[O l N\ 0
N =
H

The title compound of step 2 (250 mg, 95% yield) was prepared in a manner similar to that
described in Example 1 step 8 from tert-butyl (S)-7-(4-fluorobenzyl)-6-((4-
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fluorophenyl)carbamoyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-1-carboxylate.
LC-MS (M+H) * = 396.2.

Step 3: (S)-1-(2-chloroacetyl)-7-(4-fluorobenzyl)-N-(4-fluorophenyl)-2-methyl-2, 3-dihydro-
1H-pyrido[2,3-b][1,4]oxazine-6-carboxamide

jog
HN
/[O | N\ o
N =
C|\/J§O
F

The title compound of step 3 (200 mg, 67% yield) was prepared in a manner similar to that
described in Example 1 step 9 from (S)-7-(4-fluorobenzyl)-N-(4-fluorophenyl)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazine-6-carboxamide and 2-chloroacetyl chloride. LC-MS
(M+H) " =472.2.

Step 4: tert-butyl (2R,55)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-((S)-7-(4-
fluorobenzyl)-6-((4-fluorophenyl)carbamoyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methylpiperazine-1-carboxylate

O

v

/\( .
N\
P N—Z N H@‘
N ——
Boc/@/\lg/g‘g "
F

The title compound of step 4 (220 mg, 68% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-1-(2-chloroacetyl)-7-(4-fluorobenzyl )-N-(4-
fluorophenyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-6-carboxamide and tert-
butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-
carboxylate. LC-MS (M+H) ™ = 763.6.

Step 5: (S)-1-(2-((2R,5R)-2~(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-
yl)acetyl)-7-(4-fluorobenzyl)-N-(4-fluorophenyl)-2-methyl-2 3-dihydro-1H-pyrido[2,3-

b][ 1,4]oxazine-6-carboxamide (compound 71)

Compound 71 (66 mg, 34% yield) was prepared in a manner similar to that described in
Example 29 step 7 from tert-butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-
((S)-7-(4-fluorobenzyl)-6-((4-fluorophenyl)carbamoyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methylpiperazine-1-carboxylate. 'H NMR (300 MHz,
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Chloroform-d) & 9.66 (s, 1 H), 8.35 (brs, 1 H), 7.62-7.49 (m, 2 H), 7.21-7.10 (m, 2 H), 7.02-
6.81 (m, 4 H), 4.61-4.55 (m, 1 H), 4.50 (s, 2 H), 4.38-4.27 (m, 1 H), 4.26-4.00 (m, 2 H), 3.53-
3.27 (m, 4 H), 3.20-3.14 (m, 4 H), 2.80-2.64 (m, 6 H), 2.15-2.05 (m, 1 H), 1.35 (d, /= 6.4 Hz,
3 H), 1.25 (d, J=6.7 Hz, 3 H), 0.90-0.82 (m, 6 H). LC-MS (M+H) * = 663.5.

5 Example 72: 2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-
y1)-1-((S)-7-(4-fluorobenzyl)-2-methyl-6-(morpholine-4-carbonyl)-2,3-dihydro-1H-pyrido[ 2,3-
b][1,4]oxazin-1-yl)ethan-1-one (compound 72)

O/Y
(A e
i N—Z N N\)
N s
HN\‘) 0

]

F
Step 1: tert-butyl (S)-7-(4-fluorobenzyl)-2-methyl-6-(morpholine-4-carbonyl)-2,3-dihydro-1H-
10 pyrido[2,3-b][1,4]oxazine-1-carboxylate

()

The title compound of step 1 (302 mg, 96% yield) was prepared in a manner similar to that

described in Example 31 step 3 from (S)-1-(tert-butoxycarbonyl)-7-(4-fluorobenzyl)-2-methyl-

2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-6-carboxylic acid and morpholine. LC-MS (M+H) *
15 =4724.

Step 2: (S)-(7-(4-fluorobenzyl)-2-methyl-2,3-dihydro- 1H-pyrido[2,3-b][ 1,4]oxazin-6-

yl)(morpholino)methanone

9

):O | Ny o
N =
H
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The title compound of step 2 (232 mg, 97% yield) was prepared in a manner similar to that
described in Example 1 step 8 from tert-butyl (S)-7-(4-fluorobenzyl)-2-methyl-6-(morpholine-
4-carbonyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate. LC-MS (M+I1) * =
372.2.

Step 3: (S)-2-chloro-1-(7-(4-fluorobenzyl)-2-methyl-6-(morpholine-4-carbonyl)-2,3-dihydro-

1H-pyrido[2,3-b][1,4]oxazin-1-yl)ethan-1-one
o)

)
f;f;g
Cl\/§o

The title compound of step 3 (210 mg, 82% yield) was prepared in a manner similar to that
described in Example 1 step 9 from (S)-(7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-6-yl)(morpholino)methanone and 2-chloroacetyl chloride. LC-MS
(M+H) * = 448.1.

Step 4: tert-butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-((S)-7-(4-
fluorobenzyl)-2-methyl-6-(morpholine-4-carbonyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4 ]oxazin-
1-yl)-2-oxoethyl)-2-methylpiperazine-1-carboxylate

o]

N

/\I\( 5 \3
G N N N
N
ISR G
Boc
F

The title compound of step 4 (180 mg, 52% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-2-chloro-1-(7-(4-fluorobenzyl)-2-methyl-6-
(morpholine-4-carbonyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)ethan-1-one and tert-
butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-
carboxylate. LC-MS (M+H) * = 739.4.

Step 5: 2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-S-methylpiperazin-1-yl)-1-
((S)-7-(4-fluorobenzyl)-2-methyl-6-(morpholine-4-carbonyl)-2,3-dihydro-1H-pyrido[ 2,3-
b][1,4]oxazin-1-yl)ethan-1-one (compound 72)

Compound 72 (74 mg, 47% yield) was prepared in a manner similar to that described in
Example 29 step 7 from tert-butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-
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((S)-7-(4-fluorobenzyl)-2-methyl-6-(morpholine-4-carbonyl)-2,3-dihydro-1H-pyrido[ 2,3-
b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methylpiperazine-1-carboxylate. '"H NMR (400 MHz,
DMSO-ds) 6 8.33 (brs, 1 H), 7.23-7.09 (m, 4 H), 4.81-4.75 (m, 1 H), 4.41-4.33 (m, 1 H), 4.31-
4.23 (m, 1 H), 4.02-3.94 (m, 1 H), 3.93-3.80 (m, 2 H), 3.60-3.52 (m, 5 H), 3.52-3.39 (m, 3 H),

5  3.34-3.19 (m, 2 H), 3.16-3.06 (m, 2 H), 3.04-2.89 (m, 3 H), 2.85-2.75 (m, 1 H), 2.74-2.67 (m, 2
H), 2.65-2.52 (m, 3 H), 2.34-2.24 (m, 1 H), 2.23-2.13 (m, 1 H), 2.03-1.94 (m, 1 H), 1.22 (d, J =
6.7 Hz, 3 H), 0.92-0.83 (m, 9 H). LC-MS (M+H) * = 639.5.
Example 73: (S)-1-(2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-
methylpiperazin-1-yl)acetyl)-7-(4-fluorobenzyl)-N-(2-hydroxyethyl)-2-methyl-2,3-dihydro-

10 1H-pyrido[2,3-b][1,4]oxazine-6-carboxamide (compound 73)

T TN fon

HN\‘) o} o)

Step 1: tert-butyl (S)-7-(4-fluorobenzyl)-6-((2-hydroxyethyl)carbamoyl)-2-methyl-2,3-dihydro-

1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate
0]

O Ny N/\/OH
/[ | = H
N

15  The title compound of step 1 (260 mg, 89% yield) was prepared in a manner similar to that
described in Example 31 step 3 from (S)-1-(tert-butoxycarbonyl)-7-(4-fluorobenzyl)-2-methyl-
2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-6-carboxylic acid and 2-aminoethan-1-ol. LC-MS
(M+H) " =446.2.

Step 2: (S)-7-(4-fluorobenzyl)-N-(2-hydroxyethyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-

20  b][1,4]oxazine-6-carboxamide
0]

ONPL'N N/\/OH
)i | = H
N

H
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The title compound of step 2 (180 mg, 89% yield) was prepared in a manner similar to that
described in Example 1 step 8 from tert-butyl (S)-7-(4-fluorobenzyl)-6-((2-
hydroxyethyl)carbamoyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate.
LC-MS (M+H) * = 346.2.

Step 3: (S)-N-(2-((tert-butyldimethylsilyl)oxy )ethyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-

1H-pyrido[2,3-b][1,4]oxazine-6-carboxamide
o]

/EO IN\ N OTBS
H
N =

H

F
The title compound of step 3 (190 mg, 79% yield) was prepared in a manner similar to that
described in Example 54 step 1 from (S)-7-(4-fluorobenzyl)-N-(2-hydroxyethyl)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazine-6-carboxamide and TBSCI. LC-MS (M+H) * = 460.2.
Step 4: (S)-N-(2-((tert-butyldimethylsilyl )oxy )ethyl)-1-(2-chloroacetyl)-7-(4-fluorobenzyl)-2-
methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-6-carboxamide

o]
O N\ N/\/OTBS
/E l = H
N
Cl\/&o
F

The title compound of step 4 (167 mg, 75% yield) was prepared in a manner similar to that
described in Example 1 step 9 from (S)-N-(2-((tert-butyldimethylsilyl)oxy)ethyl)-7-(4-
fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4 ]oxazine-6-carboxamide and 2-
chloroacetyl chloride. LC-MS (M+H) * =536.2.

Step 5: tert-butyl (2R,55)-4-(2-((S)-6-((2-((tert-butyldimethylsilyl)oxy)ethyl)carbamoyl)-7-(4-
fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-y1)-2-oxoethyl)-5-
(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate

o
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The title compound of step 5 (82 mg, 32% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-N-(2-((tert-butyldimethylsilyl)oxy)ethyl)-1-(2-
chloroacetyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4 ]oxazine-6-
carboxamide and tert-butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-
methylpiperazine-1-carboxylate. LC-MS (M+H) ~ = 827.5.

Step 6: (S)-1-(2-((2R,5R)-2~(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-
yl)acetyl)-7-(4-fluorobenzyl)-N-(2-hydroxyethyl)-2-methyl-2,3-dihydro- 1 H-pyrido[ 2,3-
b][1,4]oxazine-6-carboxamide (compound 73)

Compound 73 (8 mg, 12% yield) was prepared in a manner similar to that described in
Example 29 step 7 from tert-butyl (2R,5S)-4-(2-((S)-6-((2-((tert-
butyldimethylsilyl)oxy)ethyl)carbamoyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-
methylpiperazine-1-carboxylate. 'H NMR (400 MHz, DMSO-ds) & 8.41-8.33 (m, 2 H), 7.29-
7.19 (m, 2 H), 7.13-7.03 (m, 2 H), 4.82-4.73 (m, 2 H), 4.41-4.25 (m, 4 H), 4.01-3.93 (m, 1 H),
3.56-3.39 (m, 5 H), 3.36-3.33 (m, 1 H), 3.31-3.28 (m, 1 H), 3.14-3.05 (m, 2 H), 2.97-2.89 (m, 1
H), 2.82-2.73 (m, 1 H), 2.73-2.66 (m, 2 H), 2.65-2.53 (m, 3 H), 2.33-2.22 (m, 1 H), 2.21-2.11
(m, 1 H), 2.01-1.92 (m, 1 H), 1.22 (d, J=6.7 Hz, 3 H), 0.90-0.81 (m, 9 H). LC-MS (M+H) * =
613 .4.

Example 74: 2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-
y1)-1-((S)-7-(4-fluorobenzyl)-6-(3-hydroxyazetidine-1-carbonyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-yl)ethan-1-one (compound 74)

X

S -4
ol g\%

Step 1: tert-butyl (S)-7-(4-fluorobenzyl)-6-(3-hydroxyazetidine-1-carbonyl)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate
0}
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The title compound of step 1 (280 mg, 93% yield) was prepared in a manner similar to that
described in Example 31 step 3 from (S)-1-(tert-butoxycarbonyl)-7-(4-fluorobenzyl)-2-methyl-
2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-6-carboxylic acid and azetidin-3-ol. LC-MS (M+H)
=4582.

Step 2: (S)-(7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-6-y1)(3-

hydroxyazetidin-1-yl)methanone

(0]
«J:O |N\ ﬂ:l\
N NP OH
H
F

The title compound of step 2 (180 mg, 89% yield) was prepared in a manner similar to that
described in Example 1 step 8 from tert-butyl (S)-7-(4-fluorobenzyl)-6-(3-hydroxyazetidine-1-
carbonyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-1-catboxylate. LC-MS (M+H) *
=358.1.

Step 3: (S)-(3~((tert-butyldimethylsilyl)oxy)azetidin-1-y1)(7-(4-fluorobenzyl)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazin-6-yl)methanone

0
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N 0TBS
H
F

The title compound of step 3 (180 mg, 84% yield) was prepared in a manner similar to that

described in Example 54 step 1 from (S)-(7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-

pyrido[2,3-b][1,4]oxazin-6-yl1)(3-hydroxyazetidin-1-yl)methanone and TBSCl. LC-MS (M+H)
=472.2.

Step 4: (S)-1-(6-(3-((tert-butyldimethylsilyl)oxy)azetidine-1-carbonyl)-7-(4-fluorobenzyl)-2-

methyl-2,3- dlhydro 1H-pyrido[2,3-b][1,4]oxazin-1-yl)-2-chloroethan-1-one

Cvpg;
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The title compound of step 4 (150 mg, 71% yield) was prepared in a manner similar to that
described in Example 1 step 9 from (S)-(3-((tert-butyldimethylsilyl)oxy)azetidin-1-y1)(7-(4-
fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-6-yl)methanone and 2-
chloroacetyl chloride. LC-MS (M+H) * = 548 3.

Step 5: tert-butyl (2R,5S)-4-(2-((S)-6-(3-((tert-butyldimethylsilyl Joxy)azetidine-1-carbonyl)-7-
(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-oxoethyl)-5-
(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate

O/Y OTBS

Y (3 o
JIOREE
e é)“‘

The title compound of step 5 (130 mg, 56% yield) was prepared in a manner similar to that

wm/

described in Example 1 step 18 from (S)-1-(6-(3-((tert-butyldimethylsilyl)oxy)azetidine-1-
carbonyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-
chloroethan-1-one and tert-butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-
methylpiperazine-1-carboxylate. LC-MS (M+H) * =839 .4,

Step 6: 2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-yl)-1-
((S)-7-(4-fluorobenzyl)-6-(3-hydroxyazetidine-1-carbonyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-yl)ethan-1-one (compound 74)

Compound 74 (28 mg, 29% yield) was prepared in a manner similar to that described in
Example 29 step 7 from tert-butyl (2R,55)-4-(2-((S)-6-(3-((tert-
butyldimethylsilyl)oxy)azetidine- 1-carbonyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-
methylpiperazine-1-carboxylate. "H NMR (400 MHz, DMSO-ds) & 8.31 (s, 1 H), 7.26-7.18 (m,
2 H), 7.17-7.06 (m, 2 H), 5.75-5.67 (m, 1 H), 4.81-4.75 (m, 1 H), 4.43-4.33 (m, 2 H), 4.31-4.22
(m, 1 H), 4.22-4.09 (m, 2 H), 4.09-3.91 (m, 4 H), 3.85-3.67 (m, 2 H), 3.54-3.40 (m, 3 H), 3.14-
3.06 (m, 2 H), 2.97-2.89 (m, 1 H), 2.83-2.74 (m, 1 H), 2.74-2.63 (m, 2 H), 2.62-2.52 (m, 2 H),
2.32-2.22 (m, 1 H), 2.20-2.09 (m, 1 H), 2.06-1.92 (m, 2 H), 1.20 (d, /= 6.6 Hz, 3 H), 0.90-0.81
(m, 9 H). LC-MS (M+H) * = 625 3.

Example 75: (S)-1-(2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-
methylpiperazin-1-yl)acetyl)-7-(4-flucrobenzyl)-2-methyl-N-(2-morpholinoethyl)-2,3-dihydro-
1H-pyrido[2,3-b][1,4]oxazine-6-carboxamide (compound 75)
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Step 1: 1-(tert-butyl) 6-methyl (S)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazine-1,6-dicarboxylate

(0]
/[O | N\ O/
'}‘ =
Boc
F

To a solution of (S)-1-(tert-butoxycarbonyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine-6-carboxylic acid (100 mg, 0.16 mmol) and oxalic dichloride (157
mg, 1.24 mmol) in DCM (6 mL) was added DMF (0.01 mL, 0.13 mmol) dropwise at room
temperature. The resulting mixture was stirred for 30 min at room temperature. When the
reaction was done, the resulting mixture was concentrated under vacuum. The residue was
dissolved in MeOH (10 mL). The resulting mixture was stirred for overnight at room
temperature under nitrogen atmosphere. When the reaction was done, the resulting mixture was
concentrated under reduced pressure to yield the title compound (63 mg, 93% yield). LC-MS
(M+H) * =417.2.

Step 2: methyl (S)-7-(4-flucrobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-6-

carboxylate
O
)io | Ns o
N
H
F

The title compound of step 2 (47 mg, 98% yield) was prepared in a manner similar to that
described in Example 1 step 8 from 1-(tert-butyl) 6-methyl (S)-7-(4-fluorobenzyl)-2-methyl-
2,3-dihydro-1H-pyrido[2,3-b][1,4]Joxazine-1,6-dicarboxylate. LC-MS (M+H) " =317.1.

Step 3: methyl (S)-1-(2-chloroacetyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-

b][1,4]oxazine-6-carboxylate
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The title compound of step 3 (55 mg, 92% yield) was prepared in a manner similar to that
described in Example 1 step 9 from methyl (S)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine-6-carboxylate and 2-chloroacetyl chloride. LC-MS (M+H) * =
393.1.

Step 4: methyl (S)-1-(2-((28S,5R)-4-(tert-butoxycarbonyl)-2-(((3R,5R)-3,5-
dimethylmorpholino)methyl)-5-methylpiperazin-1-yl)acetyl)-7-(4-fluorobenzyl)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazine-6-carboxylate

O( ~ 3,

: N/\O\

N e}
Boc” 1) o

F
The title compound of step 4 (71 mg, 74% yield) was prepared in a manner similar to that
described in Example 1 step 18 from methyl (S)-1-(2-chloroacetyl)-7-(4-fluorobenzyl)-2-
methyl-2 3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-6-carboxylate and tert-butyl (2R,5S)-5-
(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. LC-MS (M+H)
"=6844.
Step 5: (S)-1-(2-((2S,5R)-4-(tert-butoxycarbonyl)-2-(((3R,5R)-3,5-
dimethylmorpholino)methyl)-5-methylpiperazin-1-yl)acetyl)-7-(4-fluorobenzyl)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-6-carboxylic acid
OK/N \(\ R
- N—7 N OH

(\N/\n/ _ \

N
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The title compound of step 5 (22 mg, 30% yield) was prepared in a manner similar to that

described in Example 8 step 4 from methyl (S)-1-(2-((2S,5R)-4-(tert-butoxycarbonyl)-2-
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(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-yl)acetyl)-7-(4-fluorobenzyl)-
2-methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-6-carboxylate. LC-MS (M+H) * = 670.3.
Step 6: tert-butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-((S)-7-(4-
fluorobenzyl)-2-methyl-6-((2-morpholinoethyl)carbamoyl)-2,3-dihydro- 1H-pyrido[2,3-
b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methylpiperazine-1-carboxylate

o

LN Q
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F

The title compound of step 6 (10 mg, 37% yield) was prepared in a manner similar to that
described in Example 31 step 3 from (S)-1-(2-((2S,5R)-4-(tert-butoxycarbonyl)-2-(((3R,5R)-
3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-yl)acetyl)-7-(4-fluorobenzyl)-2-methyl-
2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-6-carboxylic acid and 2-morpholinoethan-1-amine.
LC-MS (M+H) *=782.5.

Step 7: (S)-1-(2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-
yDacetyl)-7-(4-fluorobenzyl)-2-methyl-N-(2-morpholinoethyl)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazine-6-carboxamide (compound 75)

Compound 75 (3 mg, 39% yield) was prepared in a manner similar to that described in
Example 29 step 7 from tert-butyl (2R,55)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-
((S)-7-(4-fluorobenzyl)-2-methyl-6-((2-morpholinoethyl)carbamoyl)-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methylpiperazine-1-carboxylate. "H NMR (300
MHz, Chloroform-d) 6 8.50 (brs, 1 H), 8.05-7.97 (m, 1 H), 7.33-7.20 (m, 2 H), 7.04-6.91 (m, 2
H), 5.09-5.00 (m, 1 H), 4.63-4.43 (m, 2 H), 4.47-4.37 (m, 2 H), 4.37-4.27 (m, 1 H), 3.80-3.70
(m, 4 H), 3.66-3.47 (m, 4 H), 3.36-3.23 (m, 3 H), 3.13-3.04 (m, 1 H), 2.93-2.77 (m, 4 H), 2.74-
2.63 (m, 1 H), 2.63-2.47 (m, 8 H), 2.22-2.09 (m, 2 H), 1.35 (d, J= 6.7 Hz, 3 H), 1.07-0.92 (m,
9H). LC-MS (M+H) * = 682.5.

Example 76: (S)-1-(2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-
methylpiperazin-1-yl)acetyl)-7-(4-fluorobenzyl)-2-methyl-N-(tetrahydro-2H-pyran-4-yl)-2,3-
dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-6-carboxamide (compound 76)
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Step 1: (5)-1-((3,5-dibromo-6-methylpyridin-2-yl)oxy)propan-2-amine
H,N O | N\

Br = Br
The title compound of step 1 (56.7 g, crude) was prepared in a manner similar to that described
in Example 26 step 2 from 3,5-dibromo-2-chloro-6-methylpyridine and (S)-2-aminopropan-1-
ol. LC-MS (M+H) "=3229.
Step 2: benzyl (S)-(1-((3,5-dibromo-6-methylpyridin-2-yl)oxy)propan-2-yl)carbamate
CbzHN © | N\

Br Z Br

K2COs (53.2 g, 385.9 mol) in H2O (250 mL) was added to a solution of (S)-1-((3,5-dibromo-6-
methylpyridin-2-yl)oxy)propan-2-amine (56.7g, crude) in EtOAc (250 mL), the resulting
solution was cooled to 0 °C by ice-water bath. CbzCl (29.9 g, 175.4 mmol) was added
dropwise at 0 °C, the resulting solution was warmed to room temperature and stirred for 1 hour.
The organic phase was separated and washed with brine (100 mL), H2O (100 mL), dried over
NazS0s4, and concentrated in vacuo to afford crude product, which was stirred in petroleum
ether (100 mL) for 1 hour. White solid was collected by filtration and dried in vacuo to give the
title product (70.8 g, 88% yield for 2 steps). LC-MS (M+H) *=457.0.
Step 3: benzyl (S)-7-bromo-2,6-dimethyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-1-

carboxylate

O._N
LICC

I}l 7 Br

Cbz
To a solution of benzyl (S)-(1-((3,5-dibromo-6-methylpyridin-2-yl)oxy)propan-2-yl)carbamate
(70.8 g, 155.3 mmol) in dioxane (300 mL) was added XantPhos (8.9 g, 15.4 mmol), Cs2COs
(151.9 g, 465.9 mmol), and Pdz(dba)s (7.0 g, 7.7 mmol). The resulting mixture was stirred for
12 h at 100 °C under nitrogen atmosphere. When the reaction was done, the reaction was then
quenched by the addition of water (200 mL). The resulting solution was extracted with ethyl

acetate (250 mL x 2). The organic phases were combined, washed with brine and dried over

NazS0a4. The solvent was concentrated under reduced pressure and the residue was purified by
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flash chromatography (PE : EtOAc =5 : 1) to yield the title compound (52 g, 90% yield). LC-
MS (M+H) "= 377.0.
Step 4: benzyl (S)-7-(4-fluorobenzyl)-2,6-dimethyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-

1-carboxylate

O._N F
LI

l?l Z

Cbz
The title compound of step 4 (43.3 g, 77% yield) was prepared in a manner similar to that
described in Example 1 step 7 from benzyl (S)-7-bromo-2,6-dimethyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine-1-carboxylate and (4-fluorobenzyl)zinc(IT) chloride. LC-MS (M+H)

=407.2.

Step 5: (S)-1-((benzyloxy)carbonyl)-7-(4-fluorobenzyl)-2,6-dimethyl-2,3-dihydro-1H-
pyrid0[2,3-t_)][1,4]oxazine S-oxide
o]

I
O N F
): m
l?l Z
Cbz

The title compound of step 5 (34.2 g, 76% yield) was prepared in a manner similar to that
described in Example 1 step 5 from benzyl (S)-7-(4-fluorobenzyl)-2,6-dimethyl-2,3-dihydro-
1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate. LC-MS (M+H) * = 423 3.

Step 6: benzyl (S)-6-(acetoxymethyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-

b][1,4]oxazine- 1 carboxylate

nﬁ@

The title compound of step 6 (23.1 g, 62% yield) was prepared in a manner similar to that
described in Example 8 step 2 from (S)-1-((benzyloxy)carbonyl)-7-(4-fluorobenzyl)-2,6-
dimethyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine 5-oxide. LC-MS (M+H) * = 465 2.
Step 7: benzyl (S)-7-(4-fluorobenzyl)-6-(hydroxymethyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine-1-carboxylate

OH
LA
l}l -
Cbz
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The title compound of step 7 (4 g, 88% yield) was prepared in a manner similar to that
described in Example 8 step 4 from benzyl (S)-6-(acetoxymethyl)-7-(4-fluorobenzyl)-2-
methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate. LC-MS (M+1H) © = 423.2.
Step 8: benzyl (S)-7-(4-fluorobenzyl)-6-formyl-2-methyl-2 3-dihydro-1H-pyrido[2,3-

b][1,4]oxazine-1-carboxylate

3

Benzyl (S)-7-(4-flucrobenzyl)-6-(hydroxymethyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazine-1-carboxylate (4 g, 9.5 mmol) in DCM (150 mL) was added Dess-Martin
Periodinane (6.0 g, 14.2 mmol), the resulting solution was stirred at room temperature for 5
hours. Water (50 mL) was added to the reaction mixture and filtered through a pad of
kieselguhr, the organic layer was separated and dried over Na2SOu, filtered and concentrated.
The residue was purified by silica gel column chromatography (PE : EtOAc =4 : 1) to afford
the title product (3.7 g, 93% yield). LC-MS (M+H) * =421 3.

Step 9: (S)-1-((benzyloxy)carbonyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-

b][1,4]oxazine-6-carboxylic acid

O
0] N
N Z
Cbz

F

benzyl (S)-7-(4-fluorobenzyl)-6-formyl-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-1-
carboxylate (3.7 g, 87.9 mmol) in 1,4-dioxane (40 mL) and H20 (15 mL) was added NH3SOs
(1.1 g, 11.4 mmol), followed by addition of NaClOz (1.03 g, 11.4 mmol) slowly, the resulting
solution was stirred at room temperature for 1 hour. The reaction mixture was added H20 (20
mL) and extracted with EtOA¢ (50 mL*3). The combined organic phase was washed with
water (50 mL) and brine (50 mL), dried over Na2SOs, concentrated in vacuo to afford crude
product. The residue was stirred in 50 mL of PE/EtOAc mixture (v/v = 10/1) for 2 hours, solid
was precipitated and collected by filtration, furtherly dried in vacuo to afford the title product
(3.4 g, 89% yield). LC-MS (M+H) * = 437 4.

Step 10: benzyl (S)-7-(4-fluorobenzyl)-2-methyl-6-((tetrahydro-2H-pyran-4-yl)carbamoyl)-2,3-
dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-1-carboxylate
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The title compound of step 10 (500 mg, crude) was prepared in a manner similar to that
described in Example 31 step 3 from (S)-1-((benzyloxy)carbonyl)-7-(4-fluorobenzyl)-2-
methyl-2 3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-6-carboxylic acid and tetrahydro-2H-pyran-
4-amine. LC-MS (M+H) * = 520 4.

Step 11: (S)-7-(4-fluorobenzyl)-2-methyl-N-(tetrahydro-2H-pyran-4-yl)-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine-6-carboxamide

o 0
O N ANy
| H
N
H
F

The title compound of step 11 (387 mg, crude) was prepared in a manner similar to that
described in Example 1 step 17 from benzyl (S)-7-(4-flucrobenzyl)-2-methyl-6-((tetrahydro-
2H-pyran-4-yl)carbamoyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-1-carboxylate. LC-MS
(M+H) * = 386.3.

Step 12: (S)-1-(2-chloroacetyl)-7-(4-fluorobenzyl)-2-methyl-N-(tetrahydro-2H-pyran-4-yl)-
2,3-dihydro- 1H—pyr1do[2 3 b] [1,4]Joxazine-6-carboxamide

=

The title compound of step 12 (370 mg, crude) was prepared in a manner similar to that
described in Example 1 step 9 from (S)-7-(4-fluorobenzyl)-2-methyl-N-(tetrahydro-2H-pyran-
4-yl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-6-carboxamide and 2-chloroacetyl chloride.
LC-MS (M+H) * = 462.3.

Step 13: tert-butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-((S)-7-(4-
fluorobenzyl)-2-methyl-6-((tetrahydro-2H-pyran-4-yl)carbamoy!)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methylpiperazine-1-carboxylate
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The title compound of step 13 (473 mg, 78% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-1-(2-chloroacetyl)-7-(4-fluorobenzyl)-2-methyl-N-
(tetrahydro-2H-pyran-4-yl)-2,3-dihydro- 1H-pyrido[2,3-b][ 1,4 ]oxazine-6-carboxamide and tert-
butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-
carboxylate. LC-MS (M+H) * = 753.6.

Step 14: (S)-1-(2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-
yl)acetyl)-7-(4-fluorobenzyl)-2-methyl-N-(tetrahydro-2H-pyran-4-y1)-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine-6-carboxamide (compound 76)

Compound 76 (190 mg, 46% yield) was prepared in a manner similar to that described in
Example 29 step 7 from tert-butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-
((S)-7-(4-fluorobenzyl)-2-methyl-6-((tetrahydro-2H-pyran-4-yl)carbamoyl)-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-y1)-2-oxoethyl)-2-methylpiperazine-1-carboxylate. "H NMR (400
MHz, DMSO-d6) é 8.41 — 8.22 (m, 2H), 7.29 — 7.17 (m, 2H), 7.14 — 7.01 (m, 2H), 4.76 (s,
1H), 4.43 — 4.33 (m, 1H), 4.31 — 4.19 (m, 3H), 4.00 - 3.90 (m, 2H), 3.89 — 3.79 (m, 2H), 3.58 —
3.47 (m, 1H), 3.47 —3.36 (m, 5H), 3.08 (s, 2H), 2.98 — 2.86 (m, 1H), 2.82 — 2.73 (m, 1H), 2.67
(s, 2H), 2.62 — 2.53 (m, 3H), 2.26 (t, /= 10.0 Hz, 1H), 2.16 (t, /= 10.0 Hz, 1H), 2.00 - 1.90
(m, 1H), 1.76 — 1.65 (m, 2H), 1.64 — 1.49 (m, 2H), 1.21 (s, 3H), 0.92 — 0.76 (m, 9H). LC-MS
(M+H) " =653.7.

Example 77: (S)-1-(2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-
methylpiperazin-1-yl)acetyl)-7-(4-fluorobenzyl)-2-methyl-N-((tetrahy dro-2H-pyran-4-
yl)methyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-6-carboxamide (compound 77)

o

S~ )

Step 1: benzyl (S)-7-(4-fluorobenzyl)-2-methyl-6-(((tetrahydro-2H-pyran-4-
yl)methyl)carbamoyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4 ]oxazine-1-carboxylate
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The title compound of step 1 (500 mg, crude) was prepared in a manner similar to that
described in Example 31 step 3 from (S)-1-((benzyloxy)carbonyl)-7-(4-fluorobenzyl)-2-
methyl-2 3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-6-carboxylic acid and (tetrahydro-2H-pyran-
4-yl)methanamine. LC-MS (M+H) ™ = 534.0.

Step 2: (S)-7-(4-fluorobenzyl)-2-methyl-N-((tetrahydro-2H-pyran-4-yl)methyl)-2,3-dihydro-
1H-pyrido[2,3 b][l 4]oxazine-6-carboxamide

1)%%

The title compound of step 2 (350 mg, crude) was prepared in a manner similar to that
described in Example 1 step 17 from benzyl (S)-7-(4-fluorobenzyl)-2-methyl-6-(((tetrahydro-
2H-pyran-4-yl)methyl)carbamoyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-1-carboxylate.
LC-MS (M+H) * =400.3.

Step 3: (S)-1-(2-chloroacetyl)-7-(4-fluocrobenzyl)-2-methyl-N-((tetrahydro-2H-pyran-4-
yDmethyl)-2,3- dlhydro 1H-pyrido[2,3-b][1,4]oxazine-6-carboxamide

1)5;3
NN

The title compound of step 3 (370 mg, crude) was prepared in a manner similar to that
described in Example 1 step 9 from (S)-7-(4-fluorobenzyl)-2-methyl-N-((tetrahydro-2H-pyran-
4-yl)methyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-6-carboxamide and 2-chloroacetyl
chloride. LC-MS (M+H) ™= 476.3.

Step 4: tert-butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-((S)-7-(4-
fluorobenzyl)-2-methyl-6-(((tetrahydro-2H-pyran-4-yl)methyl)carbamoyl)-2,3-dihydro- 1 H-
pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methylpiperazine-1-carboxylate
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The title compound of step 4 (340 mg, 57% yield) was prepared in a manner similar to that
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described in Example 1 step 18 from (S)-1-(2-chloroacetyl)-7-(4-fluorobenzyl)-2-methyl-N-
((tetrahydro-2H-pyran-4-yl)methyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-6-carboxamide
and tert-butyl (2ZR,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-
carboxylate. LC-MS (M+H) * = 767.5.

Step 5: (S)-1-2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-
yDacetyl)-7-(4-fluorobenzyl)-2-methyl-N-((tetrahy dro-2H-pyran-4-yl)methyl)-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine-6-carboxamide (compound 77)

Compound 77 (154 mg, 52% yield) was prepared in a manner similar to that described in
Example 29 step 7 from tert-butyl (2R,55)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-
((S)-7-(4-fluorobenzyl)-2-methyl-6-(((tetrahydro-2H-pyran-4-yl )methyl))carbamoyl)-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methylpiperazine-1-carboxylate. 'H
NMR (400 MHz, DMSO-d6) 6 8.44 (s, 1H), 8.34 (s, 1H), 7.21 (s, 2H), 7.14 - 7.00 (m, 2H),
4.77 (s, 1H), 4.43 — 4.33 (m, 1H), 432 — 4.20 (s, 3H), 4.03 - 3.90 (m, 1H), 3.88 — 3.75 (m, 2H),
3.57-3.47 (m, 1H), 3.47 - 3.37 (m, 2H), 3.33 — 3.28 (m, 1H), 3.28 - 3.18 (m, 2H), 3.17 — 3.00
(m, 4H), 2.97 — 2.86 (m, 1H), 2.83 — 2.73 (m, 1H), 2.73 — 2.63 (m, 2H), 2.63 — 2.53 (m, 3H),
225(t,J=104Hz 1H), 2.15 (t, /=99 Hz, 1H), 2.01 - 1.91 (m, 1H), 1.73 (s, 1H), 1.56 — 1.44
(m, 2H), 1.21 (s, 3H), 1.18 - 1.05 (m, 2H), 0.93 — 0.75 (m, 9H). LC-MS (M+H) * = 667.8.
Example 78: (S)-1-(2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-
methylpiperazin-1-yl)acetyl)-7-(4-fluorobenzyl)-2-methyl-N-((R)-tetrahydrofuran-3-yl)-2,3-
dihydro 1H-pyrido[2,3-b][1,4]oxazine-6-carboxamide (compound 78)

O

ﬁmr s

Step 1: benzyl (S)-7-(4-ﬂuorobenzyl)-2-methyl-6-(((R)-tetrahydrofuran-3 -yl)carbamoyl)-2,3-
dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-1-carboxylate
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The title compound of step 1 (500 mg, crude) was prepared in a manner similar to that
described in Example 31 step 3 from (S)-1-((benzyloxy)carbonyl)-7-(4-fluorobenzyl)-2-
methyl-2 3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-6-carboxylic acid and (R)-tetrahydrofuran-
3-amine. LC-MS (M+H) * = 506.5.
Step 2: (S)-7-(4-fluorobenzyl)-2-methyl-N-((R)-tetrahydrofuran-3-yl)-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine-6-carboxamide
2L
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The title compound of step 2 (390 mg, crude) was prepared in a manner similar to that
described in Example 1 step 17 from benzyl (S)-7-(4-fluorobenzyl)-2-methyl-6-(((R)-
tetrahydrofuran-3-yl)carbamoyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-1-carboxylate.
LC-MS (M+H) *=372.3.

Step 3: (S)-1-(2-chloroacetyl)-7-(4-fluorobenzyl)-2-methyl-N-((R)-tetrahydrofuran-3-yl1)-2,3-
dihydro- 1H—pyr1do[2 3 b] [1,4]oxazine-6-carboxamide

=

The title compound of step 3 (347 mg, crude) was prepared in a manner similar to that
described in Example 1 step 9 from (S)-7-(4-fluorobenzyl)-2-methyl-N-((R)-tetrahydrofuran-3-
yl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-6-carboxamide and 2-chloroacetyl chloride. LC-
MS (M+H) *= 4483

Step 4: tert-butyl (2R,55)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-((S)-7-(4-
fluorobenzyl)-2-methyl-6-(((R)-tetrahydrofuran-3-yl)carbamoyl)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methylpiperazine-1-carboxylate
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The title compound of step 4 (360 mg, 62% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-1-(2-chloroacetyl)-7-(4-fluorobenzyl)-2-methyl-N-
((R)-tetrahydrofuran-3-yl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-6-carboxamide and tert-
butyl (2R,55)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-
carboxylate. LC-MS (M+H) * = 739.5.

Step 5: (S)-1-2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-
yDacetyl)-7-(4-fluorobenzyl)-2-methyl-N-((R)-tetrahydrofuran-3-yl1)-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine-6-carboxamide (compound 78)

Compound 78 (160 mg, 51% yield) was prepared in a manner similar to that described in
Example 29 step 7 from tert-butyl (2R,55)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-
((S)-7-(4-fluorobenzyl)-2-methyl-6-(((R)-tetrahydrofuran-3-yl)carbamoyl)-2,3-dihydro- 1H-
pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methylpiperazine-1-carboxylate. 'H NMR (400
MHz, DMSO-d6) 6 8.47 (s, 1H), 8.34 (s, 1H), 7.23 (s, 2H), 7.14 — 7.02 (m, 2H), 4.76 (s, 1H),
4.47 — 433 (m, 2H), 4.32 — 4.18 (m, 3H), 4.02 — 3.90 (m, 1H), 3.87 — 3.76 (m, 2H), 3.76 — 3.66
(m, 1H), 3.59 — 3.48 (m, 2H), 3.47 — 3.38 (m, 2H), 3.33 — 3.28 (m, 1H), 3.08 (s, 2H), 2.97 -
2.85 (m, 1H), 2.83 —2.72 (m, 1H), 2.67 (s, 2H), 2.62 — 2.53 (m, 3H), 2.25 (t, /= 10.3 Hz, 1H),
220-2.07 (m, 2H), 2.01 — 1.93 (m, 1H), 1.92 — 1.81 (m, 1H), 1.21 (s, 3H), 0.91 - 0.77 (m,
9H). LC-MS (M+H) *=639.7.

Example 79: (S)-1-(2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-
methylpiperazin-1-yl)acetyl)-7-(4-fluorobenzyl)-2-methyl-N-((S)-tetrahydrofuran-3-yl)-2,3-
dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-6-carboxamide (compound 79)
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Step 1: benzyl (S)-7-(4-fluorobenzyl)-2-methyl-6-(((S)-tetrahydrofuran-3-yl)carbamoyl)-2,3-
dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-1-carboxylate
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The title compound of step 1 (500 mg, crude) was prepared in a manner similar to that
described in Example 31 step 3 from (S)-1-((benzyloxy)carbonyl)-7-(4-fluorobenzyl)-2-
methyl-2 3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-6-carboxylic acid and (S)-tetrahydrofuran-3-
amine. LC-MS (M+H) * = 506.5.

Step 2: (S)-7-(4-fluorobenzyl)-2-methyl-N-((S)-tetrahydrofuran-3-yl)-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine-6-carboxamide
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The title compound of step 2 (467 mg, crude) was prepared in a manner similar to that
described in Example 1 step 17 from benzyl (S)-7-(4-fluorobenzyl)-2-methyl-6-(((S)-
tetrahydrofuran-3-yl)carbamoyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-1-carboxylate.
LC-MS (M+H) * =372.3.

Step 3: (S)-1-(2-chloroacetyl)-7-(4-fluorobenzyl)-2-methyl-N-((S)-tetrahydrofuran-3-yl)-2,3-
dihydro- 1H—pyr1do[2 3 b] [1,4]oxazine-6-carboxamide

=

The title compound of step 3 (350 mg, 62% yield) was prepared in a manner similar to that
described in Example 1 step 9 from (S)-7-(4-fluorobenzyl)-2-methyl-N-((S)-tetrahydrofuran-3-
yl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-6-carboxamide and 2-chloroacetyl chloride. LC-
MS (M+H) * = 448.3.

Step 4: tert-butyl (2R,55)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-((S)-7-(4-
fluorobenzyl)-2-methyl-6-(((S)-tetrahydrofuran-3-yl)carbamoyl)-2,3-dihydro-1H-pyrido[ 2,3-
b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methylpiperazine-1-carboxylate
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The title compound of step 4 (438 mg, 76% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-1-(2-chloroacetyl)-7-(4-fluorobenzyl)-2-methyl-N-
((S)-tetrahydrofuran-3-yl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-6-carboxamide and tert-
butyl (2R,55)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-
carboxylate. LC-MS (M+H) * = 739.8.

Step 5: (S)-1-2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-
yDacetyl)-7-(4-fluorobenzyl)-2-methyl-N-((S)-tetrahydrofuran-3-yl)-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine-6-carboxamide (compound 79)

Compound 79 (170 mg, 45% yield) was prepared in a manner similar to that described in
Example 29 step 7 from tert-butyl (2R,55)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-
((S)-7-(4-fluorobenzyl)-2-methyl-6-(((S)-tetrahydrofuran-3-yl)carbamoyl)-2,3-dihydro- 1 H-
pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methylpiperazine-1-carboxylate. 'H NMR (400
MHz, DMSO-d6) 6 8.47 (d, J=7.1 Hz, 1H), 8.34 (s, 1H), 7.27 — 7.18 (m, 2H), 7.13 — 7.04 (m,
2H), 4.76 (d, J = 6.5 Hz, 1H), 4.45 — 4.33 (m, 2H), 4.31 — 4.18 (m, 3H), 4.02 — 3.90 (m, 1H),
3.87-3.77 (m, 2H), 3.74 — 3.65 (m, 1H), 3.59 — 3.48 (m, 2H), 3.46 — 3.38 (m, 2H), 3.33 - 3.28
(m, 1H), 3.15 — 3.01 (m, 2H), 2.96 — 2.86 (m, 1H), 2.82 — 2.73(m, 1H), 2.72 — 2.63 (m, 2H),
2.63 -2.53 (m, 3H), 2.26 (t, /=109 Hz, 1H), 2.21 —2.08 (m, 2H), 2.00 — 1.92 (m, 1H), 1.92 —
1.82 (m, 1H), 1.21 (d, /= 6.6 Hz, 3H), 0.92 — 0.76 (m, 9H). LC-MS (M+H) * = 639.7.
Example 80: (S)-1-(2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-
methylpiperazin-1-yl)acetyl)-7-(4-fluorobenzyl)-N,N,2-trimethyl-2,3-dihydro-1H-pyrido[2,3-

b][1,4]oxazine-6-carboxamide (compound 80)

K

7Y \(\ON\
= N/\ N—
N ——
q*éﬂ
F

Step 1: benzyl (S)-6-(dimethylcarbamoyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine-1-carboxylate
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The title compound of step 1 (500 mg, crude) was prepared in a manner similar to that
described in Example 31 step 3 from (S)-1-((benzyloxy)carbonyl)-7-(4-fluorobenzyl)-2-
methyl-2 3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-6-carboxylic acid and dimethylamine. LC-
MS (M+H) * = 464.2.

Step 2: (S)-7-(4-fluorobenzyl)-N,N, 2-trimethyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4 ]oxazine-6-

carboxamide
O
LYY
|
N P
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The title compound of step 2 (429 mg, crude) was prepared in a manner similar to that
described in Example 1 step 17 from benzyl (S)-6-(dimethylcarbamoyl)-7-(4-fluorobenzyl)-2-
methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate. LC-MS (M+H) * =330.1.
Step 3: (S)-1-(2-chloroacetyl)-7-(4-fluorobenzyl)-N,N,2-trimethyl-2,3-dihydro-1H-pyrido[2,3-

b][1,4]oxazine-6-carboxamide

The title compound of step 3 (348 mg, 66% yield) was prepared in a manner similar to that
described in Example 1 step 9 from (S)-7-(4-fluorobenzyl)-N,N,2-trimethyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine-6-carboxamide and 2-chloroacetyl chloride. LC-MS (M+H) * =
406.2.

Step 4: tert-butyl (2R,5S)-4-(2-((S)-6-(dimethylcarbamoyl)-7-(4-fluorobenzyl)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-5-(((3R,5R)-3,5-
dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate
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The title compound of step 4 (460 mg, 77% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-1-(2-chloroacetyl)-7-(4-fluorobenzyl)-N,N,2-
trimethyl-2,3-dihydro- 1H-pyrido[2,3-b][ 1,4]oxazine-6-carboxamide and tert-butyl (2R,5S)-5-
5 (((3R,5R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. LC-MS (M+H)
T=6975.
Step 5: (S)-1-(2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-
yhacetyl)-7-(4-fluorobenzyl)-N,N,2-trimethyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-6-
carboxamide (compound 80)

10 Compound 80 (120 mg, 30% yield) was prepared in a manner similar to that described in
Example 29 step 7 from tert-butyl (2R,5S)-4-(2-((S)-6-(dimethylcarbamoyl)-7-(4-
fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-oxoethyl)-5-
(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. 'H NMR (400
MHz, DMSO-d6) § 8.31 (s, 1H), 7.23 — 7.15 (m, 2H), 7.15 — 7.05 (m, 2H), 4.77 (d, /= 5.9 Hz,

15 1H), 4.41 - 4.32 (m, 1H), 4.30 —4.21(m, 1H), 4.01 —3.90 (m, 1H), 3.86 — 3.74 (m, 2H), 3.57 —
3.40(m, 3H), 3.33 —3.26 (m, 1H), 3.16 — 3.02 (m, 2H), 2.98 — 2.86 (m, 4H), 2.84 —2.74 (m,
1H), 2.74 — 2.65 (m, 2H), 2.63 — 2.53 (m, 3H), 2.51 (s, 3H), 2.26 (t, /= 10.9 Hz, 1H), 2.16 (t, J
=10.9 Hz, 1H), 2.02 — 1.92 (m, 1H), 1.20 (d, J= 6.5 Hz, 3H), 0.93 — 0.76 (m, 9H). LC-MS
(M+H) " =597.5.

20  Example 81: 2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-
y1)-1-((S)-7-(4-fluorobenzyl)-6-hydroxy-2-methyl-2,3-dihydro- 1H-pyrido[2,3-b][1,4]oxazin-1-
yl)ethan-1-one (compound 81)
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Step 1: tert-butyl (S)-(1-((3-bromo-5-chloropyridin-2-yl)oxy)propan-2-yl)carbamate
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The title compound of step 1 (18.0 g, 87% yield) was prepared in a manner similar to that
described in Example 29 step 1 from tert-butyl (S)-(1-hydroxypropan-2-yl)carbamate and 3-
bromo-5-chloro-2-fluoropyridine. LC-MS (M+H) * = 365.0.
Step 2: tert-butyl (S)-7-chloro-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-

carboxylate

O__N
L

N>l

Boc
The title compound of step 2 (13.9 g, 94% yield) was prepared in a manner similar to that
described in Example 34 step 2 from tert-butyl (S)-(1-((3-bromo-5-chloropyridin-2-
yl)oxy)propan-2-yl)carbamate. LC-MS (M+H) © = 285.1.

Step 3: tert-butyl (S)-7-(4-fluorobenzyl)-2-methyl-2, 3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-

1-carboxylate

Oo._N F
LI

l}l =

Boc
The title compound of step 3 (4.6 g, 73% yield) was prepared in a manner similar to that
described in Example 34 step 3 from tert-butyl (S)-7-chloro-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine-1-carboxylate and (4-fluorobenzyl)zinc(II) chloride. LC-MS (M+H)
T=359.1.

Step 4: (S)-1-(tert-butoxycarbonyl)-7-(4-fluorobenzyl)-2-methyl-2, 3-dihydro-1H-pyrido[2,3-

b][1,4]oxazine 5-oxide
9_

O._N F
LI T

I}l =

Boc
The title compound of step 4 (2.1 g, 43% yield) was prepared in a manner similar to that
described in Example 1 step 5 from tert-butyl (S)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-
1H-pyrido[2,3-b][ 1,4]oxazine-1-carboxylate. LC-MS (M+H) “=375.1.

Step 5: tert-butyl (S)-6-acetoxy-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-

b][1,4]oxazine-1-carboxylate

O-_N._-OAc F
LY

l}l =

Boc
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The title compound of step 5 (1.5 g, 61% yield) was prepared in a manner similar to that
described in Example 9 step 2 from (S)-1-(tert-butoxycarbonyl)-7-(4-fluorobenzyl)-2-methyl-
2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine 5-oxide. LC-MS (M+H) “=417.1.

Step 6: (S)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-6-yl acetate

O _N. _OAc F
1 jT\I/@/
N~ NF
H

The title compound of step 6 (63 mg, 20% yield) was prepared in a manner similar to that
described in Example 1 step 8 from tert-butyl (S)-6-acetoxy-7-(4-fluorobenzyl)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate. LC-MS (M+H) ¥ =317.1.

Step 7: (S)-1-(2-chloroacetyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-

b][1 4]oxaz1n 6-yl acetate

Lo
oL,

The title compound of step 7 (66 mg, 85% yield) was prepared in a manner similar to that
described in Example 1 step 9 from (S)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-6-yl acetate and 2-chloroacetyl chloride. LC-MS (M+H) * = 393 1.
Step 8: tert-butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-((S)-7-(4-
fluorobenzyl)-6-hydroxy-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-y1)-2-
oxoethyl)-2-methylpiperazine-1-carboxylate

0

™ *Nf g‘i N:
= (\N/r \\ OH
i 1)

The compound of step 8 (80 mg, 74% yield) was prepared in a manner similar to that described
in Example 1 step 18 from (S)-1-(2-chloroacetyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-
1H-pyrido[2,3-b][1,4]oxazin-6-yl acetate and tert-butyl (2R,5S)-5-(((3R,5R)-3,5-
dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. LC-MS (M+H) * = 642 4.
Step 9: 2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-yl)-1-
((S)-7-(4-fluorobenzyl)-6-hydroxy-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-
yl)ethan-1-one (compound 81)

Compound 81 (41 mg, 60% yield) was prepared in a manner similar to that described in
Example 29 step 7 from tert-butyl (2R,55)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-
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((S)-7-(4-fluorobenzyl)-6-hydroxy-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4 ]oxazin-1-yl)-2-
oxoethyl)-2-methylpiperazine-1-carboxylate. 'H NMR (400 MHz, Chloroform-d) & 8.18 (brs, 1H),
7.29-723 (m, 2H), 7.04-6.95 (m, 2H), 4.93 (s, 1H), 4.39-4.23 (m, 3H), 3.95-3.79 (m, 2H), 3.66-
3.58 (m, 2H), 3.33-3.29 (m, 2H), 3.26-3.18 (m, 1H), 3.16-3.09 (m, 1H), 2.84-2.80 (m, 4H),
2.75-2.67 (m, 1H), 2.61-2.49 (m, 2H), 2.23-2.09 (m, 2H), 1.33-1.25 (m, 3H), 1.07-1.01 (m,
3H), 0.99-0.93 (m, 6H). LC-MS (M+H) * = 542.3.

Example 82: (S)-1-(2-((2R,5R)-2-(((S)-3-(difluoromethyl ) morpholino)methyl)-5-
methylpiperazin-1-yl)acetyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-

b][1,4]oxazine-6-carboxamide (compound 82)
F

O

S F ~
and
HNW) 0]

Step 1: tert-butyl (2R,5S)-4-(2-((S)-6-carbamoyl-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-5-(((S)-3-(difluoromethyl)morpholino)methyl)-2-

methylpiperazine-l-carboxylate

The title compound of step 1 (195 mg, 52% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-1-(2-chloroacetyl)-7-(4-fluorobenzyl)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazine-6-carboxamide and tert-butyl (2R,5S)-5-(((S)-3-
(difluoromethyl)morpholino)methyl)-2-methylpiperazine-1-carboxylate. LC-MS (M+H) ™ =
691.4.

Step 2: (S)-1-(2-((2R,5R)-2~(((S)-3-(difluoromethyl)morpholino)methyl)-5-methylpiperazin-1-
yl)acetyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-6-
carboxamide (compound 82)

Compound 82 (41 mg, 24% yield) was prepared in a manner similar to that described in

Example 29 step 7 from tert-butyl (2R,55)-4-(2-((S)-6-carbamoyl-7-(4-fluorobenzyl)-2-
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methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-oxoethyl)-5-(((S)-3-
(difluoromethyl)morpholino)methyl)-2-methylpiperazine-1-carboxylate. 'H NMR (400 MHz,
DMSO-d6) & 8.37 (brs, 1H), 7.80 (s, 1H), 7.43 (s, 1H), 7.29-7.19 (m, 2H), 7.14-7.01 (m, 2H),
6.52-6.07 (m, 1H), 4.83-4.72 (m, 1H), 4.44-4.32 (m, 2H), 4.32-4.22 (m, 2H), 4.00-3.89 (m,
1H), 3.66-3.27 (m, SH), 2.94-2.85 (m, 3H), 2.74-2.56 (m, 4H), 2.46-2.21 (m, 3H), 2.18-1.99
(m, 1H), 1.26-1.16 (m, 3H), 0.92-0.84 (m, 3H). LC-MS (M+H) * = 591.3.

Example 83: (S)-7-(2,4-difluorobenzyl)-1-(2-((2R,5R)-2-(((3R,5R)-3,5-
dimethylmorpholino)methyl)-5-methylpiperazin-1-yl)acetyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine-6-carboxamide (compound 83)

O

K
Y éix
HNj) 0] (0]

Step 1: tert-butyl (S)-7-(2,4-difluorobenzyl)-6-(hydroxymethy!)-2-methyl-2, 3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine-1-carboxylate

OH
o) N F
LI
l}l S
Boc F

The title compound of step 1 (217 mg, 96% yield) was prepared in a manner similar to that
described in Example 8 step 4 from tert-butyl (S)-6-(acetoxymethyl)-7-(2,4-difluorobenzyl)-2-
methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate. LC-MS (M+H) * = 407.0.
Step 2: (S)-1-(tert-butoxycarbonyl)-7-(2,4-difluorobenzyl)-2-methyl-2,3-dihydro- 1 H-
pyrido[2,3-b][ 1,4]oxazine-6-carboxylic acid

(@]
N
L
I}l Z
Boc F
F

The title compound of step 2 (186 mg, 86% yield) was prepared in a manner similar to that
described in Example 21 step 2 from tert-butyl (S)-7-(2,4-difluorobenzyl)-6-(hydroxymethyl)-
2-methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate. LC-MS (M+H) * = 421.2.
Step 3: tert-butyl (S)-6-carbamoyl-7-(2,4-difluorobenzyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine-1-carboxylate
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(@]
(0] N
/[ | N NH,
I}l =
Boc F
F

The title compound of step 3 (176 mg, 95% yield) was prepared in a manner similar to that
described in Example 31 step 3 from (S)-1-(tert-butoxycarbonyl)-7-(2,4-difluorobenzyl)-2-
methyl-2 3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-6-carboxylic acid and NH4Cl. LC-MS
(M+H) " =420.3.

Step 4: (S)-7-(2,4-difluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-6-

carboxamide
(0]
(0] N
£ | ~N NH2
H Z
F
F

The title compound of step 4 (60 mg, 45% yield) was prepared in a manner similar to that
described in Example 1 step 8 from tert-butyl (S)-6-carbamoyl-7-(2,4-difluorobenzyl)-2-
methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate. LC-MS (M+H) © =320.2.
Step 5: (S)-1-(2-chloroacetyl)-7-(2,4-difluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-

b][1,4]oxazine-6- carboxamlde

=

The title compound of step 5 (71 mg, 95% yield) was prepared in a manner similar to that
described in Example 1 step 9 from (S)-7-(2,4-difluorobenzyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine-6-carboxamide and 2-chloroacetyl chloride. LC-MS (M+H) * =
396.2.

Step 6: tert-butyl (2R,55)-4-(2-((S)-6-carbamoyl-7-(2,4-difluorobenzyl)-2-methyl-2,3-dihydro-
1H-pyrido[2,3-b][1,4]oxazin-1-y1)-2-oxoethyl)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-

2-methylpiperazine-1-carboxylate
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SR "at

Boc/N © 0

F
The title compound of step 6 (150 mg, 73% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-1-(2-chloroacetyl)-7-(2,4-difluorobenzyl)-2-methyl-
2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-6-carboxamide and tert-butyl (2R,5S)-5-(((3R,5R)-
3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. LC-MS (M+H) * = 687 3.
Step 7: (S)-7-(2,4-difluorobenzyl)-1-(2-((2R,5R)-2-(((3R,5R)-3,5-
dimethylmorpholino)methyl)-5-methylpiperazin-1-yl)acetyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine-6-carboxamide (compound 83)

Compound 83 (15 mg, 11% yield) was prepared in a manner similar to that described in
Example 29 step 7 from tert-butyl (2R,5S)-4-(2-((S)-6-carbamoyl-7-(2,4-difluorobenzyl)-2-
methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-3-(((3R,5R)-3,5-
dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. 'H NMR (400 MHz,
Chloroform-d) & 8.49 (brs, 1H), 7.75-7.58 (m, 1H), 7.33-7.22 (m, 2H), 6.87-6.76 (m, 2H), 5.43
(s, 1H), 5.08-5.02 (m, 1H), 4.63-4.50 (m, 2H), 4.45-4.18 (m, 3H), 3.66-3.58 (m, 2H), 3.43-3.22
(m, 3H), 3.17-3.09 (m, 1H), 2.92-2.79 (m, 4H), 2.74-2.63 (m, 2H), 2.61-2.51 (m, 1H), 2.27-
2.11 (m, 2H), 1.38-1.26 (m, 3H), 1.09-1.03 (m, 3H), 1.01-0.94 (m, 6H). LC-MS (M+H) * =
5873.

Example 84A&84B: 2-((2R,5R)-2-(((R)-3-cyclopropylmorpholino)methyl)-5-
methylpiperazin-1-yl)-1-((S)-7-(4-fluorobenzyl)-6-(hydroxymethyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-yl)ethan-1-one and 2-((2R,5R)-2-(((S)-3-
cyclopropylmorpholino)methyl)-5-methylpiperazin-1-yl)-1-((S)-7-(4-fluorobenzyl)-6-
(hydroxymethyl)-2-methyl-2 3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)ethan-1-one
(compound 84A&84B)

O O °

NN ] NOLN ~9
: N /Rl OH : N /’;J
N/Y = and N/\g/ =

HN\‘) o) HN

OH
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Step 1: tert-butyl (2R, 5S)-4-benzyl-5-((3-cyclopropylmorpholino)methyl)-2-methylpiperazine-
1-carboxylate

-

A
Ay
Boc’N\l) /\©

The title compound of step 1 (365 mg, 73% yield) was prepared in a manner similar to that
described in Example 1 step 16 from tert-butyl (2R,5R)-4-benzyl-5-(chloromethyl)-2-
methylpiperazine-1-carboxylate and 3-cyclopropylmorpholine. LC-MS (M+H) * = 430.4.
Step 2: tert-butyl (2R,5S)-5-((3-cyclopropylmorpholino)methyl)-2-methylpiperazine-1-

carboxylate

O

A
- NH

_N
Boc \‘)

The title compound of step 2 (260 mg, crude) was prepared in a manner similar to that
described in Example 1 step 17 from tert-butyl (2R,55)-4-benzyl-5-((3-
cyclopropylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. LC-MS (M+H) © = 340.3.
Step 3: tert-butyl (2R,5S)-4-(2-((S)-6-(acetoxymethyl)-7-(4-fluorobenzyl)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-5-((3-cyclopropylmorpholino)methyl)-

2-methylpiperazine-1-carboxylate

o]

%

N/r\\l OAc

The title compound of step 3 (400 mg, 66% for 2 steps) was prepared in a manner similar to
that described in Example 1 step 18 from (S)-(1-(2-chloroacetyl)-7-(4-fluorobenzyl)-2-methyl-
2,3-dihydro-1H-pyrido[2,3-b][1,4]Joxazin-6-yl)methyl acetate and tert-butyl (2R,5S)-5-((3-
cyclopropylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. LC-MS (M+H) © = 710.3.

206



10

15

20

25

30

WO 2021/244608 PCT/CN2021/098123

Step 4: tert-butyl (2R,5S)-5-((3-cyclopropylmorpholino)methyl)-4-(2-((S)-7-(4-fluorobenzyl)-
6-(hydroxymethyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-2-

methylpiperazine-1-carboxylate

The title compound of step 4 (300 mg, 80% yield) was prepared in a manner similar to that
described in Example 8 step 4 from tert-butyl (2R,5S)-4-(2-((S)-6-(acetoxymethyl)-7-(4-
fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-oxoethyl)-5-((3-
cyclopropylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. LC-MS (M+H) © = 668.5.
Step 5: 2-((2R,5R)-2-(((R)-3-cyclopropylmorpholino)methyl)-5-methylpiperazin-1-y1)-1-((S)-
7-(4-fluorobenzyl)-6-(hydroxymethyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-
ylethan-1-one and 2-((2R,5R)-2-(((S)-3-cyclopropylmorpholino)methyl)-5-methylpiperazin-1-
y1)-1-((S)-7-(4-fluorobenzyl)-6-(hy droxymethyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)ethan-1-one (compound 84A&84B)

Compound 84A&84B mixture was prepared in a manner similar to that described in Example
29 step 7 from tert-butyl (2R,5S)-5-((3-cyclopropylmorpholino)methyl)-4-(2-((S)-7-(4-
fluorobenzyl)-6-(hydroxymethyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-y1)-2-
oxoethyl)-2-methylpiperazine- 1-carboxylate. The mixture of isomers was furtherly purified by
chiral HPLC to afford diastereomeric pure 84A&84B. The analytical chiral HPLC conditions
were as follows: CHIRALPAK ID-3, 0.46 x 5 cm, 3.0 um. Mobile phase: (Hex : DCM =3 :
1)(0.5% 2M NH3-MeOH) : IPA, 1 mL/min in 9 min.

Example 84A (21 mg, 11% yield): "H NMR (400 MHz, Chloroform-d) § 8.45 (brs, 1H), 7.16-
7.08 (m, 2H), 7.05-6.95 (m, 2H), 5.05 (s, 1H), 4.67-4.46 (m, 3H), 4.43-4.29 (m, 2H), 3.93-3.83
(m, 3H), 3.82-3.69 (m, 2H), 3.57-3.41 (m, 2H), 3.38-3.29 (m, 2H), 3.06-2.99 (m, 1H), 2.95-
2.88 (m, 2H), 2.79-2.71 (m, 2H), 2.69-2.58 (m, 1H), 2.29-2.19 (m, 1H), 2.14-2.04 (m, 1H),
1.96-1.88 (m, 1H), 1.33-1.25 (m, 4H), 1.11-1.04 (m, 3H), 0.72-0.68 (m, 1H), 0.51-0.47 (m,
2H), 0.34-0.26 (m, 1H), 0.13-0.08 (m, 1H). LC-MS (M+H) * = 568.3. Chiral HPLC: tR = 1.813
min.

Example 84B (22 mg, 11% yield): "H NMR (400 MHz, Chloroform-d) & 8.43 (brs, 1H), 7.17-
7.08 (m, 2H), 7.05-6.95 (m, 2H), 5.02 (s, 1H), 4.67-4.51 (m, 2H), 4.45-4.24 (m, 2H), 4.06-3.98
(m, 2H), 3.87-3.83 (m, 2H), 3.82-3.70 (m, 2H), 3.62-3.52 (m, 1H), 3.44-3.35 (m, 2H), 3.13-
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3.08 (m, 2H), 2.82-2.74 (m, 3H), 2.60-2.52 (m, 2H), 2.37-2.32 (m, 1H), 2.21-2.15 (m, 2H),
1.37-1.32 (m, 4H), 1.10-1.04 (m, 3H), 0.69-0.58 (m, 1H), 0.56-0.35 (m, 2H), 0.17-0.03 (m,
2H). LC-MS (M+H) ™= 568.3. Chiral HPLC: {R = 2.367 min.

Example 85: 2-((2R,5R)-2-(((185,4S)-2-oxa-5-azabicyclo[2.2.1]heptan-5-yl)methyl)-5-
methylpiperazin-1-yl)-1-((S)-7-(4-fluorobenzyl)-6-(hydroxymethyl)-2-methyl-2,3-dihydro-1H-

pyrido[2,3-b][1,4]oxazin-1-yl)ethan-1-one (compound 85)
oty

: N— \ OH
N _—
(\ /\([)]/

HN\K
F

Step 1: tert-butyl (2R,5S)-5-(((1S,4S)-2-oxa-5-azabicyclo[2.2.1]heptan-5-yl)methyl)-4-benzyl-

2-methylpiperazine-1-carboxylate
oty
N

N

N
Boc/N \‘)

The title compound of step 1 (335 mg, 58% yield) was prepared in a manner similar to that
described in Example 1 step 16 from tert-butyl (2R, 5R)-4-benzyl-5-(chloromethyl)-2-
methylpiperazine-1-carboxylate and (18S,4S)-2-oxa-5-azabicyclo[2.2.1]heptane hydrochloride.
LC-MS (M+H) " =402.2.

Step 2: tert-butyl (2R,5S5)-5-(((1S,4S)-2-0xa-5-azabicyclo[2.2.1]heptan-5-y])methyl)-2-
methylpiperazine-1-carboxylate

M

NS
(:\NH

N
Boc” \ﬁ

The title compound of step 2 (200 mg, crude) was prepared in a manner similar to that
described in Example 1 step 17 from tert-butyl (2R,5S)-5-(((1S,45)-2-oxa-5-
azabicyclo[2.2.1]heptan-5-yl)methyl)-4-benzyl-2-methylpiperazine-1-carboxylate. LC-MS
(M+H) " =312.2.

Step 3: tert-butyl (2R,5S)-5-(((18S,4S)-2-oxa-5-azabicyclo[2.2.1]heptan-5-yl)methyl)-4-(2-((S)-
6-(acetoxymethyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-
yl)-2-oxoethyl)-2-methylpiperazine-1-carboxylate
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The title compound of step 3 (270 mg, 47% yield for 2 steps) was prepared in a manner similar

OAC

F

to that described in Example 1 step 18 from (S)-(1-(2-chloroacetyl)-7-(4-fluorobenzyl)-2-
methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-6-yl)methyl acetate and tert-butyl (2R,5S)-5-
(((18,45)-2-oxa-5-azabicyclo[2.2.1]heptan-5-yl)methyl)-2-methylpiperazine-1-carboxylate.
LC-MS (M+H) * = 682.4.

Step 4: tert-butyl (2R,5S5)-5-(((1S,4S)-2-oxa-5-azabicyclo[2.2.1]heptan-5-y])methyl)-4-(2-((S)-
7-(4-fluorobenzyl)-6-(hydroxymethyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-
yl)-2-oxoethyl)-2-methylpiperazine-1-carboxylate

™

K/N\_ \(\O
Ay
Boc’N\‘) ©
F

The title compound of step 4 (335 mg, 58% yield) was prepared in a manner similar to that
described in Example 8 step 4 from tert-butyl (2R,5S)-5-(((1S,4S)-2-oxa-5-
azabicyclo[2.2.1]heptan-5-yl)methyl)-4-(2-((S)-6-(acetoxymethyl)-7-(4-fluorobenzyl)-2-
methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-oxoethyl)-2-methylpiperazine-1-
carboxylate. LC-MS (M+H) * = 640.4.

Step 5: 2-((2R,5R)-2-(((18,4S)-2-oxa-5-azabicyclo[2.2.1]heptan-5-yl)methyl)-5-
methylpiperazin-1-yl)-1-((S)-7-(4-fluorobenzyl)-6-(hydroxymethyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-yl)ethan-1-one (compound 85)

Compound 85 (38 mg, 34% yield) was prepared in a manner similar to that described in
Example 29 step 7 from tert-butyl (2R,5S5)-5-(((18S,45)-2-oxa-5-azabicyclo[2.2.1]heptan-5-
yDmethyl)-4-(2-((S)-7-(4-fluorobenzyl)-6-(hydroxymethyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methylpiperazine-1-carboxylate. 'H NMR (400
MHz, DMSO-ds) 6 8.19 (brs, 1 H), 7.26-7.17 (m, 2 H), 7.17-7.07 (m, 2 H), 5.11-5.04 (m, 1 H),
4.79-4.75 (m, 1 H), 4.50-4.36 (m, 2 H), 4.36-4.28 (m, 1 H), 4.26-4.16 (m, 2 H), 4.00-3.92 (m, 3
H), 3.73 (s, 1 H), 3.43-3.34 (m, 3 H), 2.90-2.82 (m, 1 H), 2.75-2.63 (m, 2 H), 2.62-2.52 (m, 2
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H), 2.35-2.15 (m, S H), 1.55-1.47 (m, 1 H), 1.40-1.34 (m, 1 H), 1.14 (d, J= 6.7 Hz, 3 H), 0.86
(d, J=6.2 Hz, 3 H). LC-MS (M+H) " = 540.3.

Example 86: 2-((2R,5R)-2-((3-oxa-8-azabicyclo[3.2.1]octan-8-yl)methyl)-5-methylpiperazin-
1-y1)-1-((S)-7-(4-fluorobenzyl)-6-(hydroxymethyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-

b][1,4]oxazin-1-yl)ethan-1-one (compound 86)

O

N Q

: N—7 N oH
N S
(\/\[o(

HN\H
F

Step 1: tert-butyl (2R,5S)-5-((3-oxa-8-azabicyclo[3.2.1]octan-8-yl)methyl)-4-benzyl-2-
methylpiperazine-1-carboxylate

O
N

2,
AU

The title compound of step 1 (413 mg, 70% yield) was prepared in a manner similar to that
described in Example 1 step 16 from tert-butyl (2R,5R)-4-benzyl-5-(chloromethyl)-2-
methylpiperazine-1-carboxylate and 3-oxa-8-azabicyclo[3.2.1]octane hydrochloride. LC-MS
(M+H) " =416.3.

Step 2: tert-butyl (2R,5S)-5-((3-oxa-8-azabicyclo[3.2.1]octan-8-yl)methyl)-2-

methylpiperazine-1-carboxylate

0
NS
" NH
_N
Boc

The title compound of step 2 (250 mg, crude) was prepared in a manner similar to that
described in Example 1 step 17 from tert-butyl (2R,5S)-5-((3-oxa-8-azabicyclo[3.2.1]octan-8-
yl)methyl)-4-benzyl-2-methylpiperazine-1-carboxylate. LC-MS (M+H) ©=326.2.

Step 3: tert-butyl (2R,5S)-5-((3-oxa-8-azabicyclo[3.2.1]octan-8-yl)methyl)-4-(2-((S)-6-
(acetoxymethyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-y1)-
2-oxoethyl)-2-methylpiperazine-1-carboxylate
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N/ril OAc

The title compound of step 3 (257 mg, 37% yield for 2 steps) was prepared in a manner similar
to that described in Example 1 step 18 from (S)-(1-(2-chloroacetyl)-7-(4-fluorobenzyl)-2-
methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-6-yl)methyl acetate and tert-butyl (2R,5S)-5-
((3-oxa-8-azabicyclo[3.2.1]octan-8-yl)methyl)-2-methylpiperazine-1-carboxylate. LC-MS
(M+H) * = 696.5.

Step 4: tert-butyl (2R,5S)-5-((3-oxa-8-azabicyclo[3.2.1]octan-8-yl)methyl)-4-(2-((S)-7-(4-
fluorobenzyl)-6-(hydroxymethyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-

oxoethyl)-2-methylpiperazine-1-carboxylate

@

s~ 3
: N—Z N oH
Ay
Boc/N\‘) ©
F

The title compound of step 4 (110 mg, 75% yield) was prepared in a manner similar to that
described in Example 8 step 4 from tert-butyl (2R,55)-5-((3-oxa-8-azabicyclo[3.2.1]octan-8-
yDmethyl)-4-(2-((S)-6-(acetoxymethyl)-7-(4-fluorobenzyl)-2-methyl-2 3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methylpiperazine-1-carboxylate. LC-MS (M+H)
*=6544.

Step 5: 2-((2R,5R)-2-((3-oxa-8-azabicyclo[3.2.1]octan-8-yl)methyl)-5-methylpiperazin-1-yl)-
1-((S)-7-(4-fluorobenzyl)-6-(hydroxymethyl)-2-methyl-2,3-dihydro- 1H-pyrido[2,3-
b][1,4]oxazin-1-yl)ethan-1-one (compound 86)

Compound 86 (50 mg, 53% yield) was prepared in a manner similar to that described in
Example 29 step 7 from tert-butyl (2R,5S)-5-((3-oxa-8-azabicyclo[3.2.1]octan-8-yl)methyl)-4-
(2-((S)-7-(4-fluorobenzyl)-6-(hydroxymethyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methylpiperazine-1-carboxylate. NMR (400 MHz, DMSO-
ds) & 8.15 (brs, 1 H), 7.25-7.16 (m, 2 H), 7.16-7.07 (m, 2 H), 5.10-5.06 (m, 1 H), 4.77-4.71 (m,
1 H), 4.48-4.38 (m, 2 H), 4.37-4.30 (m, 1 H), 4.23-4.15 (m, 1 H), 4.03-3.95 (m, 3 H), 3.46-3.35
(m, 3 H), 3.33-3.23 (m, 2 H), 3.06-2.98 (m, 1 H), 2.96-2.84 (m, 2 H), 2.65-2.56 (m, 2 H), 2.43-
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2.36 (m, 2 H), 2.33-2.23 (m, 1 H), 2.11-2.01 (m, 1 H), 1.98-1.88 (m, 1 H), 1.74-1.58 (m, 4 H),
1.17(d, J= 6.7 Hz, 3 H), 0.88 (d, /= 6.1 Hz, 3 H). LC-MS (M+H) * = 554 4.

Example 87: 2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-
y)-1-((S)-6-ethoxy-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-
yl)ethan-1-one (compound 87)

X

N 0
T3 \N(/“\‘ —
Ay Lo
HN\‘) o)
F

Step 1: tert-butyl (S)-7-(4-fluorobenzyl)-6-hydroxy-2-methyl-2,3-dihydro-1H-pyrido[2,3-

b][1,4]oxazine-1-carboxylate

O N OH F
LY

N =

Boc
The title compound of step 1 (880 mg, 80% yield) was prepared in a manner similar to that
described in Example 8 step 4 from tert-butyl (S)-6-acetoxy-7-(4-fluorobenzyl)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate. LC-MS (M+H) ©=375.2.

Step 2: tert-butyl (S)-6-ethoxy-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-

b][1,4]oxazine-1-carboxylate

O Ny O( F
LY

Boc
To a solution of tert-butyl (S)-7-(4-fluorobenzyl)-6-hydroxy-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine-1-carboxylate (0.5 g, 1.34 mmol) and ethyl iodide (1.2 g, 7.63
mmol) in CHCI3 (10 mL) were added Ag2COs3 (420 mg, 1.53 mmol) at room temperature. The
resulting mixture was stirred for 3 h at 70 °C under nitrogen atmosphere. When the reaction
was done, the mixture was allowed to cool down to room temperature. The resulting mixture
was filtered, the filter cake was washed with CH2Cl2 (10 mL x 3). The filtrate was concentrated
under reduced pressure. The residue was purified by silica gel column chromatography (PE :
EtOAc =3 : 1) toyield the title compound (400 mg, 74% yield). LC-MS (M+H) "= 403.2,
Step 3: (S)-6-ethoxy-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]Joxazine
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The title compound of step 3 (350 mg, 71% yield) was prepared in a manner similar to that
described in Example 1 step 8 from tert-butyl (S)-6-ethoxy-7-(4-fluorobenzyl)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate. LC-MS (M+H) *=303.1.

Step 4: (S)-2-chloro-1-(6-ethoxy-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)ethan-1-one

g
/[NI;(/@/
oK,

The title compound of step 4 (350 mg, 79% yield) was prepared in a manner similar to that
described in Example 1 step 9 from (S)-6-ethoxy-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine and 2-chloroacetyl chloride. LC-MS (M+H) © =379.1.

Step 5: tert-butyl (2R,55)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-((S)-6-ethoxy-7-
(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-oxoethyl)-2-
methylpiperazine-1-carboxylate

O

SN ~T3

E N—?
\O/\

The title compound of step 5 (287 mg, 54% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-2-chloro-1-(6-ethoxy-7-(4-fluorobenzyl)-2-methyl-
2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)ethan-1-one and tert-butyl (2R,5S)-5-(((3R,5R)-
3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. LC-MS (M+H) * = 670.5.
Step 6: 2-((2R,S5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5S-methylpiperazin-1-y1)-1-
((S)-6-ethoxy-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4 ]oxazin-1-
yl)ethan-1-one (compound 87)

Compound 87 (54 mg, 22% yield) was prepared in a manner similar to that described in
Example 29 step 7 from tert-butyl (2R,55)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-
((S)-6-ethoxy-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4 ]oxazin-1-yl)-2-
oxoethyl)-2-methylpiperazine-1-carboxylate. '"H NMR (300 MHz, Chloroform-d) & 8.15 (brs, 1
H), 7.14-7.04 (m, 2 H), 6.91-6.79 (m, 2 H), 4.82 (s, 1 H), 4.30-4.05 (m, 5 H), 3.79-3.62 (m, 2
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H), 3.56-3.45 (m, 2 H), 3.22-3.05 (m, 3 H), 3.03-2.94 (m, 1 H), 2.74-2.57 (m, S H), 2.44 (s, 2
H), 2.09-1.96 (m, 2 H), 1.28-1.13 (m, 6 H), 0.94-0.77 (m, 9 H). LC-MS (M+H) * = 570.5.
Example 88: (S)-1-(2-((2R,5R)-2-((7-oxa-4-azaspiro[2.5]octan-4-yl)methyl)-5-
methylpiperazin-1-yl)acetyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazine-6-carboxamide (compound 88)

o)

LN
Hf “Y

wé

||I/

Step 1: tert-butyl (2R,5S)—S—((7—oxa—4—azaspiro[2‘5]octan—4-y1)methy1)-4-(2—((S)—6-carbamoyl-
7-(4-fluorobenzyl)-2-methyl-2,3-dihydro- 1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-oxoethyl)-2-
methylpiperazine 1-carboxylate

O

\

N

: Y
/N])

The title compound of step 1 (476 mg, 97% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-1-(2-chloroacetyl)-7-(4-fluorobenzyl)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-6-carboxamide and tert-butyl (2R,5S)-5-((7-oxa-4-
azaspiro[2.5]octan-4-yl)methyl)-2-methylpiperazine-1-carboxylate. LC-MS (M+H) * = 667 4.
Step 2: (S)-1-(2-((2R,5R)-2-((7-oxa-4-azaspiro[2.5]octan-4-yl )methyl)-5-methylpiperazin-1-
ylacetyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-6-
carboxamide (compound 88)

Compound 88 (52 mg, 12% yield) was prepared in a manner similar to that described in
Example 29 step 7 from tert-butyl (2R,5S)-5-((7-oxa-4-azaspiro[2.5]octan-4-yl)methyl)-4-(2-
((S)-6-carbamoyl-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-y1)-
2-oxoethyl)-2-methylpiperazine-1-carboxylate. 'H NMR (400 MHz, Chloroform-d) & 8.47 (brs,
1 H), 7.68-7.62 (m, 1 H), 7.29-7.20 (m, 2 H), 7.02-6.92 (m, 2 H), 5.49-5.44 (m, 1 H), 4.99-4.93
(m, 1 H), 4.54 (s, 2 H), 4.43-4.36 (m, 1 H), 4.34-4.26 (m, 1 H), 4.19-4.11 (m, 1 H), 3.74-3.60
(m, 2 H), 3.45-3.33 (m, 2 H), 3.21-3.13 (m, 1H), 3.09-3.01 (m, 1 H), 2.94-2.76 (m, 4 H), 2.74-
2.66 (m, 1 H), 2.55-2.46 (m, 1 H), 2.46-2.37 (m, 2 H), 2.17-2.07 (m, 1 H), 1.34 (d, ] = 6.8 Hz,

214



WO 2021/244608 PCT/CN2021/098123

3H), 1.02 (d, /= 6.2 Hz, 3 H), 0.64-0.56 (m, 2 H), 0.54-0.42 (m, 2 H). LC-MS (M + H) * =
567.3.
Example 89: 2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-
y1)-1-((S)-7-(4-fluorobenzyl )-6-(2-methoxyethoxy)-2-methyl-2,3-dihydro-1H-pyrido[2,3-

5 b][1,4]oxazin-1-yl)ethan-1-one (compound 89)
o)

Ny LT
f o

HN

F
Step 1: tert-butyl (S)-7-(4-fluorobenzyl)-6-(2-methoxyethoxy)-2-methyl-2,3-dihydro-1H-

pyrido[2,3-b][1,4]oxazine-1-carboxylate
-
O

o} N\ OH F
jesde

Boc

10 The title compound of step 1 (190 mg, 66% yield) was prepared in a manner similar to that

described in Example 87 step 2 from tert-butyl (S)-7-(4-fluorobenzyl)-6-hydroxy-2-methyl-
2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate and 2-bromoethyl methyl ether. LC-
MS (M + H) * = 433.2.
Step 2: (S)-7-(4-fluorobenzyl)-6-(2-methoxyethoxy)-2-methyl-2,3-dihydro-1H-pyrido[2,3-

15  b][1,4]Joxazine
o

a

The title compound of step 2 (110 mg, 75% yield) was prepared in a manner similar to that
described in Example 1 step 8 from tert-butyl (S)-7-(4-fluorobenzyl)-6-(2-methoxyethoxy)-2-
methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate. LC-MS (M + H) " =333 1.

20 Step 3: (S)-2-chloro-1-(7-(4-fluorobenzyl)-6-(2-methoxyethoxy)-2-methyl-2,3-dihydro- 1 H-
pyrido[2,3-b][1,4]oxazin-1-yl)ethan-1-one
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The title compound of step 3 (110 mg, 73% yield) was prepared in a manner similar to that
described in Example 1 step 9 from (S)-7-(4-fluorobenzyl)-6-(2-methoxyethoxy)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazine and 2-chloroacetyl chloride. LC-MS (M + H) * = 409.1.
Step 4: tert-butyl (2R,5S)-5-((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-((S)-7-(4-
fluorobenzyl)-6-(2-methoxyethoxy)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)-
2-oxoethyl)-2-methylpiperazine-1-carboxylate

The title compound of step 4 (70 mg, 37% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-2-chloro-1-(7-(4-fluorobenzyl)-6-(2-methoxyethoxy)-
2-methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)ethan-1-one and tert-butyl (2R,5S)-5-
(((3R,3R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. LC-MS (M +
H) * = 700.4.

Step 5: 2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-yl)-1-
((S)-7-(4-fluorobenzyl)-6-(2-methoxyethoxy)-2-methyl-2,3-dihydro- 1H-pyrido[2,3-
b][1,4]oxazin-1-yl)ethan-1-one (compound 89)

Compound 89 (14 mg, 23% yield) was prepared in a manner similar to that described in
Example 29 step 7 from tert-butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-
((S)-7-(4-fluorobenzyl)-6-(2-methoxyethoxy)-2-methyl-2,3-dihydro- 1H-pyrido[2,3-
b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methylpiperazine-1-carboxylate. 'H NMR (300 MHz,
DMSO-ds) 6 8.10 (brs, 1 H), 7.31-7.20 (m, 2 H), 7.16-7.02 (m, 2 H), 4.71 (s, 1 H), 4.36-4.26
(m, 3 H), 4.23-4.13 (m, 1 H), 3.94-3.83 (m, 1 H), 3.77 (s, 2 H), 3.67-3.58 (m, 2 H), 3.53-3 .44
(m, 2 H), 3.44-3.35 (m, 1 H), 3.29 (s, 3 H), 3.20-3.09 (m, 2 H), 3.01-2.91 (m, 1 H), 2.83-2.77
(m, 1 H), 2.72-2.66 (m, 2 H), 2.63-2.53 (m, 2 H), 2.48- 2.43 (m, 1 H), 2.33-2.20 (m, 1 H), 2.16-
2.03 (m, 1 H), 2.03-1.92 (m, 1 H), 1.21-1.13 (m, 3 H), 0.91-0.81 (m, 9 H). LC-MS (M+H) * =
600.5.
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Example 90: 2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-
yD)-1-((S)-7-(4-fluorobenzyl)-2-methyl-6-(2-morpholinoethoxy)-2,3-dihydro-1H-pyrido[2,3-

b][1,4]oxazin-1-yl)ethan-1-one (compound 90)
O

04 :
S~ (O
R Tl

N

Step 1: tert-butyl (S)-7-(4-fluorobenzyl)-2-methyl-6-(2-morpholinoethoxy)-2,3-dihydro-1H-

||I/

pyrido[2,3-b][1,4]oxazine-1-carboxylate

$
O_N C’)) F
jesde

The title compound of step 1 (410 mg, 79% yield) was prepared in a manner similar to that
described in Example 87 step 2 from tert-butyl (S)-7-(4-fluorobenzyl)-6-hydroxy-2-methyl-
2,3-dihydro-1H-pyrido[2,3-b][ 1,4]Joxazine-1-carboxylate and 4-(2-bromoethyl)morpholine.
LC-MS (M+H) * = 488.2.

Step 2: (S)-7-(4-fluorobenzyl)-2-methyl-6-(2-morpholinoethoxy)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazine

®
O_N OH F
Jevdss

The title compound of step 2 (300 mg, 92% yield) was prepared in a manner similar to that
described in Example 1 step 8 from tert-butyl (S)-7-(4-fluorobenzyl)-2-methyl-6-(2-
morpholinoethoxy)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-1-carboxylate. LC-MS (M+H) *
=388.1.

Step 3: (S)-2-chloro-1-(7-(4-fluorobenzyl)-2-methyl-6-(2-morpholinoethoxy)-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-yl)ethan-1-one
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The title compound of step 3 (300 mg, 83% yield) was prepared in a manner similar to that
described in Example 1 step 9 from (S)-7-(4-fluorobenzyl)-2-methyl-6-(2-morpholinoethoxy)-
2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine and 2-chloroacetyl chloride. LC-MS (M+H) * =
464.2.
Step 4: tert-butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-((S)-7-(4-
fluorobenzyl)-2-methyl-6-(2-morpholinoethoxy)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-
yl)-2-oxoethyl)-2-methylpiperazine-1-carboxylate

e

N

o

The title compound of step 4 (120 mg, 52% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-2-chloro-1-(7-(4-fluorobenzyl)-2-methyl-6-(2-
morpholinoethoxy)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)ethan-1-one and tert-butyl
(2R,55)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. LC-
MS (M+H) * = 755.4.

Step 5: 2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)ymethyl)-5-methylpiperazin-1-yl)-1-
((S)-7-(4-fluorobenzyl)-2-methyl-6-(2-morpholinoethoxy)-2,3-dihydro- 1H-pyrido[2,3-

/

b][1,4]oxazin-1-yl)ethan-1-one (compound 90)

Compound 90 (48 mg, 46% yield) was prepared in a manner similar to that described in
Example 29 step 7 from tert-butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-
((S)-7-(4-fluorobenzyl)-2-methyl-6-(2-morpholinoethoxy)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methylpiperazine- 1-carboxylate. 'H NMR (300 MHz,
DMSO-ds) 6 8.11 (brs, 1 H), 7.28-7.17 (m, 2 H), 7.16-7.03 (m, 2 H), 4.74-4.68 (m, 1 H), 4.37-
424 (m, 3 H), 4.23-4.13 (m, 1 H), 3.95-3.84 (m, 1 H), 3.77 (s, 2 H), 3.57-3.30 (m, 7 H), 3.21-
3.10 (m, 2 H), 3.01-2.90 (m, 1 H), 2.85-2.68 (m, 3 H), 2.67-2.60 (m, 3 H), 2.59-2.54 (m, 1 H),
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2.49-2.44 (m, 1 H), 2.43-2.35 (m, 4 H), 2.34-2.20 (m, 1 H), 2.16-2.02 (m, 1 H), 2.02-1.91 (m, 1
H), 1.27-1.13 (m, 3 H), 0.91-0.82 (m, 9 H). LC-MS (M+H) "= 655 4.

Example 91A&B: 1-((S)-7-(4-fluorobenzyl)-6-(hydroxymethyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-y1)-2-((2R,5R)-5-methyl-2-(((S)-3-
(trifluoromethyl)morpholino)methyl)piperazin-1-yl)ethan-1-one and 1-((S)-7-(4-fluorobenzyl)-
6-(hydroxymethyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-y])-2-((2R,5R)-5-
methyl-2-(((R)-3-(trifluoromethyl)morpholino)methyl)piperazin-1-yl)ethan-1-one (compound

91A&91B)
o CF3 \CF3

by

Step 1: tert-butyl (2R, 5R)-4-(2-((S)-6-(acetoxymethyl)-7-(4-flucrobenzyl)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-5-(hydroxymethyl)-2-

methylpiperazine-1-carboxylate

HOL =~
: N—? N OAC
(\N/\[( \\
’N]) o
Boc
F

The title compound of step 1 (911 mg, 98% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-(1-(2-chloroacetyl)-7-(4-fluorobenzyl)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazin-6-yl)methyl acetate and tert-butyl (2R,5R)-5-
(hydroxymethyl)-2-methylpiperazine-1-carboxylate. LC-MS (M+H) * = 601.4.

Step 2: tert-butyl (2R,5R)-4-(2-((S)-6-(acetoxymethyl)-7-(4-fluorobenzyl)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-5-(chloromethyl)-2-methylpiperazine-

1-carboxylate

Cl \(\O
: N—7 N OAc
\
(\NY —
BOC/N\H o g/
F
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The title compound of step 2 (670 mg, 71% yield) was prepared in a manner similar to that
described in Example 1 step 15 from tert-butyl (2R,5R)-4-(2-((S)-6-(acetoxymethyl)-7-(4-
fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-oxoethyl)-5-
(hydroxymethyl)-2-methylpiperazine-1-carboxylate. LC-MS (M+H) * = 619.3.

Step 3: tert-butyl (2R,5S)-4-(2-((S)-6-(acetoxymethyl)-7-(4-fluorobenzyl)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methyl-5-((3-

(trifluoromethyl)morpholino)methyl)piperazine-1-carboxylate

o ~3
N~ N oA
N/\“/ —

The title compound of step 3 (23 mg, 6% yield) was prepared in a manner similar to that
described in Example 1 step 16 from tert-butyl (2R,5R)-4-(2-((S)-6-(acetoxymethyl)-7-(4-
fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-oxoethyl)-5-
(chloromethyl)-2-methylpiperazine-1-carboxylate and 3-(trifluoromethyl)morpholine
hydrochloride. LC-MS (M+H) * =738 4.

Step 4: tert-butyl (2R,55)-4-(2-((S)-7-(4-fluorobenzyl)-6-(hydroxymethyl)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methyl-5-((3-

(trifluoromethyl)morpholino)methyl)piperazine-1-carboxylate

O/\rCF3
N (@]
{/T OH
Ayt

an/

The title compound of step 4 (16 mg, 75% yield) was prepared in a manner similar to that
described in Example 8 step 4 from tert-butyl (2R,5S)-4-(2-((S)-6-(acetoxymethyl)-7-(4-
fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-oxoethyl)-2-methyl-
5-((3-(trifluoromethyl ymorpholino)methyl)piperazine-1-carboxylate. LC-MS (M+H) * = 696 4.
Step 5: 1-((S)-7-(4-fluorcbenzyl)-6-(hydroxymethyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)-2-((2R,5R)-5-methyl-2-(((S)-3-
(trifluoromethyl)morpholino)methyl)piperazin-1-yl)ethan-1-one and 1-((S)-7-(4-fluorobenzyl)-
6-(hydroxymethyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-y1)-2-((2R,5R)-5-
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methyl-2-(((R)-3-(trifluoromethyl)morpholino)methyl)piperazin-1-yl)ethan-1-one (compound
91A&91B)

Compound 91A&91B mixture was prepared in a manner similar to that described in Example
29 step 7 from tert-butyl (2R,5S)-4-(2-((S)-7-(4-fluorobenzyl)-6-(hydroxymethyl)-2-methyl-
2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-oxoethyl)-2-methyl-5-((3-
(trifluoromethyl)morpholino)methyl)piperazine-1-carboxylate. The isomer mixture was
furtherly purified by chiral-HPLC to afford the diastereomeric pure 91A&91B with the
following conditions: Column, XBridge Prep OBD C18 Column, 19*250 mm, Sum; mobile
phase, Water (10 mmol/L NHsHCOs3+0.1% NH3H20) and ACN (20% up to 50% in 8 min);
Detector, UV 254 nm.

Compound 91A (6 mg, 52% yield): 'H NMR (400 MHz, Chloroform-d) & 8.47 (brs, 1 H), 7.16-
7.08 (m, 2 H), 7.05-6.95 (m, 2 H), 4.91-4.87 (m, 1 H), 4.66-4.52 (m, 2 H), 4.44-4.36 (m, 1 H),
4.35-4.27 (m, 1 H), 4.04-3.92 (m, 2 H), 3.84 (s, 2 H), 3.80-3.72 (m, 2 H), 3.66-3.56 (m, 1 H),
3.24-3.17 (m, 2 H), 3.09-3.04 (m, 3 H), 2.87-2.83 (m, 1 H), 2.80-2.72 (m, 1 H), 2.63-2.37 (m, 5
H), 2.23-2.13 (m, 1 H), 1.36-1.30 (m, 3 H), 1.05 (d, /= 6.3 Hz, 3 H). LC-MS (M+H) * = 596 3.
Chiral HPLC: tR = 1.060 min.

Compound 91B (2 mg, 12% yield): '"H NMR (400 MHz, Chloroform-d) & 8.47 (brs, 1 H),7.15-
7.07 (m, 2 H), 7.05-6.96 (m, 2 H), 4.66-4.51 (m, 2 H), 4.43-4.30 (m, 2 H), 4.08-3.94 (m, 1 H),
3.86 (s, 2 H), 3.81-3.64 (m, 3 H), 3.61-3.50 (m, 3 H), 3.30-3.19 (m, 2 H), 3.18-3.09 (m, 3 H),
3.08-2.72 (m, 5 H), 2.64-2.57 (m, 1 H), 2.50-2.43 (m, 1 H), 1.32 (s, 3 H), 1.07(d, /=63 Hz, 3
H). LC-MS (M+H) * = 596.2. Chiral HPLC: {R = 1.173 min.

Example 92: 2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-
y1)-1-((S)-7-(4-fluorobenzyl)-2-methyl-6-(morpholinomethyl)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)ethan-1-one (compound 92)

Step 1: benzyl (S)-7-(4-fluorobenzyl)-2-methyl-6-(morpholinomethyl)-2,3-dihydro- 1H-
pyrido[2,3-b][1,4]oxazine-1-carboxylate

221



10

15

20

25

WO 2021/244608 PCT/CN2021/098123

O.__N
/[ | N N /j)
I}l =
Cbz
F

To a solution of benzyl (S)-7-(4-fluorobenzyl)-6-formyl-2-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazine-1-carboxylate (550 mg, 1.31 mmol) and morpholine (227 mg, 2.62 mmol) in
MeOH (22 mL) was added NaBH3CN (411 mg, 6.54 mmol) in portions at room temperature.
The resulting mixture was stirred for 2 h at room temperature. When the reaction was done, the
reaction was then quenched by the addition of sat. NaHCO3 at room temperature. The resulting
mixture was extracted with DCM (40 mL x 2). The organic phases were combined, washed
with brine and dried over Na2SO4. The resulting mixture was concentrated under reduced
pressure. The residue was purified by silica gel column chromatography (DCM : EtOAc =1 :
1) yield the title compound (225 mg, 35% yield). LC-MS (M+H) " =492.3.

Step 2: (S)-7-(4-fluorobenzyl)-2-methyl-6-(morpholinomethyl)-2,3-dihydro- 1H-pyrido[2,3-

b][1,4]oxazine

/Eléo

To a solution of benzyl (S)-7-(4-fluorobenzyl)-2-methyl-6-(morpholinomethyl)-2,3-dihydro-
1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate (225 mg, 0.46 mmol) in DCM (10 mL) was added
BCl3 in DCM (5 mL, 5 mmol, 1M) in portions at 0 °C under nitrogen atmosphere. The
resulting mixture was stirred for 1 h at room temperature under nitrogen atmosphere. When the
reaction was done, the reaction was then quenched by the addition of sat. NaHCO3 at room
temperature. The resulting mixture was extracted with DCM (40 mL x 2). The organic phases
were combined, washed with brine and dried over Na2SQOa. The resulting mixture was
concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (DCM : MeOH = 10 : 1) to yield the title compound (150 mg, 89% yield).
LC-MS (M+H) * =358.3

Step 3: (S)-2-chloro-1-(7-(4-fluorobenzyl)-2-methyl-6-(morpholinomethyl)-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-yl)ethan-1-one
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The title compound of step 3 (112 mg, 61% yield) was prepared in a manner similar to that
described in Example 1 step 9 from (S)-7-(4-fluorobenzyl)-2-methyl-6-(morpholinomethyl)-
2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine and 2-chloroacetyl chloride. LC-MS (M+H) * =
4342,

Step 4: tert-butyl (2R,5S)-5-((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-((S)-7-(4-
fluorobenzyl)-2-methyl-6-(morpholinomethyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)-

2-oxoethyl)-2-methylpiperazine-1-carboxylate

0

K/N o 0

. {/"\' @
N/\n/ —

Boc’N ©

F
The title compound of step 4 (132 mg, 70% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-2-chloro-1-(7-(4-fluorobenzyl)-2-methyl-6-
(morpholinomethyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)ethan-1-one and tert-butyl
(2R,58)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. LC-
MS (M+H) *=725.5.

Step 5: 2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-S-methylpiperazin-1-yl)-1-
((S)-7-(4-fluorobenzyl)-2-methyl-6-(morpholinomethyl)-2,3-dihydro- 1H-pyrido[2,3-
b][1,4]oxazin-1-yl)ethan-1-one (compound 92)

Compound 92 (36 mg, 31% yield) was prepared in a manner similar to that described in
Example 29 step 7 from tert-butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-
((S)-7-(4-fluorobenzyl)-2-methyl-6-(morpholinomethyl)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methylpiperazine-1-carboxylate. '"H NMR (400 MHz,
DMSO-ds) 6 8.13 (brs, 1 H), 7.25-7.16 (m, 2 H), 7.16-7.06 (m, 2 H), 4.76-4.70 (m, 1 H), 4.35-
425 (m, 1 H), 4.25-4.17 (m, 1 H), 4.10-3.97 (m, 2 H), 3.95-3.87 (m, 1 H), 3.53-3.41 (m, 8 H),
3.38-3.34 (m, 2 H), 3.14-3.05 (m, 2 H), 2.97-2.89 (m, 1 H), 2.80-2.72 (m, 1 H), 2.71-2.62 (m, 2
H), 2.61-2.49 (m, 2 H), 2.42-2.21 (m, 5 H), 2.18-2.05 (m, 1 H), 2.00-1.91 (m, 1 H), 1.17 (d, J =
6.6 Hz, 3 H), 0.94 — 0.78 (m, 9 H). LC-MS (M+H) * = 625.3.
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Example 93: (S)-1-(2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-
methylpiperazin-1-yl)acetyl)-7-(4-fluorobenzyl)-2-methyl-N-(((S)-tetrahydrofuran-2-
yDmethyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-6-carboxamide (compound 93)
O

l\_/N\: \(\O N Hﬁ
vy O~
HN\‘) o §%

Step 1: benzyl (S)-7-(4-fluorobenzyl)-2-methyl-6-((((S)-tetrahydrofuran-2-
yDmethyl)carbamoyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-1-carboxylate

0]
JOSE AT,
H
N 4
Chz
F

The title compound of step 1 (351 mg, 73% yield) was prepared in a manner similar to that
described in Example 31 step 3 from (S)-1-((benzyloxy)carbonyl)-7-(4-fluorobenzyl)-2-
methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-6-carboxylic acid and (S)-(tetrahydrofuran-
2-yl)methanamine. LC-MS (M+H) ™ = 520.2.

Step 2: (S)-7-(4-fluorobenzyl)-2-methyl-N-(((S)-tetrahydrofuran-2-yl)methyl)-2,3-dihydro-1H-
pyrido[2,3- b][l 4]oxazine-6-carboxamide

Ué;“w

The title compound of step 2 (210 mg, 80% yield) was prepared in a manner similar to that
described in Example 1 step 17 from benzyl (S)-7-(4-fluorobenzyl)-2-methyl-6-((((S)-
tetrahydrofuran-2-yl)methyl)carbamoyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-
carboxylate. LC-MS (M+H) *=386.1.

Step 3: (S)-1-(2-chloroacetyl)-7-(4-fluorobenzyl)-2-methyl-N-(((S)-tetrahydrofuran-2-
yl)methyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-6-carboxamide
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The title compound of step 3 (150 mg, 83% yield) was prepared in a manner similar to that
described in Example 1 step 9 from (S)-7-(4-fluorobenzyl)-2-methyl-N-(((S)-tetrahydrofuran-
2-yl)methyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-6-carboxamide and 2-chloroacetyl
chloride. LC-MS (M+H) * =462 .3.
Step 4: tert-butyl (2R,55)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-((S)-7-(4-
fluorobenzyl)-2-methyl-6-((((S)-tetrahydrofuran-2-yl)methyl)carbamoyl)-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-y1)-2-oxoethyl)-2-methylpiperazine-1-carboxylate
oY
N~ ﬁ
: N—/ N H
WY A

N
Boc” © ©

F
The title compound of step 4 (66 mg, 27% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-1-(2-chloroacetyl)-7-(4-fluorobenzyl)-2-methyl-N-
(((S)-tetrahydrofuran-2-yl)methyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-6-carboxamide
and tert-butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-
carboxylate. LC-MS (M+H) * =753 4.

Step 5: (S)-1-(2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-
yl)acetyl)-7-(4-fluorobenzyl)-2-methyl-N-(((S)-tetrahydrofuran-2-yl)methyl)-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine-6-carboxamide (compound 93)

Compound 93 (16 mg, 28% yield) was prepared in a manner similar to that described in
Example 29 step 7 from tert-butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-
((S)-7-(4-fluorobenzyl)-2-methyl-6-((((S)-tetrahydrofuran-2-yl)methyl)carbamoyl)-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methylpiperazine-1-carboxylate. 'H
NMR (400 MHz, DMSO-ds) & 8.38-8.33 (m, 2 H), 7.27-7.19 (m, 2 H), 7.13 -7.03 (m, 2 H),
4.82-4.75 (m, 1 H), 4.43-4.19 (m, 4 H), 4.02-3.89 (m, 2 H), 3.83-3.73 (m, 1 H), 3.68-3.58 (m, 1
H), 3.55-3.47 (m, 1 H), 3.47-3.40 (m, 2 H), 3.32-3.21 (m, 2 H), 3.14-3.05 (m, 2 H), 2.96-2.89
(m, 1 H), 2.82-2.73 (m, 1 H), 2.71-2.64 (m, 2 H), 2.64-2.53 (m, 3 H), 2.32-2.21 (m, 1 H), 2.20-
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2.10 (m, 1 H), 2.01-1.92 (m, 1 H), 1.92-1.75 (m, 3 H), 1.60-1.50 (m, 1 H), 1.27-1.14 (m, 3 H),
0.90-0.81 (m, 9 H). LC-MS (M+H)" = 653.5.
Example 94: (S)-1-(2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-
methylpiperazin-1-yl)acetyl)-7-(4-fluorobenzyl)-2-methyl-N-(((R)-tetrahydrofuran-2-

5 ylhmethyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-6-carboxamide (compound 94)
O

N (@]
e J \g\/ N N
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F

Step 1: benzyl (S)-7-(4-fluorobenzyl)-2-methyl-6-((((R)-tetrahydrofuran-2-

0]

yDmethyl)carbamoyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4 ]oxazine-1-carboxylate

JOPQ RS
H
N -

|
Chz

F
10 The title compound of step 1 (432 mg, 97% yield) was prepared in a manner similar to that
described in Example 31 step 3 from (S)-1-((benzyloxy)carbonyl)-7-(4-fluorobenzyl)-2-
methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-6-carboxylic acid and (R)-(tetrahydrofuran-
2-yl)methanamine. LC-MS (M+H)" = 520.3.
Step 2: (S)-7-(4-fluorobenzyl)-2-methyl-N-(((R)-tetrahydrofuran-2-yl)methyl)-2,3-dihydro-1H-
15 pyrido[2,3-b][1,4]oxazine-6-carboxamide

JOSQRS
H
N /

F
The title compound of step 2 (150 mg, 46% yield) was prepared in a manner similar to that
described in Example 1 step 17 from benzyl (S)-7-(4-flucrobenzyl)-2-methyl-6-((((R)-
tetrahydrofuran-2-yl)methyl)carbamoyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-

20  carboxylate. LC-MS (M+H)" = 386.3.
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Step 3: (S)-1-(2-chloroacetyl)-7-(4-fluorobenzyl)-2-methyl-N-(((R)-tetrahydrofuran-2-
yDmethyl)-2,3- dlhydro 1H-pyrido[2,3-b][1,4]oxazine-6-carboxamide

=3

The title compound of step 3 (105 mg, 58% yield) was prepared in a manner similar to that
described in Example 1 step 9 from (S)-7-(4-fluorobenzyl)-2-methyl-N-(((R)-tetrahydrofuran-
2-yl)methyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-6-carboxamide and 2-chloroacetyl
chloride. LC-MS (M+H)" = 462.3.

Step 4: tert-butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-((S)-7-(4-
fluorobenzyl)-2-methyl-6-((((R)-tetrahydrofuran-2-yl)methyl)carbamoyl)-2,3-dihydro- 1 H-
pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methylpiperazine-1-carboxylate

The title compound of step 4 (160 mg, 93% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-1-(2-chloroacetyl)-7-(4-fluorobenzyl)-2-methyl-N-
(((R)-tetrahydrofuran-2-yl)methyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-6-carboxamide
and tert-butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-
carboxylate. LC-MS (M+H)" = 753 5.

Step S: (S)-1-2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-
yDacetyl)-7-(4-fluorobenzyl)-2-methyl-N-(((R)-tetrahydrofuran-2-yl)methyl)-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine-6-carboxamide (compound 94)

Compound 94 (68 mg, 49% yield) was prepared in a manner similar to that described in
Example 29 step 7 from tert-butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-
((S)-7-(4-fluorobenzyl)-2-methyl-6-((((R)-tetrahydrofuran-2-yl)methyl)carbamoyl)-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methylpiperazine- 1 -carboxylate. 'H
NMR (400 MHz, DMSO-ds) & 8.39-8.32 (m, 2 H), 7.27-7.18 (m, 2 H), 7.13-7.03 (m, 2 H),
4.84-475 (m, 1 H), 4.46-4.24 (m, 4 H), 4.03-3.89 (m, 2 H), 3.83-3.74 (m, 1 H), 3.68-3.58 (m, 1
H), 3.55-3.47 (m, 1 H), 3.47-3.36 (m, 2 H), 3.30-3.20 (m, 2 H), 3.14-3.05 (m, 2 H), 3.00-2.89
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(m, 1 H), 2.82-2.74 (m, 1 H), 2.74-2.65 (m, 2 H), 2.69-2.53 (m, 3 H), 2.32-2.22 (m, 1 H), 2.20-
2.10 (m, 1 H), 2.05-2.01 (m, 1 H), 2.01-1.93 (m, 1 H), 1.93-1.73 (m, 3 H), 1.61-1.48 (m, 1 H),
1.22 (d, J = 6.7 Hz, 3 H), 0.90-0.81 (m, 9 H). LC-MS (M+H)" = 653.5.
Example 95: (S)-1-(2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-
methylpiperazin-1-yl)acetyl)-7-(4-fluorobenzyl)-2-methyl-N-(((S)-tetrahydrofuran-3-
yl)methyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-6-carboxamide (compound 95)
C@’ 5 o

T N\; \(\ H }7

Y ’
\‘) o
F

Step 1: benzyl (S)-7-(4-fluorobenzyl)-2-methyl-6-((((S)-tetrahydrofuran-3-
yD)methyl)carbamoyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate

0]
O N\ N
JOOQAS:
\
Cbz
F

The title compound of step 1 (400 mg, 84% yield) was prepared in a manner similar to that
described in Example 31 step 3 from (S)-1-((benzyloxy)carbonyl)-7-(4-fluorobenzyl)-2-
methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-6-carboxylic acid and (S)-(tetrahydrofuran-
3-yl)methanamine. LC-MS (M+H)" = 520.1.

Step 2: (S)-7-(4-fluorobenzyl)-2-methyl-N-(((S)-tetrahydrofuran-3-yl)methyl)-2,3-dihydro-1H-
pyrido[2,3 b][l 4)oxazine-6-carboxamide

Ljé;“@

The title compound of step 2 (180 mg, 80% yield) was prepared in a manner similar to that
described in Example 1 step 17 from benzyl (S)-7-(4-fluorobenzyl)-2-methyl-6-((((S)-
tetrahydrofuran-3-yl)methyl)carbamoyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4 ]oxazine-1-
carboxylate. LC-MS (M+H)" = 386.0.
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Step 3: (S)-1-(2-chloroacetyl)-7-(4-fluorobenzyl)-2-methyl-N-(((S)-tetrahy drofuran-3-
yDmethyl)-2,3- dlhydro-lH- yrido[2,3-b][1,4]oxazine-6-carboxamide

J@%A@
ENGEN

The title compound of step 3 (135 mg, 63% yield) was prepared in a manner similar to that
described in Example 1 step 9 from (S)-7-(4-fluorobenzyl)-2-methyl-N-(((S)-tetrahydrofuran-
3-yl)methyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-6-carboxamide and 2-chloroacetyl
chloride. LC-MS (M+H)" = 462.0.

Step 4: tert-butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-((S)-7-(4-
fluorobenzyl)-2-methyl-6-((((S)-tetrahydrofuran-3-yl)methyl)carbamoyl)-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methylpiperazine-1-carboxylate

The title compound of step 4 (120 mg, 49% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-1-(2-chloroacetyl)-7-(4-fluorobenzyl)-2-methyl-N-
(((S)-tetrahydrofuran-3-yl)methyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-6-carboxamide
and tert-butyl (2R,55)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-
carboxylate. LC-MS (M+H)" = 753 .2.

Step 5: (S)-1-(2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-
yDacetyl)-7-(4-fluorobenzyl)-2-methyl-N-(((S)-tetrahydrofuran-3-yl)methyl)-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine-6-carboxamide (compound 95)

Compound 95 (13 mg, 12% yield) was prepared in a manner similar to that described in
Example 29 step 7 from tert-butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-
((S)-7-(4-fluorobenzyl)-2-methyl-6-((((S)-tetrahydrofuran-3-yl)methyl)carbamoyl)-2,3-
dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-oxoethyl)-2-methylpiperazine-1-carboxylate. 'H
NMR (400 MHz, DMSO-ds) § 8.55 (t, J = 6.1 Hz, 1 H), 8.34 (brs, 1 H), 7.26-7.17 (m, 2 H),
7.12-7.02 (m, 2 H), 4.80-4.74 (m, 1 H), 4.42-4.34 (m, 1 H), 4.31-4.26 (m, 3 H), 4.01-3.93 (m, 1
H), 3.77-3.67 (m, 1 H), 3.67-3.55 (m, 2 H), 3.55-3.47 (m, 1 H), 3.47-3.38 (m, 3 H), 3.26-3.16
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(m, 2 H), 3.13-3.04 (m, 2 H), 2.97-2.89 (m, 1 H), 2.82-2.73 (m, 1 H), 2.72-2.65 (m, 2 H), 2.65-
2.53 (m, 3 H), 2.49-2.39 (m, 1 H), 2.31-2.22 (m, 1 H), 2.22-2.12 (m, 1 H), 2.01-1.92 (m, 1 H),
1.94-1.81 (m, 1 H), 1.62-1.50 (m, 1 H), 1.22(d, J = 6.7 Hz, 3 H), 0.90-0.81 (m, 9 H). LC-MS
(M+H)* = 653.5.

Example 96: (S)-1-(2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-
methylpiperazin-1-yl)acetyl)-7-(4-fluorobenzyl)-2-methyl-N-(((R)-tetrahydrofuran-3-

yl)methyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-6-carboxamide (compound 96)
o

l\;/“\? ~ 3, O

= H >
H (\N/\H/N /\ \ N
HN1/‘ 0

O

F
Step 1: benzyl (S)-7-(4-fluorobenzyl)-2-methyl-6-((((R)-tetrahydrofuran-3-
yDmethyl)carbamoyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate

(0]
0] N\ N/’I,'
| H 0
N
Cbz
F

The title compound of step 1 (330 mg, 92% yield) was prepared in a manner similar to that
described in Example 31 step 3 from (S)-1-((benzyloxy)carbonyl)-7-(4-fluorobenzyl)-2-
methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-6-carboxylic acid and (R)-(tetrahydrofuran-
3-yl)methanamine. LC-MS (M+H)* = 520.1.

Step 2: (S)-7-(4-fluorobenzyl)-2-methyl-N-(((R)-tetrahydrofuran-3-yl)methyl)-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine-6-carboxamide

o
0N A
| _J_ H o
N
H
F

The title compound of step 2 (130 mg, 53% yield) was prepared in a manner similar to that

described in Example 1 step 17 from benzyl (S)-7-(4-fluorobenzyl)-2-methyl-6-((((R)-
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tetrahydrofuran-3-yl)methyl)carbamoyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-1-
carboxylate. LC-MS (M+H)" = 386.3.

Step 3: (S)-1-(2-chloroacetyl)-7-(4-fluorobenzyl)-2-methyl-N-(((R)-tetrahydrofuran-3-
yDmethyl)-2,3- dlhydro 1H-pyrido[2,3-b][1,4]oxazine-6-carboxamide

3

The title compound of step 3 (140 mg, 89% yield) was prepared in a manner similar to that
described in Example 1 step 9 from (S)-7-(4-fluorobenzyl)-2-methyl-N-(((R)-tetrahydrofuran-
3-yl)methyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-6-carboxamide and 2-chloroacetyl
chloride. LC-MS (M+H)" = 462.0.

Step 4: tert-butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-((S)-7-(4-
fluorobenzyl)-2-methyl-6-((((R)-tetrahydrofuran-3-yl)methyl)carbamoyl)-2,3-dihydro- 1 H-

pyrido[2,3-b][1,4]oxazin-1-y])-2-oxoethyl)-2-methylpiperazine-1-carboxylate
(@)

~
YN T Y

N

N
e

The title compound of step 4 (87 mg, 38% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-1-(2-chloroacetyl)-7-(4-fluorobenzyl)-2-methyl-N-
(((R)-tetrahydrofuran-3-yl)methyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-6-carboxamide
and tert-butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-
carboxylate. LC-MS (M+H)" = 753 4.

Step 5: (S)-1-(2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-
yDacetyl)-7-(4-fluorobenzyl)-2-methy1-N-(((R)-tetrahydrofuran-3-yl)methyl)-2,3-dihydro-1H-
pyrido[2,3-b][ 1,4]oxazine-6-carboxamide (compound 96)

o

F

Compound 96 (37 mg, 49% yield) was prepared in a manner similar to that described in
Example 29 step 7 from tert-butyl (2R,55)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-
((S)-7-(4-fluorobenzyl)-2-methyl-6-((((R)-tetrahydrofuran-3-yl)methyl)carbamoyl)-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methylpiperazine-1-carboxylate. 'H
NMR (400 MHz, DMSO-ds) 6 8.56 (t,J = 6.1 Hz, 1 H), 8.35 (s, 1 H), 7.26-7.18 (m, 2 H), 7.13-
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7.03 (m, 2 H), 4.83-4.73 (m, 1 H), 4.42-4.35 (m, 1 H), 4.31-4.25 (m, 3 H), 4.02-3.93 (m, 1 H),
3.77-3.68 (m, 1 H), 3.68-3.56 (m, 2 H), 3.56-3.48 (m, 1 H), 3.48-3.39 (m, 3 H), 3.30-3.17 (m, 2
H), 3.14-3.05 (m, 2 H), 2.98-2.90 (m, 1 H), 2.83-2.74 (m, 1 H), 2.73-2.64 (m, 2 H), 2.63-2.55
(m, 2 H), 2.50-2.40 (m, 1 H), 2.33-2.23 (m, 1 H), 2.23-2.13 (m, 1 H), 2.02-1.94 (m, 1 H), 1.94-
1.82 (m, 1 H), 1.63-1.50 (m, 1 H), 1.22 (d, J=6.7 Hz, 3 H), 0.91-0.81 (m, 9H). LC-MS
(M+H)" = 653.5.

Example 97: (S)-N-(2-(dimethylamino)ethyl)-1-(2-((2R,5R)-2-(((3R,5R)-3,5-
dimethylmorpholino)methyl)-5-methylpiperazin-1-yl)acetyl)-7-(4-fluorobenzyl)-2-methyl-2,3-

dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-6-carboxamide (compound 97)
@)

N Q
(\N/YN A\ N

HN\‘) o} 0

F
Step 1: benzyl (S)-6-((2-(dimethylamino)ethyl)carbamoyl)-7-(4-fluorobenzyl)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate

|
0

): | N\ N/\/N\
H
N =

|
Cbz

F
the title compound of step 1 (400 mg, 86% yield) was prepared in a manner similar to that
described in Example 31 step 3 from (S)-1-((benzyloxy)carbonyl)-7-(4-fluorobenzyl)-2-
methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-6-carboxylic acid and N1,N1-
dimethylethane-1,2-diamine. LC-MS (M+H)* = 507.1.

Step 2: (S)-N-(2-(dimethylamino)ethyl)-7-(4-flucrobenzyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine-6-carboxamide

Q |
/[O |N\ N/\/N\
H
NN
H
F
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The title compound of step 2 (200 mg, 68% yield) was prepared in a manner similar to that
described in Example 1 step 17 from benzyl (S)-6-((2-(dimethylamino)ethyl)carbamoyl)-7-(4-
fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-1-carboxylate. LC-MS
(M+H)* = 373.0.

Step 3: (S)-1-(2-chloroacetyl)-N-(2-(dimethylamino)ethyl)-7-(4-fluorobenzyl)-2-methyl-2,3-

dihydro-1H-pyrido[2,3-b][1,4]oxazine-6-carboxamide
O

C | Na N/\/IL\
LI
Cl 0
F

The title compound of step 3 (52 mg, 21% yield) was prepared in a manner similar to that
described in Example 1 step 9 from (S)-N-(2-(dimethylamino)ethyl)-7-(4-fluorobenzyl)-2-
methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-6-carboxamide and 2-chloroacetyl chloride.
LC-MS (M+H)" = 449 3.
Step 4: tert-butyl (2R,5S)-4-(2-((S)-6-((2-(dimethylamino)ethyl)carbamoyl)-7-(4-
fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-y1)-2-oxoethyl)-5-
((3R,5R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate

o
z \(\O N H N/

Boc/Nj) © o

F
The title compound of step 4 (39 mg, 45% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-1-(2-chloroacetyl)-N-(2-(dimethylamino)ethyl)-7-(4-
fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-6-carboxamide and tert-
butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-
carboxylate. LC-MS (M+H)" = 740.2.

Step 5: (S)-N-(2-(dimethylamino)ethyl)-1-(2-((2R,5R)-2-(((3R,5R)-3,5-
dimethylmorpholino)methyl)-5-methylpiperazin-1-yl)acetyl)-7-(4-fluorobenzyl)-2-methyl-2,3-

N

/

dihydro-1H-pyrido[2,3-b][1,4]oxazine-6-carboxamide (compound 97)

Compound 97 (0.5 mg, 2% yield) was prepared in a manner similar to that described in Example
29 step 7 from tert-butyl (2R,5S)-4-(2-((S)-6-((2-(dimethylamino)ethyl)carbamoyl)-7-(4-
fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-5-
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(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. '"H NMR (300
MHz, DMSO-ds) 6 8.39-8.27 (m, 2 H), 7.29-7.18 (m, 2 H), 7.15-7.02 (m, 2 H), 4.83-4.74 (m, 1
H), 4.44-4.33 (m, 3 H), 4.33-4.24 (m, 1 H), 4.04-3.92 (m, 1 H), 3.57-3.37 (m, 4 H), 3.20-3.04
(m, 2 H), 2.98-2.89 (m, 1 H), 2.83-2.53 (m, 6 H), 2.43-2.33 (m, 2 H), 2.32-2.07 (m, 9 H), 2.03-
1.91 (m, 1 H), 1.24-1.20 (m, 3 H), 0.91-0.80 (m, 9 H). LC-MS (M+H)" = 640.5.

Example 98: (S)-1-(2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-
methylpiperazin-1-yl)acetyl)-7-(4-fluorobenzyl)-2-methyl-N-((1-methylpiperidin-4-yl)methyl)-
2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-6-carboxamide (compound 98)

ey /

S

4
“

Step 1: benzyl (S)-7-(4-fluorobenzyl)-2-methyl-6-(((1-methylpiperidin-4-
yDmethyl)carbamoyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4 ]oxazine-1-carboxylate

0
O_N
): | A ”/\G
N = N
|
Cbz
F

The title compound of step 1 (400 mg, 79% yield) was prepared in a manner similar to that
described in Example 31 step 3 from (S)-1-((benzyloxy)carbonyl)-7-(4-fluorobenzyl)-2-
methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-6-carboxylic acid and (1-methylpiperidin-4-
yl)methanamine. LC-MS (M+H)" = 547 2.

Step 2: (S)-7-(4-fluorobenzyl)-2-methyl-N-((1-methylpiperidin-4-yl)methyl)-2,3-dihydro-1H-
pyrido[2,3 b][l 4]oxazine-6-carboxamide

The title compound of step 2 (200 mg, 66% yield) was prepared in a manner similar to that

described in Example 1 step 17 from benzyl (S)-7-(4-flucrobenzyl)-2-methyl-6-(((1-
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methylpiperidin-4-yl)methyl)carbamoyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-
carboxylate. LC-MS (M+H)" = 413.1.

Step 3: (S)-1-(2-chloroacetyl)-7-(4-fluorobenzyl)-2-methyl-N-((1-methylpiperidin-4-
yDmethyl)-2,3- dlhydro 1H-pyrido[2,3-b][1,4]oxazine-6-carboxamide

D%“O
NN

The title compound of step 3 (77 mg, 32% yield) was prepared in a manner similar to that
described in Example 1 step 9 from (S)-7-(4-fluorobenzyl)-2-methyl-N-((1-methylpiperidin-4-
ylhmethyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-6-carboxamide and 2-chloroacetyl
chloride. LC-MS (M+H)" = 489.2.

Step 4: tert-butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-((S)-7-(4-
fluorobenzyl)-2-methyl-6-(((1-methylpiperidin-4-yl)methyl)carbamoyl)-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methylpiperazine-1-carboxylate

The title compound of step 4 (60 mg, 48% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-1-(2-chloroacetyl)-7-(4-fluorobenzyl)-2-methyl-N-
((1-methylpiperidin-4-yl)methyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-6-carboxamide
and tert-butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-
carboxylate. LC-MS (M+H)* = 780.3.

Step 5: (S)-1-(2-((2R,5R)-2~(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-
yl)acetyl)-7-(4-fluorobenzyl)-2-methyl-N-((1-methylpiperidin-4-yl)methyl)-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine-6-carboxamide (compound 98)

Compound 98 (6 mg, 10% yield) was prepared in a manner similar to that described in
Example 29 step 7 from tert-butyl (2R,55)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-
((S)-7-(4-fluorobenzyl)-2-methyl-6-(((1-methylpiperidin-4-yl)methyl)carbamoyl)-2,3-dihydro-
1H-pyrido[2,3-b][1,4]oxazin- 1-y])-2-oxoethyl)-2-methylpiperazine-1-carboxylate. '"H NMR
(300 MHz, DMSO-~ds) § 8.44-8.32 (m, 2 H), 7.30-7.16 (m, 2 H), 7.14-7.00 (m, 2 H), 4.83-4.74
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(m, 1 H), 4.43-4.20 (m, 4 H), 4.04-3.92 (m, 1 H), 3.60-3.39 (m, 3 H), 3.16-3.04 (m, 4 H), 2.99-
2.88 (m, 1 H), 2.84-2.65 (m, 5 H), 2.63-2.54 (m, 3H), 2.36-2.15 (m, 2 H), 2.13 (s, 3 H), 2.04-
1.91 (m, 1 H), 1.84-1.70 (m, 2 H), 1.61-1.51 (m, 2 H), 1.51-1.35 (m, 1 H), 1.22(d, J = 6.7 Hz,
3 H), 1.17-1.07 (m, 2 H), 0.95-0.81 (m, 9 H). LC-MS (M+H)" = 680.4.
Example 99: (S)-1-(2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-
methylpiperazin-1-yl)acetyl)-7-(4-fluorobenzyl)-2-methyl-N-(2-(4-methylpiperazin-1-
yl)ethyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-6-carboxamide (compound 99)
[ 3

: \g\/ N HmeN\
Ay O~

HN\H o} o)

F
Step 1: benzyl (S)-7-(4-fluorobenzyl)-2-methyl-6-((2-(4-methylpiperazin-1-

||I/

yhethyl)carbamoyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-1-carboxylate

0 N~
/[O | Na N/\/N\)
H
l}l =
Cbz

F
The title compound of step 1 (330 mg, 64% yield) was prepared in a manner similar to that
described in Example 31 step 3 from (S)-1-((benzyloxy)carbonyl)-7-(4-fluorobenzyl)-2-
methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-6-carboxylic acid and 2-(4-methylpiperazin-
1-yl)ethan-1-amine. LC-MS (M+H)" = 562.3.
Step 2: (S)-7-(4-fluorobenzyl)-2-methyl-N-(2-(4-methyl piperazin-1-yl)ethyl)-2,3-dihydro-1H-
pyn'do[2,3—b][1,4]oxazine—6—carl£)xamide
N

O Ny N/\/Q
/[ | H

N

The title compound of step 2 (220 mg, 87% yield) was prepared in a manner similar to that
described in Example 1 step 17 from benzyl (S)-7-(4-fluorobenzyl)-2-methyl-6-((2-(4-
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methylpiperazin-1-yl)ethyl)carbamoyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-
carboxylate. LC-MS (M+H)" = 428.1.

Step 3: (S)-1-(2-chloroacetyl)-7-(4-fluorobenzyl)-2-methyl-N-(2-(4-methylpiperazin-1-
yDethyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-6-carboxamide

o (\N/
O N\ N/\/N\)
):N L H
CI\/&O
F

The title compound of step 3 (108 mg, 41% yield) was prepared in a manner similar to that
described in Example 1 step 9 from (S)-7-(4-fluorobenzyl)-2-methyl-N-(2-(4-methylpiperazin-
1-yl)ethyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-6-carboxamide and 2-chloroacetyl
chloride. LC-MS (M+H)" = 504.2.
Step 4: tert-butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-((S)-7-(4-
fluorobenzyl)-2-methyl-6-((2-(4-methylpiperazin-1-yl)ethyl)carbamoyl)-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methylpiperazine-1-carboxylate

O

k/N\? {i N R~ N )
YT

0]

N
Boc” 1)

The title compound of step 4 (80 mg, 46% yield) was prepared in a manner similar to that

0

F

described in Example 1 step 18 from (S)-1-(2-chloroacetyl)-7-(4-fluorobenzyl)-2-methyl-N-(2-
(4-methylpiperazin-1-yl)ethyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-6-carboxamide and
tert-butyl (2R,5S)-5-((3R,5R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine- 1-
carboxylate. LC-MS (M+H)* = 795 4.

Step 5: (S)-1-(2-((2R,5R)-2~(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-
yl)acetyl)-7-(4-fluorobenzyl)-2-methyl-N-(2-(4-methylpiperazin-1-yl)ethyl)-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine-6-carboxamide (compound 99)

Compound 99 (4.3 mg, 6% vield) was prepared in a manner similar to that described in
Example 29 step 7 from tert-butyl (2R,55)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-
((S)-7-(4-fluorobenzyl)-2-methyl-6-((2-(4-methylpiperazin-1-yl)ethyl)carbamoyl)-2,3-dihydro-
1H-pyrido[2,3-b][1,4]oxazin- 1-y])-2-oxoethyl)-2-methylpiperazine-1-carboxylate. '"H NMR
(400 MHz, DMSO-~ds) § 8.38-8.32 (m, 2 H), 7.29-7.17 (m, 2 H), 7.15-7.02 (m, 2 H), 4.81-4.76
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(m, 1 H), 4.44-4 24 (m, 4 H), 4.03-3.92 (m, 1 H), 3.58-3.48 (m, 1 H), 3.48-3.35 (m, 2 H), 3.39-
3.30 (m, 3 H), 3.15-3.03 (m, 2 H), 3.00-2.90 (m, 1 H), 2.80-2.65 (m, 4 H), 2.63-2.54 (m, 2 H),
2.48-2.37 (m, 5 H), 2.35-2.16 (m, 6 H), 2.13 (s, 3 H), 2.04-1.91 (m, 1 H), 1.22(d,J=6.7Hz, 3
H), 0.92-0.80 (m, 9 H). LC-MS (M+H)" = 695 4.

Example 100: 2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-
y1)-1-((S)-7-(4-fluorobenzyl)-6-((S)-3-fluoropyrrolidine-1-carbonyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-y])ethan-1-one (compound 100)

X

s~ /F)
ey O
HN\l) o§‘(o

Step 1: benzyl (S)-7-(4-fluorobenzyl)-6-((S)-3-fluoropyrrolidine-1-carbonyl)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate
o

The title compound of step 1 (304 mg, 76% yield) was prepared in a manner similar to that
described in Example 31 step 3 from (S)-1-((benzyloxy)carbonyl)-7-(4-fluorobenzyl)-2-
methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-6-carboxylic acid and (S)-3-
fluoropyrrolidine. LC-MS (M+H)" = 508.2.

Step 2: ((S)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-6-y1)((S)-3-

fluoropyrrolidin-1-yl)methanone

The title compound of step 2 (200 mg, 89% yield) was prepared in a manner similar to that
described in Example Istep 17 from benzyl (S)-7-(4-fluorobenzyl)-6-((S)-3-fluoropyrrolidine-
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1-carbonyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate. LC-MS
(M+H)" = 374.0.

Step 3: 2-chloro-1-((S)-7-(4-fluorobenzyl)-6-((S)-3-fluoropyrrolidine-1-carbonyl)-2-methyl-
2,3-dihydro-1H- yr1do[2 3-b][1,4]Joxazin-1-yl)ethan-1-one

1)5*)&
INGEN

The title compound of step 3 (210 mg, 87% yield) was prepared in a manner similar to that
described in Example 1 step 9 from ((S)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][ 1,4]oxazin-6-y1)((S)-3-fluoropyrrolidin-1-yl)methanone and 2-chloroacetyl
chloride. LC-MS (M+H)" = 450.0.

Step 4: tert-butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-((S)-7-(4-
fluorobenzyl)-6-((S)-3-fluoropyrrolidine-1-carbonyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methylpiperazine-1-carboxylate

0]

H (?\N/\L.(N

/N])
0oC

The title compound of step 4 (80 mg, 16% yield) was prepared in a manner similar to that
described in Example 1 step 18 from 2-chloro-1-((S)-7-(4-flucrobenzyl)-6-((S)-3-
fluoropyrrolidine- 1 -carbonyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)ethan-
1-one and tert-butyl (2R,5S5)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-
methylpiperazine-1-carboxylate. LC-MS (M+H)" = 741 5.

Step 5: 2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-yl)-1-
((S)-7-(4-fluorobenzyl)-6-((S)-3-fluoropyrrolidine-1-carbonyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-yl)ethan-1-one (compound 100)

Compound 100 (14 mg, 29% yield) was prepared in a manner similar to that described in
Example 29 step 7 from tert-butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-
((S)-7-(4-fluorobenzyl)-6-((S)-3-fluoropyrrolidine-1-carbonyl)-2-methyl-2 3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methylpiperazine-1-carboxylate. 'H NMR (400
MHz, DMSO-ds) § 8.34 (s, 1 H), 7.23-7.14 (m, 2 H), 7.13-7.03 (m, 2 H), 5.44-5.11 (m, 1 H),
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4.81-4.77 (m, 1 H), 4.40-4.33 (m, 1 H), 4.31-4.23 (m, 1 H), 4.02-3.94 (m, 1 H), 3.94-3.82 (m, 2
H), 3.78-3.58 (m, 2 H), 3.53-3.36 (m, 4 H), 3.22-3.06 (m, 4 H), 2.98-2.90 (m, 1 H), 2.84-2.75
(m, 1 H), 2.74-2.67 (m, 2 H), 2.65-2.52 (m, 2 H), 2.32-2.22 (m, 1 H), 2.19-2.01 (m, 2 H), 2.00-
1.89 (m, 2 H), 1.21 (d, J = 6.7 Hz, 3 H), 0.90-0.82 (m, 9 H). LC-MS (M+H)" = 641 5.

5  Example 101: 2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-
y1)-1-((S)-7-(4-fluorobenzyl)-6-((R)-3-fluoropyrrolidine-1-carbonyl)-2-methyl-2,3-dihydro-
1H-pyrido[2,3-b][1,4]oxazin-1-yl)ethan-1-one (compound 101)

X

s~ (Fj
:K-\N/\[(N /\\ N
HN\l) o§‘(o

Step 1: benzyl (S)-7-(4-fluorobenzyl)-6-((R)-3-fluoropyrrolidine-1-carbonyl)-2-methyl-2,3-

10 dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate
e}

O _N
N =

|
Cbz

F
The title compound of step 1 (427 mg, 98% yield) was prepared in a manner similar to that
described in Example 31 step 3 from (S)-1-((benzyloxy)carbonyl)-7-(4-fluorobenzyl)-2-
methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-6-carboxylic acid and (R)-3-

15 fluoropyrrolidine. LC-MS (M+H)* = 508.2.

Step 2: ((S)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-6-y1 )((R)-

3-fluoropyrrolidin-1-yl)methanone

The title compound of step 2 (171 mg, 54% yield) was prepared in a manner similar to that

20 described in Example 1 step 17 from benzyl (S)-7-(4-flucrobenzyl)-6-((R)-3-fluoropyrrolidine-
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1-carbonyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate. LC-MS
(M+H)" =374.2.

Step 3: 2-chloro-1-((S)-7-(4-fluorobenzyl)-6-((R)-3-fluoropyrrolidine-1-carbonyl)-2-methyl-
2,3-dihydro-1H- yr1do[2 3-b][1,4]Joxazin-1-yl)ethan-1-one

5

The title compound of step 3 (179 mg, 87% yield) was prepared in a manner similar to that
described in Example 1 step 9 from ((S)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-6-yl)((R)-3-fluoropyrrolidin-1-yl)methanone and 2-chloroacetyl
chloride. LC-MS (M+H)" = 450.3.

Step 4: tert-butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-((S)-7-(4-
fluorobenzyl)-6-((R)-3-flucropyrrolidine-1-carbonyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methylpiperazine-1-carboxylate

O

L =3
Oy

The title compound of step 4 (126 mg, 42% yield) was prepared in a manner similar to that
described in Example 1 step 18 from 2-chloro-1-((S)-7-(4-fluorobenzyl)-6-((R)-3-
fluoropyrrolidine-1-carbonyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)ethan-
1-one and tert-butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-
methylpiperazine-1-carboxylate. LC-MS (M+H)" = 741 3.

Step 5: 2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-yl)-1-
((S)-7-(4-fluorobenzyl)-6-((R)-3-fluoropyrrolidine-1-carbonyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-yl)ethan-1-one (compound 101)

Compound 101 (49 mg, 45% yield) was prepared in a manner similar to that described in
Example 29 step 7 from tert-butyl (2R,55)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-
((S)-7-(4-fluorobenzyl)-6-((R)-3-fluoropyrrolidine-1-carbonyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methylpiperazine-1-carboxylate. 'H NMR (400
MHz, DMSO-ds) 6 8.39-8.33 (m, 1 H), 7.24-7.15 (m, 2 H), 7.15-7.03 (m, 2 H), 5.43-5.10 (m, 1
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H), 4.85-4.75 (m, 1 H), 4.41-4.33 (m, 1 H), 4.32-4.23 (m, 1 H), 4.07-3.85 (m, 3 H), 3.72-3.59
(m, 1 H), 3.56-3.38 (m, 4 H), 3.27-3.15 (m, 1 H), 3.18-2.99 (m, 3 H), 2.98-2.90 (m, 1 H), 2.85-
2.75 (m, 1 H), 2.75-2.67 (m, 2 H), 2.66-2.53 (m, 3 H), 2.33-2.23 (m, 1 H), 2.21-2.11 (m, 1 H),
2.09-1.94 (m, 3 H), 1.22 (d, ] = 6.7 Hz, 3 H), 0.91-0.83 (m, 9 H). LC-MS (M+H)" = 641.5.
Example 102: 2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-
y1)-1-((S)-7-(4-fluorobenzyl)-2-methyl-6-(piperidine-1-carbonyl)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)ethan-1-one (compound 102)

o)
N O
{/T Q

o]

{

n/

F
Step 1: benzyl (S)-7-(4-fluorobenzyl)-2-methyl-6-(piperidine-1-carbonyl)-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine-1-carboxylate
0]

The title compound of step 1 (220 mg, 95% yield) was prepared in a manner similar to that
described in Example 31 step 3 from (S)-1-((benzyloxy)carbonyl)-7-(4-fluorobenzyl)-2-
methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-6-carboxylic acid and piperidine. LC-MS
(M+H)" = 504.2.
Step 2: (S)-(7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4 ]Joxazin-6-
yl)(piperidin-1-yl)methanone

o}

The title compound of step 2 (120 mg, 74% yield) was prepared in a manner similar to that
described in Example 1 step 17 from benzyl (S)-7-(4-flucrobenzyl)-2-methyl-6-(piperidine-1-
carbonyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate. LC-MS (M+H)™ = 370.0.

242



10

15

20

25

WO 2021/244608 PCT/CN2021/098123

Step 3: (S)-2-chloro-1-(7-(4-fluorobenzyl)-2-methyl-6-(piperidine-1-carbonyl)-2,3-dihydro-
1H-pyrido[2,3- b][l 4]oxazin-1-yl)ethan-1-one

=

The title compound of step 3 (100 mg, 69% yield) was prepared in a manner similar to that
described in Example 1 step 9 from (S)-(7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-6-yl)(piperidin-1-yl)methanone and 2-chloroacetyl chloride. LC-MS
(M+H)" = 446.1.

Step 4: tert-butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-((S)-7-(4-
fluorobenzyl)-2-methyl-6-(piperidine-1-carbonyl)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-
yl)-2-oxoethyl)-2-methylpiperazine-1-carboxylate

X O

—Z

ve)

(o]

[¢]
\
p=4

—<\ -lll/

o
O

The title compound of step 4 (70 mg, 42% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-2-chloro-1-(7-(4-fluorobenzyl)-2-methyl-6-
(piperidine-1-carbonyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)ethan-1-one and tert-
butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-
carboxylate. LC-MS (M+H)" = 737 4.

Step 5: 2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-yl)-1-
((S)-7-(4-fluorobenzyl)-2-methyl-6-(piperidine-1-carbonyl)-2,3-dihydro-1H-pyrido[ 2, 3-
b][1,4]oxazin-1-yl)ethan-1-one (compound 102)

Compound 102 (16 mg, 27% yield) was prepared in a manner similar to that described in
Example 29 step 7 from tert-butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-
((S)-7-(4-fluorobenzyl)-2-methyl-6-(piperidine-1-carbonyl)-2,3-dihydro-1H-pyrido[ 2,3-
b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methylpiperazine-1-carboxylate. 'H NMR (300 MHz,
DMSO-ds) § 8.29 (s, 1 H), 7.25-7.14 (m, 2 H), 7.19-7.06 (m, 2 H), 4.80-4.78 (m, 1 H), 4.41-
422 (m,2H),3.97(d,J=153 Hz, 1 H), 3.83 (s, 2 H), 3.60-3.37 (m, 6 H), 3.16-3.05 (m, 2 H),
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2.99-2.88 (m, 3 H), 2.85-2.53 (m, 5 H), 2.35-2.21 (m, 1 H), 2.21-2.09 (m, 1 H), 2.04-1.91 (m, 1
H), 1.54-1.48 (m, 4 H), 1.35-1.17 (m, 5 H), 0.92-0.81 (m, 9 H). LC-MS (M+H)" = 637.4.
Example 103: 1-((S)-6-(4,4-difluoropiperidine-1-carbonyl)-7-(4-fluorobenzyl)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)-2-((2R,5R)-2-(((3R,5R)-3,5-
dimethylmorpholino)methyl)-5-methylpiperazin-1-yl)ethan-1-one (compound 103)

O

/\( FF
Y Xy O
Oy O
HN\H o) §%

Step 1: tert-butyl (S)-6-(4,4-difluoropiperidine-1-carbonyl)-7-(4-fluorobenzyl)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate
0]

The title compound of step 1 (500 mg, crude) was prepared in a manner similar to that
described in Example 31 step 3 from (S)-1-(tert-butoxycarbonyl)-7-(4-fluorobenzyl)-2-methyl-
2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-6-carboxylic acid and 4,4-difluoropiperidine. LC-
MS (M+H)™ = 506.4.

Step 2: (S)-(4,4-difluoropiperidin-1-yl)(7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-6-yl)methanone

The title compound of step 2 (338 mg, 77% yield for 2 steps) was prepared in a manner similar
to that described in Example 1 step 8 from tert-butyl (S)-6-(4,4-difluoropiperidine-1-carbonyl)-
7-(4-fluorobenzyl)-2-methyl-2,3-dihydro- 1H-pyrido[2,3-b][ 1,4]oxazine-1-carboxylate. LC-MS
(M+H)* = 406 4.
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Step 3: (S)-2-chloro-1-(6-(4,4-diflucropiperidine-1-carbonyl)-7-(4-fluorobenzyl)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)ethan-1-one
0

The title compound of step 3 (350 mg, 87% yield) was prepared in a manner similar to that
described in Example 1 step 9 from (S)-(4,4-difluoropiperidin-1-y1)(7-(4-flucrobenzyl)-2-
methyl-2 3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-6-yl)methanone and 2-chloroacetyl chloride.
LC-MS (M+H)" = 482.3.

Step 4: tert-butyl (2R,5S)-4-(2-((S)-6-(4,4-difluoropiperidine-1-carbonyl)-7-(4-fluorobenzyl)-
2-methyl-2 3-dihydro-1H-pyrido[2,3-b][ 1,4]Joxazin-1-yl)-2-oxoethy])-5-(((3R,5R)-3,5-
dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate

o Q (5”
: 3 N N N
N —
v (

Boc
F

The title compound of step 4 (530 mg, 94% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-2-chloro-1-(6-(4,4-difluoropiperidine-1-carbonyl)-7-
(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)ethan-1-one and tert-
butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-
carboxylate. LC-MS (M+H)" = 773.9.

Step 5: 1-((S)-6-(4,4-difluoropiperidine-1-carbonyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-
1H-pyrido[2,3-b][1,4]oxazin-1-y1)-2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl )-
5-methylpiperazin-1-yl)ethan-1-one (compound 103)

Compound 103 (16 mg, 27% yield) was prepared in a manner similar to that described in
Example 29 step 7 from tert-butyl (2R,5S)-4-(2-((S)-6-(4,4-difluoropiperidine-1-carbonyl)-7-
(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-y1)-2-oxoethyl)-5-
(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. "H NMR (300
MHz, DMSO-ds)  8.29 (s, 1 H), 7.25-7.14 (m, 2 H), 7.19-7.06 (m, 2 H), 4.80-4.78 (m, 1 H),
4.41-422 (m, 2 H), 3.97 (d, T = 15.3 Hz, 1 H), 3.83 (s, 2 H), 3.60-3.37 (m, 6 H), 3.16-3.05 (m,
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2 H), 2.99-2.88 (m, 3 H), 2.85-2.53 (m, 5 H), 2.35-2.21 (m, 1 H), 2.21-2.09 (m, 1 H), 2.04-1.91
(m, 1 H), 1.54-1.48 (m, 4 H), 1.35-1.17 (m, 5 H), 0.92-0.81 (m, 9 H). LC-MS (M+H)* = 673 4.
Example 104: 2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-
y1)-1-((S)-7-(4-fluorobenzyl)-2-methyl-6-(4-methylpiperazine-1-carbonyl)-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-yl)ethan-1-one (compound 104)

-N\; \(\ON O/

: N—7" '\
HNW)O o)

F
Step 1: tert-butyl (S)-7-(4-fluorobenzyl)-2-methyl-6-(4-methylpiperazine-1-carbonyl)-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate

@]
o) N
(VY
;p%w
Boc
F

The title compound of step 1 (121 mg, 77% yield) was prepared in a manner similar to that
described in Example 31 step 3 from (S)-1-(tert-butoxycarbonyl)-7-(4-fluorobenzyl)-2-methyl-
2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-6-carboxylic acid and 1-methylpiperazine. LC-MS
(M+H)* = 485 3.

Step 2: (S)-(7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-6-y1)(4-

methylpiperazin-1-yl)methanone

0
/EO lN\ "
N N~
H
F

The title compound of step 2 (78 mg, 81% yield) was prepared in a manner similar to that
described in Example 1 step 8 from tert-butyl (S)-7-(4-fluorobenzyl)-2-methyl-6-(4-
methylpiperazine-1-carbonyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate. LC-
MS (M+H)" =385.2.
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Step 3: (S)-2-chloro-1-(7-(4-fluorobenzyl)-2-methyl-6-(4-methylpiperazine-1-carbonyl)-2,3-
d1hydro-1H—pyr1do[2 3-b][1,4]oxazin-1-yl)ethan-1-one

C\/S/\%

The title compound of step 3 (90 mg, 96% yield) was prepared in a manner similar to that
described in Example 1 step 9 from (S)-(7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-6-yl)(4-methylpiperazin-1-yl)methanone and 2-chloroacetyl chloride.
LC-MS (M+H)" = 4612,

Step 4: tert-butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-((S)-7-(4-
fluorobenzyl)-2-methyl-6-(4-methylpiperazine-1-carbonyl)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methylpiperazine-1-carboxylate

0)

K;/N\; 3 Y
A

Boc” N N

F
The title compound of step 4 (67 mg, 46% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-2-chloro-1-(7-(4-fluorobenzyl)-2-methyl-6-(4-
methylpiperazine-1-carbonyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)ethan-1-one and
tert-butyl (2R,55)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-
carboxylate. LC-MS (M+H)" = 752.5.

Step 5: 2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methyl piperazin-1-yl)-1-
((S)-7-(4-fluorobenzyl)-2-methyl-6-(4-methylpiperazine-1-carbonyl)-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-yl)ethan-1-one (compound 104)

Compound 104 (19 mg, 32% yield) was prepared in a manner similar to that described in
Example 29 step 7 from tert-butyl (2R,55)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-
((S)-7-(4-fluorobenzyl)-2-methyl-6-(4-methylpiperazine-1-carbonyl)-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl )-2-methylpiperazine- 1-carboxylate. 'H NMR (400
MHz, DMSO-ds) § 8.32 (s, 1 H), 7.22-7.15 (m, 2 H), 7.15-7.08 (m, 2 H), 4.85-4.75 (m, 1 H),
4.40-4.33 (m, 1 H), 4.31-4.23 (m, 1 H), 3.98 (d, J=15.2 Hz, 1 H), 3.91-3.78 (m, 2 H), 3.62-
3.41 (m, 5 H), 3.20-3.07 (m, 2 H), 3.02-2.88 (m, 3 H), 2.85-2.75 (m, 1 H), 2.74-2.66 (m, 2 H),
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2.63-2.53 (m, 2 H), 2.34-2.20 (m, 3 H), 2.20-2.14 (m, 1 H), 2.12 (s, 3 H), 2.05-1.84 (m, 4 H),
1.22 (d, J= 6.7 Hz, 3H), 0.91-0.83 (m, 9H). LC-MS (M+H)" = 652.3.
Example 105: 1-((S)-7-(4-fluorobenzyl)-6-(hydroxymethyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-y1)-2-((2R,5R)-5-methyl-2-(((2R,6R)-2,4,6-trimethylpiperazin-1-
yDmethyl)piperazin-1-yl)ethan-1-one (compound 105)
~

X ~(

N—7 \ oH

AN
: '/r\N 4
HN\H o

F
Step 1: (9H-fluoren-9-yl)methyl (3R,5R)-3,5-dimethylpiperazine-1-carboxylate

Fmoc.
N

K/NH

To a solution of (2R,6R)-2,6-dimethylpiperazine dihydrochloride (2.0 g, 10.7 mmol) and DIEA
(1.7 g, 12.8 mmol) in DCM (30 mL) was added 9-fluorenylmethyloxycarbonyl chloride (2.8 g,
10.7 mmol) in portions at 0 °C under nitrogen atmosphere. The resulting mixture was stirred
for 2 h at room temperature under nitrogen atmosphere. When the reaction was done, the
resulting mixture was concentrated under reduced pressure. The residue was purified by flash
chromatography eluting with MeOH in DCM (0% to 40% gradient) to yield the title compound
(2.5 g, 69% yield). LC-MS (M+H)"=337.2.

Step 2: 4-((9H-fluoren-9-yl)methyl) 1-benzyl (2R,6R)-2,6-dimethylpiperazine-1,4-

dicarboxylate

Fmoc
\N/\l/
K/N‘Cbz

To a solution of (9H-fluoren-9-yl)methyl (3R,5R)-3,5-dimethylpiperazine-1-carboxylate (450
mg, 1.34 mmol) and DIEA (260 mg, 2.02 mmol) in DCM (20 mL) was added Cbz-CI (275 mg,
1.62 mmol) dropwise at O °C under nitrogen atmosphere. The resulting mixture was stirred for
2 h at room temperature under nitrogen atmosphere. When the reaction was done, the reaction
was then quenched by the addition of sat. NaHCOs3 at room temperature. The resulting mixture
was extracted with DCM (30 mL x 2). The organic phases were combined, washed with brine
and dried over NazSQs. The resulting mixture was concentrated under reduced pressure. The
residue was purified by flash chromatography eluting with EtOAc in PE (0% to 70% gradient)
to yield the title compound (275 mg, 43% yield). LC-MS (M+H)*= 471.2.

Step 3: benzyl (2R,6R)-2,6-dimethylpiperazine-1-carboxylate
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To a solution of 4-((9H-fluoren-9-yl)methyl) 1-benzyl (2R,6R)-2,6-dimethylpiperazine-1,4-
dicarboxylate (275 mg, 0.58 mmol) in DCM (3 mL) was added piperidine (10% in DCM, 3
mL) dropwise at room temperature under nitrogen atmosphere. The resulting mixture was
5  stirred for 3 h at room temperature under nitrogen atmosphere. When the reaction was done,
the reaction was then quenched by the addition of sat. NaHCOs3 at room temperature. The
resulting mixture was extracted with DCM (15 mL x 2). The organic phases were combined,
washed with brine and dried over Na;SOa4. The resulting mixture was concentrated under
reduced pressure. The residue was purified by flash chromatography eluting with MeOH in
10 DCM (0% to 20% gradient) to yield the title compound (68 mg, 47% yield). LC-MS (M+H)"=
249 1.
Step 4: benzyl (2R,6R)-2,4,6-trimethylpiperazine-1-carboxylate

>N

K/N “Cbz

The title compound of step 4 (67 mg, 95% yield) was prepared in a manner similar to that
15 described in Example 92 step 1 from benzyl (2R,6R)-2,6-dimethylpiperazine-1-carboxylate

and formaldehyde aqueous solution. LC-MS (M+H)" = 263.0.

Step 5: (3R,5R)-1,3,5-trimethylpiperazine hydrochloride

\N/Y
K-/NH HCI

The title compound of step 5 (40 mg, crude) was prepared in a manner similar to that described
20  in Example 1 step 17 from benzyl (2R,6R)-2,4,6-trimethylpiperazine-1-carboxylate. LC-MS

(M+H)"=129.2.

Step 6: tert-butyl (2R,5S)-4-(2-((S)-6-(acetoxymethyl)-7-(4-fluorobenzyl)-2-methyl-2,3-

dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methyl-5-(((2R,6R)-2,4,6-

trimethylpiperazin-1-yl)methyl)piperazine-1-carboxylate

25 F
The title compound of step 6 (80 mg, 46% for 2 steps) was prepared in a manner similar to that

described in Example 1 step 18 from (3R,5R)-1,3,5-trimethylpiperazine hydrochloride and tert-
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butyl (2R,SR)-4-(2-((S)-6-(acetoxymethyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-5-(chloromethyl)-2-methylpiperazine-1-
carboxylate. LC-MS (M+I)*= 711.3.

Step 7: 1-((S)-7-(4-fluorobenzyl)-6-(hydroxymethyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)-2-((2R,5R)-5-methyl-2-(((2R,6R)-2,4,6-trimethylpiperazin-1-
yl)methyl)piperazin-1-yl)ethan-1-one (compound 105)

To a solution of tert-butyl (2R,55)-4-(2-((S)-6-(acetoxymethyl)-7-(4-fluorobenzyl)-2-methyl-
2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-oxoethyl)-2-methyl-5-(((2R,6R)-2,4,6-
trimethylpiperazin-1-yl)methyl)piperazine-1-carboxylate (80 mg, 0.11 mmol) in MeOH (2 mL)
was added HCI in MeOH (0.5 mL, 2 mmol, 4 M solution) dropwise at 0 °C. The resulting
mixture was stirred for 2 h at 60 °C. When the reaction was done, the resulting mixture was
concentrated under reduced pressure. The resulting mixture was diluted with sat. NaHCO3 (10
mL). The resulting mixture was extracted with DCM (2 x 15 mL). The organic phases were
combined, washed with brine and dried over Na2SOs. The solvent was concentrated under
reduced pressure and the residue was purified in a manner similar to that described in Example
29 step 7 to obtain compound 105 (23 mg, 35% yield). 'H NMR (400 MHz, DMSO- ds) § 8.12
(s, 1 H), 7.24-7.15 (m, 2 H), 7.15-7.05 (m, 2 H), 5.08 (t, ] = 5.6 Hz, 1 H), 4.70 (s, 1 H), 4.48-
4.36 (m, 2 H), 4.36-4.29 (m, 1 H), 4.25-4.17 (m, 1 H), 4.05-3.95 (m, 2 H), 3.95-3.84 (m, 1 H),
3.49 (d, J=153 Hz, 1 H), 2.99-2.91 (m, 1 H), 2.76-2.72 (m, 3 H), 2.67-2.54 (m, 3 H), 2.31-
2.11 (m, 4 H), 1.99 (s, 3 H), 1.96-1.79 (m, 3 H), 1.18 (d, ] = 6.7 Hz, 3 H), 0.91-0.85 (m, 9 H).
LC-MS (M+H)" = 569.3.

Example 106: 2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-
y1)-1-((S)-7-(4-fluorobenzyl)-2-methyl-6-morpholino-2,3-dihydro-1H-pyrido[2,3-

b][1,4]oxazin-1-yl)ethan-1-one (compound 106)
(@)

CN( ~
(-\N/\g/N/\\N

HN]) P
F

Step 1: tert-butyl (S)-7-(4-fluorobenzyl)-2-methyl-6-morpholino-2,3-dihydro-1H-pyrido[2,3-

b][1,4]oxazine-1-carboxylate
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0]

A

o) lN\ N
/[ =
N
F

To a solution of morpholine (57 mg, 0.63 mmol) and DIEA (263 mg, 1.93 mmol) in DCM (3
mL) was added (S)-1-(tert-butoxycarbonyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine 5-oxide (189 mg, 0.48 mmol), and PyBrOP (331 mg, 0.68 mmol) at
room temperature under nitrogen atmosphere. The resulting mixture was stirred for 16 h at
room temperature under nitrogen atmosphere. When the reaction was done, the reaction was
then quenched by the addition of water at room temperature. The resulting mixture was
extracted with DCM (30 mL x 2). The organic phases were combined, washed with brine and
dried over Na2SO4. The resulting mixture was concentrated under reduced pressure. The
residue was purified by flash chromatography eluting with EtOAc in PE (0% to 50% gradient)
to yield the title compound (117 mg, 52% yield). LC-MS (M+H)" = 444 .2,

Step 2: (S)-7-(4-fluorobenzyl)-2-methyl-6-morpholino-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazine

(\o
;:ﬁjé;

The title compound of step 2 (62 mg, 75% yield) was prepared in a manner similar to that
described in Example 1 step 8 from tert-butyl (S)-7-(4-fluorobenzyl)-2-methyl-6-morpholino-
2,3-dihydro-1H-pyrido[2,3-b][ 1,4]Joxazine-1-carboxylate. LC-MS (M+H)" = 344 3.

Step 3: (S)-2-chloro-1-(7-(4-fluorobenzyl)-2-methyl-6-morpholino-2,3-dihydro-1H-pyrido[ 2,3-
b][1,4]oxazin-1-yl)ethan-1-one

jou

N
Cl 0
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The title compound of step 3 (60 mg, 76% yield) was prepared in a manner similar to that
described in Example 1 step 9 from (S)-7-(4-fluorobenzyl)-2-methyl-6-morpholino-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazine and 2-chloroacetyl chloride. LC-MS (M+H)*=420.1.
Step 4: tert-butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-((S)-7-(4-
fluorobenzyl)-2-methyl-6-morpholino-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)-2-
oxoethyl)-2-methylpiperazine-1-carboxylate

o)

L3
Y §C

The title compound of step 4 (54 mg, 53% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-2-chloro-1-(7-(4-fluorobenzyl)-2-methyl-6-
morpholino-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)ethan-1-one and tert-butyl (2R,5S)-
5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. LC-MS
M+H)"=7114.

Step 5: 2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-yl)-1-
((S)-7-(4-fluorobenzyl)-2-methyl-6-morpholino-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-
yl)ethan-1-one (compound 106)

Compound 106 (2.0 mg, 4.3% yield) was prepared in a manner similar to that described in
Example 29 step 7 from tert-butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-
((S)-7-(4-fluorobenzyl)-2-methyl-6-morpholino-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-
yl)-2-oxoethyl)-2-methylpiperazine-1-carboxylate. 'H NMR (300 MHz, DMSO-ds) 5 8.01 (s, 1
H), 7.27-7.16 (m, 2 H), 7.19-7.06 (m, 2 H), 4.81-4.69 (m, 1 H), 4.36-4.26 (m, 1 H), 4.24-4.14
(m, 1 H), 4.00-3.82 (m, 3 H), 3.76-3.61 (m, 4 H), 3.52-3.39 (m, 3 H), 3.17-3.06 (m, 2 H), 3.04-
2.83 (m, 6 H), 2.75 (s, 1 H), 2.70-2.51 (m, 4 H), 2.33-2.20 (m, 1 H), 2.16-2.03 (m, 1 H), 2.02-
1.90 (m, 1 H), 1.17 (d, J = 6.5 Hz, 3 H), 0.91-0.80 (m, 9 H). LC-MS (M+H)*=611.5.
Example 107: 2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-
y1)-1-((S)-7-(4-fluorobenzyl)-6-(2-hydroxyethoxy)-2-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)ethan-1-one (compound 107)
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Step 1: (S)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine

O._N
LI
NI%
H
F

The title compound of step 1 (5.8 g, 89% yield) was prepared in a manner similar to that
described in Example 1 step 8 from tert-butyl (S)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-
1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate. LC-MS (M+H)" = 259.2.

Step 2: (S)-6-bromo-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine

O _N._Br
LI
N/
H
F

The title compound of step 2 (6.8 g, 90% yield) was prepared in a manner similar to that
described in Example 4 step 1 from (S)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine. LC-MS (M+H)™ =337.1.

Step 3: tert-butyl (S)-6-bromo-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-

b][1 4]oxazme 1-carboxylate
; I%
The title compound of step 3 (7.0 g, 80% yield) was prepared in a manner similar to that

described in Example 4 step 2 from (S)-6-bromo-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine. LC-MS (M+H)" = 437.1.
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Step 4: tert-butyl (S)-7-(4-fluorobenzyl)-6-(2-hydroxyethoxy)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine-1-carboxylate

N
/I:O | S O\/\OH
l}l =
Boc

F
To a solution of tert-butyl (S)-6-bromo-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine-1-carboxylate (400 mg, 0.92 mmol) and ethane-1,2-diol (114 mg,
1.83 mmol) in dioxane (30 mL) were added Pdz(dba); (84 mg, 0.09 mmol), Xantphos (106 mg,
0.18 mmol) and Cs2CO3 (631 mg, 1.83 mmol). The mixture was refluxed for 16 h under
nitrogen. The mixture was cooled to room temperature and diluted with EtOAc¢(30 mL),
washed with brine (20 mL), dried over sodium sulfate, concentrated under reduced pressure.
The residue was purified by silica gel column chromatography (eluent with PE : EtOAc=1:1)
to give title compound (280 mg, 73%) as a solid. LC-MS (M+H) © =418 9.

Step 5: (S)-2-((7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4 ]oxazin-6-
yl)oxy)ethan-1-ol

N
)io | > O\/\OH
N7 NP
H

F
The title compound of step 2 (50 mg, 20% yield) was prepared in a manner similar to that
described in Example 1 step 8 from tert-butyl (S)-7-(4-fluorobenzyl)-6-(2-hydroxyethoxy)-2-
methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate. LC-MS (M+H) *=318.9.
Step 6: (S)-6-(2-((tert-butyldimethylsilyl)oxy)ethoxy)-7-(4-flucrobenzyl)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazine

)io |N\ O~"orBS
N =
H

F
The title compound of step 3 (60 mg, 88% yield) was prepared in a manner similar to that
described in Example 54 step 1 from (S)-2-((7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-6-yl)oxy)ethan-1-ol and TBSCI. LC-MS (M+H) * = 433 3.
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Step 7: (S)-1-(6-(2-((tert-butyldimethylsilyl)oxy)ethoxy)-7-(4-fluorobenzyl)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-chloroethan-1-one

O N O
LI ~orss
N v

C|\/&O

F
The title compound of step 4 (60 mg, 86% yield) was prepared in a manner similar to that
described in Example 1 step 9 from (S)-6-(2-((tert-butyldimethylsilyl)oxy)ethoxy)-7-(4-
fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine and 2-chloroacetyl chloride.
LC-MS (M+H) * = 509.3.
Step 8: tert-butyl (2R,5S)-4-(2-((S)-6-(2-((tert-butyldimethylsilyl)oxy)ethoxy)-7-(4-
fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-y])-2-oxoethyl)-5-
(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate
o/\(
H J N OTBS
N N/\r( -

R

The title compound of step 5 (90 mg, 96% yield) was prepared in a manner similar to that

F

described in Example 1 step 18 from (S)-1-(6-(2-((tert-butyldimethylsilyl)oxy)ethoxy)-7-(4-
fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-chloroethan-1-one
and tert-butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-
carboxylate. LC-MS (M+H) * = 800.9.

Step 9: 2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-yl)-1-
((S)-7-(4-fluorobenzyl)-6-(2-hydroxyethoxy)-2-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)ethan-1-one (compound 107)

Compound 107 (40 mg, 62% yield) was prepared in a manner similar to that described in
Example 29 step 7 from tert-butyl (2R,5S)-4-(2-((S)-6-(2-((tert-

butyldimethylsilyl)oxy )ethoxy)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)-2-oxoethyl)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-
methylpiperazine-1-carboxylate. "H NMR (400 MHz, DMSO-d6) § 8.06 (s, 1H), 7.26 (brs,
2H), 7.09 (brs, 2H), 4.81 (s, 1H), 4.67 (s, 1H), 4.31-4.28 (m, 1H), 4.18 (s, 3H), 3.88 — 3.84 (m,
1H), 3.79 (brs, 2H), 3.68 (brs, 2H), 3.45 - 3.41 (m , 4H), 3.13 (brs, 2H), 2.98 — 2.96 (m, 1H),
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2.79 (brs, 1H), 2.67 (brs, 3H), 2.60 — 2.57 (m, 2H), 2.31-2.28 (m, 1H), 2.13 (brs, 1H), 1.95 (brs,
1H), 1.16 (s, 3H), 0.97 — 0.72 (m, 9H). LC-MS (M+H) * = 586.5.

Example 108: 2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-
y1)-1-((S)-7-(4-fluorobenzyl )-6-((2-methoxyethyl )Jamino)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-yl)ethan-1-one (compound 108)

0
z N O—
(\N/\H/N /\ \ N/\/
HN\l) o) H

F
Step 1: tert-butyl (S)-7-(4-fluorobenzyl)-6-((2-methoxyethyl)amino)-2-methyl-2, 3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine-1-carboxylate

H
oG
|\|l =
Boc

F
The title compound of step 1 (287 mg, 28% yield) was prepared in a manner similar to that
described in Example 106 step 1 from (S)-1-(tert-butoxycarbonyl)-7-(4-fluorobenzyl)-2-
methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine S-oxide and 2-methoxyethan-1-amine. LC-
MS (M+H)" =432.3.

Step 2: (S)-7-(4-fluorobenzyl)-N-(2-methoxyethyl)-2-methyl-2 3-dihydro-1H-pyrido[2,3-

b][1 4]oxazm-6 amine

i)

The title compound of step 2 (115 mg, 52% yield) was prepared in a manner similar to that
described in Example 1 step 8 from tert-butyl (S)-7-(4-fluorobenzyl)-6-((2-
methoxyethyl)amino)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate. LC-
MS (M+H)" =332.1.

Step 3: (S)-2-chloro-1-(7-(4-fluorobenzyl)-6-((2-methoxyethyl )amino)-2-methyl-2,3-dihydro-
1H-pyrido[2,3-b][1,4]oxazin-1-yl)ethan-1-one
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O Ny H\/\O/
LA
Cl 0
F

The title compound of step 3 (60 mg, 76% yield) was prepared in a manner similar to that
described in Example 1 step 9 from (S)-7-(4-fluorobenzyl)-N-(2-methoxyethyl)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazin-6-amine and 2-chloroacetyl chloride. LC-MS (M+H)" =
408.2.
Step 4: tert-butyl (2R,55)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-((S)-7-(4-
fluorobenzyl)-6-((2-methoxyethyl)amino)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-
1-yl)-2-oxoethyl)-2-methylpiperazine-1-carboxylate

e

N

SN T o
IeRd g/\& 7
,N\H o) H

Boc

F

The title compound of step 4 (100 mg, 53% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-2-chloro-1-(7-(4-flucrobenzyl)-6-((2-
methoxyethyl)amino)-2-methyl-2,3-dihydro- 1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)ethan-1-one and
tert-butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine- 1-
carboxylate. LC-MS (M+H)" = 699 4.

Step 5: 2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-yl)-1-
((S)-7-(4-fluorobenzyl)-6-((2-methoxyethyl )amino)-2-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)ethan-1-one (compound 108)

Compound 108 (44 mg, 50% yield) was prepared in a manner similar to that described in
Example 29 step 7 from tert-butyl (2R,55)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-
((S)-7-(4-fluorobenzyl)-6-((2-methoxyethyl)amino)-2-methyl-2,3-dihydro-1H-pyrido[ 2,3-
b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methylpiperazine- 1-carboxylate. 'H NMR (400 MHz,
DMSO-ds) 8 7.74 (brs, 1 H), 7.26-7.17 (m, 2 H), 7.17-7.06 (m, 2 H), 5.87 (t, ] = 5.0, 3.9 Hz, 1
H), 4.66-4.58 (m, 1 H), 4.27-4.20 (m, 1 H), 4.15-4.07 (m, 1 H), 3.86-3.78 (m, 1 H), 3.69 (s, 2
H), 3.52-3.42 (m, 2 H), 3.44-3.36 (m, 3 H), 3.33-3.28 (m, 2 H), 3.22 (s, 3 H), 3.19-3.10 (m, 2
H), 3.00-2.91 (m, 1 H), 2.84-2.75 (m, 1 H), 2.69-2.51 (m, 1 H), 2.45-2.38 (m, 4 H), 2.31-2.21
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(m, 1 H), 2.07-2.01 (m, 2 H), 2.00-1.90 (m, 1 H), 1.20-1.13 (m, 3 H), 0.90-0.82 (m, 9 H). LC-
MS (M+H)" = 599.3.

Example 109: 2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-
y1)-1-((S)-7-(4-fluorobenzyl)-6-((2-hydroxyethyl)amino)-2-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)ethan-1-one

oY’
NN

(0]
H N/N OH

WY Wt
HN\H o

F
Step 1: tert-butyl (S)-7-(4-fluorobenzyl)-6-((2-hydroxyethyl)amino)-2-methyl-2,3-dihydro-1H-

pyrido[2,3-b][1,4]oxazine-1-carboxylate
H

/[O |N\ o
'}l P4
Boc

F
The title compound of step 1 (201 mg, 20% yield) was prepared in a manner similar to that
described in Example 106 step 1 from (S)-1-(tert-butoxycarbonyl)-7-(4-fluorobenzyl)-2-
methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine 5-oxide and 2-aminoethan-1-ol. LC-MS
(M+H)" = 418.2.

Step 2: (S)-2-((7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-6-

yl)amino)ethan-1-ol
H

/EO |N\ N0
NN
H

F
The title compound of step 2 (70 mg, 45% yield) was prepared in a manner similar to that
described in Example 1 step 8 from tert-butyl (S)-7-(4-fluorobenzyl)-6-((2-
hydroxyethyl)amino)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4 Joxazine-1-carboxylate. LC-
MS (M+H)" =318.1.

Step 3: (S)-N-(2-((tert-butyldimethylsilyl)oxy )ethyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-
1H-pyrido[2,3-b][1,4]oxazin-6-amine
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The title compound of step 3 (65 mg, 68% yield) was prepared in a manner similar to that
described in Example 54 step 1 from (S)-2-((7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-6-yl)amino)ethan-1-ol and TBSCI. LC-MS (M+H)* = 432.3.
Step 4: (S)-1-(6-((2-((tert-butyldimethylsilyl)oxy)ethyl )Jamino)-7-(4-fluorobenzyl)-2-methyl-
2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)-2-chloroethan-1-one
;O | Ns H\/\OTBS
N Z
Cl o
F
The title compound of step 4 (71 mg, 93% yield) was prepared in a manner similar to that
described in Example 1 step 9 from (S)-N-(2-((tert-butyldimethylsilyl)oxy)ethyl)-7-(4-
fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-6-amine and 2-chloroacetyl
chloride. LC-MS (M+H)* = 508 3.
Step 3: tert-butyl (2R,5S)-4-(2-((S)-6-((2-((tert-butyldimethylsilyl)oxy)ethyl)amino)-7-(4-
fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-oxoethyl)-5-
(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate

0
N OTBDMS

The title compound of step 5 (60 mg, 53% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-1-(6-((2-((tert-butyldimethylsilyl)oxy)ethyl)amino)-7-
(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-chloroethan-1-one
and tert-butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-
carboxylate. LC-MS (M+H)" = 799.5.
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Step 6: 2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-yl)-1-
((S)-7-(4-fluorobenzyl)-6-((2-hydroxyethyl)amino)-2-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)ethan-1-one (compound 109)

Compound 109 (20 mg, 46% yield) was prepared in a manner similar to that described in
Example 29 step 7 from tert-butyl (2R,5S)-4-(2-((S)-6-((2-((tert-
butyldimethylsilyl)oxy)ethyl)amino)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)-2-oxoethyl)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-
methylpiperazine-1-carboxylate. 'H NMR (400 MHz, DMSO-ds) & 7.70 (s, 1H), 7.26-7.18 (m,
2 H), 7.17-7.06 (m, 2 H), 5.86 (t, J = 5.5 Hz, 1 H), 4.69-4.64 (m, 1 H), 4.27-4.20 (m, 1 H),
4.15-4.07 (m, 1 H), 3.81 (d, T = 14.9 Hz, 1 H), 3.69 (s, 2 H), 3.52-3.44 (m, 4 H), 3.40-3.32 (m,
3 H), 3.18-3.10 (m, 2 H), 3.00-2.92 (m, 1 H), 2.83-2.75 (m, 1 H), 2.69-2.52 (m, 4 H), 2.45-2.37
(m, 1 H), 2.31-2.21 (m, 1 H), 2.09-2.02 (m, 1 H), 2.00-1.90 (m, 1 H), 1.19-1.13 (m, 3 H), 0.90-
0.81 (m, 9 H). LC-MS (M+H)" = 585.3.

Example 110: 1-((S)-6-(cyclopropylamino)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-y1)-2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-
methylpiperazin-1-yl)ethan-1-one (compound 110)

4

pgoet v
HN\H 0

Step 1: tert-butyl (S)-6-(cyclopropylamino)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine-1-carboxylate

H
O N N
N
LIV
Z
N
Boc
F

The title compound of step 1 (164 mg, 18% yield) was prepared in a manner similar to that
described in Example 106 step 1 from (S)-1-(tert-butoxycarbonyl)-7-(4-fluorobenzyl)-2-
methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine S-oxide and cyclopropyl amine. LC-MS
(M+H)" = 414.1.

Step 2: (S)-N-cyclopropyl-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-

b][1,4]oxazin-6-amine
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The title compound of step 2 (80 mg, 63% yield) was prepared in a manner similar to that
described in Example 1 step 8 from tert-butyl (S)-6-(cyclopropylamino)-7-(4-fluorobenzyl)-2-
methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate. LC-MS (M+H)* = 314.3.
Step 3: (S)-2-chloro-1-(6-(cyclopropylamino)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-yl)ethan-1-one

/[: ‘N; NW
Clv-KO

The title compound of step 3 (77 mg, 78% yield) was prepared in a manner similar to that

described in Example 1 step 9 from (S)-N-cyclopropyl-7-(4-fluorobenzyl)-2-methyl-2,3-

dihydro-1H-pyrido[2,3-b][1,4]oxazin-6-amine and 2-chloroacetyl chloride. LC-MS (M+H)" =

390.1.

Step 4: tert-butyl (2R,5S)-4-(2-((S)-6-(cyclopropylamino)-7-(4-fluorobenzyl)-2-methyl-2,3-

dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-y1)-2-oxoethyl)-5-(((3R,5R)-3,5-

dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate

OON/ ~
e
Shea:

N
Boc” 1)

The title compound of step 4 (101 mg, 74% yield) was prepared in a manner similar to that

F

described in Example 1 step 18 from (S)-2-chloro-1-(6-(cyclopropylamino)-7-(4-
fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)ethan-1-one and tert-
butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-
carboxylate. LC-MS (M+H)" = 681 .4.
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Step 5: 1-((S)-6-(cyclopropylamino)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-y1)-2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-
methylpiperazin-1-yl)ethan-1-one (compound 110)

Compound 110 (26 mg, 30% yield) was prepared in a manner similar to that described in
Example 29 step 7 from tert-butyl (2R,5S)-4-(2-((S)-6-(cyclopropylamino)-7-(4-fluorobenzyl)-
2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-oxoethy])-5-(((3R,5R)-3,5-
dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. '"H NMR (300 MHz, DMSO-
ds) 67.67 (s, 1 H), 7.22-7.11 (m, 2 H), 7.17-7.01 (m, 2 H), 6.07 (s, 1 H), 4.68-4.52 (m, 1 H),
426-4.17 (m, 1 H), 4.14-4.04 (m, 1 H), 3.85-3.74 (m, 1 H), 3.64 (s, 2 H), 3.50-3.40 (m, 2 H),
3.38-3.29 (m, 1 H), 3.17-3.05 (m, 2 H), 2.99-2.90 (m, 1 H), 2.83-2.67 (m, 1 H), 2.66-2.50 (m, S
H), 2.47-2.37 (m, 1 H), 2.31-2.18 (m, 1 H), 2.08-2.02 (m, 1 H), 1.99-1.86 (m, 1 H), 1.17-1.11
(m, 3 H), 0.90-0.77 (m, 9 H), 0.67-0.52 (m, 2 H), 0.40-0.30 (m, 2 H). LC-MS (M+H)" = 581.5.
Example 111: 2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-
y1)-1-((S)-6-(ethylamino)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)ethan-1-one (compound 111)

(@)

NN ?

: (;\N/\H/N /RI N/\

HNY o < H
F

Step 1: tert-butyl (S)-6-(ethylamino)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-

b][1,4]oxazine- 1 carboxylate

o

The title compound of step 1 (104 mg, 19% yield) was prepared in a manner similar to that
described in Example 106 step 1 from (S)-1-(tert-butoxycarbonyl)-7-(4-fluorobenzyl)-2-
methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine 5-oxide and ethylamine hydrochloride. LC-
MS (M+H)™ =402.2.

Step 2: (S)-N-ethyl-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-6-

amine
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The title compound of step 2 (45 mg, 57% yield) was prepared in a manner similar to that
described in Example 1 step 8 from tert-butyl (S)-6-(ethylamino)-7-(4-fluorobenzyl)-2-methyl-
2,3-dihydro-1H-pyrido[2,3-b][1,4]Joxazine-1-carboxylate. LC-MS (M+H)* = 302.2.

Step 3: (S)-2-chloro-1-(6-(ethylamino)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-yl)ethan-1-one

H
O~ Ny N
|
/[N 7
F

The title compound of step 3 (50 mg, 88% yield) was prepared in a manner similar to that
described in Example 1 step 9 from (S)-N-ethyl-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-6-amine and 2-chloroacetyl chloride. LC-MS (M+H)" = 378.1.

Step 4: tert-butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-((S)-6-
(ethylamino)-7-(4-flucrobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-

oxoethyl)-2-methylpiperazine-1-carboxylate

The title compound of step 4 (50 mg, 57% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-2-chloro-1-(6-(ethylamino)-7-(4-fluorobenzyl)-2-
methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)ethan-1-one and tert-butyl (2R,5S)-5-
(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. LC-MS
(M+H)* = 660.1.

Step 5: 2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-y1)-1-
((S)-6-(ethylamino)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-
yl)ethan-1-one (compound 111)
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Compound 111 (24 mg, 56% yield) was prepared in a manner similar to that described in
Example 29 step 7 from tert-butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-
((S)-6-(ethylamino)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-
yl)-2-oxoethyl)-2-methylpiperazine-1-carboxylate. 'H NMR (300 MHz, DMSO-ds) § 7.67 (brs,
1 H), 7.25-7.15 (m, 2 H), 7.15-7.03 (m, 2 H), 5.87 (t, J = 5.5 Hz, 1 H), 4.62-4.56 (m, 1 H),
4.25-4.16 (m, 1 H), 4.13-4.03 (m, 1 H), 3.84-3.73 (m, 1 H), 3.66 (s, 2 H), 3.51-3.40 (m, 2 H),
3.35-3.16 (m, 3 H), 3.16-3.06 (m, 2 H), 2.98-2.89 (m, 1 H), 2.83-2.68 (m, 1 H), 2.672.53 (m, 4
H), 2.42-2.36 (m, 1 H), 2.30-2.17 (m, 1 H), 2.12-1.81 (m, 2 H), 1.16-1.01 (m, 6 H), 0.89-0.75
(m, 9 H). LC-MS (M+H)™ = 569.4.

Example 112: 2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-
y1)-1-((S)-7-(4-fluorobenzyl)-2-methyl-6-((2,2,2-trifluoroethyl)amino)-2,3-dihydro-1H-

pyrido[2,3-b][1,4]oxazin-1-yl)ethan-1-one (compound 112)
O

Sy

: ('\N/\H/N 7N \/CFs
5 =~ H

HNj)
E

Step 1: benzyl (S)-6-((tert-butoxycarbonyl)amino)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-
1H-pyrido[2, 3-b 1[1,4]oxazine- 1-carboxylate

i

To a solution of (S)-1-((benzyloxy)carbonyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine-6-carboxylic acid (923 mg, 2.13 mmol) and TEA (335 mg, 3.26
mmol) in t-BuOH (10 mL) was added DPPA (720 mg, 2.61 mmol) at room temperature under
nitrogen atmosphere. The resulting mixture was stirred for 1 h at 100 °C under nitrogen
atmosphere. When the reaction was done, the mixture was allowed to cool down to room
temperature. The reaction mixture was concentrated under reduced pressure. The residue was
purified by flash chromatography eluting with EtOAc in DCM (0% to 10% gradient) to yield
the title compound (537 mg, 50% yield). LC-MS (M+H)"= 508 2.

Step 2: benzyl (S)-6-amino-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-

b][1,4]oxazine-1-carboxylate
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The title compound of step 2 (310 mg, 71% yield) was prepared in a manner similar to that
described in Example 1 step 8 from benzyl (S)-6-((tert-butoxycarbonyl)amino)-7-(4-
fluorobenzyl)-2-methyl-2 3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-1-carboxylate. LC-MS
(M+H)" = 408 3.

Step 3: benzyl (S)-7-(4-fluorobenzyl)-2-methyl-6-(2,2,2-trifluoroacetamido)-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine-1-carboxylate

H
(0] N N CF
JO PN
I}l o
Cbz
F

At 0 °C, to a solution of benzyl (S)-6-amino-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine-1-carboxylate (250 mg, 0.61 mmol) and Pyridine (195 mg, 1.21
mmol) in DCM (5 mL) was added TFAA (130 mg, 0.61 mmol) dropwise under nitrogen
atmosphere. The resulting mixture was stirred for 1 h at 100 °C under nitrogen atmosphere.
When the reaction was done, the mixture was allowed to cool down to room temperature. The
reaction was then quenched by the addition of ice water (15 mL). The resulting solution was
extracted with DCM (20 mL x 3). The organic phases were combined, washed with brine and
dried over Na2SO4. The residue was purified by flash chromatography eluting with EtOAc in
DCM (0% to 10% gradient) to yield the title compound (128 mg, 64% yield). LC-MS (M+H)"
=504.2.

Step 4: benzyl (S)-7-(4-fluorobenzyl)-2-methyl-6-((2,2,2-trifluoroethyl )Jamino)-2,3-dihydro-
1H- pyr1do[2 3-b 1[1,4]oxazine-1-carboxylate

At 0 °C, to a solution of benzyl (S)-7-(4-fluorobenzyl)-2-methyl-6-(2,2,2-trifluoroacetamido)-

2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate (100 mg, 0.20 mmol) in THF (2 mL)
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was added BH3-THF (0.55 mL, 0.55 mmol, 1 M ) dropwise under nitrogen atmosphere. The
resulting mixture was stirred for 5 h at 50 °C under nitrogen atmosphere. When the reaction
was done, the mixture was allowed to cool down to room temperature. The reaction was then
quenched by the addition of MeOH (5 mL). The reaction mixture was concentrated under
reduced pressure. The residue was purified by flash chromatography eluting with EtOAc in PE
(0% to 25% gradient) to yield the title compound (95 mg, 97% yield). LC-MS (M+H)" = 490.3.
Step 5: (S)-7-(4-fluorobenzyl)-2-methyl-N-(2,2,2-trifluoroethyl)-2,3-dihydro-1H-pyrido[2,3-

b][1 4]oxaz1n—6 -amine

i)

The title compound of step 5 (58 mg, 84% yield) was prepared in a manner similar to that
described in Example 1 step 17 from benzyl (S)-7-(4-flucrobenzyl)-2-methyl-6-((2,2,2
trifluoroethyl)amino)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4 ]oxazine-1-carboxylate. LC-MS
(M+H)" = 356.2.

Step 6: (S)-2-chloro-1-(7-(4-fluorobenzyl)-2-methyl-6-((2,2,2-trifluoroethyl)amino)-2,3-
dihydro- 1H—pyr1do[2 3-b][1,4]oxazin-1-yl)ethan-1-one

5

The title compound of step 6 (66 mg, 93% yield) was prepared in a manner similar to that
described in Example 1 step 9 from (S)-7-(4-fluorobenzyl)-2-methyl-N-(2,2,2-trifluoroethyl)-
2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-6-amine and 2-chloroacetyl chloride. LC-MS
(M+H)"=4322.

Step 7: tert-butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-((S)-7-(4-
fluorobenzyl)-2-methyl-6-((2,2, 2-trifluoroethyl Jamino)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methylpiperazine-1-carboxylate
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The title compound of step 7 (104 mg, 93% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-2-chloro-1-(7-(4-fluorobenzyl)-2-methyl-6-((2,2,2-
trifluoroethyl)amino)-2,3-dihydro-1H-pyrido[2,3-b][ 1,4 ]oxazin-1-yl)ethan-1-one and tert-butyl
(2R,55)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. LC-
MS (M+H)* = 723.3.

Step 8: 2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-y1)-1-
((S)-7-(4-fluorobenzyl)-2-methyl-6-((2,2,2-trifluoroethyl)amino)-2,3-dihydro-1H-pyrido[ 2,3-
b][1,4]oxazin-1-yl)ethan-1-one (compound 112)

Compound 112 (51 mg, 57% yield) was obtained in a manner similar to that described in
Example 29 step 7 from tert-butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-
((S)-7-(4-fluorobenzyl)-2-methyl-6-((2,2,2-trifluoroethyl)amino)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methylpiperazine-1-carboxylate. 'H NMR (300 MHz,
DMSO-ds) § 7.78 (brs, 1 H), 7.26-7.15 (m, 2 H), 7.20-7.03 (m, 2 H), 6.56 (t, J = 6.4 Hz, 1 H),
4.67-4.61 (m, 1 H), 4.28-3.91 (m, 4 H), 3.87-3.76 (m, 1 H), 3.73 (s, 2 H), 3.50-3.40 (m, 2 H),
3.37-3.26 (m, 1 H), 3.17-3.05 (m, 2 H), 2.98-2.87 (m, 1 H), 2.80-2.74 (m, 1 H), 2.67-2.49 (m, 3
H), 2.45-2.36 (m, 1 H), 2.30-2.16 (m, 1 H), 2.08-2.00 (m, 2 H), 2.00-1.86 (m, 1 H), 1.16-1.10
(m, 3 H), 0.88-0.78 (m, 9 H). LC-MS (M+H)" = 623.5.

Example 113: 2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-
y1)-1-((S)-7-(4-fluorobenzyl)-6-(4-fluorophenyl)-2-methyl-2,3-dihydro-1H-pyrido[ 2,3-
b][1,4]oxazin-1-yl)ethan-1-one (compound 113)

X

HQ/\[(])/NF
§

Step 1: (S)-6-chloro-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine

O__N.__ClI F
/[m
N

H
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To a solution of (S)-1-(tert-butoxycarbonyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine 5-oxide (1 g, 2.54 mmol) and TEA (85 mg, 0.80 mmol) in Toluene
(0.8 mL) was added POCIs (5 mL) in portions at 0 °C under nitrogen atmosphere. The resulting
mixture was stirred for 2 h at 65 °C under nitrogen atmosphere. When the reaction was done,
the resulting mixture was concentrated under reduced pressure. The residue was dissolved in
ethyl acetate (40 mL). The organic phase was washed with saturated NaHCOs3, brine, and dried
over Na2SOas. The solvent was concentrated under reduced pressure. The residue was purified
by flash chromatography eluting with MeOH in DCM (0% to 5% gradient) to yield the title
compound (53 mg, 7% yield). LC-MS (M+H)" =293.1.

Step 2: (S)-7-(4-fluorobenzyl)-6-(4-fluorophenyl)-2-methyl-2,3-dihydro-1H-pyrido[ 2,3-

b][1,4]oxazine

To a solution of (S)-6-chloro-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro- 1H-pyrido[2,3-
b][1,4]oxazine (53 mg, 0.18 mmol) and 4-fluorophenylboronic acid (29 mg, 0.19 mmol) in
dioxane (1 mL) and H20 (0.1 mL) were added K2COs (47 mg, 0.32 mmol) and Pd(PCy3)2Cl2
(63 mg, 0.081 mmol). The resulting mixture was stirred for 16 h at 100 °C under nitrogen
atmosphere. When the reaction was done, the mixture was allowed to cool down to room
temperature. The resulting mixture was concentrated under reduced pressure. The residue was
purified by flash chromatography eluting with EtOAc in DCM (0% to 20% gradient) to yield
the title compound (44 mg, 70% yield). LC-MS (M+H)* = 353.0.

Step 3: (S)-2-chloro-1-(7-(4-fluorobenzyl)-6-(4-fluorophenyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-yl)ethan-1-one

F
O._N O
LI
N =
Qg
F
The title compound of step 3 (53 mg, 98% yield) was prepared in a manner similar to that

described in Example 1 step 9 from (S)-7-(4-fluorobenzyl)-6-(4-fluorophenyl)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazine and 2-chloroacetyl chloride. LC-MS (M+H)" =429.1.
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Step 4: tert-butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-((S)-7-(4-
fluorobenzyl)-6-(4-fluorophenyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-
oxoethyl)-2-methylpiperazine-1-carboxylate

N—?

Oy SO
»

E
The title compound of step 4 (72 mg, 84% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-2-chloro-1-(7-(4-flucrobenzyl)-6-(4-fluorophenyl)-2-
methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)ethan-1-one and tert-butyl (2R,5S)-5-
((3R,5R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. LC-MS
(M+H)" =720.4.

Step 5: 2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-yl)-1-
((S)-7-(4-fluorobenzyl)-6-(4-fluorophenyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)ethan-1-one (compound 113)

Compound 113 (6 mg, 8% yield) was prepared in a manner similar to that described in
Example 29 step 7 from tert-butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-
((S)-7-(4-fluorobenzyl)-6-(4-fluorophenyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methylpiperazine-1-carboxylate. '"H NMR (300 MHz,
Chloroform-d) & 8.46 (brs, 1 H), 7.45-7.35 (m, 2 H), 7.12-7.03 (m, 2 H), 7.02-6.88 (m, 4 H),
5.01-4.95 (m, 1 H), 4.44-4.27 (m, 3 H), 3.94 (s, 2 H), 3.66-3.55 (m, 2 H), 3.35-3.24 (m, 3 H),
3.17-3.07 (m, 1 H), 2.92-2.69 (m, 6 H), 2.62-2.49 (m, 1 H), 2.29-2.09 (m, 2 H), 1.37 (d, /= 6.7
Hz, 3 H), 1.06 (d, J= 6.3 Hz, 3 H), 0.99-0.91 (m, 6 H). LC-MS (M+H)" = 620.5.

Example 114: 2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-
y1)-1-((S)-7-(4-fluorobenzyl)-6-((3-hydroxyazetidin-1-yl)methyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-yl)ethan-1-one (compound 114)

Y on
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Step 1: tert-butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-((S)-7-(4-
fluorobenzyl)-6-formyl-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-oxoethyl)-

2-methylpiperazine-1-carboxylate

K

~ \(\O
- N~ N 0
N ——
F

The title compound of step 1 (100 mg, 88% yield) was prepared in a manner similar to that
described in Example 76 step 8 from tert-butyl (2R,5S)-5-(((3R,5R)-3,5-
dimethylmorpholino)methyl)-4-(2-((S)-7-(4-fluorobenzyl)-6-(hydroxymethyl)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methylpiperazine-1-carboxylate. LC-
MS (M+H)" = 654.2.

Step 2: tert-butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-((S)-7-(4-
fluorobenzyl)-6-((3-hydroxyazetidin-1-yl)methyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methylpiperazine-1-carboxylate

1o SO
- N
= (\N/\H/N /\\ N
_N (0]
Boc
F

The title compound of step 2 (33 mg, 30% yield) was prepared in a manner similar to that
described in Example 92 step 1 from tert-butyl (2R,5S)-5-(((3R,5R)-3,5-
dimethylmorpholino)methyl)-4-(2-((S)-7-(4-fluorobenzyl)-6-formyl-2-methyl-2,3-dihydro- 1H-
pyrido[2,3-b][1,4]oxazin-1-y1)-2-oxoethyl)-2-methylpiperazine-1-carboxylate and azetidin-3-
ol. LC-MS (M+H)" =711 3.

Step 3: 2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-yl)-1-
((S)-7-(4-fluorobenzyl)-6-((3-hydroxyazetidin-1-yl)methyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-yl)ethan-1-one (compound 114)

Compound 114 (9 mg, 32% yield) was prepared in a manner similar to that described in
Example 29 step 7 from tert-butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-
((S)-7-(4-fluorobenzyl)-6-((3-hydroxyazetidin-1-yl)methyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methylpiperazine-1-carboxylate. 'H NMR (400
MHz, DMSO-ds) 6 8.07 (brs, 1 H), 7.22-7.05 (m, 4 H), 5.24 (d, J = 6.7 Hz, 1 H), 4.75-4.70 (m,

270



10

15

20

WO 2021/244608 PCT/CN2021/098123

1 H), 4.35-4.28 (m, 1 H), 4.24-4.08 (m, 2 H), 3.97 (s, 2 H), 3.94-3.86 (m, 1 H), 3.59-3.52 (m, 1
H), 3.51-3.40 (m, 6 H), 3.15-3.06 (m, 2 H), 2.97-2.89 (m, 1 H), 2.86-2.76 (m, 3 H), 2.71-2.62
(m, 2 H), 2.62-2.49 (m, 3 H), 2.30-2.21 (m, 1 H), 2.16-2.06 (m, 1 H), 2.00-1.91 (m, 1 H), 1.17
(d, J=6.7 Hz, 3 H), 0.89-0.80 (m, 9 H). LC-MS (M+H)" =611.5.

Example 115: 1-((S)-6-amino-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-y1)-2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-
methylpiperazin-1-yl)ethan-1-one (compound 115)

T

N 0
C {/ \
A
HN\l) e}
F

Step 1: tert-butyl (S)-(7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-

6-yl)carbamate

o._N__R.
/E l ~ Boc
N =
H
F

The title compound of step 1 (146 mg, 75% yield) was prepared in a manner similar to that
described in Example 1 step 17 from benzyl (S)-6-((tert-butoxycarbonyl)amino)-7-(4-
fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-1-carboxylate. LC-MS
(M+H)* =374.1.

Step 2: tert-butyl (S)-(1-(2-chloroacetyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-6-yl)carbamate

H
/[O 'N\ N\Boc
N S
Cl\AO
F

The title compound of step 2 (116 mg, 66% yield) was prepared in a manner similar to that
described in Example 1 step 9 from tert-butyl (S)-(7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-
1H-pyrido[2,3-b][1,4]oxazin-6-yl)carbamate and 2-chloroacetyl chloride. LC-MS (M+H)" =
450.1.
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Step 3: tert-butyl (2R, 5S)-4-(2-((S)-6-((tert-butoxycarbonyl)amino)-7-(4-fluorobenzyl)-2-
methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-oxoethyl)-5-(((3R,5R)-3,5-
dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate

/Y

NN ~ 9

: N—Z N
— NHBoc

The title compound of step 3 (116 mg, 66% yield) was prepared in a manner similar to that
described in Example 1 step 18 from tert-butyl (S)-(1-(2-chloroacetyl)-7-(4-flucrobenzyl)-2-
methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-6-yl)carbamate and tert-butyl (2R,5S)-5-
((3R,5R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. LC-MS
(M+H)" = 741.5.
Step 4: 1-((S)-6-amino-7-(4-fluorobenzyl)-2-methyl-2, 3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-
1-y1)-2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-1-yl)ethan-
1-one (compound 115)
Compound 115 (32 mg, 24% yield) was prepared in a manner similar to that described in
Example 29 step 7 from tert-butyl (2R,5S)-4-(2-((S)-6-((tert-butoxycarbonyl)amino)-7-(4-
fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-oxoethyl)-5-
(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. '"H NMR (400
MHz, DMSO-ds) 6 7.77 (s, 1 H), 7.27-7.19 (m, 2 H), 7.16-7.06 (m, 2 H), 5.68 (s, 2 H), 4.65-
4.61 (m, 1 H), 4.27-4.20 (m, 1 H), 4.14-4.06 (m, 1 H), 3.86-3.78 (m, 1 H), 3.68 (s, 2 H), 3.52-
3.44 (m, 2 H), 3.37-3.28 (m, 1 H), 3.19-3.10 (m, 2 H), 3.00-2.92 (m, 1 H), 2.83-2.75 (m, 1 H),
2.71-2.62 (m, 2 H), 2.60-2.52 (m, 2 H), 2.45-2.38 (m, 1 H), 2.30-2.20 (m, 1 H), 2.12-1.85 (m, 2
H), 1.17 (d, J = 6.6 Hz, 3 H), 0.90-0.82 (m, 9 H). LC-MS (M+H)* = 541.5.
Example 116: N-((S)-1-(2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-
methylpiperazin-1-yl)acetyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-6-yl)acetamide (compound 116)
O
K/N\_ \(\O o)

PP
SR a:

'S
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Step 1: benzyl (S)-6-acetamido-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-

b][1,4]oxazine- 1 -carboxylate

i

The title compound of step 1 (117 mg, 36% yield) was prepared in a manner similar to that
described in Example 1 step 9 from benzyl (S)-6-amino-7-(4-fluorobenzyl)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate and acetyl chloride. LC-MS (M+H)" =
450.1.

Step 2: (S)-N-(7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-6-

yl)acetamide

H
O _ N _N
ﬁlﬂé;o(
N =
H
F

The title compound of step 2 (69 mg, 84% yield) was prepared in a manner similar to that
described in Example 1 step 17 from benzyl (S)-6-acetamido-7-(4-fluorobenzyl)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate. LC-MS (M+H)" = 316.2.

Step 3: (S)-N-(1-(2-chloroacetyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin- 6-yl)acetam1de

Cl\/§

The title compound of step 3 (70 mg, 81% yield) was prepared in a manner similar to that
described in Example 1 step 9 from (S)-N-(7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-6-yl)acetamide and 2-chloroacetyl chloride. LC-MS (M+H)" =392.1.
Step 4: tert-butyl (2R,5S)-4-(2-((S)-6-acetamido-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-

methylpiperazine-1-carboxylate
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The title compound of step 4 (80 mg, 65% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-N-(1-(2-chloroacetyl)-7-(4-fluorobenzyl)-2-methyl-
2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-6-yl)acetamide and tert-butyl (2R,5S)-5-(((3R,5R)-
3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. LC-MS (M+H)" = 683.5.
Step 5: N-((S)-1-(2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-
1-ylacetyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-6-
yl)acetamide (compound 116)

Compound 116 (14 mg, 20% yield) was prepared in a manner similar to that described in
Example 29 step 7 from tert-butyl (2R,5S5)-4-(2-((S)-6-acetamido-7-(4-fluorobenzyl)-2-methyl-
2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-oxoethyl)-5-(((3R,5R)-3,5-
dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. ‘H NMR (400 MHz, DMSO-
ds) 6 9.82 (s, 1 H), 8.13 (brs, 1 H), 7.19-7.04 (m, 4 H), 4.78-4.71 (m, 1 H), 4.38-4.30 (m, 1 H),
4.25-4.17 (m, 1 H), 3.95-3.87 (m, 1 H), 3.79 (s, 2 H), 3.49-3.40 (m, 3 H), 3.15-3.06 (m, 2 H),
2.97-2.89 (m, 1 H), 2.82-2.72 (m, 1 H), 2.72-2.56 (m, 2 H), 2.49-2.46 (m, 2 H), 2.30-2.20 (m, 1
H), 2.15-2.05 (m, 1 H), 1.99-1.91 (m, 5 H), 1.19 (d, ] = 6.7 Hz, 3 H), 0.89-0.81 (m, 9 H). LC-
MS (M+H)" = 583.3.

Example 117: N-((S)-1-(2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-
methylpiperazin-1-yl)acetyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-6-yl)propionamide (compound 117)

O

b._
N
vy

Step 1: benzyl (S)-7-(4-fluorobenzyl)-2-methyl-6-propionamido-2,3-dihydro- 1H-pyrido[2,3-

b][1,4]oxazine-1-carboxylate
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The title compound of step 1 (320 mg, 88% yield) was prepared in a manner similar to that
described in Example 1 step 9 from benzyl (S)-6-amino-7-(4-flucrobenzyl)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-1-carboxylate and propionyl chloride. LC-MS (M+H)"
=464.0.

Step 2: (S)-N-(7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-6-

yl)propionamide

H
O _N._N
,EIH
¥ O
N
H
F

The title compound of step 2 (200 mg, 87% yield) was prepared in a manner similar to that
described in Example 1 step 17 from benzyl (S)-7-(4-flucrobenzyl)-2-methyl-6-propionamido-
2,3-dihydro-1H-pyrido[2,3-b][1,4]Joxazine-1-carboxylate. LC-MS (M+H)*= 329 9.

Step 3: (S)-N-(1-(2-chloroacetyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin- 6-y1)prop10nam1de

Cl\/&

The title compound of step 3 (200 mg, 81% yield) was prepared in a manner similar to that
described in Example 1 step 9 from (S)-N-(7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-6-yl)propionamide and 2-chloroacetyl chloride. LC-MS (M+H)" =
405.9.

Step 4: tert-butyl (2R,55)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-((S)-7-(4-
fluorobenzyl)-2-methyl-6-propionamido-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-yl)-2-

oxoethyl)-2-methylpiperazine-1-carboxylate
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The title compound of step 4 (247 mg, 72% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-N-(1-(2-chloroacetyl)-7-(4-fluorobenzyl)-2-methyl-
2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-6-yl)propionamide and tert-butyl (2R,5S)-5-
(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. LC-MS
(M+H)* = 697.3.

Step 5: N-((S)-1-(2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-
1-yl)acetyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-6-
yl)propionamide (compound 117)

Compound 117 (26 mg, 18% yield) was prepared in a manner similar to that described in
Example 29 step 7 from tert-butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-
((S)-7-(4-fluorobenzyl)-2-methyl-6-propionamido-2,3-dihydro-1H-pyrido[2,3-b][ 1,4 ]oxazin-1-
yl)-2-oxoethyl)-2-methylpiperazine-1-carboxylate. 'H NMR (400 MHz, DMSO-ds) § 9.76 (s, 1
H), 8.14 (brs, 1 H), 7.18-7.04 (m, 4 H), 4.78-4.71 (m, 1 H), 4.38-4.30 (m, 1 H), 4.25-4.17 (m, 1
H), 3.95-3.87 (m, 1 H), 3.78 (s, 2 H), 3.49-3.41 (m, 3 H), 3.15-3.06 (m, 2 H), 2.98-2.90 (m, 1
H), 2.82-2.73 (m, 1 H), 2.73-2.62 (m, 2 H), 2.62-2.52 (m, 2 H), 2.31-2.21 (m, 3 H), 2.16-2.07
(m, 1 H), 2.07-2.03 (m, 1 H), 2.00-1.91 (m, 1 H), 1.19 (d, J = 6.6 Hz, 3 H), 1.03 (t, ] = 7.5 Hz,
3 H), 0.90-0.81 (m, 9 H). LC-MS (M+H)* = 597.5.

Example 118: N-((S)-1-(2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-
methylpiperazin-1-yl)acetyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-6-yl)isobutyramide (compound 118)

Step 1: benzyl (S)-7-(4-fluorobenzyl)-6-isobutyramido-2-methyl-2,3-dihydro-1H-pyrido[ 2,3-

b][1,4]oxazine-1-carboxylate
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The title compound of step 1 (242 mg, 65% yield) was prepared in a manner similar to that
described in Example 1 step 9 from benzyl (S)-6-amino-7-(4-flucrobenzyl)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate and isobutyryl chloride. LC-MS (M+H)"
=478.0.

Step 2: (S)-N-(7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-6-
yDisobutyramide

LA
O N N
Jos
H
F

The title compound of step 2 (143 mg, 87% yield) was prepared in a manner similar to that

described in Example 1 step 17 from benzyl (S)-7-(4-flucrobenzyl)-6-isobutyramido-2-methyl-

2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-1-carboxylate. LC-MS (M+H)* = 344.1.
Step 3: (S)-N-(1-(2-chloroacetyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-6-yl)isobutyramide

O
N

fecen
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The title compound of step 3 (150 mg, 85% yield) was prepared in a manner similar to that
described in Example 1 step 9 from (S)-N-(7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-6-yl)isobutyramide and 2-chloroacetyl chloride. LC-MS (M+H)* =
420.0.

Step 4: tert-butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-((S)-7-(4-
fluorobenzyl)-6-isobutyramido-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-y])-2-

oxoethyl)-2-methylpiperazine-1-carboxylate
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The title compound of step 4 (150 mg, 85% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-N-(1-(2-chloroacetyl)-7-(4-fluorobenzyl)-2-methyl-
2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-6-yl)isobutyramide and tert-butyl (2R,5S)-5-

5 (((3R,5R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. LC-MS

(M+H)* = 711 .3.

Step 5: N-((S)-1-(2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-
1-yl)acetyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-6-
yl)isobutyramide (compound 118)

10 Compound 118 (31 mg, 24% yield) was prepared in a manner similar to that described in
Example 29 step 7 from tert-butyl (2R,55)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-
((S)-7-(4-fluorobenzyl)-6-isobutyramido-2-methyl-2,3-dihydro- 1H-pyrido[ 2,3-b][ 1,4]oxazin-1-
yl)-2-oxoethyl)-2-methylpiperazine-1-carboxylate. 'H NMR (400 MHz, DMSO-ds) 6 9.76 (s,
1H), 8.13 (s, 1 H), 7.18-7.10 (m, 2 H), 7.14-7.05 (m, 2 H), 4.77-4.69 (m, 1 H), 4.38-4.29 (m, 1

15  H),425-4.17 (m, 1 H), 3.94-3.86 (m, 1 H), 3.77 (s, 2 H), 3.49-3.41 (m, 3 H), 3.14-3.06 (m, 2
H), 2.97-2.89 (m, 1 H), 2.81-2.72 (m, 1 H), 2.72-2.62 (m, 2 H), 2.62-2.53 (m, 3 H), 2.31-2.21
(m, 1 H), 2.16-2.06 (m, 1 H), 2.04-2.00 (m, 1 H), 2.00-1.91 (m, 1 H), 1.19 (d, J = 6.7 Hz, 3 H),
1.05 (d, J= 6.9 Hz, 6 H), 0.89-0.80 (m, 9 H). LC-MS (M+H)" = 611.5.

Example 119: N-((S)-1-(2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-

20  methylpiperazin-1-yl)acetyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-

b][1,4]oxazin-6-yl)cyclopropanecarboxamide (compound 119)

Step 1: benzyl (S)-6-(cyclopropanecarboxamido)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][ 1,4]oxazine-1-carboxylate
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The title compound of step 1 (220 mg, 69% yield) was prepared in a manner similar to that
described in Example 1 step 9 from benzyl (S)-6-amino-7-(4-flucrobenzyl)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate and cyclopropanecarbonyl chloride. LC-
MS (M+H)™ =476.2.

Step 2: (S)-N-(7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-6-

yl)cyclopropanecarboxamide

e
(@) N N
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The title compound of step 2 (109 mg, 69% yield) was prepared in a manner similar to that
described in Example 1 step 17 from benzyl (S)-6-(cyclopropanecarboxamido)-7-(4-
fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4 ]oxazine-1-carboxylate. LC-MS
(M+H)* = 342.2.

Step 3: (S)-N-(1-(2-chloroacetyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-6-yl)cyclopropanecarboxamide

o
N
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The title compound of step 3 (133 mg, 99% yield) was prepared in a manner similar to that
described in Example 1 step 9 from (S)-N-(7-(4-fluorobenzyl)-2-methyl-2 3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-6-yl)cyclopropanecarboxamide and 2-chloroacetyl chloride. LC-MS
(M+H)" = 418.2.

Step 4: tert-butyl (2R,5S)-4-(2-((S)-6-(cyclopropanecarboxamido)-7-(4-fluorobenzyl)-2-
methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-5-(((3R,5R)-3,5-
dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate
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The title compound of step 4 (178 mg, 79% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-N-(1-(2-chloroacetyl)-7-(4-fluorobenzyl)-2-methyl-
2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-6-yl)cyclopropanecarboxamide and tert-butyl

5 (2R,55)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. LC-
MS (M+H)" = 709.3.
Step 5: N-((S)-1-(2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-
1-yl)acetyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-6-
yl)cyclopropanecarboxamide (compound 119)

10 Compound 119 (48 mg, 31% yield) was prepared in a manner similar to that described in
Example 29 step 7 from tert-butyl (2R,5S)-4-(2-((S)-6-(cyclopropanecarboxamido)-7-(4-
fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-y1)-2-oxoethyl)-5-
(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. 'H NMR (400
MHz, DMSO-ds) 6 10.09 (s, 1 H), 8.13 (brs, 1 H), 7.19-7.05 (m, 4 H), 4.77-4.71 (m, 1 H),

15 438-431 (m, 1 H), 425-4.18 (m, 1 H), 3.95-3.86 (m, 1 H), 3.77 (s, 2 H), 3.50-3.41 (m, 3 H),
3.15-3.06 (m, 2 H), 2.98-2.90 (m, 1 H), 2.82-2.73 (m, 1 H), 2.72-2.63 (m, 2 H), 2.62-2.52 (m, 3
H), 2.31-2.21 (m, 1 H), 2.17-2.07 (m, 1 H), 2.00-1.91 (m, 1 H), 1.83-1.72 (m, 1 H), 1.19 (d, J =
6.6 Hz, 3 H), 0.90-0.81 (m, 9 H), 0.77 (d, ] = 6.2 Hz, 4 H). LC-MS (M+H)" = 609.5.

Example 120: (S)-N-(tert-butyl)-1-(2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-

20 S-methylpiperazin-1-yl)acetyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazine-6-carboxamide (compound 120)
®)

S ~% N
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Step 1: tert-butyl (S)-6-(tert-butylcarbamoyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][ 1,4]oxazine-1-carboxylate
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The title compound of step 1 (270 mg, crude) was prepared in a manner similar to that
described in Example 31 step 3 from (S)-1-(tert-butoxycarbonyl)-7-(4-fluorobenzyl)-2-methyl-
2,3-dihydro-1H-pyrido[2,3-b][ 1,4 ]oxazine-6-carboxylic acid and tert-butyl amine. LC-MS
(M+H)" = 458.5.

Step 2: (S)-N-(tert-butyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-

b][1,4]oxazine-6-carboxamide

The title compound of step 2 (210 mg, 98% yield for 2 steps) was prepared in a manner similar
to that described in Example 1 step 8 from tert-butyl (S)-6-(tert-butylcarbamoyl)-7-(4-
fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-1-carboxylate. LC-MS
(M+H)" = 358.2.

Step 3: (S)-N-(tert-butyl)-1-(2-chloroacetyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro- 1 H-
pyrido[2,3-b][1, 4 Joxazine-6-carboxamide

F

The title compound of step 3 (220 mg, 87% yield) was prepared in a manner similar to that
described in Example 1 step 9 from (S)-N-(tert-butyl)-7-(4-fluorobenzyl)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-6-carboxamide and 2-chloroacetyl chloride. LC-MS
(M+H)" = 434.3.

Step 4: tert-butyl (2R,5S)-4-(2-((S)-6-(tert-butylcarbamoyl)-7-(4-fluorobenzyl)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-5-(((3R,5R)-3,5-
dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate
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The title compound of step 4 (350 mg, 95% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-N-(tert-butyl)-1-(2-chloroacetyl)-7-(4-fluorobenzyl)-
2-methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-6-carboxamide and tert-butyl (2R,55)-5-

5 (((3R,5R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. LC-MS
(M+H)* = 725.6.

Step 3: (S)-N-(tert-butyl)-1-(2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-
methylpiperazin-1-yl)acetyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazine-6-carboxamide (compound 120)

10 Compound 120 (130 mg, 42% yield) was prepared in a manner similar to that described in
Example 29 step 7 from tert-butyl (2R,5S)-4-(2-((S)-6-(tert-butylcarbamoyl)-7-(4-
fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-y1)-2-oxoethyl)-5-
(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. 'H NMR (400
MHz, DMSO-d6) § 8.25 (s, 1H), 7.78 (s, 1H), 7.22 — 7.10 (m, 2H), 7.07 — 6.96 (m, 2H), 4.67

15  (d,J=6.5Hz, 1H), 434 - 427 (m, 1H), 426 — 4.13 (m, 3H), 3.95 -3.80 (m, 1H), 3.52 - 3.41
(m, 1H), 3.40 - 3.31 (m, 2H), 3.27 - 3.21 (m, 1H), 3.06 — 2.95 (m, 2H), 2.89 - 2.81 (m, 1H),
2.75 =2.66 (m, 1H), 2.65 — 2.46 (m, SH), 2.24 — 2.06 (m, 2H), 1.95 — 1.82 (m, 1H), 1.29 (s,
9H), 1.14 (d, J = 6.7 Hz, 3H), 0.80 (d, J = 6.2 Hz, 3H), 0.77 (d, ] = 6.3 Hz, 6H). LC-MS
(M+H)* = 625 8.

20 Example 121: N-((S)-1-(2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-
methylpiperazin-1-yl)acetyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-6-yl)-3-methoxypropanamide (compound 121)

7Y

™ 3y o
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Step 1: benzyl (S)-7-(4-fluorobenzyl)-6-(3-methoxypropanamido)-2-methyl-2,3-dihydro-1H-
25 pyrido[2,3-b][1,4]oxazine-1-carboxylate
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The title compound of step 1 (123 mg, 37% yield) was prepared in a manner similar to that
described in Example 1 step 9 from benzyl (S)-6-amino-7-(4-flucrobenzyl)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazine- 1-carboxylate and 3-methoxypropanoyl chloride. LC-
MS (M+H)™ = 4942,

Step 2: (S)-N-(7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-6-yl)-3-

methoxypropanamide
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The title compound of step 2 (86 mg, 96% yield) was prepared in a manner similar to that
described in Example 1 step 17 from benzyl (S)-7-(4-flucrobenzyl)-6-(3-
methoxypropanamido)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate.
LC-MS (M+H)" = 360.2.

Step 3: (S)-N-(1-(2-chloroacetyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-6-yl)-3-methoxypropanamide
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The title compound of step 3 (79 mg, 75% yield) was prepared in a manner similar to that
described in Example 1 step 9 from (S)-N-(7-(4-fluorobenzyl)-2-methyl-2 3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-6-yl)-3-methoxypropanamide and 2-chloroacetyl chloride. LC-MS
(M+H)" = 436.2.

Step 4: tert-butyl (2R,5S)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-((S)-7-(4-
fluorobenzyl)-6-(3-methoxypropanamido)-2-methyl-2, 3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-
1-yl)-2-oxoethyl)-2-methylpiperazine-1-carboxylate
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The title compound of step 4 (91 mg, 69% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-N-(1-(2-chloroacetyl)-7-(4-fluorobenzyl)-2-methyl-
2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-6-yl)-3-methoxypropanamide and tert-butyl (2R,5S)-

5 5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. LC-MS

(M+H)* = 727 4.

Step 5: N-((S)-1-(2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-
1-yl)acetyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-6-yl)-3-
methoxypropanamide (compound 121)

10 Compound 121 (20 mg, 25% yield) was prepared in a manner similar to that described in
Example 29 step 7 from tert-butyl (2R,55)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-
((S)-7-(4-fluorobenzyl)-6-(3-methoxypropanamido)-2-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methylpiperazine-1-carboxylate. 'H NMR (400 MHz,
DMSO-ds) § 9.90 (s, 1 H), 8.15 (s, 1 H), 7.22-7.12 (m, 2 H), 7.15-7.05 (m, 2 H), 4.77-4.71 (m,

15 1H),438-431 (m, 1 H),4.25-4.17 (m, 1 H), 3.95-3.87 (m, 1 H), 3.78 (s,2 H),3.59 (1, J=6.2
Hz, 2 H), 3.53-3.41 (m, 3 H), 3.33-3.24 (m, 2 H), 3.22 (s, 3 H), 3.14-3.05 (m, 2 H), 2.98-2.89
(m, 1 H), 2.82-2.73 (m, 1 H), 2.71-2.63 (m, 2 H), 2.62-2.52 (m, 3 H), 2.31-2.21 (m, 1 H), 2.17-
2.07 (m, 1 H), 2.00-1.91 (m, 1 H), 1.19(d, J = 6.6 Hz, 3 H), 0.90-0.81 (m, 9 H). LC-MS
(M+H)* = 6274,

20 Example 122: N-((S)-1-(2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-
methylpiperazin-1-yl)acetyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-6-yl)ethanesulfonamide (compound 122)
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Step 1: benzyl (S)-6-(ethylsulfonamido)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-
25 pyrido[2,3-b][1,4]oxazine-1-carboxylate
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At 0 °C, to a solution of benzyl (S)-6-amino-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine-1-carboxylate (480 mg, 1.18 mmol) in THF (12 mL) was added
LiHMDS in THF (4.6 mL, 4.6 mmol, 1M) under nitrogen atmosphere. The resulting mixture
was stirred for 15 min at 0 °C under nitrogen atmosphere. To the above mixture was added
ethanesulfonyl chloride (256 mg, 2.0 mmol) dropwised at 0 °C. The resulting mixture was
stirred for 2 h at 30 °C under nitrogen atmosphere. When the reaction was done, the reaction
was then quenched by the addition of water. The resulting mixture was extracted with EtOAc
(30 mL x 3). The organic phases were combined, washed with brine and dried over Na2SOa.
The reaction mixture was concentrated under reduced pressure. The residue was purified by
flash chromatography eluting with EtOAc in PE (0% to 40% gradient) to yield the title
compound (164 mg, 28% yield). LC-MS (M+H)" = 500.2.

Step 2: (S)-N-(7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-6-

yl)ethanesulfonamide

The title compound of step 2 (89 mg, 84% yield) was prepared in a manner similar to that
described in Example 1 step 17 from benzyl (S)-6-(ethylsulfonamido)-7-(4-fluorobenzyl)-2-
methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate. LC-MS (M+H)" = 366.2.
Step 3: (S)-N-(1-(2-chloroacetyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[ 2,3-
b][1,4]oxazin-6-yl)ethanesulfonamide

H
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The title compound of step 3 (40 mg, 36% yield) was prepared in a manner similar to that
described in Example 1 step 9 from (S)-N-(7-(4-fluorobenzyl)-2-methyl-2 3-dihydro-1H-
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pyrido[2,3-b][1,4]oxazin-6-yl)ethanesulfonamide and 2-chloroacetyl chloride. LC-MS (M+H)*
=442.1.

Step 4: tert-butyl (2R,55)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-((S)-6-
(ethylsulfonamido)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro- 1H-pyrido[ 2,3-b][ 1,4]oxazin-1-
yl)-2-oxoethyl)-2-methylpiperazine-1-carboxylate
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The title compound of step 4 (39 mg, 59% yield) was prepared in a manner similar to that
described in Example 1 step 18 from (S)-N-(1-(2-chloroacetyl)-7-(4-fluorobenzyl)-2-methyl-
2,3-dihydro-1H-pyrido[2,3-b][1,4]Joxazin-6-yl)ethanesulfonamide and tert-butyl (2R,5S)-5-
(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate. LC-MS
(M+H)" = 733.3.

Step 5: N-((S)-1-(2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-
1-yl)acetyl)-7-(4-fluorobenzyl)-2-methyl-2 3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-6-
yl)ethanesulfonamide (compound 122)

Compound 122 (5 mg, 15% yield) was prepared in a manner similar to that described in
Example 29 step 7 from tert-butyl (2R,55)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-4-(2-
((S)-6-(ethylsulfonamido)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-1-yl)-2-oxoethyl)-2-methylpiperazine-1-carboxylate. '"H NMR (400 MHz,
DMSO-ds) 6 7.99 (brs, 1 H), 7.27-7.19 (m, 2 H), 7.15-7.06 (m, 2 H), 4.69-4.64 (m, 1 H), 4.32-
4.25 (m, 1 H), 4.22-4.14 (m, 1 H), 3.93-3.84 (m, 3 H), 3.51-3.40 (m, 5 H), 3.14-3.06 (m, 2 H),
3.06-2.99 (m, 1 H), 2.82-2.53 (m, 6 H), 2.39-2.23 (m, 2 H), 2.02-1.93 (m, 1 H), 1.23 (1, J=7.3
Hz,3H), 1.16(d, J=6.6 Hz, 3 H), 0.92 (d, ] = 6.3 Hz, 3 H), 0.86-0.80 (m, 6 H). LC-MS
(M+H)" =633 .4,

Example 123: N-((S)-1-(2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-
methylpiperazin-1-yl)acetyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-6-yl)cyclopropanesulfonamide (compound 123)
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Step 1: benzyl (S)-6-(cyclopropanesulfonamido)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1, 4]oxazine-l-carboxy1ate

A

F
5  The title compound of step 1 (130 mg, 26% yield) was prepared in a manner similar to that
described in Example 122 step 1 from benzyl (S)-6-amino-7-(4-fluorobenzyl)-2-methyl-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate and cyclopropanesulfonyl chloride. LC-
MS (M+H)* = 512.2.
Step 2: benzyl (S)-6-(N-(tert-butoxycarbonyl)cyclopropanesulfonamido)-7-(4-fluorobenzyl)-2-
10 methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine-1-carboxylate

B
Noc /A

\
// \\

F

The title compound of step 2 (70 mg, 45% yield) was prepared in a manner similar to that

described in Example 4 step 2 from benzyl (S)-6-(cyclopropanesulfonamido)-7-(4-

fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazine-1-carboxylate. LC-MS
15 (M+H)"=6122.

Step 3: tert-butyl (S)-(cyclopropylsulfonyl)(7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-

pyrido[2,3-b][1,4]oxazin-6-yl)carbamate
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B
Noc /A

)i ,' \\

F

The title compound of step 3 (50 mg, 91% yield) was prepared in a manner similar to that
described in Example 1 step 17 from benzyl (S)-6-(N-(tert-
butoxycarbonyl)cyclopropanesulfonamido)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine-1-carboxylate. LC-MS (M+H)" = 478.2.
Step 4: tert-butyl (S)-(1-(2-chloroacetyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-6-yl)(cyclopropylsulfonyl)carbamate
?oc
v
N

o,

F
The title compound of step 4 (40 mg, 68% yield) was prepared in a manner similar to that

described in Example 1 step 9 from tert-butyl (S)-(cyclopropylsulfonyl)(7-(4-fluorobenzyl)-2-
methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-6-yl)carbamate and 2-chloroacetyl chloride.
LC-MS (M+H)" = 554.2.

Step 5: tert-butyl (2R,5S)-4-(2-((S)-6-(N-(tert-butoxycarbonyl)cyclopropanesulfonamido)-7-(4-
fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-1-y1)-2-oxoethyl)-5-
(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-carboxylate

The title compound of step 5 (50 mg, 81% yield) was prepared in a manner similar to that
described in Example 1 step 18 from tert-butyl (S)-(1-(2-chloroacetyl)-7-(4-fluorobenzyl)-2-
methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-6-yl)(cyclopropylsulfonyl)carbamate and
tert-butyl (2R,55)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-methylpiperazine-1-
carboxylate. LC-MS (M+H)" =845 4.

288



10

15

20

25

30

35

WO 2021/244608 PCT/CN2021/098123

Step 6: N-((S)-1-(2-((2R,5R)-2-(((3R,5R)-3,5-dimethylmorpholino)methyl)-5-methylpiperazin-
1-yDacetyl)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-pyrido[2,3-b][ 1,4]oxazin-6-
yl)cyclopropanesulfonamide (compound 123)

Compound 123 (6 mg, 15% yield) was prepared in a manner similar to that described in
Example 29 step 7 from tert-butyl (2R,5S)-4-(2-((S)-6-(N-(tert-
butoxycarbonyl)cyclopropanesulfonamido)-7-(4-fluorobenzyl)-2-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazin-1-yl)-2-oxoethyl)-5-(((3R,5R)-3,5-dimethylmorpholino)methyl)-2-
methylpiperazine-1-carboxylate. LC-MS (M+H)" = 645.3. '"H NMR (400 MHz, DMSO-ds) &
7.98 (s, 1 H), 7.27-7.18 (m, 2 H), 7.15-7.05 (m, 2 H), 4.68-4.64 (m, 1 H), 4.32-4.10 (m, 2 H),
3.92-3.83 (m, 3 H), 3.51-3.37 (m, 4 1), 3.25-3.15 (m, 1 H), 3.18-3.06 (m, 2 1), 3.06-2.99 (m, 1
H), 2.82-2.56 (m, 5 H), 2.38-2.20 (m, 2 H), 2.02-1.93 (m, 1 H), 1.17 (d, T= 6.1 Hz, 3 H), 1.05-
0.90 (m, 7 H), 0.83 (d, J = 6.3 Hz, 6 H). LC-MS (M+H)" = 645 4.

Biological Assays

I. Recombinant human c-IAP1-BIR3 biochemical assay

Compounds disclosed herein were tested for blocking of recombinant human cIAP1-BIR3
protein (Cat: APT-11-370, Reaction biology) with its peptide in an assay based on
Homogeneous Time Resolved Fluorescence. 1.2 nM recombinant human cIAP1-BIR3 protein
was pre-incubated with a serial dilution of compounds disclosed herein (maximum
concentration is 10uM, 4-fold serially diluted, 10 points) at room temperature for 1 hour in an
assay buffer containing 20 mM HEPES, pH 7.5, 50 mM NaCl, 0.005% Tween-20, ImM DTT.
Then 3 nM AbuRPF-K(5-Fam)-NH2 (Cat: 709702, GL Biochem) was added to plate incubated
at room temperature for 1 hour. Mab Anti-6His Tb cryptate Gold (Cat: 61HI2TLB, Cisbio
Bioassays) was added to plate and further incubated at room temperature for 1 hour. The HTRF
signals (ex337 nm, em520 nm/490 nm) were read on BMG PHER Astar FS instrument. The
inhibition percentage of cIAP1-BIR3 interaction with its peptide in presence of increasing
concentrations of compounds was calculated based on the ratio of fluorescence at 520 nm to
that at 490 nm. The ICso for each compound was derived from fitting the data to the four-
parameter logistic equation by Dotmatics and summarized in table 1.

II. Recombinant human c-IAP2-BIR3 biochemical assay

Compounds disclosed herein were tested for blocking of recombinant human cIAP2-BIR3
protein (Cat: APT-11-372, Reaction biology) with its peptide in an assay based on
Homogeneous Time Resolved Fluorescence. 3.7 nM recombinant human cIAP2-BIR3 protein
was pre-incubated with a serial dilution of compounds disclosed herein (maximum
concentration is 10uM, 4-fold serially diluted, 10 points) at room temperature for 1 hour in an
assay buffer containing 20 mM HEPES, pH 7.5, 50 mM NaCl, 0.005% Tween-20, 1mM DTT.
Then 3.7 nM AbuRPF-K(5-Fam)-NH2 (Cat: 709702, GL Biochem) was added to plate
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incubated at room temperature for 1 hour. Mab Anti-6His Tb cryptate Gold (Cat: 61HI2ZTLB,
Cisbio Bioassays) was added to plate and further incubated at room temperature for 1 hour.
The HTRF signals (ex337 nm, em520 nm/490 nm) were read on BMG PHER Astar FS
instrument. The inhibition percentage of cIAP2-BIR3 interaction with its peptide in presence of
increasing concentrations of compounds was calculated based on the ratio of fluorescence at
520 nm to that at 490 nm. The ICso for each compound was derived from fitting the data to the
four-parameter logistic equation by Dotmatics and summarized in table 1.

II. Recombinant human XIAP-BIR3 biochemical assay

Compounds disclosed herein were tested for blocking of recombinant human XIAP-BIR3
protein (Cat: APT-11-374, Reaction biology) with its peptide in an assay based on
Homogeneous Time Resolved Fluorescence. 3.7 nM recombinant human XIAP-BIR3 protein
was pre-incubated with a serial dilution of compounds disclosed herein (maximum
concentration is 10uM, 4-fold serially diluted, 10 points) at room temperature for 1 hour in an
assay buffer containing 20 mM HEPES, pH 7.5, 50 mM NaCl, 0.005% Tween-20, ImM DTT.
Then 7.6 nM AbuRPF-K(5-Fam)-NH2 (Cat: 709702, GL Biochem) was added to plate
incubated at room temperature for 1 hour. Mab Anti-6His Tb cryptate Gold (Cat: 61HI2TLB,
Cisbio Bioassays) was added to plate and further incubated at room temperature for 1 hour.
The HTREF signals (ex337 nm, em520 nm/490 nm) were read on BMG PHER Astar FS
instrument. The inhibition percentage of XIAP-BIR3 interaction with its peptide in presence of
increasing concentrations of compounds was calculated based on the ratio of fluorescence at
520 nm to that at 490 nm. The IC50 for each compound was derived from fitting the data to the
four-parameter logistic equation by Dotmatics and summarized in table 1.

Table 1. protein binding ICso (nM) for the compounds disclosed herein

Comp | Protein binding ICso (nM) Comp Protein binding ICso (nM)
No. c-IAP1 | c-IAP2 | XIAP No. c-IAP1 | c-IAP2 | XIAP
1 0.5 0.9 26 2 0.9 2.5 24

3 1.5 32 23 4 0.5 0.92 17

5 0.7 1.1 18 6 1.1 3 61

7 13 6.8 99 8 1 2.9 45

9 0.85 1.3 10 10 14 52 264
11 8 17 220 12 16 44 561
13 1.02 1.5 24 14 3.6 9.8 122
15 3.4 6.9 196 16 0.34 0.85 8.4
17 0.53 1.3 54 18 >1000 | >1000 |>1000
19 0.82 1.2 7.7 19A 0.13 0.25 2.7
19B 6.4 27 33 20 99 25 140
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21 2.6 5.75 41 22 0.13 0.21 3.97
23 0.13 0.18 6.9 24 0.15 0.24 4.49
25 03 0.5 6 26 0.48 1.13 16
27 0.2 0.5 14 28 0.26 0.62 14
29 0.24 032 22 30 0.35 0.72 73
31 0.33 0.71 5.6 32 0.25 036 5.8
33 0.74 1.8 47 34 0.25 0.32 23
35 0.33 0.99 46 36 0.42 0.80 50
37 0.29 0.66 43 38 0.26 0.83 49
39 0.15 0.27 28 40 0.09 0.14 8.2
41 0.11 0.24 12 42 0.34 0.52 25
43 0.23 0.27 23 44 0.36 0.93 20
45 0.34 0.65 8.5 46 0.24 0.47 63
47 0.57 1.43 84 48 0.45 0.79 12
49 03 0.48 3.6 50 0.44 0.93 14
51 0.30 0.67 9.2 52 0.55 1.1 13
53 0.46 1.2 12 54 1.7 2.8 25
55 13 1.9 34 56 1.0 22 30
57 1.2 1.9 95 58 0.11 0.17 9.5
59 0.26 0.67 7.8 60 0.13 0.34 7.5
61 0.43 1.08 14 62 0.33 0.73 8.1
63 0.17 0.23 3.2 64 0.25 0.29 23
65 0.22 0.44 4.4 66 0.25 0.52 59
67 0.29 0.56 8.2 68 0.23 0.41 5.5
69 0.16 037 3.7 70 0.16 0.27 1.9
71 0.26 0.57 7.9 72 0.35 0.42 7.6
73 0.18 0.29 4.3 74 0.25 0.51 11
75 02 0.54 6.5 76 0.15 0.28 4.4
77 0.2 0.28 2.6 78 0.17 0.31 3.2
79 0.19 0.33 52 80 0.22 03 4.9
81 0.18 0.42 2.9 82 0.54 0.73 10
83 02 0.4 72 84A 0.29 0.44 6.4
34B 0.78 1.6 46 85 0.68 0.72 20
86 0.89 0.95 15 87 0.18 0.23 33
88 0.35 0.63 12.4 89 0.17 0.36 3.1
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90 0.22 0.34 3.8 91A 0.72 1.25 30
91B 47 108 543 92 037 0.53 8.7
93 0.19 0.46 4.6 94 0.16 0.28 3.3
95 0.19 0.25 2.3 96 0.21 0.23 3.75
97 0.27 0.51 12.5 98 0.13 0.29 82
99 0.16 043 12.4 100 0.17 0.44 42
101 0.19 0.37 2.5 102 0.24 0.49 5.7
103 0.24 0.43 5.1 104 0.26 0.83 18.1
105 0.28 0.35 113 106 0.33 0.94 16.9
107 0.23 0.41 4.4 108 0.16 0.57 7.7
109 0.24 0.45 10.3 110 0.36 0.75 11.9
111 0.25 0.70 13.9 112 0.34 0.63 4.6
113 0.25 0.36 54 114 0.19 0.36 7.7
115 0.17 0.28 6.9 116 0.16 0.24 4.3
117 0.15 0.23 6.5 118 0.16 0.19 4.8
119 0.20 0.35 4.4 120 0.24 0.39 6.8
121 0.20 0.27 4.2 122 0.19 0.29 2.9
123 0.20 0.35 4.4

It is to be understood that, if any prior art publication is referred to herein; such reference does
not constitute an admission that the publication forms a part of the common general knowledge
in the art in any country.

The disclosures of all publications, patents, patent applications and published patent
applications referred to herein by an identifying citation are hereby incorporated herein by
reference in their entirety.

Although the foregoing invention has been described in some detail by way of illustration and
example for purposes of clarity of understanding, it is apparent to those skilled in the art that
certain minor changes and modifications will be practiced. Therefore, the description and

examples should not be construed as limiting the scope of the invention.
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What is claimed is:

1. A compound of Formula (I):
R1a Rip
R
Ry Re 12 Ris
X2
é Re my
Ry 5 Ryg (@]
M3 N
R \LRws Rio
3
N
R
Rid Ryg N /{{(N /
N R
6
—
HN o
X
S
\ /)

R7dn (I)
or a pharmaceutically acceptable salt thereof, or a stereoisomer, a tautomer or a prodrug
thereof,
wherein

X1 and X are each independently -O-, -S-, -NR?-, or -CR*RP-;

mi, mz, and m3 are each independently O, 1 or 2;

Ria, Rib, Rie, Rig, and Ry, which may be the same or different, are each independently
hydrogen, halogen, -Ci-salkyl, -Cz-salkenyl, -C2-salkynyl, -Cs.scycloalkyl, heterocyclyl, aryl,
heteroaryl, oxo, -CN, -NOz, -OR?, -SR?, -SO2R?, -COR?, -CO2R?, -CONR?*RY, -
C(=NR*NRPR®, -NR?R", -NR*CORP, -NR*CONRPR¢, -NR*CO:RP, -NR*SONRPR, -
NR#3SO:2NRPRS, -SO:NR?R?, or -NR#*SO2RP, each of said -Ci-salkyl, -Ca-salkenyl, -Ca-
salkynyl, -Cs.scycloalkyl, heterocyclyl, aryl, or heteroaryl is optionally substituted with 1-3 RY;
nis0, 1,2, 3 or4;

Rs and Rs are each independently hydrogen, halogen, -Cs.scycloalkyl, or -Ci-salkyl, said -Ci.
salkyl or -Cs-scycloalkyl is optionally substituted with at least one halogen or -OR?;

R; and Ry are each independently hydrogen or -Ci-salkyl; or

R4 and Rs together with the same carbon atom to which they are attached form a spiro 3-to 5-
membered carbon ring; or

R; at one of its occurrences and Ry at one of its occurrences together form a bridge comprising
zero, one or two -CHz- moieties in the bridge; or

or Ryp and Ry at one of its occurrences together form a 3- to 6-membered carbon ring;

or Rig and Ry at one of its occurrences together form a bridge comprising one or two -CHa-

moieties in the bridge;
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Rg is hydrogen, halogen, -Ci-salkyl, -Cz-salkenyl, -Cz-salkynyl, -Cs-scycloalkyl, heterocyclyl,
aryl, heteroaryl, oxo, -CN, -NOz, -OR?, -SR? -SO2R? -COR? -CO2R? -CONR*R?, -
C(=NR*)NRPR®, -NR?R", -NR2CORP, -NR2*CONRPR¢, -NR*CO:RP, -NR2SONRPR¢, -
NR2S02NRPRS, -SO:NR*RP, or -NR?*S02R?, each of said -C1-salkyl, -C2-salkenyl, -Ca-
salkynyl, -Cs-scycloalkyl, heterocyclyl, aryl, or heteroaryl is optionally substituted with 1-3 R%;
Rs and Ry are each independently hydrogen, -Ci-salkyl, Ci-salkoxy-Ci.salkyl-, -C»-salkenyl, -
Cz-salkynyl or Cs-scycloalkyl,
Ry and Ry are each independently hydrogen, -Cj_salkyl, -C;salkenyl, -C,salkynyl, -Csscycloalkyl,
heterocyclyl, aryl, heteroaryl, oxo, -CN, -NO2, -OR?, -SR?, -SO:2R?, -COR?, -CO:zR?, -
CONR®R?, -C(=NR*NR'R¢, -NR*RP, -NR*CORP, -NR*CONRPRE, -NR*CO:RP, -
NR*SONRPRS, -NR*SO2NRPRE, -SO2NR*RP, or -NR2SO2RP, each of said -Ci-salkyl, -Ca-
salkenyl, -Cz-salkynyl, -Csscycloalkyl, heterocyclyl, aryl, or heteroaryl is optionally substituted
with 1-3 RY; or
R0 and Ry; together form a spiro 3-to 5S-membered carbon ring optionally substituted with 1-3
RY:
R12 and Ry3 are each independently hydrogen, -Ci-salkyl, -Cs-salkenyl, -C,galkynyl, -Cs.scycloalkyl,
heterocyclyl, aryl, heteroaryl, oxo, -CN, -NO2, -OR?, -SR? -SO2R? -COR?, -CO2R?, -
CONR®R?, -C(=NR*NR'R®, -NR*RP, -NR*CORP, -NR*CONRPRE, -NR*CO:RP, -
NR*SONRPR¢, -NR*SO:NRPR¢, -SO:NR*RP, or -NR2SO:2RP, each of said -Ci.salkyl, -Co.
salkenyl, -Cz-salkynyl, cycloalkyl, heterocyclyl, aryl, or heteroaryl is optionally substituted
with 1-3 RY; or
Riz and Rys together form a spiro 3-to 5-membered carbon ring optionally substituted with 1-3
RY;

Ri4 and Rys are each independently selected from hydrogen or -Ci-salkyl;
each R? R, and R¢ are independently hydrogen, -Ci-salkyl, -Cz2-salkenyl, -Ca-salkynyl,
cycloalkyl, heterocyclyl, aryl, or heteroaryl; each of said -Ci-salkyl, -Cz-salkenyl, -Cz-salkynyl,
cycloalkyl, heterocyclyl, aryl, or heteroaryl is optionally substituted with 1-3 RY; or
(R* and R"), (R?* and R®) or (RP and R®), together with the atom(s) to which they are attached,
form a 3- to 8-member ring, said ring comprising 0, 1 or 2 additional heteroatoms
independently selected from nitrogen, oxygen or optionally oxidized sulfur as ring member(s),
said ring is optionally substituted with 1-3 RY;
RY, at each of its occurrences, is independently hydrogen, halogen, -C1.salkyl, -Ca-salkenyl, -Ca.
salkynyl, -Csscycloalkyl, heterocyclyl, aryl, heteroaryl, oxo, -CN, -NOz, -OR¢, -SR?, -SO2R¢, -
SO:NR¢R, -COR¢, -CO:R¢, -CONRCR!, -C(=NR®)NR'R?, -NR*R', -NR*COR!, -
NRCONRRE, -NRCO2R', -NR°SONR'RE, -NR¢SO:NR'RE, or -NRSO2R!, each of said -C1-
salkyl, -Cz-salkenyl, -Ca-salkynyl, -Cs.scycloalkyl, heterocyclyl, aryl, or heteroaryl is optionally
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substituted with at least one substituent selected from halogen, -Ci.salkyl, -OR®, -NR!RE,
cycloalkyl, heterocyclyl, aryl, or heteroaryl; and

R¢, R, R% R" and Riare each independently hydrogen, -Ci-salkyl, Ci-salkoxy-Ci-salkyl-, -Ca-
salkenyl, -Ca-salkynyl, cycloalkyl, heterocyclyl, aryl, aryl-Ci-salkyl- or heteroaryl.

2. A compound of Formula (II):
Ria Rip

X2

Rs
\_
Ry¢ R4 H \
N/ﬁ‘/ _ %
HN\H 0

X4

R (I

or a pharmaceutically acceptable salt thereof, or a stereoisomer, a tautomer or a prodrug
thereof,

wherein

X and X; are each independently -O-, -S-, -NR?-, or -CR*RP-;

mi, mz, and m3 are each independently 0, 1 or 2;

Ria, R, Rie, Rig, and Ry, which may be the same or different, are each independently
hydrogen, halogen, -Ci-salkyl, -Cz-salkenyl, -Ca-salkynyl, -Cs-scycloalkyl, heterocyclyl, aryl,
heteroaryl, oxo, -CN, -NOg2, -OR?, -SR?, -SO2R? -COR? -CO2R?, -CONR*R", -
C(=NR*)NRPRS, -NR*R", -NR*CORP, -NR*CONRPR¢, -NR*CO2R", -NR*SONR"R¢, -
NR2SO:NRPRE, -SO2NR?RP, or -NR2SO2RP, each of said -C1.salkyl, -Cz-salkenyl, -Ca-
salkynyl, -Cs-scycloalkyl, heterocyclyl, aryl, or heteroaryl is optionally substituted with 1-3 R%,
nis0,1,2, 3 or4;

R; and Rs are each independently hydrogen, halogen, -Cs-scycloalkyl, or -Ci-salkyl, said -Ci-
salkyl or -Cs-scycloalkyl is optionally substituted with at least one halogen or -OR?,

R: and Ry are cach independently hydrogen or -Ci-salkyl; or

R4 and Rs together with the same carbon atom to which they are attached form a spiro 3-to 5-

membered carbon ring; or
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R; at one of its occurrences and Ry at one of its occurrences together form a bridge comprising
zero, one or two -CHz- moieties in the bridge; or

or Rip and Ry at one of its occurrences together form a 3- to 6-membered carbon ring;

or Ryq and Ry at one of its occurrences together form a bridge comprising one or two -CHa-

moieties in the bridge;

Rg is hydrogen, halogen, -Ci-salkyl, -Ca-salkenyl, -Cz-salkynyl, -Cs-scycloalkyl, heterocyclyl,
aryl, heteroaryl, oxo, -CN, -NO2, -OR?, -SR?, -SO2R?, -COR?, -CO:R?, -CONR?R", -
C(=NR*NRPR¢, -NR*R", -NR*CORP, -NR*CONRPR¢, -NR*CO:RP, -NR*SONRPRS, -
NR*SO2NRPR¢, -SO:NR*RP, or -NR?*S02R”, each of said -Cisalkyl, -Cz.salkenyl, -Ca-
salkynyl, -Cs-scycloalkyl, heterocyclyl, aryl, or heteroaryl is optionally substituted with 1-3 RY,
Rs and Ry are each independently hydrogen, -Ci-salkyl, Ci-salkoxy-Ci-salkyl-, -C2-salkenyl, -
Ca-salkynyl or Cs-scycloalkyl;

Ryo and Ry are each independently hydrogen, -Ci_galkyl, -Cssalkenyl, -Cgalkynyl, -Cs.scycloalkyl,
heterocyclyl, aryl, heteroaryl, oxo, -CN, -NO2, -OR?, -SR?, -SO2R? -COR?, -CO2R?, -
CONR?RP, -C(=NR*NRPR¢, -NR*RP, -NR*CORP, -NR*CONRPR¢, -NR*CO2R®, -
NR2SONRPR¢, -NR2*SO2NR'R¢, -SO:NR*R", or -NR?*SO2RP, each of said -C1.salkyl, -Co-
salkenyl, -Cz-salkynyl, -Csscycloalkyl, heterocyclyl, aryl, or heteroaryl is optionally substituted
with 1-3 RY; or

Rio and Ruy; together form a spiro 3-to 5-membered carbon ring optionally substituted with 1-3
RY;

Ri12 and Rys are each independently hydrogen, -Cisalkyl, -Cssalkenyl, -Czsalkynyl, -Csscycloalkyl,
heterocyclyl, aryl, heteroaryl, oxo, -CN, -NO2, -OR? -SR? -SO2R? -COR?, -CO2R?, -
CONR*RP, -C(=NR*)NRP'R¢, -NR*RP, -NR*CORP, -NR*CONRPR, -NR*CO:R?, -
NR2*SONRPR¢, -NR*SO2NRPR¢, -SO:NR*RP, or -NR*SO:2RP, each of said -Ci.salkyl, -Ca.
salkenyl, -Ca-salkynyl, cycloalkyl, heterocyclyl, aryl, or heteroaryl is optionally substituted
with 1-3 RY; or

Rz and Ry; together form a spiro 3-to 5-membered carbon ring optionally substituted with 1-3
R
each R? R, and R¢ are independently hydrogen, -Ci-salkyl, -Cz2-salkenyl, -Ca-salkynyl,
cycloalkyl, heterocyclyl, aryl, or heteroaryl;; each of said -Ci-salkyl, -Cz-salkenyl, -C2-salkynyl,
cycloalkyl, heterocyclyl, aryl, or heteroaryl is optionally substituted with 1-3 RY; or

(R* and R"), (R?* and R®) or (RP and R®), together with the atom(s) to which they are attached,
form a 3- to 8-member ring, said ring comprising 0, 1 or 2 additional heteroatoms
independently selected from nitrogen, oxygen or optionally oxidized sulfur as ring member(s),

said ring is optionally substituted with 1-3 RY;
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RY, at each of its occurrences, is independently hydrogen, halogen, -Ci-salkyl, -Cz2-salkenyl, -Co.
salkynyl, -Csscycloalkyl, heterocyclyl, aryl, heteroaryl, oxo, -CN, -NOz, -OR¢, -SR?, -SO2R¢, -
SO:NRCRf, -COR¢, -CO2R¢, -CONRCR!, -C(=NR®)NR'R, -NR‘Rf, -NR¢COR, -
NR¢CONRIRE, -NR*CO:2R!, -NRSONR'RE, -NR¢SO;NRIRE, or -NR*SO:R!, each of said -Ci-
salkyl, -Ca-salkenyl, -Ca-salkynyl, -Cs-scycloalkyl, heterocyclyl, aryl, or heteroaryl is optionally
substituted with at least one substituent selected from halogen, -Ci-salkyl, -OR" -NRM'RE,
cycloalkyl, heterocyclyl, aryl, or heteroaryl; and

R¢, R, Re R! and Riare each independently hydrogen, -Ci-salkyl, Ci-salkoxy-Ci-salkyl-, -Ca-
salkenyl, -Cz-salkynyl, cycloalkyl, heterocyclyl, aryl, aryl-Ci-salkyl- or heteroaryl.

3. The compound according to Claims 1 or 2, wherein Xy is -O-, -S-, -NH-, or -CHz-.

4, The compound according to Claim 3, wherein X is -CHo-.

5. The compound according to Claims 1 or 2, wherein X3 is -O-, -S-, -CH2- or -NR*%R?* is
H or -Ci-salkyl (methyl or ethyl).

6. The compound according to Claim 5, wherein X3 is -O- or -NR?-; R? is hydrogen or -

Cisalkyl (methyl or ethyl).

7. The compound according to Claims 1 or 2, wherein m1 is 0.
8. The compound according to Claims 1 or 2, wherein mz is 1; and m3 is O or 1.
9. The compound according to Claims 1 or 2, wherein Rz, Rs, R4, and Rs are each

hydrogen, methyl or ethyl, -CH2OH, -CH20CHj3, -CH20C:Hs, -CHF2, -CH2OCH(CHs)2,
cyclopropyl, or CFs.
10.  The compound according to Claims 1 or 2, wherein Ry and Rs together with the same

carbon atom to which they are attached form a spiro 3-to S-membered carbon ring.

Ris Ris Rip
Ria Ra
Ry
Xe 2 d Rs
R 113 N, Rs N
' \ \
R 3¢ Y
. . . . R'\
11.  The compound according to Claim 1 or 2, wherein Rie Rig is ° Ru ,
R1, Rib Ria Rip Ria Rib
Ria Rio Ra
Rg R4 \ R4
0 Rs o N
(0)
Ry Rs Rz Rs
N N
Rs W, Ny ¢ 3¢
3 3 g 3 R 3
Ric  Ryq , Rid Ric  Ryg ,or Ric  Ryg

Wherein Ria, Riv, Ric, Rig, Rz, R3, R4, Rs and R, are defined as for Formula (I).
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Ry
R4 (o)
I mé N
Ry 5
7%‘(“;9‘ A
351 N
12.  The compound according to Claim 11, wherein R Rug is e Rug ;

wherein Ric, R1d, R4 and Rs are independently hydrogen or -Ci-salkyl.

13.  The compound according to Claim 12, wherein Ric and R4 are hydrogen, Rid and Rs are
independently hydrogen or -Ci.salkyl; preferably, Ric and R4 are hydrogen, Rid and Rs are
methyl.

14. The compound according to Claim 11, wherein Ria, R1b, Ric, Rig, Rz, R3, R4, Rs and Ra
are each independently hydrogen, halogen, -Ci-salkyl (such as -CHs or -C2Hs), or oxo, wherein
said -Ci.salkyl is optionally substituted with at least one halogen (for example 1-3 halogen).
15. The compound according to Claim 14, wherein Rs is halogen, -C2Hs, -CH3, oxo,
cyclopropyl, CHF2, -CHzF, -CF3, -CH20H, -CH2OCH3, -CH20C:Hs, -CH2OCH(CH3)2; and Ry
is hydrogen or -CH3; or Rs and Ry together with the carbon atom attached form a 3-to 5-
membered carbon ring; or Rz and R4 together form a bridge comprising one -CHz- moiety in
the bridge, and Rs and Rs are each hydrogen; or Ry and R4 together form a 3-membered
carbon ring, and Ria and Rs are each hydrogen; or Riq and Ry together form a bridge

comprising two -CHz- moieties in the bridge, and Ryc and Rs are each hydrogen.
R.

1a, R

R4
X3 5
Ry s N}};s O/\
| | o ong
16.  The compound according to Claims 11 or 12, wherein Rie’ Rug is °,
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( = , = ) ( : , f ) or
o)
g
. / /
—=
Lx
17.  The compound according to Claims 1 or 2, wherein RNz 1§ R or
wh,
(s
10 Rr
18.  The compound according to Claim 17, wherein Ry is halogen.

19.  The compound according to Claim18, wherein Ry is F.

20. The compound according to Claims 1 or 2, wherein Rg is hydrogen, -CN, halogen,

morpholine, -CONR?RP, -NR*CORP, -NR*SO2R", -OR?, -NR?R", -Cs.scycloalkyl, phenyl, or -
15 Cusalkyl, said -Ci-galkyl or -Cs.scycloalkyl is optionally substituted with at least one R% R?

and R are each hydrogen, -Csscycloalkyl or -Ci.salkyl; RY, at each of its occurrences, is
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independently -CH2F, -CHF?, -CF3, -F, -Cl, -Br, -1, -OH, -NHa, -SH, -CN, -CONH2, -H, -CH3,

on g
- %"ilj K
-C2Hs, -CsHy7, -CH20H, -OCHs, -OC2Hs, morpholino, / , or

cyclopropyl.

21. The compound according to Claims 1 or 2, wherein Rg is -CONR?RP, -NR?*RP, -NR*CO-
R", -NRa-SO0>-RP, or -OR?; R?* and RP are each hydrogen, -Cs. cycloalkyl, -Ci-salkyl, -5- or 6-
membered heterocyclyl, aryl or heteroaryl; each of said -Ci-salkyl, -Cs.¢ cycloalkyl, -5- or 6-
membered heterocyclyl, aryl, or heteroaryl is optionally substituted with 1-3 RY; or

R? and RP together with the atom(s) to which they are attached, form a 3- to 8-member ring,
said ring comprising 0, 1 or 2 additional heteroatoms independently selected from nitrogen,
oxygen or optionally oxidized sulfur as ring member(s), said ring is optionally substituted with
1-3 R%:

RY, at each of its occurrences, is independently hydrogen, halogen, -C1-salkyl, -C2-salkenyl, -Ca-
salkynyl, -Csscycloalkyl, heterocyclyl, aryl, heteroaryl, oxo, -CN, -NOz, -OR¢, -SR?, -SO:2R¢, -
SO2NRCRf, -COR®, -CO2R¢, -CONR®R!, -C(=NR®)NR'R%, -NR°Rf, -NR*COR', -
NRCONRRE, -NRCO2R', -NR®SONR'Rg, -NR¢SO:NR'RE, or -NR®SO2R', each of said -Ci.
salkyl, -Ca-salkenyl, -Ca-salkynyl, -Cs.scycloalkyl, heterocyclyl, aryl, or heteroaryl is optionally
substituted with at least one substituent selected from halogen, -C1-salkyl, -OR" -NR'R{
cycloalkyl, heterocyclyl, aryl, or heteroaryl; and

RS, R R2 R" and Riare each independently hydrogen, -C1-salkyl, Ci-salkoxy-Ci-salkyl-, -Ca-
salkenyl, -Cz.salkynyl, cycloalkyl, heterocyclyl, aryl, aryl-Ci-salkyl- or heteroaryl.

22. The compound according to Claim 21, wherein Rg is -CONR?*R" or -NR*CO-R", R?* and
R" are each hydrogen, -Ci-3alkyl, -Cs.s cycloalkyl, phenyl, 5- or 6- membered heterocyclyl
(such as azetidine, pyrrolidine, piperidine, oxazolidine, isoxazolidine, oxazinane, morpholine,
piperazine, tetrahydropyran or tetrahydrofuran); said -Ci-salkyl, -Cs-s cycloalkyl, phenyl, 5- or
6- membered heterocyclyl(such as azetidine, pyrrolidine, piperidine, oxazolidine,
isoxazolidine, oxazinane, morpholine, piperazine, tetrahydropyran or tetrahydrofuran)
optionally substituted with at least one substituent selected from halogen, -Ci-salkyl,
morpholine, OR® or -NR°R'; R® and R! are independently hydrogen, halogen, -Ci-salkyl or Ci-
salkoxy-Ci-salkyl-.

23. The compound according to Claim 21, wherein Rg is -CONR*RP , R* and R" together with
the nitrogen atom to which they are attached, form a 4- to 6-member ring, said ring comprising
0, 1 or 2 additional heteroatoms independently selected from nitrogen, oxygen or optionally

oxidized sulfur as ring member(s), said ring is optionally substituted with 1-3 RY; RY, at each
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of its occurrences, is independently halogen, -Ci-3alkyl, or OR®; R® is independently hydrogen,
halogen or -Ci-salkyl.

24. The compound according to Claim 21, wherein Re is -NHz, -CONHa, -CONHCH3, -
CONHC2Hs, -CON(CH3)2, -CONHCH2CF3, -CONHC2H4OCH3, -CONHC2H4OC2H4OCH3, -

S NPZAN
I H\A i ‘\_‘,v /—\ » N\/\ /\\\/\o
T g O F O O K
0

5  CONHCH(CHzs),, -CONHC2H4OH, -CONHC2H4N(CH3)2,

o)

ﬁfﬁ\o ‘%(HJC) i ‘G —2\< N~ —\< C
, vnﬁ O ; «nﬁ ﬁ

§T(N\\

H
N AY \ \ \F
10 ( \SJ \SJ ), e (o)—N O%NQ )

N :‘5‘ F N\) N\)
N -
g O%NQLF “ St
o , , O , -O-(CH2)2-OCHs, -O-(CHz)2-OH, ¢O -
"N
NH-(CH2)2-OCH;s, -NH-(CH2).-OH, H , -NH-CO-CH3, —NH CO- C2H5 -NH-CO-

\\//

g Lk W
CH(CHs), *—HN *—HN , -NHCHs,

>

-NH-CH-CF3, CH3CH2SO:NH-, or CyclopropylSOzNH—.

15 25, The compound according to Claim 20, wherein Rg is hydrogen, halogen, -CN, -
OH

CONHa, K , cyclopropyl, -CH20H, -CF3, -OH, -CH3 or -OC2Hs.

26.  The compound according to Claims 1 or 2, wherein Ryz and Rys are each independently

hydrogen or -Ci-salkyl.
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27. The compound according to Claim 26, wherein Rz is hydrogen or -CH3; Rya is
hydrogen or -CHs.
28.  The compound according to Claims 1 or 2, wherein
R0 and Ry; are each independently hydrogen, -Ci-salkyl, -Cs-scycloalkyl, -Cs-saryl, 5- to 6-
membered heteroaryl, or -CONR?RP, wherein each of said -Ci-salkyl, -C3-scycloalkyl, -Cs-
aryl, or 5- to 6-membered heteroaryl is optionally substituted with 1-3 RY;
R? and R" are each independently hydrogen or -C;salkyl; or
(R? and RY), together with the nitrogen atom to which they are attached, form a 3- to 6-member
ring, said ring comprising O or 1 additional oxygen atom; said ring is optionally substituted
with one RY;
RY, at each of its occurrences, is independently -C1.salkyl, halogen, aryl or -OR®, wherein R¢
are each independently hydrogen or -Cisalkyl, phenylethyl, benzyl, or phenyl.
29.  The compound according to Claim 28, wherein Rio is hydrogen; R11is -CONR?RP,
phenyl, benzyl, pyridinyl, or furyl, wherein each of said phenyl, benzyl, pyridinyl or furyl is
optionally substituted with 1-3 R selected from methyl, methoxy, or halogen; R?* and RP each
are independently hydrogen or methyl, or (R* and R"), together with the nitrogen atom to which
they are attached, form a 5- to 6-member ring, said ring comprising 0 or 1 additional oxygen
atom.
30. The compound according to Claim 29, wherein Ry is hydrogen; and Ry is hydrogen,
methyl, ethyl, 1-propyl, 2-propyl, 1-butyl, zerz-butyl, 1-methylpropyl, 1, 1-dimethylethyl, 1-
pentyl, 2-pentyl, 3-pentyl, 2-methyl-2-butyl, 3-methyl-2-butyl, 3-methyl-1-butyl, 2-methyl-1-
butyl, 1-hexyl, 2-hexyl, 3-hexyl, 2-methyl-2-pentyl, 3-methyl-2-pentyl, 4-methyl-2-pentyl, 3-
methyl-3-pentyl, 2-methyl-3-pentyl, 2, 3-dimethyl-2-butyl, 3, 3-dimethyl-2-butyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, vinyl, -CH20OH, -CH>CH>OH, -CH2CH20CH3, -
CH:20CH3, -CH:OCH(CHs)2, -CH20C2Hs, -CH2F, -CHF», -CF3, -H, -F, -Cl, -Br, -I, -OH, -
o

A ) O
NHa, -SH, -CONHz, -CONHCHj3, -CON(CHs)2, © , © , © , -CH20-Ph, -
CHz-Ph, -CH20-CH:-Ph, phenyl, 4-methyl-phenyl, 4-methoxy-phenyl, 4-F-phenyl, benzyl,
pyridinyl (4-pyridinyl, 3-pyridinyl or 2-pyridinyl), or furyl (2-furyl or 3-furyl).
31. The compound according to Claim 30, wherein Ry is hydrogen; and Ry is hydrogen,
methyl, ethyl, 2-propyl, -CF3, -CHF2, -CH2CH20CH3, -CH20H, -CH20CH3, -CH2OCH(CH3)z,
-CH20C:Hs, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, -CONHz, -CONHCH3, -

o
A 1D O

CON(CH3)2, © , © , ©
phenyl, 4-methoxy-phenyl, 4-F-phenyl, benzyl, 4-pyridinyl, 3-pyridinyl, 2-pyridinyl, 2-furyl or

, -CH>0-Ph, -CH>0-CH2-Ph, phenyl, 4-methyl-

3-furyl.
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32. The compound according to any one of Claims 1-31, wherein the carbon atom to which
Ruo and Ry are attached is in (S)-configuration in the case that Ry and Ryy are different.

33.  The compound according to Claims 1 or 2, wherein Rip and Ru together form a 3-

membered carbon ring.

5 34.  The compound according to Claims 1 or 2, which is

Ria, R
R
¢ Riz  Ryg
o Rs
Ry N R1g (¢]
\_ Riq
R3 B N
Ric Rig H N / \
(\N/ﬁ( _ "
HN o

Xq

" (I,

wherein Ria, Rin, Ric, Rig, R2, R3, R4, Rs, Rs, R7, Rio, Ri1, Ri2, R13 and X1 are defined as for
10 Formula (IT).

35.  The compound according to Claims 1 or 2, wherein Ry4 and Rys are each independently

selected from hydrogen or -Ci-salkyl (methyl or ethyl).

36. The compound according to Claim 1, which is

Q
Q

X~ X

oY
N (o] I\/N Q
: N/ N ~ ) (/'{‘ ) g\/';l o
A o S o ad Ay
HN\K o HNj) 0 HN 0 NH;
F F F

1

% Q

S (G SN 4 Nfi

My </ Ay O Y\

HN\‘) (o] HN [o] HN o]
5 6

o o™ oY

LGy | ST | T

Y e SR eS e and

o HN\H o HN\K o]
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or a pharmaceutically acceptable salt thereof, or a stereoisomer, a tautomer or a prodrug

thereof.

37. A pharmaceutical composition comprising a compound of any one of claims 1-36, or a
pharmaceutically acceptable salt thereof, or a stereoisomer, a tautomer or a prodrug thereof,

and at least one pharmaceutically acceptable carrier or excipient.

38. A method of treating a disease responsive to inhibition of cIAPs, comprising
administering to a subject in need thereof a compound of any one of claims 1-36, or a

pharmaceutically acceptable salt, or a stereoisomer, a tautomer or a prodrug thereof.
39. A method of treating cancer modulated by cIAPs, comprising administering to a subject

in need thereof a compound of any one of claims 1-36, or a pharmaceutically acceptable salt, or

a stereoisomer, a tautomer or a prodrug thereof.
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